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Today’s presentation

Respiratory care and sleep disordered
breathing

The history of home respiratory care in Japan
Telemedicine of CPAP in Japan
Future home respiratory care



— Factors for Respiratory Failure
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It is important to manage or control sleep
disorders including sleep disordered breathings
from ICU to Home.

Sleep Disorders (over 60 diseases)
(International Classification of Sleep Disorders: ICSD-3, 2014)

1) Insomnia: 3+2

2) Sleep Related Breathing Disorders: 17+2
3) Central Disorders of Hypersomnolence: 8+1
4) Circadian Rhythm Sleep-Wake Disorders: 7
5) Parasomnias: 14+1

6) Sleep Related Movement Disorders: 10+3
pOther Sleep Disorder

* Apendix A: Sleep Related Medical and Neurological Disorders: 6 Fatal
Familial Insomina, Sleep Related Epilepsy, Sleep Related
Headaches,Sleep Related Laryngospasm, Sleep Related
Gastroesophageal Reflux, Sleep Related Myocardial Ischemia7)



Casel

« 7 mo. Female

» Diagnosis:Atrial Septal Defect, Pulmonary
Hypertension, R-phrenic nerve palsy

Cervical bone abnormality

 Therapy:Closure of ASD



Chest X-rays

' o ‘I Elevation of r-diaphragm
e | CTR:57%

| Bilateral phulmonary
vascular adow increase




PaCO, PA pressure (mmHg)

90

80

70

60
50

40
30

20

10

PaCO:2
NPPV
CPAP 3cmH,0 T-mode,
Fi02:0.4 RR=30/min
PA eSS IPAP=7.6cmH,0
: EPAP=3.6cmH.,O
<Extubat|on 2
Intubation > < NPPV
> O, Iinhalation 7 de
Q 2 Q Q
Qyo Qyo QQ

(Chin K, et al. J Thorac Cardiovasc Surg 2007)



TcPCO2(mmHgQ)

100
95
90 : -~

Without NPPV

85

80
75
70
65
60
55
50

With NPPV

Oh 1h 2h 3h 4h 5h
J Thorac Cardiovasc Surg 2007



Liver :
Transplantation

udy of Liver Dissases and the

Pictures of pediatric patients receiving noninvasive ventilation during the perioperative
stage of liver transplantation. And the cover of the Journal.
Murase K, Chin K et al. Liver Trsnspl 2012.



Predictive Factors for Reintubation following
Noninvasive Ventilation in Patients with Respiratory

Complications after Living Donor Liver Transplantation
Chihara Y, Chin K et al. PIOS ONE 2013
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Figure 1. Survival curve following LDLT in NIV success group and reintubation group. Patients who failed NIV had a significantly poorer
prognosis (p=0.0009). Abbreviations: LDLT, living-donor liver transplantation; NIV, noninvasive ventilation.
doi:10.1371/journal.pone.0081417.g001



JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Postextubation High-Flow Nasal Oxygen With
Noninvasive Ventilation vs High-Flow Nasal Oxygen Alone

on Reintubation Among Patients at High Risk of Extubation Failure

A Randomized Clinical Trial  sama. 2019:322015):1465-1475. doi-10.1001/jama. 201914901
Published online October 2, 2019

Figure 2. Kaplan-Meier Analysis of Time From Extubation
to Reintubation for the Overall Study Population
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The median observation time was 7 days (interguartile range, 7-7) in both
treatment groups.




RESPIRATORY INVESTIGATION 55 (2017) 83-92

Contents lists available at ScienceDirect

Respiratory Investigation IR;;ttry
journal homepage: www.elsevier.com/locate/resinv
Guideline
The Japanese Respiratory Society Noninvasive @Cmm

Positive Pressure Ventilation (NPPV) Guidelines
(second revised edition)
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Sleep Related Breathing Disorders(17+2) (ICSD-3)

SLEEP RELATED HYPOVENTILA

ISOLAT

OBSTRUCTIVE SLEEP DISORDERS

CENTRAL SLEEP APNEA SYNDROMES

Central Apnea Due to a Medical Disorder without CSB
Central Sleep Apnea Due to High Altitude Periodic Breathing
Central Sleep Apnea Due to a Medication or Substance
Primary Central Sleep Apnea

Primary Central Sleep Apnea of Infancy

Primary Central Sleep Apnea of Prematurity
Treatment-Emergent Central Sle@ﬁ Apnea

: Y P( ON DISORDERS
Obe5|ty_H\{povent|Iat|on Syndrome
Congenital Central Alveolar H_ch_)vent!latlon Syndrome .
Late-Onset Central Hypoventilation with Hypothalamic Dysfunction
Idiopathic Central Alveolar Hypoventilation
Sleep Related Hypoventilation Due to a Medication or Substance

SLEEP RELATED HYPOXEMIA DISORDER

Sleep Related Hypoxemia
ED SYMPTOMS AND NORMAL VARIANTS

Snoring
Catathrenia



Sleep-Related Breathing Disorders (SRBDs)

(2014 ICSD-3)

SRBDs

OSAD:2| [CSASs:8( |SRHDs:6] [SRHD:1| [IS-NV:2

Body weight reduction, CPAP, Oral appliance, Surgery,
Oxygen, NPPV, ASV, Artificial ventilation with tracheostomy,

Nasal high flow

Managing respiratory care is managing respiratory events during sleep.



Home Respiratory Care in Japan 1

(long-term oxygen therapy), HOT
(home oxygen therapy) in Japan

(tracheostomy intermittent positive
pressure ventilation)

(negative pressure ventilation)

(noninvasive positive pressure
ventilation)

(continuous positive airway pressure)

(adaptive servo ventilation)



Home Respiratory Care in Japan 11
long-term oxygen therapy

1985.3: Pa0O2 = 50 mmHg or = 60 mmHg
with Cor Pulmonale

1988.4: PaO2 = 55 mmHg or = 60 mmHg
with desaturation during sleep or exercise,
and portable oxygen tank was permitted.

1996.4: Pulmonary hypertension

* 2004.4: Chronic heart failure with Cheyne-

Stokes breathings and apnea and hypopnea
index = 20.

* 2008.3: Demand valve was permitted
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Home Respiratory Care in Japan 111

tracheostomy intermittent positive
pressure ventilation

1990.4:ALS, Muscular dystrophy, Multiple
myositis, and etc. neuro-mascular disease

negative pressure ventilation

1992.4: ALS, Muscular dystrophy, Multiple
myositis, and etc. neuro-mascular disease

1994.4: Patients who are needed home
mechanical ventilation (HMYV), which are
diagnosed by doctors
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Pathophysiology of SDB

SDB Factors
CSA Control of Breathing
(ORY: Upper Airaway
Hypo :

(REM) Inspiratory M.

Respiratory support during sleep

Patency of Respiratory
Upper Airway Support




The efficacy of a custom-fabricated nasal mask on gas exchange
during nasal intermittent positive pressure ventilation.

“Tsuboi T, Chin'K, Ohi M'ét. al. Eur Respir J 1998









Panel 3: Advantages and disadvantages of different types
of interfaces

Total face mask—covers mouth, nose, and eyes
Advantages

+  Minimum airleaks

+ Little cooperation required Total Face
+ Easy fitting and application

Disadvantages

» Vomiting (risk of aspiration)

; + Claustrophobia

Pl face st Vota! face mask + Speaking difficult

D Full face (or oronasal) mask—covers mouth and nose
Advantages

+ Few air leaks

+ Little cooperation required

+ (an be adjusted for comfort

Disadvantages Full Face

» Vomiting

+ Claustrophobia

» Possible nasal skin damage

+ Speaking and coughing difficult

Nasal mask—covers nose and not mouth
Advantages

+ Possibility of speaking and drinking

+ Allows cough

+ Reduced danger of vomiting

+  Minimum risk of asphyxia Nasal
Disadvantages

+ Airleaks if mouth opens

+ Possible nasal skin damage

+ Needs patent nasal passages

P

Nazat piiows
Stefano Nava, Nicholas Hill Lancet 2009; 374: 250-59
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continuous positive airway pressure

1998.4: Patients who are diagnosed as sleep
apnea by polysomnography and apnea and
hypopnea index (AHI) =20 with symptoms
and complications (hypertension, IHD,--).

The diagnosis should be done by PSG.

2000.4:AHI =20 with symptoms and
complications. If AHI =40 with portable
monitorings, CPAP can be used.
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noninvasive positive pressure ventilation

1998.4: Patients who are needed home
mechanical ventilation (HMYV), which are
diagnosed by doctors, but should not used for
patients with sleep apnea

adaptive servo ventilation

ASYV is firstly used as one of
NPPYV machines.

2018:In addition, it is also permitted for patients
with congestive heart failure as one of CPAP
categolized machine.



Usually, mild-moderate OSA don’t
show hypercapnia during sleep

.
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Transcutaneous PCO2 (mmHg) Changes in a patients with

SpO2 (%)

PtcCO2 (mmHQ)

s

Following 35 days of NPPV treatment

SpO2 (%) mean 97.18
PicCO2 (mmHQg) 67.39




Neurodegenerative disease: Multiple Atrophy
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Several SDBs could be occurred in a patients.
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(OSA and hypoventilation occurred.)
Hamada S, Chin K et al. BMJ Case Rep. 2015



Patients with Home Respiratory Care Instruments
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Patients with Home Respiratory Care Instruments
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Body Weight Gain Following CPAP Treatment

- Metanalysis From RCT Trials-

Weight Gain of 0.5 kg Following a Few
Months of CPAP Treatment

. 0.21 (-0.33,0.75) 1.69

Barbe (2001) J
Barbe (2012) 0.14 (-0.00, 0.29) 22.87
Craig (2012) 0.27 (0.05,0.48) 10.88
Drager (2007) - 0.09(-0.71,0.89) 0.76
Drager (2011) - -0.09 (-0.74,0.56) 1.14
Duran-Cantolla (2010) 0.15(-0.06,0.36) 10.75
Hoyos (2012) : - 0.05(-0.43,0.54) 2.06
Hui (2006) - -0.05 (-0.63,0.52) 1.46
Ip (2004) -1 0.44 (-0.32,1.21) 0.83
Jenkinson (18589) ——— -0.16 (-0.55, 0.23) 3.19
Kritikou - men (2013) . 0.47 (-0.38,1.32) 0.68
Kritikou - women (2013) ' -0.05 (-0.93, 0.83) 0.63
Lam (2007) — -0.30 (-0.78,0.19) 2.10
Lozano (2010) , 0.06 (-0.44, 0.55) 2.01
Mansfield (2004) ; 0.13(-0.49,0.75) 1.26
Pedrosa (2013) 41—+ -0.07 (-0.73, 0.60) 1.10
Pepperell (2002) 0.20 (-0.16, 0.56) 3.72
Quan (2013) 0.23(0.09,0.37) 2552
Robinson (2006) 1 0.10 (-0.57,0.76) 1.11
Ryan (2005) , 0.21(-0.72,1.15) 0.56
Ryan (2011) — 1 0.25(-0.35,0.84) 1.38
Sivam (2012) | -+ 095(0.13,1.77) 0.73
Weinstock (2012) \L - 0.68(0.11,1.25) 1.49
West (2007) - 0.36 (-0.26,0.99) 124
Overall (I-squared = 0.0%, p =0.647) O 0.17(0.10,0.24) 100.00

Drager LF, Thorax 2014



Changes in Energy Metabolism after Continuous Positive Airway

Pressure for Obstructive Sleep Apnea

Tachikawa R, Chin K et al. Am J Respir Crit Care Med 194:729-738, 2016
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Rationale: Disrupted energy homeostasis in obstructive sleep apnea (OSA) may lead to
weight gain. Paradoxically, treating OSA with continuous positive airway pressure

(CPAP) may also promote weight gain, although the underlying mechanism remains
unclear.

Objectives: To explore the underlying mechanism by which patients with OSA gain
weight after CPAP.

Methods: A comprehensive assessment of energy metabolism was performed in 63
newly diagnosed OSA study participants (51 men; 60.8+10.1 yr; apnea hypopnea index
>20 /h) at baseline, CPAP initiation, and at a 3-month follow-up. Measurements
included polysomnography, body weight, body composition, basal metabolic rate
(BMR), hormones (norepinephrine, cortisol, leptin, ghrelin, insulin-like growth factor-
1), dietary intake, eating behavior, and physical activity.



Increased energy intake had a greater impact on weight change

Basal Metabolic Physical Activity Total Caloric Intake
250 2500
77 P <0.001 P=0.002 P=0. 03
_ 1800 E !E 2000
;':i. 1500 [ ‘ g %é
% _g‘ ig 1500
1400 S g
1300 . . 1000
Weight Non-weight Weight Non-weight Weight Non-weight
gainers gainers gainers gainers gainers gainers
Acylated ghrelin
57 P = 0.009 12 P = 0. 047
" " P =0.005 o
" ' ' ~ P 0.05%
: l £ Bl Baseline
g s g I After 3 months of CPAP
* 10 é‘
2
5 1]
Weight  Non-weight Weight Non-weight Am J Respir Crit Care Med
gainers gainers gainers gainers 194:729-738, 2016




BMR reduction after CPAP may favor a positive energy balance

. CPAP 3-month .
Baseline . . . P value
initiation  follow-up
Basal metabolic rate(kcal/d) 1584 + 261 1561 +252 1508 +258 <0.001
Physical activity (activity counts/min) 185 + 80 184 + 65 0.95
Body weight (kg) 77.8+12.6 77.6+£125 78.2+12.3 0.01

Energy -
Expenditurg | | T ! '

— Basal Metabolic Rate
(5% reduction)

_—~ Physical activity (unchanged)

/Diet Induced thermogenesis
(unchanged)

P

Baseline — After 3 months
of CPAP




Traits of disordered eating behavior in the weight gainers

Weight gainers

Food
preferences

Eating é[yle

Awareness about
weight and constitution”

Motivation
to eat

Eating as
diversion

\Feeling of
hunger/satiation

Non-weight gainerg

Awareness about
weight and constitution”

Motivation
to eat

Regularity of

Food Eating as
Preferences Diversion*
: \Feeling of
Eating étyle hunger/satiation

—&— Baseline

CPAP initiation —@— 3-mo follow-up

Tachikawa R, Chin K et al. Am J Respir Crit Care Med 194:729-738,2016
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Large scale cohort: Nagahama Cohort

« Measurements in Nagahama Cohort.

Measurements Bp in home

1 2 3 4 5 6 7
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SpO2 Monitoring

Actigraph e o o « AARSAVIHE 78 - Y DME

- BEREF (0/1/2F) oMAE

S|eep « Objective sleep duration SDOZ
« B4 HElOE®E=XR U v

T 3 = .
g ——— =
o (T i . il S | e el =——— —— - >
AT S Ml ke L > T
iy i | S, o (R, A ot e Vg
e = =+ -1 .

M Normal = Disturbance in
=i s e = Circadian Rhythm . =

=" il ol o

BRSBTS ey | Wl LA (TR (T ]

bl PN T oy S R T T YOO S I TP




Body mass index (kg/m2) All Mild Moderate Severe

Men
Pre-Women
Post-Women

(A)
N=7,051
Men=2,274 o |
Women=4,774
Pre-m=1,585 & .
Post-m=3,123 _
T-Sleep: CL 0% |
401.2x=64.0 min
A-Sleep: % |

360.5+57.7 min

0% -

21.7 23 23.0*x28 246 X33 255X 39
207 £2.7 227 xX39 273 Xx46 —
209 26 224 =*x32 243 35 265=*48

(B)
mrer mher
Bwomen (rostmenomemall M Women (boct menopaueal)
_ N Moderate to Severe SDB
r Men=19.2+4.4=23.6%
8 o Pre-m=1.5+0=1.5%
& s | Post-m=8.4+1.2=9.6%
20% A
10% A
117 P \h.l...... .

-4h -4.5h -5h -5.5h -6h -6.5h -Yh -7.5h -8h 8h- 5 -10 -15 -20 -25 -30 -35 -40 40-

Actual sleep duration (h) 3% oxygen desaturation index with actigraphy (/h)

Sleep parameter distributions.

(A) Distribution according to actual sleep duration, (B) distribution
according to 3% oxygen desaturation index with actigraphy.

Matsumoto T, Chin K et al. Sleep 2018



(C) Diabetes (post-menopausal women)

(D) Diahetes (pre-menopausal women)
P =0.001
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BMI, Age, and the Prevalence of Moderate to Severe SDB

(%)
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Control of Body Weight in Middle Age People is Very Important.
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The number of cases of telemedicine in the world

Million Units

40

35

30

5 million cases at 2015

(80%: cardiac pacemaker or sleep medicine )

15

10

Year
2014 2015 2016 2017 2018 2019 2020

l (Market research by BERG Insight)

From 2016, the number of sleep telemedicine cases

would become the largest number



Sleep Apnea in the Telemedicine System

Telehealth/telemedicine

= Telehealth is the distribution of health-related services and
Information via electronic information and telecommunication
technologies.

1. Telemedicine with real-time
* PSG with telemedicine:
* CPAP titration with telemedicine:
* Medical examination with online

2. Telemedicine that does not require real-time
* CPAP data monitoring and feed back to patients
* Troubleshooting. self-learning. coaching
* Changes for CPAP setting



Telemedicine in CPAP Therapy

Self learning

— ¥

S Mobile application

Healthcare Provider

Efficient document management

\ )

<Telemedicine Control
And/or Advice

Doctors and Medical Staffs ﬂ




The Results of Clinical Trials in CPAP Treatment with

Telemedicine

Key 7 RCT Trials

Time of Adhe-

Author . . T AFE rance  Cost  labor
intervention
Turino 2017 AtStartof EREZZ+EHNTA - NE N.A.
CPAP
Munafo 2016 At Start ERE=4+E8I1—F T > N.A. N2
Fields 2016  AtStart EREZH+E-F+2E > N.A.  N.A.
lsetta 2015 AtStart  EfREE+BCEE-YHR— - Ng N.A
Kuna 2015 At Start EREE=2+DTT7IER N N.A.  N.A.
Fox 2012 At Start =RE=4X +Eﬁﬂﬁ)\ 0 N.A. 0
Sparrow 2010 At Start HEe & =EYHR— N N.A. N.A.

Overall, adherence increased and costs decreased.



Telemedicine in CPAP treatment

Treatment Follow-up
OStandard OTelemedicine

Average CPAP Use

All Days
207 p=0.0064
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g 1507
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0

Figure 2—CPAF usage.
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A Combined Telemonitoring Arms
(Messaging stopped at 90 days); N =190
® Combined Non-Telemonitoring Arms

0%
& &

o -3 S
Y ,,_’c:’é) & 52

Fox N et al. Sleep 2012

Hwang D et al. Am J Respir Crit Care Med. 2018

Most of reports of the telemedicine system in CPAP treatment were based on the data
at the start of CPAP treatment.



A Randomized Controlled Trial of Telemedicine for Long-Term
Sleep Apnea CPAP Management. . Ann Am Thorac Soc in press

Results: Analyzed were 483 patients (median
duration of CPAP use, 29 (interquartile range,12-
71) months), and deterioration of adherence was
found in 41/161 (25.5%), 55/166 (33.1%) and
35/156 (22.4%) patients in the TM-, 3M- and 1M-
groups, respectively. The non-inferiority of the
TM-group compared with the 1M-group was
verified (difference in % of patients with
adherence deterioration, 3.0%, 95% confidence
interval (Cl) -4.8 — 10.9%, p<0.01).
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Based on these data,
Japanese CPAP
telemonitoring
system was permitted.

Murase K, Chin K et al. Ann Am Thorac Soc in press



(A) Epworth Sleepiness Scale
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Does remote monitoring change OSA management
and CPAP adherence? (Pepin JL, et al. Respirology
(2017) 22, 1508-1517))

The evolution of sleep medicine care is full of
incredible opportunities given its natural reliance of
technology and relevance to so many medical
specialties. The field has the potential to be a model to

Physiological
sensors at home the greater healthcare community in transforming the
cost-effective management of chronic disease

conditions.

Q)

-

Compliance, leaks, residual events

Multidisciplinary
web platform

B medical chart
Physical activity/sleep duration r“ ( ] >>
Q) "-
= CPAP side effects
. (Oneline questionnaires,
® mobile apps)
O e Access to home data

Home self-measurement of blood pressure

monitoring for physicians
and home care providers

(Pepin JL, et al. Respirology (2017) 22, 1508-1517 )

Oximetry (daytime and nocturnal Sa02)
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Conclusions

To understand the pathophysiology of sleep-
disordered breathings is important to use
the proper therapeutic instruments: oxygen,

CPAP, NPPV, ASV and etc.

Home respiratory care has developed in
Japan following the health insurance system
under the government

Benefits of home respiratory care under the
governmental health insurance system
should be proven from the healthy
(mortality) and economical points
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