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R e — AR B R R AT A I fige 2 Mok kA
N FRFT BT 24 REARSEFI 2 FIPR—FF, FRiL
BB A SR, R TP A P
R A2 T FRAT A AT, S R AR 1 UL IR A AR
5, DB HITCE IR PR AN AR PR . ANSERR, fEA
IR R, —L8 LR T A TR
i rE FEOMEE . 4 Rotary Club, H BTFT XA BE A it 5%
AR IR IR SE MBS IR AT v, (AT DLas 2 s iy
H 1988 LK, B K BT R T 99.9%
(https://www.endpolio. org/)o FRATHI 4 22 A £ 1/ —
AL AR IR AR B0 2 S0 5% T Uk R AE 12 &7 I RT3
B2 JoT A& i o

1927 4F, FEFE - FRERE (Philip Drinker) i
Sl - M (Louis Shaw) (M BRR“ZHN) AW T —
il SR S AU B, P B ] LA
P ARFE AN T . JUAES, & HHZ John Emerson
HHFRAFAIFILES (tank respirator) , B 7%,
FERM THIRAR L2, XA 48" gohESy
PR R 2

FE I, AP gs A, M4 T —EF
B A _EZE 30 24X, Drinker FIME K 2244 John
Emerson 77 _E 5 RE, A FRAE I B2 Drinker 185 fili
wit, RIL T EFAL. Emerson A H CHEH UL, XFp
RO W 10 BT A N S 2324k e Emerson A A = IFFIK
T 1931 SEAEEFEP L (Rhode Island) B A#FHH -
ZAEfE, MBI URRFRRER i B A& & TR ahiin - &R
JRYE (Jonas Salk) A2 ALY /N JLIFRIFRERE 1 H I
LRIFEA &G, i E Tz B T A A,
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ORIV AR ER LR 7 .

1909 4F, ARE KAEHUMIFIRAL, 248 /NF
i - 3% (George Poe, Jr.) REMEAH FHIXPhis A i EEDY - oy
= (Moses Goodman) 13 LAKAL, Al FRIX M AL &%
AP AN T AL (Machine for Inducing Artificial
Respiration) ” , At $2 BT M 4F 38 15 T % Fl https://
en.wikipedia.org/wiki/George_Poe#/ media/File:Poe_
patent.gif) o RZ—MHL)E, BT RIRFEERTRAT,
S T B S AL I IR AL B = Y 7] (htps://
www.weforum.org/agenda/2020/04/ covid-19-ventilator-
shortage-manufacturing-solution/) .

HURF AL D7 SR kA T — A TREMR e J5 S e
RGN X S BRI R R, AN RS IREREAR H
s AR . IR T BORAE AR, BT
BUEH], MTHEEIRIE YL, DA R Al R
TR R IAT LM EF . IR TREHF MR
IREAEBIHT, A JONB B BRI , LLR A Lol
BESI XS & g L o

ANER R, 1£ COVID-19 G W, whig LLaT
F A B K I RN BRI, RATIFFBRAT e i AR
KT AR A 5 R B e FRAT 20 T 0 7 Bk e 4
& LRI ZIRES, MBI - AL (John
Emerson) K%Y 90 4E R Fr i)t , MR ma4 Kb
PR AR AT AR S B S AHAP B SCH B B D ik A2
OLEFFH R EAR TR AT EE XA POl p, 5H
FRERIR A R B TR RIFL R H gl
ATREE, &y st A fsi.
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HRE BT, BOA HEBUE I A IR [ 3R 2
FE| <ERER TG T
WA, SRR IA R TR S - W IR
(Paul Alexander) 55 i KT R B & =47 TR, X
AT TRERIECARN G, AT AT LAKE [H A 2k i
FLAR 79z e 75 -+ 48 LA B (https:// www.youtube.com/
watch?v=gplA6pq9cOs)o HLE LR Z - 7 LI R AL A
AT “FARIE T, BOEANT o FrEL, B RR
— K AR E—ARE] T RO AT AR 2 FATR
SEIEMA M RF XL, FREES BRI N
7, W E L.
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AHEFE R — MR R B SRR AT AT RSP 5 L, R Arduino ~F & LB ERIGE 5 AL
55 T LASR B B B AP BTl (ERAE XA LU BRI A R 22 IR, 75 2260 AL T A0 e
TYPNSE o XA BN ARl AT AR S BN O30 T R o RIS = A R, ABLFR TR LA iRl BT
AL %S IR ALY EE AT LA it LB (SR R B gE AT He et X AP b, ml LUK 38t o 2

7 IEH T,

[CaiR ] fRJLRAr, Podshl, EMEsfalds, Arduinos

515

HEEJUAER, AT LD ER R A s
I, RS RRJLRSH T BT A TR e R
Tl LB A D RE R TATE 3 R LAY 45
I EER A B 5 S P WA TR RE RS IE R L
AP LAY HL - IRE o T A PR — o A (B
XA BB BRI 2RSSR SR B )
FIEALIN (BAER3 AR P B2 A 2 A U sl
[3]

T3t By — b S AR B IR P2 i AL & (6
Ul (1 F A B A 1 A SEBR AR L e AL
for A6 P 0 A AN BT SR A T2, B
SE A TTRT LU P AR 30 2 1 A B A AU R T A B 4
R, TR EREUEE HIGIT LR o T A U
for AR B 2 T 2R R TR B 9N T RERY
GEFRIRE, BTl A S T DA S AL

Arduino “F- 52— F S TEHNMAE TR, 7
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VBT 29 B Arduino DA—F AR5 18 FI Y
Roddzilar e, fHIhREREL T A AR R
Ferghizn, JFal A 2 6 e iR s iafr
Mo TR SO BRI MR G T, R A Y B
i ] AP S RO 5 URR B IR T LARR AT G
EREGIBIFIOME R, SRR BT 1Y BT o 7EFF
i RE A, SO PR A H A PRAIES Wk I
LR N RIS P
RS R S, R ELRETHIAS
SRR BORR R B M R BT TR
MBI, BITHIBN (B 715%) dFEEL
W2 S i A R PE R, 7RI IRRA T R
KR =l R s, A5 i PR AR A 988 5
L, AT A g, w) AR RS P2 A
AR, S b (R FE A0 e A 22 2 B Y T
fiti "o AT TR, BATTR T — MREAH]
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(AR TR, BB RTRCL e
FRARIE | R IR B TR R e 1,

B pR R (EAR A28

<§f__jL

| wEmimoe Ry |

[ ]
| amEm=n Ja—
'l J'
[ J

A1 TR

B, ZIH & LS ST SRR S OR A T
), H AR RSO B B (E S e I A T G 2
BIRERTT 28 o R REHL B AP B BAEAT T 2R BT
DAHEATELSER - Ak A 1 1 S el s 1 ol 25
BR, AR e SR T Y T R 1 AT R 2
&, FAEAL PR AN B ISP B ZRIEE 2 N o

1IBPM= 1/60Hz (Equation 1)

T=1/f (Equation 2)

WXL R, RPN SECERE N e T

RN
Qe
GlobalCE
R 1o ATETHHE, (M T REE AT R B .

1 DE (BPM) ~ i (HZ) FFANT (MS) Z[H]
IR H IR R o

(BPM) (Hz) Period (Ms)
30,0 0,5 2000,0
60,0 1,0 1000,0
90,0 1,5 666,7
120,0 2,0 500,0

(BPM) (Hz) Period (Ms)
180,0 3,0 333,3

Tife

X —, AT C 8 F iy 3k AL 3
Arduino “FHE M (WK 2) » FETE1, GAif
—OEkE B phE SO RO ORI . FEIX —
B2 5, RG-SR R R — a8 & A
Bkl 205, AT G I AL R 2 T O
2, (RS AE 0 - 100 mmHg JEEI N 243k 2
KRG, AT kBl i I Res: 1 408 AR E
f£ 50mmHg, & TRAHTHREERT RGN ES.
&G, BREREEmEES BoRRE Rk, FEE
TIRIRRILIOEE [ 4T

118 7 910

R 0
i

[ Pl?:a ] [CArduine ] [CArduine |
I} 1 I
[Feonte ] Eompitador) CHM ]
i
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ARG T I/ K. FRERFNINER &
AR . HLHRA (ST ARSI
TR, P e IR LS S R R AL )
i TIP122 MR LR IR A 40l 12v By AEHL. i
A — A NA il 12V 4k iR di Rl iR
Bl. f F1E S5 AR A& MPX5700DP, & 45 il 4=
JUPNI WHIE ST, HFEFGEREAE Arduino 16 Fo %
AR 2 REPRAL . E S Tip22 AR EE,
H 5 TR At 12V FELI.

TR R TIP122 B )52 EMREES], Ll 12v
IR . Bongs 5 HERRAE . XA
ffiH 1 Arduino MEGA (¥ il #r . 4mhd-F- 5 1 7 2R il
HEVE B OB gmikds, 2ol = ga i FiR B AT &Y .

Arduino mega2560 {8 Fl /Y i 4% il &% /& ATMEL
ATmega2560, JXA& R FEiER RISC ZEA [ 8 iz
filgs. ©A 256kb HINAFE GEA skb T 5 S Mk
J7) « skb WIBEMNLAFEUFRESE (RAM) Fl kb FIHLA]
¥ ek gs (EEPROM) o BF 16 T MIpS, TAE
WA 16mhze Arduino Z£ T Atmel ATMEGA, HH
A LA 3 4 ANlME BATEE 16 M AR 15 4
PWM fii e BHAHITIMEEEN (SPD) #{F, 12C
il 6 B ANES R BT 42 . MEGA 2560 B 5 A 54 A
SlUEAECEmd, TLAUREm A S . 517 5v
HF R TAE, AT HEEOHFE IS 40 Z LRI B . &
MEIERA —A _ER” B HRE, AT P # s
BA 16 TEBEIA (A0 2] A15 5, AR FTLIH
10 PLI A PER B TR, il , (EEAE 0 21 1023
Z A4 o

THM
e Arduino “F & R IHM, {HLE8 H oA 7]
S, ETEIEAN RS2 AN .

Driver JXBITE
TIP122 TR .
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Power Source HELJJ

PR 12V, 2.3A, SERRIIZEE 500 BL, R >70%,
SV 44 {4 B 1) BE (MTBF) 100.000 /NEE, 257 ¢, W
6 B A T OvP/OCP/sCP, N, F BTk
110/220V, fIGHEE, WL ORI, AR RS &
A, 120 mm f#E AL, 1EC60950 B ARMIE (H
R4, IBC61000 (L 4) , on/off TF K.

Diaphragm Pump Fai4E

{65 FH BRI SR R 098 N2 H R A% e 42 1l Y 2
BHEM B ZEJT R R R 83 BoR T H
BB RGER AL

kHLEE — witha NA/NF of 12V.

e - 4Q/66W.

BrAE LRl — AR BRI AR )L PN Al o

W] - A7 12V SBLRAE IR .

JESIE RS — MPX5700DP.

TIP122 - 5%, PIRAGIEER,

3 —~
J T
SENSOR
2 *
FPRESSURE ‘
—— : -
1

60 TR, 65 FLo

15
COMPUTER FOR
PROGRAMMING

MEGA
14
SOURCE
: - /'\ %
17
DRIVER
RI

A 3 TR

5
BERSERT A SR, e TR P DA AU AR A
fEf/ N E VBN - O 18 AL A T HEE
FEIE ) IFl i i1 T — TR A (W 4. BRI
) R S PR XA R g R AT a2 S BAT RTE )
PERIRHE . NPATHALAR, W) LR p e ks
BRI, P77 5 B, SRS AR
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M= MHLHR RGBS HIG ) LOE (BPM)
FHIF K —PhREAA 2 P 5L s A R AAT — 1

AR Y XA E R G . R —
AR TR (A ) Fik oA
Jir o B 4 2

ZIWH R AT SO AL, T A wi-fi 4 RS,
FOVF R LR g 5 BB AN G B T A0k . X
LORE AT LA I MRS R BRI B TR I

ARIZRGH L, T — LR
FLFETF & AU A K500 PNIT, ECG A A,
FFPA—Fh G sl 1 77 PR B Mg i i . i
TR gkt e T H Arduino “FETEM L LA
VR HR, I A SN A 5 — L,

i
it R TR R AR G B iAo, AR A
RGN BRI iR 3 = i i ) LI 4P (05e
JET e SO TR 96k e T LASE
B o
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{7 W BEAT o5

%35 18 2020



il R TFEZ4 & Global Clinical Engineering Journal

EEBUN

. Lindsey AD, Robert HA, Sullivan ID, et al. Evaluation
of fetal arrhythmias by echocardiography. Br Heart ]
1983.

. Zielinsky P. Arritmias cardiacas fetais: papel da eco-
cardiografiapré-natal no diagnoéstico e na terapéutica
intrauterina. In: Cruz FES, Maia IG. Eletrofisiologia
Clinica e Intervencionista das Arritmias Cardiacas.
Rio de Janeiro: Ed. Rev. Interna 1997;31723.

. Lucatelli MV, Batista MB, Silva HP, Garcia R. Metro-

logia para a Vida Sociedade Brasileira de Metrologia
(SBM) Setembro 2003;01-05.

. Dias CF, Rosecler MB, Mussoi RB. Revista Brasileira de
Informatica na Educacdo 2014;22(2).

. Villamil MB. Modelagem e Simulag¢io da Articulacdo
Temporomandibular. Universidade Federal do Rio
Grande do Sul. Instituto de Informatica. Programa de
P6s-GraduacdoemComputagio; 2009.

%35 18 2020

R
5

GlobalCE

. Almeida MC, Tavolaro CR, Molisani E. Rev. Bras. En-

sino Fis.Vol.3n.4.Sao Paulo 2011;0ct./Dec.

. Souza AR, Paixdo AC, Uzéda DD, et al. A placa Ardu-

ino: uma opg¢ao de baixo custo para experiéncias de
fisica assistidas pelo PC. Revista Brasileira de Ensino
de Fisica 2011;33(1)1702.

. Oliveira LM, Maia JM, Gamba HR, et al. Avaliacao da

qualidade de imagens de equipamentos de ultrassom
modo-B. Revista Brasileira de Engenharia Biomédica
2010;26(1):11-24.

. Severo LS, Lammoglia RS, Saito RH, et al. Aplicacdo

dos Testes de Verificacdo dos Indicadores da Quali-
dade de Equipamentos de Ultra-sonografia. Instituto
de Eletrotécnica e Energia da USP 2001.

10. Ministério da Satude. Avaliacdo tecnoldgica em satude:

subsidiando a melhoria da qualidade e eficiéncia do
SUS (Reforsus). Brasilia (DF): Ministério da Saude;
1998.



FRIG AR TFE4% & Global Clinical Engineering Journal

LI
e
GlobalCE

2020 4 21 2020 6 15 2020 6 30

F. Hosea
Yachay Tech University, Ecuador.

e
2020 FHATHIFREAAN BERR S 12 JE PA G T2 9 R GEEBRPE Bk DA B ATA — S0k
WEAE, XRATIRA SRR PURIEEAATIG AR PTG R A DR 2L, AR O F A4
IS ARSI, RFRETE 2 R L BRI, REFBOT A M A ERIRVE BT RS, Ak
TR IE 5 R R MESE IR A AG DL o LI R TARRITAEAR SR A2 BR O HA R G5 Fil i 3 P R 4 MORBORRIPE 31X
FEAR KRR L A2 i T AT TSR PG« BEBeis s LARAE N BT IR BIFT Y RI AR SCE T T A 2 e L . A
SCHR T 26 WU, VEONGIEE 21 g A BR P AR (8 RGERCRUEE ARG, LD R IR TRV E 2R L 2

FEIE W AR E L TR H 2 S B AR

oatin] REFEH. WK TRE. RE TR BTG DAEBRBET. WAZERRE.

55

RERRJME R E

2020 4F 7 B 565 PR 995 B S AL 4 BR R £ T A8 %
A PRI S I B BT e FERT BT R
,BURF B B B T, BT AR Tl T e =
B WIEAR VIR AWM. REATE B
ST, RN RTRA TG == ), RO FIBRFRALAL 1E
F1 7R RS o/ AR IR W E BRI F & M A
WTHMLETT, WATRFMALTIALTR. —Hk
Hm s PO RS it RS EBUF. diig. BTk
R AR RS, FHIE (R TEREAR & ik 22 2 T JEHE

FEEBI TR TR RE ST HIRE oA (BT BORHR SR
BN , BATENMS SEZ TS R H

RIAVEEA, FEABRVER R AN RS A 7]
REMEN T, FERME R AL T AR . ET L
RE, i RAN A TR S A AR Y
B A PR O e OR AR B T A B i A AR
MBI DAL N GRZ -, RERE RS E A
AWK SBANE RS HBHL DA NSRS
BRAG DAN ST B 2 DA NSRRI 7 Rl e,
THPAALUE BT ABHR” R AT AR
Gt B AR P BR A AT R AR SR 7 — P Ay
B, SASURHEEGE
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AT 3063 I RN A= P B2 2 AR i 2

g b, IR RPN A M B o TR &t
LN HER R SE R R B IR s BORMIERAEAEST Y, A
TAEG QT 21 R AP B ARG BT 145 S L AR B
BRGS0 s Be AR A AL S R
AIRBEAE R g R ALS 25 LR e
FEGEST A AR Ry T fe i iy “BERS Rl RS k5. £E
A, RTE K TR (CE) #HTEEA
Pl A A R AR, DRl R AR U (Rl R R 4
TREN) WEMAERTTZH, 2 R/REL T HAERE
5, FEHEGEST RGP R B I 20
P aas)

Br 7 ERBGZEZ AN, InR TRIE S S
FRUEFEFBARIEM AL BFosf Rt 0FEk
i waldl. Folbha DU S DA S DA
ZUNER . AL, AT LA SI7 KifEa fE i 2
REPREEMRN RIS BN EE. RE
ek R AR AT T BEAE HE S i SR AN A 1 AR B AL A
E55 ARE W EEFIAE, Elm R TR 4
[ iy 2 i I B JH 3 A R TR AR COMUE
Hiks, BEFLTE) Rt etts BeR. AR
AT By Bk, N8 SR XRS5 BT A Ll o
XL AR AR FH N T BAAEMEZE. 52 H
fib 3 B ALY BT P ATV L, i R ARk 5%
BRIES A RE ISR BB BORS FrifEs RHLE.
BUR A FLRIFIPRAT I B B R TR BRI 5 4
ST

BEE R AROARMNB D JERMORE)™, XL
R i) TR AR & RO, DR A
LA H s E 2RI BT Rgerh M TEIMER A1
LN, ERI M EA AR AT R A ROk,
AR BT L ARSI R R . i R AR I N
ST —REWREL R M 7 ph— T Ry s, fil
MTTREAEHE B % 77 RV AH LR REFIARR, X% T AR
B 7 (R Mt LA R M VHE 45 R A TH R 3 A AR AN T B ke
He R Z B H R FIRAI RS RE , CEs MK
NN —REWREL R MU 17— T Ak, fB(15E
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IR B A iRl A L
FEIEF AR SR O I R G LML AR A H Y
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VER BT A AT BB, IR TARRI AT RES
S5 R LA RIRTTS, BAE R IR 2
ZIIRE, WZEAC ", ST RERUAL AL ST I AR AN R ML SR
) “REMEBRTT” MRS Wi T i BagY
Begro VRN RIS E FERRO A B, I R AR i
FIREDATT 24 X 7 EBERUYEPANAEE TR R, PPASHTEOR,
BT, TUH AR YA, 8 RELEPRI4EE
P T S, B A B AL, 25 RE
IT OBEERR, S M, R R A R
TIRRES TR, B3R, 5 AP, T2l
BORPEAL, AR ™ S SR 1] AR B
o

HT T R AR U AT RERS IS H 17 PR e i 55 Y
B ATA] S B B E T ol U, AR A
BN AEA RGE BRI L5 ), REBAT B E S A E
TR R R A AR B T A AR R

ASKHIATBTH

ARSRWRGE T ERARNE . AR ML B Y
IC4, XS SUEAd CEs, iR 248 TR A 4= 9y 122
2 TR REE EE 7 AEAATELA 1 R Ge A= f B Ak 0
W2 b, HAER K HES (DP) FlXMEE H (DM) H&
T2 . AR H BT RERCTE IR RN K
AT, NG IE RS TR A a5 B RFEE .
DA R I IR RS R R ERCR R IR 1, Wit
AR R — DR, LA BRI
T R T R I B A B 2 2R, e 3 5 5
SRR DN T R TAELME R E RS, FULH
FEA AR 2020 4F COVID-19 K47 H B BLAE 5
TERR, DAPRAILTIRT , s A0 B A A B 5 & 10 4F
Ja AR R ERRE I 2R R Gt
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GHMAT, BN SR IE AR DP AL, BRI
Lol EER, T8 R A BR X AR A L T A 1
JE I o

TR A — R 5 AR P Y S R BT T3 Y
TR, XL BRIl m] ARG I 6] A HEFS
BT, DA Kk Lol ae AN im R TR A e rE
DP/DM J7 T HIAE o AL iER v] MR ZS 5 g e
T B AR R, DASR A4 1 S T 75 B 20,
AREIRAIEATT . BANVE LT AIEN AFIAHSUZ T
s, E At R BOK RE EE R Y X B KA E
bR ek Ko

HTHL (WHO) ™, [HBRE A 49 TR
Bt &4 (IFMBE, B H TFJEIG K TR ™)
ICEHTMC (EB7 IR TR DA R ARG AL ) |
FH IR TRE2E4S (ACCE)Y!, WiEESSES TR
gy, REETLEEIE (AAMD™ ) BRI ZE 2
Ay TSR (EAM-BES) ™, 1 «EH b5l
IRTREZE P 22 [RIEAE T R 5 S 1EAE A 5T Y
Lol fE, W, tRESE, AR, WREHEZER
FARFENT AT R ERHESE ) DMEAEREA AR R
FESLHEIN—E, QAR . IS EILT,
P ARG KRB RE SR L H BT BT
TR N L JX AT BE Sy SR 3ot I B 1 F) i ok
TR . AR R IRTE L AR B B4 A
R ORI A58, DMEER RGO T L3R
R ) G HT A B B S

FRATARRELL X LE B AP H 1 FRAT T S, —Fh 5
ANE RS 2 e T A A P R [ I B 1E
FREFMBIVARES), X— B HETEEL R
BENEH . S REMHFRIER EB), FoAHAE A
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WMAEABN G2 G = A, JRENREL, 2EAHEE,
ZEPRRELT 2020 FFIAT I R N 2985 1925 5
TEARKI L A B, 30 A BB BEIX LR BN TC o] S
SRR B 1 Y o

(LR LU V2 BRI B M SR g2 v] ASE
AL RN TR R, w5 4l)

1. TRREARR. ERMNEREESAEHEIENE
o SR AR 2OFEAE, AL T AR
M B TR A, TE AP, RRF AR
a. A H (United Nations) ~ T4 (WHO)
WA B N EFE LFESHHIMAZE (OCHA) « I
KAESIMEUL (CADRI) |, G EERE UN Clusters

( BEA ) B bR o KBS (UNISDR) « BA [ v
R4 (UNHCR) « A+Fo5a8H & H
&4 (IFRC) ~ HERH AL (oM) Bk
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Clinical Engineering Division of the International Federation ) .
IFMBE/CED of Medical and Biological Engineering https://ced.ifmbe.org/
United Nations The United Nations https://www.un.org/en/
WHO World Health Organization https://www.who.int/
OCHA UN Office for the Coordination of Humanitarian Affairs https://www.unocha.org/
Capacity for Disaster Reduction Initiative: global partnership
of FAO, IOM, UNDP, UNICEF and UNFPA (executive
CADRI partners), GNDR, IFRC, OCHA, UNESCO, UNOPS, WFP, https://www.cadri.net/
WHO, WMO (technical partners) and GFDRR, OECD, OD],
RedR Australia, UNDRR, UN WOMEN
UNISDR, UNHCR, IFRC, IOM, FAO, WFT, UNDP, UNICEE, | https://www.who.int/health-cluster/about/
UN Clusters .
Save the Children cluster-system/en/
UNDRR (formerly UN Office for Disaster Risk Reduction https://www.undrr.org/about-undrr
UNISDR)
UNHCR UN High Commission for Refugees https://www.unhcr.org/
[ERC International Federation of .Re.d Cross and Red Crescent https://www.ifrc.org/en/--/
Societies
IOM International Organization for Migration https://www.iom.int/
FAO Food and Agriculture Organization of the UN http://www.fao.org/home/en/
WEFP UN World Food Program https://www.wfp.org/
UNDP UN Development Programme https://www.undp.org/content/undp/en/
home.html
UNICEF UN International Children’s Emergency Fund https://www.unicef.org//
Save the Children Save the Children https://www.savethechildren.org/
IFRC International Federation of the Red Cross https://www.ifrc.org/en/--/
PAHO/OPS Pan American Health Organization/Organizacion https://www.paho.org/en/
Panamericana de Salud health-emergencies/disaster-risk-reduction
https://www.undrr.org/publication/
Sendai Framework The Sendai Framework sendai-framework-disaster-risk-
reduction-2015-2030
GDACS Global Disaster Alerting Coordination System https://www.gdacs.org/
0SOCC On-Site Operations Coordination Center https://www.gdacs.org/
INSARAG International Search and Rescue Advisory Group https://www.insarag.org/
FEMA Emergency Planning Exercises https://www.f‘ema.gov/ .
emergency-planning-exercises
Institute of Medicine Crisis Standards of Care: A Systems Framework for https://www.ncbi.nlm.nih.gov/
Catastrophic Disaster Response pubmed/24830057
https://www.ifrc.org/en/what-we-do/
IFRC Training in Disaster Management d%saster-rr.lanagement/p reparing-for-
disaster/disaster-preparedness-tools/
training-for-response/
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Purchasing cooperatives

US General Services AdministrationState and Local Disaster
Purchasing

https://www.gsa.gov/buying-
selling/purchasing-programs/
gsa-schedules/schedule-buyers/
state-and-local-governments/
state-and-local-disaster-purchasing

https://www.embedded.com/processors-

and critical goals

Multicore Processors meet medical device design challenges meet-medical-device-design-challenges/
https://publications.europa.eu/
Multicore The Impact of the Introduction of Multicore Technologies on resource/cellar/d2eeb993-5e7c-
the Computing Market and Opportunities for Europe 403d-b0bc-fda57388d211.0001.01/
DOC_1
https://www.techdesignforums.com/
Multicore Enabling embedded multicore systems with multiple OSes practice/technique/enabling-embedded-

multicore-systems-with-multiple-oses-and-
critical-goals/

Alternate Sites of Care

Infection Prevention and Control Considerations for
Alternate Care Sites

https://www.cdc.gov/coronavirus/2019-
ncov/hcp/alternative-care-sites.html?CDC_
AA_refVal=https%3A%2F%2Fwww.
cdc.gov%2Fcoronavirus%2F2019-
ncov%2Fhealthcare-
facilities%2Falternative-care-sites.html

Alternate Sites of Care

Global Base Camp Support Services

https://www.basecampservices.com/

Alternate Sites of Care

Standards and Guidelines for Healthcare Surge During
Emergencies

http://www.cidrap.umn.edu/sites/default/
files/public/php/258/258_acstools.pdf

Alternate Sites of Care

Medical Surge and the Role of Health Clinics; Public Health
Emergency Preparedness, and other articles

https://asprtracie.hhs.gov/technical-
resources/48/alternate-care-sites-including-
shelter-medical-care/47

Mutual Aid Agreement

Mutual Aid Template draft text for customizing to user needs

https://emilms.fema.gov/IS706/assets/
WyomingTemplate.pdf

https://scholarspace.manoa.hawaii.edu/

Rapid Deployment Blockchain Technology for Emergency Response bitstream/10125/63814/0061.pdf
Rapid Deplovment The Evolution of Hastily Formed Networks for Disaster https://www.researchgate.net/
P ploy Response publication/221567937_
The Ushahidi Platform allows anyone to gather distributed
USHAHIDI . dat.a via SMS, e@all or web anq visualize it on a map or https://www.ushahidi.com/
timeline. Its goal is to create the simplest way of aggregating
information from the public for use in crisis response.
Sahana Open-source disaster management software https://sahanafoundation.org/

Google Crisis Response

Google.org supports nonprofits working alongside affected
communities from the immediate aftermath of a crisis through
long-tail recovery. This includes providing nonprofits with
funding and connecting them to the right Google volunteers—
whether they’re a data scientist, a communications expert, or
an engineer.

https://crisisresponse.google/

Google Public Alerts

Provides global map with data on floods, earthquakes, fires
and other disaster conditions

https://google.org/publicalerts
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Solar-powered Wi-Fi

Solar-powered wireless access points

https://robotechvision.com/
solar-access-point/

Ham Radio

Backup radio communication technology in case normal
telephone and cell services fail

https://www.youtube.com/
watch?v=ILqC8cvH_Aw

Point-of-care testing

Geospatial Science and Point-of-Care Testing: Creating
Solutions for Population Access, Emergencies, Outbreaks, and
Disasters

https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6988819/

Point-of-care testing

PATH diagnostics for low-income settings

https://www.path.org/programs/
diagnostics/

Point-of-care testing

Innovations in Point-Of-Care Testing for Enhanced United
States Disaster Caches — American Journal of Disaster
Medicine

https://www.wmpllc.org/ojs/index.php/
ajdm/article/view/2135

Point-of-care testing

Smartphone based medical Diagnostics

https://www.sciencedirect.
com/book/9780128170441/
smartphone-based-medical-diagnostics

Point-of-care testing

Lab on a chip

https://www.azolifesciences.com/article/
Health-Applications-of-Lab-on-a-Chip.aspx

Advanced Diagnostic Lab
Technology

Mass spectroscopy

https://pubs.acs.org/doi/10.1021/
acsomega.9b03764#

Defense Production Act

Enables the government to commandeer national production
capabilities in order to meet defense and national emergency
needs.

https://www.fema.gov/
defense-production-act-program

Mobile Morgue Trailer

Refrigerated body storage

https://www.mopec.com/
mortuary-response-solutions/

Mobile Hospital Solutions

Mobile clinics, hospitals, prefabricated hospitals, hyperbaric
oxygen chambers

http://oxycare.com.tr/

Mobile Hospital Solutions

Mobile medical, dental, mammography, blood mobiles,
laboratories

https://lifelinemobile.com/

Mobile Hospital Solutions

Modular disaster response solar-powered clinics in a mobile
container; morgue unit; laboratory; radiology suite; maternal/
infant clinic; primary care exam

http://www.clinicinacan.org/#about

https://www.dynamism.com/healthcare.

such as crowns, and external prosthetics

3D Printing 3D printing solutions for healthcare shtml
Medical devices produced by 3D printing include orthopedic https://www.fda.gov/medical-devices/
3D Printing and cranial implants, surgical instruments, dental restorations| products-and-medical-procedures/3d-

printing-medical-devices

Supply chain management
in disasters

Prepared by US Center for Disease Control and Prevention

https://www.cdc.gov/cpr/
readiness/healthcare/
SupplyChainDisasterPreparednessManual.
htm

Disaster credentialing

Sample guidelines for Credentialing for volunteer physicians
and allied health practitioners; need for credentialing of
professionals, call-center staff, and volunteers from other
states, countries

https://studylib.net/doc/7359857/
guidelines-for-credentialing-and-granting-
disaster-privil...
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Common Operating
Picture

Online mapping software that combines pre-loaded data
about critical infrastructure elements with real-time, location
specific (GPS) data about disaster incidents and conditions
that are submitted via cellphone app. Helps track deployment
of first responders and visualization of regional response
activities in real time.

http://comopview.org/sfc/

Pandemic Planning

US Dept. of Health and Human Services checklist for

https://www.phe.gov/Preparedness/
COVID19/Documents/COVID-19%20

Checldist pandemic planning Healthcare%20Planning%20Checklist.pdf
Capability Maturity PAHO Information Systems for Health Maturity Assessment | https://www.paho.org/ish/images/docs/
Roadmapping Tool about-IS4H-mm.pdf?ua=1
https://www.semanticscholar.org/paper/
- -of- 1tv9 ilitv-
Capability Maturity The Use of Maturity/Capability Frameworks for Healthcare The-Use-of MaturltZA)ZIZCap ability
Roadmapping Process Assessment and Improvement Frameworks-for-and-$%C3%B6ylemez-Ta
rhan/30b0cdbcdb75b8f6a0105b59627d8d5

£2c015284

Research Coordination

The WHO R&D Blueprint is a global strategy and
preparedness plan that allows the rapid activation of R&D
activities during epidemics.

https://www.who.int/blueprint/en/

Action Research on
Disaster Response

A proposal to IFMBE/CED to document best practices,
problems and recommendations about management of the
COVID-19 pandemic, led by Clinical Engineers.

https://www.dropbox.com/
s/9zgq5absdlno9fu/Draft%20proposal %20
for%20Disaster%20Mgt%20Research%20

program%20Rev3.pdf?dl=0
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“The first clinical engineering (CE) bench-
marking between Chinese and American hospi-
tals was performed in 2014. At that time, only
data from Zhejiang province were available. A
new comparison was completed in 2018 with
data collected from 11 hospitals from the cap-
ital city of Beijing. These data were compared
with those from 270 acute care hospitals in the
United States. First, comparisons were made
with hospital data such as patient discharges,
patient days, equipment quantity and cost, and
operating costs. The CE benchmarking compari-
son was made in 3 categories: (a) operations, (b)
finance, and (c) staffing/productivity. Within the
operations category, the following metrics were
compared: equipment amount/operating beds,
annual repairs/equipment amount, and annual
scheduled maintenance/equipment amount.
Within the finance category, the following met-
rics were compared: total CE expense/total
hospital operating expense, total CE expense/
operating beds, and total CE expense/equipment
cost. Within the staffing/productivity category,
the following metrics were compared: total CE
full-time equivalent (FTE)/equipment amount,
total CE FTE/operating beds, and total CE FTE/
total hospital operating expense. These compar-
isons showed the following: (1) Although still a
bit lower than the United States, Beijing hospi-
tals have more equipment than Zhejiang but a
slightly lower amount of repairs and scheduled
maintenance per equipment; (2) the total CE ex-
pense/total hospital operating expense ratio is
around 1% in both Beijing and the United States,
but slightly greater than in Zhejiang; however,
the total CE expense/operating beds and total
CE expense/equipment cost are still lower in
Beijing and Zhejiang than in the United States;
and (3) the CE FTE amount is lower in Beijing
than in Zhejiang and closer to the United States
relative to both equipment amount and total
hospital operating expense, but still a bit lower
than the United States relative to the number of
operating beds. Some of the differences detected
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are likely caused by the same factors found in
the previous study of Zhejiang hospitals, namely,
higher length of stay in China than in the United
States, lower wages and living costs in China,
and different healthcare delivery methods in
these countries. The differences found between
Beijing and Zhejiang cannot be explained solely
by inflation (~2%/year) or even higher cost of
living in the capital but likely because of more
equipment-intensive medical practice. Overall,
these results confirm the outstanding progress
and level of excellence of CE in China. The orig-
inal abstract includes information concerning
Zhejiang province, but the main focus of the pa-
per is the comparison between Beijing and the
United States. So, references to Zhejiang were
removed from the abstract.”

T LR AR R VR BRI Global CE 2%
A BT B ] DAAE 3% 2% 7 1Y R0 st _EHRE (hetp:/fwww.

globalce.org/downloads/ Guidelines%20to%20Authors_

final.pdf)o LALTEEIRZ B, T EAE SR 6E
MTES H AR G RARI TS5 IR AR 2. S A P 4
7, KA 200 1~ Ha. ZREENZOT T EZH B2
FBAE ORI S5E E A I K TARESEE, R UE R SCF
FAIMER T SR AP

We report a new clinical engineering (CE)
benchmarking comparison between Beijing (11
hospitals) and the United States (270 acute care
hospitals) that was completed in 2018. First,
comparisons were made with hospital data such
as patient discharges, patient days, equipment
quantity and cost, and operating costs. The CE
benchmarking comparison was made in 3 cate-
gories: (a) operations, (b) finance, and (c) staff-
ing/productivity. These comparisons showed
the following: (1) Beijing hospitals have a bit
lower equipment than the United States; (2) the
total CE expense/total hospital operating ex-
pense ratio is around 1% in both Beijing and the
United States; however, the total CE expense/
operating beds and total CE expense/equipment
cost are still lower in Beijing than in the United
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States; and (3) the CE Full Time Equivalents
amount relative to both equipment amount and
total hospital operating expense is similar in
Beijing and the United States. Some of the differ-
ences detected are likely caused higher length
of stay in China than in the United States, lower
wages and living costs in China, and different
healthcare delivery methods in these countries.
Overall, these results confirm the outstanding
progress and level of excellence of CE in China.
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“With the development of medical tech-
nology, clinical alarms from diverse medical
devices, which are explosively increasing, are
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becoming a new issue in intensive care units
(ICUs). Medical device (clinical) alarms, which
were designed to draw medical staff's attention
when a patient's conditions goes beyond the
proper range, are causing a new alarm hazard
problem.1 According to previous studies, there
were no more than 6 types of alarms from one
critically ill patient in 1983; however, there were
at least 40 types of clinical alarms in 2011.

Excessive clinical alarms may cause an alarm
hazard, which includes inappropriate applica-
tion of alarms, alarm fatigue, and the application
of a uniform alarm range to every patient.? While
defects of devices threatened patient safety in
the past, alarms indiscriminately generated by
the explosive increase in the number of medi-
cal devices now threaten their safety. Reports
on safety accidents related to the diversity of
medical device alarms have raised awareness
of the clinical alarm hazard. In 2002, 65% of 23
sentinel events were related to dysfunction and
disuse of alarm devices and inappropriate alarm
setting.? Five-hundred sixty-six deaths related to
the monitoring of device alarms?*, severe burns
due to neglect of alarms from hyperthermic
machines® and hypoxic brain damage® were also
reported. In 2012, alarm hazard was ranked first
among ten types of medical technology hazards
in the United States.?

Ambient noises, including clinical alarms
in ICUs were estimated to be more than 80 dB,
which is close to the noise level generated by a
pneumatic drill in an operating room.” In ad-
dition to the noise problem caused by alarms,
ICU nurses may have difficulty in distinguishing
alarms for urgent intervention from others since
different device manufacturers use different
types of alarms. For example, they need to dif-
ferentiate alarms for replacing the syringe of
an infusion pump from those for a life-threat-
ening emergency when they hear both types of
alarms.? ICU nurses were found to have difficulty
in differentiating more than 6 different alarms?*?
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and could differentiate no more than 9-14 out of
23 alarms on average.'’

In one study, medical staff members were
repeatedly exposed to an average of 771 patient
monitor alarms per patient per day.!' Medical
staff overexposed to alarms may experience a
decrease in concentration, become careless, and
commit mistakes. Moreover, overexposure may
make medical staff less sensitive to alarms and
may cause them to cope improperly with sig-
nificant alarms that can affect patients' safety.'?
The literature suggests that excessive medical
device alarms may cause nurses to feel alarm
fatigue.”1314

Alarm fatigue occurs when medical staff are
overwhelmed by excessive clinical alarms?; in
particular, false (positive) alarms, inappropriate
alarms-setting ranges, and the overuse of pa-
tient monitors act as principal factors that cause
alarm fatigue.”* Of these, the most problematic
factor is false alarms: frequent false alarms may
produce the 'cry wolf' effect and may cause
nurses to regard significant alarms as false and
thus fail to respond properly. It may also make
an alarm system less reliable and may cause
nurses not to use alarm devices.'*!* It is there-
fore essential to effectively manage medical de-
vice alarms and develop good interventions that
can reduce false alarms. Since 2010, standard-
ized prevention has been suggested on the basis
of various studies on how to conceptualize and
reduce alarm fatigue'®'”181 and basic research
on nurses' recognition of clinical alarms and on
the obstacles to their alarm management!®!’ in
the United States. On the contrary, in Korea, little
research has been conducted on medical device
alarms. Medical device alarm hazard and alarm
fatigue are novel concepts, and the Korean So-
ciety for Patient Safety established in 2013 has
just posted a foreign article introducing the con-
cept of clinical alarms.?°

This study aimed to investigate the cur-
rent status of medical device alarms in ICUs,
where medical devices equipped with an alarm
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function are most frequently used, to determine
nurses' recognition of and fatigue in relation

to alarms, and to identify obstacles to alarm
management. This information will provide
basic data that could help create a safe hospital
environment.”

245 21
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“More and more medical devices are being
used throughout healthcare institutions with
an increasing variety of alarm-related features.
Alarms are used to warn of disconnected mon-
itoring electrodes and ventilator breathing
circuits. They can alert clinical staff when im-
portant measurements like oxygen saturation
exceed safe limits or when a dangerous situa-
tion occurs like air entering the IV line for an
infusion pump. Most of the time, clinical alarms
work well and serve, literally, as a life-saving
technology. However, for many devices, alarms
can be confusing or can create confusion, for
example from false positive events. For some
devices, alarm settings can be adjusted outside
of safe limits or the alarms can be completely
defeated. As a result of these and other prob-
lems, deadly and life-threatening alarm-related
incidents continue to occur. While the devel-
opment of broad systematic improvements for
how clinical alarms are designed and used are
necessary to achieve the ultimate goal of reli-
able clinical alarm performance, the results are
years away. This article focuses on ways that
clinical engineers can have a much more direct
and immediate impact on minimizing clinical
alarm risk in their institutions. These include
establishing safety criteria for alarms during the
device selection process, performing alarm-re-
lated safety audits to identify specific areas of
risk with existing alarms and systems, helping to
establish alarm setting and response protocols,
and supporting the training of clinical staff on
the proper operation and use of medical devices
with clinical alarms.”
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R HT Y (ASSESSMENT OF AEROSOL OUTPUT
and IMAGE ANALYSIS OF AEROSOL PLUMES).
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(STATISTICAL ANALYSIS OF RESULTS)

Materials

This study was performed using the follow-
ing pharmaceutical preparations:

(1) the CFC-free MDI Airomir." This prepa-
ration contains albuterol sulfate as the active
ingredient and nominally releases 200 y 100-pg
doses of albuterol. It also contains the propellant
HFA-134a and oleic acid and ethanol as inactive
ingredients.

(2) The multidose DPI Terbasmin Turbu-
haler,b which nominally contains 200 x 500-pg
doses of terbutaline sulfate.

(3) The CFC-propelled MDI Terbasmin
Inhalacion,c which nominally contains 400 x
250-pg doses of terbutaline; it also contains a
mixture of three CFC propellants (1:2:1 of CFC
11:12:114 mixture) and other inactive ingre-
dients. The two pharmaceutical preparations
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of terbutaline were obtained from commercial
sources.

Assessment of aerosol output

Experiments were conducted in industrial
thermostated (2°C) chambers" at room (22 °C),
cool (0 °C), or cold (-10 °C) temperatures. Three
groups of fully assembled HFA-134a inhaler de-
vices (canister, mouthpiece) with different initial
contents (full, one-half full, and one-fifth full, ti-
trated by 0, 100, or 160 actuations, respectively)
were stored in the thermostated chambers
hours before the standardized set of nebuli-
zations. The assembled containers were then
shaken for approximately 30 seconds, and the
valve was actuated at intervals of 10 seconds in
an inverted position. DPI devices were inserted
via a mouthpiece adapter into an inhalation sim-
ulation machine formed by a glass bulb and tube
connected to a vacuum pump. The inhalation
flow rate necessary to activate the DPI was pro-
vided by turning the pump on for five seconds
and adjusting the suction pressure to obtain a
flow rate of 60 L/mhv1, which is appropriate for
the Turbuhaler system. Forty actuations were
performed with each pharmaceutical prepa-
ration to reduce potential minor variabilities
between individual measures. To avoid the ther-
mal influence of the operators' hands during
actuation, the operators wore thick latex gloves
stocked with the inhalation devices inside the
chambers. The canisters were weighed at 25 °C
using a Mettler precision balance (readability
10g, accuracy defined as 100 [displayed weight
- true weight] /true weight ranged from 3% to
5%). Each container was weighed before and
after its particular set of actuations, and the net
amount of aerosol emitted was determined by
subtracting final weights from the initial weights
of the canisters; the results were expressed in
grams or milligrams. Results are also expressed
as a percentage of the amount of aerosol dis-
charged in cool or cold conditions with respect
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to that expelled under control conditions (22
°Q).

Image analysis of the aerosol plume

The propelled aerosols from HFA-134a and
CFC-containing MDIs were visualized by a se-
quence of highspeed dark-field photographs
taken of three actuations at 22 °C and -10 °C.
Representative pictures of a fully formed aerosol
plume were digitized by scanning analysis; the
captured image was then improved, transferred
to the appropriate format,' and processed using
image analysis software.' Isodensity lines were
defined with this software in the digitized image
of the aerosol cloud (i.e., lines connecting points
of equal gray intensities [from 0 to 220 arbi-
trary units]). The aerosol plume formed after
activation of a DPI in the inhalation simulation
machine was observed only by visual inspection,
since the quality of photographs was poor due
to light reflecting brightly from the glass of the
apparatus.

Statistical analysis of results

Data are expressed as mean SEM. The data
on experimental groups passed the Kolmog-
orov-Smirnov normality test; hence, statistical
analysis was performed using ANOVA, followed
by the Bonferroni multiple comparison test. k
Linear regression analysis was conducted using
the same software. Significance was defined as p
less than 0.05.
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TABLE 1. An example of Medical Equipment Management
Plan (MEMP) inventory inclusion criteria using patient
risks and mission criticality for planning preventive

maintenance (PM) and safety and performance inspec-
tion (SPI) activities.

Patient Risks (Listed in the EP)*

High Medium Low
Mission criticality Critical Include Include Include
Important Include Optionalt Exclude
Necessary Include Exclude Exclude

*EP = Element of Performance, from the Joint Commission on Accreditation of Healthcare Organizations’ published
accreditation standards.

tindicates that some of the equipment may benefit from scheduled services, depending on the failure modes and
effects analyses or other studies conducted by the organization.

2]
7 : Results of the survey of nurses are shown in Table 1.
IF A high percent of alarm notifications were ignored by

nurses in the ICU setting, see Table 1.
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Fig. 3. Elapsed time (including non-working days) to solve micro-processes.
Micro-processes are defined in Table J. Clear and shaded bars refer to 1997
and 1999 data, respectively. .
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Fig. 5. In-vitro release kinetics of doxorubicin from PLGA microparticles, Doxorubicin
remaining in the particles at each time point was plotted vs. incubation time. The data
represent the average results of 3 independent batches. Error bars are standard
deviations and not seen in some data points as they are smaller than the symbaols.
* (p<0005) and ** (p < 0L01) indicate statistical difference between Dox-3K-7.5% and

D= 3K-0% at each time point.
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: 1.l
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ta 54-69  70-180 1l250 251-350 =350

-5

-10

| Mean Bias (mg/d|/%) MARD (%) l

Table 1: Performance characteristics of FreeStyle
Libre system with new glucose algorithm

CGM Within| Within Within | Mean
Glucose| CGM- | 15 | 20 | 240 |bias®, MARD|
Level* | ¥SI |mg/dL mg/dL| mg/dL mg/dL| (%)
(mg/dL)| Pairs | /15% | /20% | /0% | /%
<54 60 | 817 950 | 983 | 8.1 | 156

5469 | 3311 | 905 | 95.1 | 993 | -2.0 | 108

70-180 | 7944 | 764 | 865 | 99.1 | -14 | 106

181-250| 3038 | 89.1 | 950 | 999 | -36 | 7.8

251-350| 3849 | 93.7 | 97.7 | 1000 | -2.0 | 6.2

2350 | 652 | 945 | 986 | 998 | 26 | 6.1

All |18856| 86.0 | 92.8 | 996 | -1.7 | 9.2

'System dynamic range is 40-500 mg/dL

* Difference in mg/dL for blood glucose values

< 70 mg/dL and relative difference in % for blood
glucose values »>= 70 mg/dL
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CGM Glucose Level mg/dl
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