creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 48009- 200000502088

Hlol o QJuEA &7 74

L I

Ao RUER A]280

=
Hellol Y220l A
NM2e Moiwa 294 7he
Firmware upgrade of body fluid monitoring
system based on bio-impedance

measurement and development of new body

fluild change estimation equation



Hiol e JmHA £ 7]y

L I

Ao mUE2] A|AENQ]

a

Hoo] Jaole Y

M
o
of
RS
%
S~
>
P
19
r
M
[e
i
)
it

ook

202149 08¢



SRR E-RC

Al
O

o

~
__O_l

L
__O_l

ol

084

20214



Bl m %o
4__.A TR R o S
yorm TS Aoy 8 o KT o
R mj}o_mM%Lrﬂﬂq_ﬁ%Vo T ET BT
" LunxLLEo_l Hmoglﬁ RC AR HOHT}EaHoﬂ
L IR m:_;e%\zh%@hmﬂ e o W R
™ oK o] B ok N P @ = 2 4o e o X, ™ o A
< o Ko T ® o < o WEpw 8K oo < s I
__A_._| o L_.uo qL O_ 0 O _|_._| o E._ @) ~ o RN N._.m % o _.:_e
o M = 10 gy o . 9 KO T 80 T
I v S % ol SR 0 of & .
BB RT3 y KA Es 8T AT
wd T o9 E G A o ) -
N — K o| 2 ~ = T <] ,._._I [ oF oK 5% o_e
— o X <0 = — O D __o_u A_.__| D._ K el] - BX S E._o _._.._E 1” o
NG N <2 =~ % of <F mk " = LTS 3 K|
I S R _M%mmﬂﬁ%o_emn R a 2T
K w_e uﬂ_ _— Qr _.w_ Lo %0 u|_| m™ m x_v B :._ 1,_A.o _1A_._o o A_ = K .
ﬂ%%___momoﬂao_x_ﬁ xLﬂW%&EﬂH%% 7mﬁ%%ﬂ:ﬂﬂﬂ%
— I~ %) N TR ar -

° o o o ~ 4 WH%_&E% E_e&_ﬂkixeﬂ
g Moz L oo & 5 S Moo Hoy CRR
—_— —_ ol 7
o <F TR ) ﬁomﬂo_epL_Lﬁo_ega g Wop ™ 7wk ®
D_|1_ 1] — _A‘.O oy O_u_ L._._l 1) A_I o~ E.__l ..A1_ o ,;:1D L o=
Fo of o= g% 2" . N¥© R
< o M Ko o T o m X g - Koo o of B us =
b e ol Kb i]?_ax_'Ze._ﬂ_.Ho} W o =r <
fTAERIE Lrhkgntls EL HomE =
ok o il T o W_| 5 RO ™ <ol K o wm Ho o8 T n___lL
oo o 30T S TR R T o 2

o o e Ol o, v 2R T o o 2 KT K
Mfemw__: A_nL.,]@nmu __A__.L_LoM5 ,BEEOW_” mo_ﬂ__._.oﬂm]
- ﬂu.o_LuLH]Po A_LI]O.mﬂ W — Kr sl o
. =3 < 1u| ~ 7 o 'S my o5 © E_e E._ S -~ .

T Kol — ER T %O oD Y = ) ~ Aw T A ofy

= Ho ox vl ol .- )4 o = D < = ol < ol
) niE- Ny = S | 3 of < _ o &
™ oot B OE K < Mﬂmﬂ 5 Row U X T o KK o m_._Llﬂ.
< K oo e oS R G L Ko or ° o
X.._L le) 1__1_ - A_l N0 — [y ‘_uqn_uH O ~ o E_E 1_7|_u_ " K

51 T __ ol T o w A« g TV 50 ™ il Wz
o TR oo T o olo 20 T 5l % wo <k 25 90 — U =, T Ko
CREECS ml‘_oxO _1mﬂ1__‘_7ﬂﬂm_w He__loﬂﬂﬂnDUA_n g
o Ho P <F T
Ao _50 o B ,m_ul



U N &=
g T I8
@ﬁaﬁi K 2
K ° o U He
%o_e i WWHH
ol D ol R
ol M ol BT
= T e
b - ove@‘_?_
nr__%%nﬂ ﬂ.au:_
T RO = 7
‘_.A__EO_EA_IH_AI ..Lﬂﬂ
P as & g up
2l Gl 2w
_J.oﬂ\_ﬂﬂ = |
op MO B S
&
U %E LR
o = £
E%emuio_e %Hm”
_.__n_7u1_|1_ Jlo M._x_'
J ¥ — %o CE ojn
A_.Eiﬂn_ﬁ w_%_am
_I_ 1
o TE
x_.maﬁ o uwmmwx
ﬂ.L. 10 Hr
_A‘.OO_.W_ E_Ao mﬂo_e
r < o g
| %%@ =B
_,%D._ﬂ__oIMM_‘% AﬁlLo_Eﬂ__nvl
LAEES gLuR
;}o_ﬂ}ﬁw;}o_ 5%“7
NTOEe T - o
ol olJ o

_H_



I\
VI

o N

2. An=F 7}

3.

1.

0

15
- 22
- 25
- 28
38
40
41
44

- 1I -

]\(]):I;(
% 1)

3|

a

A+ Q9F (Abstract)

Al



|<
ol

T T [ N A A R A T
o o o o8 o o gl o o ol

—_
(@)

[ e L e N T
o o8 g o8 o8 o o o o o o
=~ ® ~ -

[ N
ol o o ol
N
N

|d
ol

=t

O© 0 I OO o w N

—_ =
w N

—_ = =
~N O O

—
©

N
(@]

N DN
S W

25

Al 5 Al ] ol
AeFeL HEFS

BA] Yo EH A BEAH(BIA) (Inbody, Korea)

r
2
44
ox,
ox,
M
1o
o
o

ujj7l(Package)®] 7

QA0 EAYY

(BioScan)

glole] 24 ma7 s=g

v 1 —

LabVIEW GUI

=7 clolElt AlgE ahl

-
@)
to
Hu
Ay
oX
ey
=
o
ru
ey
|d
i)
I=!
)
=

Spline Interpolation

26 HiA] 100t2]} Mg 2o grat Heps I



x| 4118 AAl(Inbody S10)2] Qg2
wUEs) wizo] A) 3 wstg defm - 1
wUEa] wigo] Ad) glat Wiste 2w - 2
wUEs] wigo] Ad) glat Wishe 1w - 3
wUEa] Wiso] Ad) 3ot wiske Tom - 4
A% ol& At AE WeHE 6@ 12 m(Pig 1~6)
A% ol& ATt AE Wetg @ 12 (Pig 7~10)



~
=

=

ls

o

i

]

—

S

4 AJA| <

%0

/‘\_;]_7(

= 15%=

7 Target

H

_VI_



NE
SEN

ZF(Normovolemia)

oju

o

o
T
Tr

JJ
oF

o

_
1o

o

U] 8&A(Intravascular volume)o]

o)
TH
__%

Ko

4
<

o

1

=,
o
=2

<+ B
ey

HR1A]

A5
HE(Suction bottle)

of we}

1

a

NES

9ol weat @epAct! six|gr

RIS

T+

=

[e)

HoflA]

‘}q'4, 5 6.7

9

o oS F8
2o Sofere upFu

o

| L5

7] o
s

o]
S

4%
AA SRt Bl ol% &

]

(e}

12 08(Crystalloid fluid).2.

3

I 22

Ulo

<
BO

<

(Colloid

of
i

1Q
[S)

A
=2

o
—

Starch, Blood producte}t 2
ooty Fof A] ZRAI7FoM(Interstitial fluid)©O 2 A

v
iR
[S)

|

5]

VS
v

|

Albumin %

al,



T3 1 Amyel 9 Azl

Crystalloid Colloid
Intravascular persistence Poor Good
Hemodynamic stabilization Transient Prolonged
Required infusion volume Large Moderate
Risk of tissue edema Obvious Insignificant
Enhancement of capillary Poor Good
Risk of anaphylaxis - Low to moderate
Colloid oncotic pressure Reduced Maintained
Cost Inexpensive More expensive
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3. A dodA EAXH(Bio-impedance analysis, BIA)
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For Adults
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Population Source Equation

FFM
Healthy subjects o HE .
(18-94 years) Kyle et al(33) | = —4.104+ (0-518 e +{0.231 % W) + (0.130 * X¢) + (4.229 + sex;)
men = 1,women = {
FFM
Healthy individuals B H?
(>16 years) Deurenberg et al. | = ~12.44 + (0.34 * e + (01534 % H) + (0.273 « W) ~ 0.127 + age + 4.56
* SEX
FFM
Healthy individuals . _ 2
(12-71 years) Boulier et al. = 637 + 0.64 % W + 0.4 % T~ 0.16 + age — 2.71 * sex;
man = 1, woman = 2
Women Frm
Stolarczyk et al. = 20.05 — 0.04904 * Ry + 0.001254 = H? + 0.1555 « W + 0.1417 » X¢
(18-60 years)
- 0.0833  age

Elderly subjects _ ﬁ ) L
(60-83 years) Deurenberg et al. | FFM = 7.0+ 036+ R + 4.5 % sex + 0.359 « W — 0.2 = thigh circumference

FFM
Elderly subjects

(65-94 years)

HZ
= 1544 4+ 034 = 2 +0.36 « W + 4.3 x sex — 0.57 « ankle circumference
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A 2Ag 9el AR Az e AR
dcy. & Ax]9] MCU(Micro controller

unit) 2= Atmegal28Z Ar&stH Z22iZE Soff Ao o A=H
AAE AT A doEAsE FASIH opgdr1 AeE HAE FdFol
A A AT & 9 = 28¢ Analog
Front-End=2+ Ar835tE]o] 9J= AFE4300(Texas Instrument, USA)o]
AFEEITh AFE43009) EX U9 Auks 54 R.C(48.8KHZ9 o

z oy 5% ©E(7.8KHz, 15.6KHz, 31.2KHz, 62.5KHz)S XA Yst
o 2 Ao F 7K BEE BE ARESHITH 2%9] ulo]EYtA
M=(LAXTHA, Korea)oll 22]& Ag/AgCl =5 AZsto Hdst= F
Ho} Al JuHAE £745t Character LCDO| Fupad AAIRE A
HAE mIstes 7T A= o g2 AFE 29 HUs+= AC
current outputo]t, th& ¢F A2 & ARe 29 WAlS o]&sto
54 #99 A4S AXIske Voltage sensez AREHT. EIF, OVt
Jtsete® 9V HjE2lE XYooz Arfst PCO| dZAste A S

SHENOE HEY & UES AUACL(IY 12)
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Impedance, Reactance, Resistance
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o

AxnEQoj= LabVIEW(National Instrument, USA) ==& 7208 A}
sto] A8l Asdoz Jpgstoict HlolEE stEgloj2RE 05
SPS(sample per second)?] &£& & Uart SAIS 5o A&gt=rt EA
= &0l A&EHE tolHe miZlolzts @92, 92 HolHE styY
mj7]X](Package)2 oA A&Hot. 2327 PCz2 ALY mZI AR
APE Qe HlolEl 2 REstol Aot A gt

AeE steglolold 573 dolelg PC2 Aast: mzle ohew
Zol Aol Atk WA, WO AR gt c(Header) I,
0% oty 2ol &4 tfdQl 7.8K, 15.6K, 31.25K, 62.5KHz wj9]
54 ZHMF-BIA), 99 Fota meo] &4 ofeol 48.8KHz o] 5
A WSF-BIA) &AZ olRolxl 9lou, mAe 2i0] 1NH(.
SPs) A&t

7} Zutp REAAL 54 o] AP AFES wAs] A8

2 X 3HReference resistor) 271 =2

ol JLElon], & WL 3

4gutol E(7F Zmppo] 27 4utolE, A
U2 A3 4upolE) Y Fups R 6ulolE(S7 2uto]

E, Al 9R doAs A 28bolE, & ¥ 2mA XS 28jo]E)=

5 seutolER Piulo] k(1Y 13)

T Fuops ZooxN& 28IO|E, OF Foiy REO|A|= 4H0]EA
57 w2 ¥t ol AFE43009] 57 miEo|ty. ©d Foppolx =
Az U, M 9 o AueAs L& £ g7 migol 548 w2 2
HIo]EZ2 shHof whoper}. SHA|TH OfF Fuppoi= A Far gigo)A]
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In the operating room, the normal blood volume is maintained
through continuous fluid therapy to compensate for the amount of
fluid lost due to surgery. This is important because proper vascular
content is associated with preserving organ function and
consequently preserving body homeostasis, reducing postoperative
complications and shortening funding periods. However, if the
amount of fluid is not properly controlled, the problems of
hypovolemia and hypervolemia appear. Currently, changes caused by
hypovolemia can be immediately diagnosed and quickly responded to
through intraoperative monitoring, but hypervolemia is difficult to
diagnose immediately because it is only diagnosed after clinical
symptoms or compared to before surgery. Therefore, bioimpedance
analysis was used as a method for non-invasive diagnosis of

hypervolemia during surgery in real-time during surgery.

For biometric impedance measuring devices, a four-electrode
measurement method is used to measure the impedance, capacitance,
and resistance of the local area. In addition, it was developed to be
portable in order to reduce the space constraint in use.
Measurement data is transmitted to PC through wired communication
at a rate of 0.5 SPS (Sample per second), and the measurement
frequency consists of single frequency mode (48.8 KHz) and
multi-frequency mode (7.8, 15.6, 31.2, 62.5 KHz). The transmitted
data is calculated using the LabVIEW program on the PC and
developed to be visually expressed through the user-friendly GUI.
In addition, in preparation for data corruption caused by various
variables during surgery, firmware was developed to be
automatically saved to the SD card, a storage space within the
device.

To wverify the measurement accuracy and reliability of the

developed device, an arbitrarily configured R-C circuit was
measured for a long time, and the error rate was analyzed by
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comparing it with the theoretical value. After validation, animal
experiments were conducted according to the planned protocol to
obtain a total of 10 pig data (impedance, capacitance, resistance,
and various monitoring variables). Prior to developing the predictive
formula, weight related to body fluid was selected as an independent
variable, and an expression was developed to predict the weight
change rate rather than the absolute weight value through data
comparison. In order to increase the accuracy of prediction, the
consistency of various variables was judged, and among them, only
impedance, capacitance, and resistance were selected as dependent

variables.

Based on the selected variables, a prediction equation developed
only with variables obtained in single frequency mode, a prediction
equation developed only with variables obtained in multi-frequency
mode, and a prediction equation developed with variables obtained in
two modes were obtained through multiple regression analysis.
Then, the accuracy was evaluated based on the coefficient of
determination (r?) selected as the comparison coefficient. As a
result, the prediction equation developed with the variables obtained
using both modes showed the best performance.

In addition, when a user enters a target change rate that is
considered dangerous, a trend expression is developed based on
real-time measurements to predict the time remaining until the
target change rate, and verified by comparing it with the actual time
reached.
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