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Table 1 Characteristics and results of pulmonary func-
tion test and arterial blood gas analysis in healthy
subjects (control group) and patients with chronic
lung disease (CLD group)

Control CLD

Number 6 8

COPD, n 5

CPFE, n 1

IP, n 2

LTOT,n 7
Age, years of old 22706 (21-24) 76.8 = 3.0 (65-86)
Sex, male/female 2/4 6/2
BMI, kg/m? 216+17 216+1.1
VC, %pred 101.5+5.2 725+88
FEV1, %pred 105.1+44 46.3+6.3
FEV/FVC, % 86.8+3.1 53.6+10.0
FRC, %pred 1229+15.0
RV, %pred 207.8+40.8
TLC, %pred 121.3+14.6
RV/TLC, % 56.9+4.6
DLco, %pred 29.6+3.3
PaOg, Torr 734+54
PaCO., Torr 426+1.8
HCO3;™, mmol/L 26.1+09

Values are means +SEM. COPD : chronic obstructive pulmo-
nary disease, CPFE : combined pulmonary fibrosis and emphy-
sema, IP : interstitial pneumonia, LTOT : long-term oxygen
therapy, BMI : body mass index.
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Table 2 Characteristics and available measurements of the newly developped apparatus for an

in-home monitoring system

Characteristics

1. Portable and non-constrictive apparatus [W 812 x D 555 % H 5mm (control box: H 33mm), weight: 1.6kg]
2. Non-invasive sheet-typed apparatus spread with membran-typed pressure sensors

Available measurements
1. Respiratory rate (RR)

2. Display function of respiratory wave form (RWF)

3. Respiratory disturbance index (RDI)
4. SpO: and pulse rate (PR)

5. Display of body weight pressure distribution (BWPD)

6. Body movement (BM)

7. Trend display function of RR, RWF, SpO., PR, BWPD, and BM

8. Display function of in-bed and bed-leaving
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Representative trend graph of mean respiratory rate for 5 minutes (RR) measured by sensor

sheet automatically ([ 1) and respiratory inductive plethysmograph (RIP) (&), and of body movement

(@) at night in one healthy volunteer.

The mRRs measured from the different sensor were almost same.
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Fig. 2 Relationship between mean respiratory rates (RR) for 5 minutes measured by
sensor sheet and calculated from respiratory inductive plethysmograph (RIP) (n=14).
There is a significant correlation of RR between the different sensors.
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Fig. 3 Representative trend graph of vital signs during a part of night in one healthy volunteer by an
in-home monitoring system.
The upper panel showed the trends of wave form of respiration and mean respiratory rates for 5
minutes (RR), middle panel showed the trends of percutaneous oxygen saturation (SpO2) measured
by a pulse oximeter, body movement (BM), and load area of the body pressure, and lower panel
showed the trend of pulse rates from a pulse oximeter.
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Table 3 Vital signs obtained from a sensor sheet in healthy subjects (control
group) and patients with chronic lung disease (CLD group)

Control CLD

Number 6 8

Mean PR, beats/minute 59.3+24 66.1 £4.0
PRmin, beats/minute 44.8+3.6 530+31
PRmax, beats/minute 97.6+28 939+53
Mean SpO2, % 96.5+0.3 955+0.7
Lowest SpO2, % 91.2+12 885+1.3
CT90, % 0.08 =£0.05 1.34£0.72

Mean RR, breaths/min (RRind)
RRmin, breaths/min (RRind)
RRmax, breaths/min (RRind)
Hypoventilation, events/night
RDI, events/hour

Body movement, events/hour

160+05 (1683 +0.5)
121+09 (141+0.7)
19.7+0.8 (20.3+0.9)

199+16(199+15)
135+19(17.3+13)
244+21(235+26)

0 215+19
75+12 126+238
154+31 271.3+36

Values are means = SEM. Hypoventilation was defined as an event of decrease in SpO:
more than 3% and lasting for more than 5 minutes. PR : pulse rate, PRmin : minimum
PR, PRmax : maximum PR, CT90 : cumulative time with SpO2<90%, RR : respira-
tory rate, RRmin : minimum RR, RRmax : maximum RR, RRind : RR calculated from
respiratory inductive plethysmograph, RDI : respiratory disturbance index.
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Fig. 4 Representative records of in-bed and bed-leaving for one week judged by a pressure
sensor sheet in one patient with interstitial pneumonia.
Interrupted in-bed at night was found sometime whereas the time in-bed and leaving from
bed and the duration of in-bed at night was almost constant. The frequency and sum of time
of daytime in-bed was increased due to poor physical condition on first, fifth, and sixth day,
but not found on second, third, and forth day.

Table 4 Results of one-week recording of in-bed and bed-leaving judged by a
pressure sensor sheet in healthy subjects (control group) and patients with
chronic lung disease (CLD group)

Control CLD
Number 4 8
Mean time for going to bed at night 1:16 21:32
SD of mean time for going to bed, minute 62 439
Wake-up time in the morning 8:03 7:15
SD of wake-up time in the morning, minute 88.7 41.1
Time duration of in-bed at night, minute 3994 +£44.0 5779+ 318
SD of time duration of in-bed at night, minute 86 445
Events of bed-leaving at night, events/night 0.18+0.12 159+047
Events of in-bed in the daytime, events/daytime 0.00=0.00 3.30+1.02
Time duration of in-bed in the daytime, minute 0.00=0.00 1723 +58.1

Values are means=SEM. SD : standard deviation.
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Fig. 5 Representative part of records of hypoventilation (A) and periodic apnea and hypopnea (B) in patients with CLD.
The upper panel shows a gradual drop of SpO: and the desaturation lasts for about 28 minutes, which may be due to hy-
poventilation (A). This patient also showed slight and periodic body movements due to periodic limb movements (PLM).
The lower panel shows periodic drops of SpO: consistent with the periodic changes in amplitude of breathing, which

may be due to periodic apnea and hypopnea (B).

RR : respiratory rate, BM : body movement, PR : pulse rate.

COPDMSERIET S & H BN DH 5 ST 5Y,

CLD BH LS BB RF D ¥ AT HIT L 500
BEEDOT VT X LIZBAFORIP TOMEE L &b
TERIFEHE»S D, 13ZFAFETH-72 (199+16 vs 199
=15) %, L LAMNERHEOEH P EE L Rbhs. CLD
DIREIRTDH B COPD D 10~30 % L P FE 1k e I o 0
% (obstructive sleep apnea : OSA) # &P L', overlap
syndrome & FEEN 5. Z OADHEEE X —#% D popula-
tion & MR TH 5725, OSAZAPELRVE L ILEL, [
B o> SpO: DT (desaturation) 35 & OVE[RFE 421X 5H
ThHY, WMEHEBLOCRITEZFIIEL, kb
JEIE (continuous positive airway pressure : CPAP)
BRI T O EREH RIS T 2. T/, IFkE
fEsE % 49 5 CLD Tid, $FIZREM HE R K O L3 512

& o Tdesaturation 23A 5N 5%, X 512 CLD OB HERE
1213 desaturation 2SBHFE & 2 5. DL Z &h 5, CLD
BEOELTOERIIBNT, FICHMOSpO:DE=%
) v IR AR B L ORI R AK I (sleep apnea
hypopnea : SAH) OFRICEETH ), HRLELOH
Wicdo%h5s. F/2, MEOXBIDWEETH Y, SAH
TR ED) Lk 2 B9 525, KK Clan7
ST LT D9 TH 5. Fig 51CCLDEH
TSNS OF (A) & J5 AV e 0 AR £
XY bofl (B) 27, 4l K% SpO: DK F T
P L7z, IR R MR A AR AT T & 2 @
MEVI FIZOWT, R vy — Tk, FFRERO
PRI, FFIRACAE S RIE O Z L% I § 2 & IE & V0
MEIB X ORIRE N2 Y F ORI X > THBEIMIZZE



TEE R

B9 572083 bk, LoT, KErd s LK
WRAHETLILEEEE R ->TLEY. 5% 20
HAYURTLULEDND L.

CLD DALY & LT, WK BB oK
EERRINIER L, @Y RO RS pRHETH
5. F7, HEAGOEHEZHRHT2 L VEETDH
D, IR O M IIBERE ORI Ry LR a T
BARRT® &%b. COEBRFV AT LS Z
LI2& o T, SpODIKF, AE)OHII, 35 X OTH DA
IRIERI OB SEFAALREMATEZ EEZHNL.
F72, HAOEENI WA H OFIHIER I A W
HFi2iE, HEWEESEMETLTWwAZ L XML TW3
WREMER S 0, AMEIREIELTH I ENMRREEZD
N5, EHICREHROFMITER R CEREICE V&3
BHETIFRDOE =7 —B L OFEIR - BER & v o 72400
WY =P/ TELZIETHY, SHENINVAFTFY
A—F —RFEETNL, KBEOAE RH\EHDL €=
=W RETH . SRILBEREL TS, 7998
WCHEREL, mRTERFEOT—7 28l%, FIHTX 50T
(internet of things) OHES % HIE 7.

Wit AREDOETICH 20T, ERELTHIE VL
& F L7 MR S350 A = B A O B 2 L 2R C
o 7oFHENZ T, SHET, PIRFERS X ORI
DOEHMWEFR S A O HEHE-LET.

D COI (conflicts of interest) Bz © BEAR  E1E © W%t
- Bk Ar (RS STRA mERERT, #Ratr v v —).
T ARG CHENFICE LR IC g2 L.

5 ATk

1) NEE. &SREoRKRE I, 18520 g
DHEEMY % S BREEOBLR L By, P29 4 MU i
thaEE (SR).
http://www8.cao.go.jp/kourei/whitepaper/w-2017/
zenbun/29pdf_index.html (accessed on July 23,
2018)

2) Chan M, et al. Smart wearable systems: current sta-
tus and future challenges. Artif Intell Med 2012; 56:
137-56.

3) Hong YJ, et al. Mobile health monitoring system
based on activity recognition using accelerometer.
Simul Model Pract Theory 2010; 18: 446-55.

4) LiM, et al. Development of patch-type sensor module
for wireless monitoring of heart rate and movement
index. Sens Actuators A Phys 2012; 173: 277-83.

5) Huang B, et al. A method of abnormal habits recog-
nition in intelligent space. Engineering Applications
of Artificial Intelligence 2014; 29: 125-33.

N AT A

6)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

295

Botia JA, et al. Ambient assisted living system for
in-home monitoring of healthy independent elders.
Expert Systems with Applications 2012; 39: 8136-48.
Nyan MN, et al. Distinguishing fall activities from
normal activities by angular rate characteristics
and high-speed camera characterization. Med Eng
Phys 2006; 28: 842-9.

e J IS, At ARIVEBCRE L 72 S isr ) & A
T LORFE—ERED T T AN — - IRPURITH
BV EARTAR. IR EEAR AL EE 2001 1 11 ¢
199-204.

Nakashima S, et al. Restroom human detection us-
ing one-dimensional brightness distribution sensor.
In: Lee R, ed. Software Engineering, Artificial Intel-
ligence, Networking and Parallel/Distributed Com-
puting. Studies in Computational Intelligence. 492.
Heidelberg: Springer. 2013; 1-10.

Agatsuma T, et al. A novel device (SD-101) with
high accuracy for screening sleep apnoea-hypop-
noea syndrome. Respirology 2009; 14: 1143-50.
American Academy of Sleep Medicine. International
Classification of Sleep Disorders, 3" ed (ICSD-3). IL:
American Academy of Sleep Medicine. 2014.

WA M. A FR) v 7Yy Fa— L EJHREE 2
R v 7Yy Fa— A LR RER IR E OBl
M2 H—. PEREEE 2011 5 19 : 18-23.

Ancoli-Israel S, et al. The role of actigraphy in the
study of sleep and circadian rhythms. Sleep 2003;
26: 342-92.

Ibanez-Del Valle V, et al. Subjective and objective
sleep quality in elderly individuals: the role of psy-
chogeriatric evaluation. Arch Gerontol Geriatr 2018;
76: 221-6.

Budhiraja R, et al. Prevalence and polysomnographic
correlates of insomnia comorbid with medical disor-
ders. Sleep 2011; 34: 859-67.

Omachi TA, et al. Disturbed sleep among COPD
patients is longitudinally associated with mortality
and adverse COPD outcomes. Sleep Med 2012; 13:
476-83.

Bednarek M, et al. There is no relationship between
chronic obstructive pulmonary disease and obstruc-
tive sleep apnea syndrome: a population study. Res-
piration 2005; 72: 142-9.

Pronzato C. Chronic obstructive pulmonary disease
and obstructive sleep apnea. Association, conse-
quences and treatment. Monaldi Arch Chest Dis
2010; 73: 155-61.

Marin JM, et al. Outcomes in patients with chronic
obstructive pulmonary disease and obstructive



296 HIFWeEE 7 (5), 2018

sleep apnea: the overlap syndrome. Am ] Respir predictor of all-cause mortality in patients with
Crit Care Med 2010; 182: 325-31. COPD: a prospective cohort study. Chest 2011; 140:
20) McNicholas WT, et al. Sleep disorders in COPD: the 331-42.
forgotten dimension. Eur Respir Rev 2013; 22: 365— 22) Garcia-Rio F, et al. Prognostic value of the objective
75. measurement of daily physical activity in patients
21) Waschki B, et al. Physical activity is the strongest with COPD. Chest 2012; 142: 338-46.
Abstract

Development of an in-home monitoring system for elderly patients
with chronic lung disease using a pressure sensor sheet

Keisaku Fujimoto, Ayaka Yamamoto and Takaya Nishiyama
Department of Clinical Laboratory Sciences, Shinshu University School of Health Sciences

We adapted an existing pressure-sensor sheet for screening sleep apnea—-hypopnea syndrome (Sleep EYE®,
Denso Co. Ltd.) to develop an in-home monitoring system for patients with chronic lung disease (CLD) to monitor
in-bed and bed-leaving, respiratory rate (RR), breathing pattern, body movement (BM), SpOs, and pulse rate, and
examined its effectiveness in 6 healthy volunteers and 8 elderly patients with CLD. When compared with the vol-
unteers, the CLD patients experienced higher RR, increased apnea-hypopnea and hypoventilation, more cumula-
tive time with Sp02<90%, and increased BM at night. The measurements taken at home every day for 1 week
showed that the CLD patients experienced significantly increased in-bed time, frequency of getting out of bed at
night, and in-bed time during the daytime when compared with the volunteers. These findings suggest that the
newly developed pressure sensor sheet system may be useful as an in-home monitoring system for elderly CLD
patients.



