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(over estimation of dry weight)
[1]
(intradialytic
hypotension) (cramp)
[]
2.2 (bioimpedance maching)
bioimpedance (body
composition) 40 [6,13]
bioimpedance
bioimpedance
bioimpedance [ 4,15]
(volume of distribution)[16,17]
[ 8,19]
221 [20]

bioimpedance

(body composition)
bioimpedance

(resistant; R) (reactant; Xc)



(phase  angle) bioimpedance(2) ( 1)

bioelectrical impedance [2]
=P L/A 1
1

/=P ua XL 2
/=P L2V 3
V=P L2Z 4
¢ = bioelectrical impedance (ohm)

p = (ohm-cm)

L= (cm)

A= (cm2

V= (cm3

A

=P L/A
1 bioelectrical impedance

f WMimncm Honitn  »
P « « » » #,



bioelectrical impedance [2]

2 bioelectrical impedance

bioelectrical impedance[6]

bioelectrical impedance (2)

(resistant; R) (reactant; Xc) 5 3
Z2=R2+ Xc2 5
e Z= Bioelectrical impedance
. R=

° XC:



[6]
phospholipids phospholipids
phase angle (Cl) Bioelectrical impedance vector (2)
(R) 3
bioelectrical impedance
1
5
a0° NCrasing
iy Phase Angle
inpedence]() st ,»/I/‘,-/ Raactence ()
(ry?  Prese Angia (o) ox” A 0e
Rmstcho(R) | $543
Genersl
270°
Soltage
. = /
Aampglitude
Aurent R=496
Exemygle
— Phase Delay
Time
3 A= B=
sine wave (voltage):
phase angle
(Xc) =
bioimpedance(Z) (R) (Xc) Z2=R2+

Xc2



(extracellular compartment) (cell membrane) (intracellular

compartment)22 ( 4)

(Na+) (K9

Friclegscircuit
Two parallel dectrieal conductors:
H20-Na
Rriay . H0-K

isdated by acdl meriorane 0XQ)

RE N

Rypcwy
4 R(ECW)
R(ICW)
XC
(total body
water; TBW) (fat free mass;FFM)
D20
H20 [17,23,24] (ECW) (Icw)
(922

bioelectrical impedance
bioelectrical impedance

[19]



VECW=1p L2z low frequency
VIBW=p L2z high frequency
View =VTWB - VECW

e VTBW
« VECW
« View

e Zlow frequency

*  Zhigh frequency

Low frequency voltage

ECwW

High irequency voltage
|

low frequency

2.3 bioelectrical impedance

bioelectrical impedance

231 bioelectrical impedance[20]

a) bioelectrical impedance

b) bioelectrical impedance

c) bioelectrical spectroscopy (BIS)
a) bioelectrical impedance

bioelectrical impedance

25%

high frequency

(electrode) ,

(single frequency;SF-BIA)
(multifrequency; MF-BIA)

(single frequency;SF-BIA)
50 kHz

221, '
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(reproducibility)[16]

1 kHz
b) bioelectrical impedance (multifrequency; MF-BIA)
SF-BIA
[25] 1 SF-BIA
SF-BIA
[26]
C) bioelectrical spectroscopy (BIS)[27]
bioelectrical impedance [20]
(R) impedance(2) (Xc)
[28] 6
cole (cole modelé' ) 7
R/ Re (ICW/ECW)
Total body water Extracellular water
Tew Intracellular water, ICW ECW
: 1R,=1/R_ - 1/R,
S
><.<>’ 7 Fe A
Ve
\ 0 iy
R.. R,
ohm ===m=mmmmmmmean }
Anisotropy
(R) impedance(2) (Xc)



il

Aggregate
Rj 9
AW H b -
— lyyy\—
M M f - 1
7 cole (cole model)
H
1
8
Hypo
g 100 Normal hydration
§ 50 Hyper
®)
X
0 L] | i L]
0 300, 400 500} 600 700 800
-95% +95% R, ohm
R, Center R,
8 bioelectrical spectroscopy
Piccoli[29]

bioelectrical spectroscopy 67



b)

bioglectrical impedance (electrode)

(total body bioelectrical impedance)
7 (regional bicelectrical impedance)

(total body bioelectrical impedance)

bioelectrical impedance

(vascular assess)[30] 9

Detection
electrode

Carrent
79 s

ectrode

'~‘

bioelectrical impedance

(regional bioelectrical impedance)[31]

bioelectrical impedance

bioelectrical impedance

[32]
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R R J R

[33]
[33,34]

bioelectrical impedance

10

13
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2.4 (body composition)|[20,35,36]

(two compartment odel;2-C)

(fat free mass,

FFM) [37]

FFM = TBW/ 0.732 9
FM = BW- FFM 10
* FFM(fat free mass)
¢ FM(fat mass)

« TBW(Total body water)
e 0.732 (hydration constant of the fat-

free body)

M r «Ufasiibnmé&paeiawstB

VirtOCHtil
& pil'trill
mans
water
EKtaiS.fiIItthor
— Wmmi*
Ulligit fFM>
u FFM = ; FM =
; Total body water = ; intracellular water =

; extracellular water = ; body cell mass =
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24.1 (body - composition) (isotope
dilution)[38]

HH Ih electron
electron
deuterium (2H2D)
deuterium
deuterium
2
(V1= Ca2 1
v2:(cy,)/cz 12
. ( 1 deuterium
eV, deuterium
e C2 deuterium
e V2 (total body water)
deuterium
deuterium
(fat free mass) 9
deuterium
deuterium
4 2-C
( )

deuterium
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24.2 bioelectrical impedance
(body composition)[39-42]

(nutrition  status)

(hydration status) mixing
(over hydration)
(dehydration)
20
[43] [20,44]
1
1 (fat mass)
bioelectrical impedance ¥a . .1990
, 1
Comments Criterion Equation r2 BIA
measure instrument

Body fat (%)

Elderly, 65-94 98  multifrequency -23.58+20.03 (R50weight)/Ht2 +0.29 73 RJL101
yr thigh circ-4.99 sex+0.52 arm circ

Elderly, 65-94 98 Densitometry -18.89+22.12(R50weight)/Ht2+0.64 055 NA

yr calf circ-4.13 sex

Body fat (kg)

Healthy 104 Underwater, Women: -5.9150+0.7395 weight- 093 NA
subjects, 21- weighting 1 0.3327 height+0.0846age+0.048
64 yr 2H20 upperlimb R50+0.2705

trunkR50+0.0384lowerlimb R50-



i

1( ) (fat mass)
bioelectrical impedance . .1990
Comments Criterion Equation r2 BIA
measure instrument
96 Men: -4.2422+0.7368weight- 0.9 NA

0.0482height+0.1170age+0.0393
upperlimbR50+0.5110trunkR50+0.06
54lowerlirrbR50-0.2560lowerlimb Xc

Healthy 139 multifrequency  14.94-0.079Ht2/R50+0.818weight- 090 RJL-103
subjects,  35- 0.231 height-0.0654sex
65 yr weight+0.077age

R, resistance; Ht2/R, height2/resistance; Xc, reactance; V, body volume;Z5, impedance at
5kHz;Z100, impedance at 100kHz; 1 for men, O for women, unless otherwise stated; circ,
circumference

RJL Systems, Inc, Clinton Twp, MI; Xitron Technologies, San Diego, CA; Valhalla Scientific,
San Diego, CA;BIA-2000-M,Data Input, Hofheim, Germany

*90BF=((1.34/body density) - 0.35 age +0.56 mineral content-1)205.

+%BF=(4.95/body density)-4.5)100.



2

bioelectrical impedance

Comments

Healthy
subjects, 18-94
yr

Healthy
subjects, 18-29
Yr

Healthy
subjects, 30-49
Yr

Healthy lethnic
divers

Healthy
subjects, >16
Yr

Healthy
subjects, 12-71
Yr

women, 18-60
Yr

Healthy
subjects, 50-70
Yr

Healthy
subjects, 18-29
Yr

66

20

95

72

15

Criterion

measure

DXA

Densitometr

y

Densitometr

y

DXA

Multi-C

densitometry

Densitometr

y

Multi-C

Densitometr

y

Densitometr

y

(Fat free mass)

. .1990

Equation

4.104+0.518

Ht2/R50+0.231weight+0.130Xc+4.229 sex

Women =5.49+0 476 Ht2/R50 +0.141 weight

Women =11.59+0.493 Ht2/R50+0.141 weight

Women =+0.07+0.88 Ht1.97/250
(1.0/22.22)+0.081 weight
12.44+0.34Ht2/R50+0.1534height+0.273 weight
-0.127 age+4.56 sex

6.37+0.64 weight+0.40Ht2/Z1 MHZ -0.16 age-

2.71 sex ( e =1lwomen=2)

20.05-0.04904R50+0.001254Ht2+0.1555

weight+o. 1417Xc-0.0833age
Women=6.34+0.474Ht2/R50+0.180weight

Men=5.32+0.485Ht2/R50+0.338weight

r2

0.97

NR

NR

071

0.93

0.92

0.75

NR

NR

BIA
instrume
nt

Xitron

Valhalla

Valhalla

RJL-101

RJL-101

IMP  BO-

Valhalla

Valhalla

Valhalla



bioelectrical impedance

Comments Criterion

measure
Healthy 109  Multi-C
subjects, 12-94 5
Yr
Healthy lethnic 20 DXA
divers 6
Healthy 11 Densitometr
subjects, 30-49 1 y
Yr
Healthy 13 Multi-C,
subjects, 35-65 9 3H20.TBK
Yr
Healthy 74  Densitometr
subjects, 50-70 y
Yr
Healthy 73 4 compart
subjects, 12-94 4
Yr
Overweight 12 DXA
women, 25-45 3
Yr
Overweight 12 DXA
women, 2545 3
Yr
Elderly women, 93 DXA

62-72 Yr

2( )

(Fat free mass)

. .1990

Equation

Women:-

9.529+0.696Ht2/R50+0.168weight+0.016R50

Men=+0.49+0.5G(Ht1,48/750)(1.0/1.21 )+0.42wei
ght
Men=4.51+0.549Ht2/R50+0.163weight+0.092Xc

14.94+00.279Ht2/R50+0.181 weight+o. 231 height
+0.064(sex weight)-0.077 age

Men=-11.41 +0.600Ht2/R+0.186 weight+0.226Xc

Men:-

10.678+0.652Ht2/R50+0.262weight+0.015R

2.68+0.20Ht2/R50+0.19weight+2.55ethnicity(Ca

ucasian=0,AfricanAmerican=1 )+0.1157height

2.04-
0.02R50+0.19weight+2.63ethnicity(Caucasian=0
AfricanAmerican=1 )+0.2583height
-128.06+1.85BMI-0.63weight+1.07 height-
0.03R50+100 waist-hip ratio

r2

0.83

0.92

0.90

0.90

NR

0.90

0.65

0.65

0.83

19

BIA
instrume

nt

RJL-101

Valhalla

RJL-103

Valhalla

RJL-101

RJL-101

RJL-101

RJL-101



Comments

Elderly

Elderly, 65-94
Yr
Elderly

Elderly, 60-83
Yr

Elderly, 60-83
Yr

Elderly

Elderly

Elderly

2 (

bioelectrical impedance

29

98

10

72

72

98

)

Criterion

measure

DXA

Multi-C

4 compart

Densutometr

y
Densutometr

y
Densutometr

y
DXA

DXA

(Fat free mass)

. .1990

Equation

Women:7.7435+0.4542Ht2/R50+0.1190weight+0
.0455XC
-1.732+0.28Ht2/R50+0.27weight+4.5sex+0.31
thigh circ
11.78+0.499Ht2/R50+0.134weight+3.449 sex

7.0+0.360Ht2/R50+4.5sex+0.359weight-
0.20thigh circ
3.9+0.672Ht2/R50+3.1Sex

15.44+0.34Ht2/R50+0.36weight+4.3 sex-
0.57ankle circ
Men:9.1536+0.4273Ht2/R50+0.1926weight+0.06
67Xc

5.741+0.4551 Ht2/R50+0.1405weight+0.0573Xc-
6.2467sex

r2

0.77

091

0.91

0.92

0.88

0.87

0.72

BIA equations are shows in order of increasing standard error estimate(SEE). Thay are

limited to studies in healthy subjects that include at least 40 subjects and are validated

against a criterion measure

20

*RSME, root mean square error; R, resistance;Ht2/R, height2/resistance, Xc, reactance; V,

body volume;Z, impedance;Z2, impedance at 5kHz;Z100,impedance at 100kHz; 1for

e ,0for women, unless otherwise stated, NR, rot reported, height in cm, weight in kg,

thigh circumference in cm, resistance in ohm, reactance).RJL Systems, Inc, Clinton Twp,

MI; Xitron Technolgies, San Diego, CA; Valhalla Scientific, San Diego, CA;BIA-2000-M,

Data Input, Hofheim, Germany;IMP BO-1,(2 subcutaneous electrodes),l'Impulsion, Caen,

BIA

instrume

nt

RJL-101

RJL-101

RJL-101

RJL-101

RJL-101

RJIL-101

RJL-101

RJIL-101



France.All subjects are Caucasian, except jakicic (Caucasian and African-

21

American),stolarczyk et al. (Native American),Stolarczyk et al. (Native American), and

(Caucasian and African-American).

+%BF=((4.570/body densty)-4.142) 100.
+%BF=(4.95/body density)-4.5)100.
0oBF=(6.38/ body density)-3.961 bone mineral mass-6.090)100.

[f%BF=((1.34/body density)-0.35+0.56 mineral content-1)205

3

bioelectrical impedance

Comments Criterion
measure
Healthy subjects 139 2H20

Healthy subjects 139 2H20

Healthy subjects 60 2H20

Healthy 139 Multi C,
subjects, 35-65 2H20,
Yr TBK
Healthy 206 2H20

subjects, ethnic

divers

Healthy 126 2H20
subjects, ethnic

divers

Healthy 40 2H20
subjects, 17-66

Yr

Healthy subjects, 40 2H20
17-66 Yr

.. 1990

Equation

6.69+0.34573Ht2/2100+0.17065
weight-0.11 age+2.66 sex
6.53+0.36740Ht2/250+0.17531 weight-
0.11 age +2.83 sex
0.6+0.50Ht2/R0+0.186weight
-17.58+0.240Ht2/R50-
0.172weight+0.040 sex weight+0.165
height
Men=(-3.66+0.58(Ht2/2501.0/10.35)
+0.32 weight)

Women=(-0.86+0.76(Ht1.99/250
1.0/18.91)+0.14 weight

Men=8.399+0.396Ht2/R50+0.143
weight

Women=8.315+0.382Ht2/R50+0.105
weight

(TBW)

r2

0.95

0.95

0.85

0.83

0.67

0.95

0.96

BIA
instrument
Human-IM

scanner

SEAC
RJL-103

RJL-101

RJL-101

RJL-101

RJL-101

* B tnifim im n | =

«Tr»« W nrwnéii"pA
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bioelectrical impedance

Comments

Healthy subjects,
12-94 Yr

Healthy subjects,
12-94 Yr

Elderly subjects
Elderly subjects
Healthy subjects,
19-65 Yr

Elderly, 63-87 Yr

Healthy non-
obese and obese
subjects

Obese women

Surgical patients

734

1095

&

117

90

55

43

Criterion

measure

Multi-C

Multi-C

180

180

2H20

2H20

2H20

2H20

2H20

(TBW)
.. 1990

Equation

Men:1.203+0.449Ht2/R50+0.176weight

Women:3.747+0.450Ht2/R50+0.113weight

3.026+0.358Ht2/R50+0.149weight+2.924sex
2.896+0.366Ht2/R100+0.137weight+2.485sex
14.0107+0.29753Ht2/R224+0.14739 weight-
3.63734 sex(men=0,women=1)-0.07299%age
Men=8.3+0.3228Ht2/250+0.1652weight
Women=11.9+0.2715Ht2/250+0.1087weight
0.08+0.458Ht2/Rtbw+0.06weight

23.1898+0.0154(V1Z1)+0.3315VI((Z1Z100)/(Z1 -
Z100

5.82+0.446Ht2/R50+0.129 weight

5.69+0.399 Ht2/R50+0.114 weight

-1.04+0.45 Ht2/R500+0.46APT+0.0119Ht2/Xc50-
0.0106Ht2/Xc500

TBK, total body potassium; 3H20, triterium; 2H2), deuterium oxide

r2

0.84

0.79

0.97

0.97

0.86

0.66

041

091

0.94

0.90

0.90
0.93

RIJI Systems, Inc, Clinton Twp, <L; Xitron Technologies, San Diego,CA; Human-IM

22

BIA
instrument
RJL-101
RJL-101
Analycor3
Analycor3
Xitron

Xitron

Xitron

Xitron

Xitron

Scanner, Dietosystem, Milan, Italy; Analycor3, Spengler, France SEAC, Brisbane, Australia.

*RMSE, root Inean square error; R, resistance; Ht2/ R,height2/ resistance;Xc, reactance;V,

body volume; Z, impedance; APT, maximum thickness long full length of sternum,
measured with calipers; RTBW=(RICW RECW)/RICW+ RECE);Z5, impedance at 5

kHz;Z100 impedance at 100 kHz;1 for men, O for women, unless otherwise stated



4
impedance

Comments
Healthy subjects 139
Healthy subjects 139
Healthy 60
subjects, 19-65
Yr
Healthy22and 40
ill subjects18
Healthy22and 40
ill subjects18
Healthy non- 90
obese And
obese subjects
Healthy subjects 60
Healthy subjects 60
Healthy subjects 60
Elderly,63-87 yr 117
Surgical patients 43
Surgical patients 43

R, resistance;Ht2/R, height2/resistance ; R ecw, Resistance by cole -cole plot;Xc

Criterion

measure

KBr

KBr

NaBr

NaBr

NaBr

NaBr

NaBr

NaBr
NaBr
KBr

NaBr
NaBr

23

(ECW) bioelectrical

, . . 1990

Equation

2.30+0.19528 Ht2/21+0.06987weight-0.02 age

2.53+0.18903Ht2/25+0.06753 weight-0.02 age
0.17753+0.09989Ht2/R224+0.09322weight-

1.3962sex(men=0,women=1)

-7.24+0.34Ht2/R1 -0.06 weight

+2.63(health-1 .ill=2)+2.57sex(men=0, women=1)
-5.22+0.20Ht2/R50+0.005Ht2/Xc50+0.08weight
+1,9(healthy=11lI=2)+1.86 sex(men=0,women=1)
-3.511 +0.651 Ht2/Recw+0.05 weight

-6.3+0.352 Ht2/R0+0.099 weight
+3.09Sex(0=male,1 =female)
1.2+0.194Ht2/R0+0.115 weight
-5.3+0.480Ht2/R0+3.5 sex(0=male, 1=female)
Men=4.8+0.2249 Ht2/Z5
Women=1.7+0.1998 Ht2/Z5+0.0571 weight
5.75+0.01 Ht2/Xc50+0.165Ht2/R5
6.15+0.0119 Ht2/Xc50+0.123Ht2/R50

re

0.87

0.86

0.92

0.89

0.89

0.77

0.7

0.65
0.66
0.39
0.65
0.87
0.87

reactance; V, body volum;Z5, impedance at 5 kHz;Z100; impedance at kHz;1 for men, O

for women, unless otherwise stated.

NaBr=sodium bromide, KBr=Potassium bromide.

BIA
instrume
nt
Human-

IM
scanner

Xitron

RJL-101
and 103
RJL-101
and 103

Xitron

SEAC

SEAC

SEAC

Xitron

Xitron

Xitron
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Human-IM Scanner, Dietosystem, Milan, Italy; Xitron Technolofies, San Diego 1CA;RJL

Systems,Inc, Twp, MI; SEAC Brisbane, Australia.

5 (ICw) bioelectrical
impedance 1 'L . 1990
Comments Criterion Equation r2 BIA
measure instrumen
t

Elderly,60-80 15 TBK 9.182+0.285 Ht2/Zs+7.114PA6+2.113sex (1 for men, 0.9 BIA2000-
yr 9 2 for women) 3 M
Healthy men, 57 TBK 12.2+0.37065Ht2/Ricw+0.105weight-0.132 age 0.8 scanner
23-53 Yr 6

TBK, total body potassium; Ricw intracellular resistance; Ht2/Z, Height2/impedance at 5
kHz;

PA6, phase angle at 5 kHz;

Xitron Technolofies, San Diego; BIA2000-M, Data Input, Hothein, Germany

6 (ECW) 1990

bioelectrical impedance

Comments Criterion Equation r2 BIA
measure instrument
Elderly,60-90yr 160  TBK 1,898Ht2/XCP60-0051 0.84  BIA2000
weight+4.180sex+15.496 (1 for men, 2 for
women)
Elderly,60-90yr 160  TBK 1.118Ht2/R16/50+4.250sex+14.457 (1 for men, 0.84  BIA2000

2 for women)
Elderly,60-90 yr 160 TBK 0.822Ht2/RI6/100+4.185sex+14.096 (for men, 0.84  BIA2000

2 for women)



6( ) (ECW)
990 ' bioelectrical impedance
Comments Criterion Equation r2 BIA
measure instrument
Healthy lethnic 206 TBK Men=1/120((0.76(59.06Ht1.6/XCP50 )+(18.52w 0.83 RJL-101
eight)-386.66)
Healthy lethnic 126 TBK women=1/120((0.96(1.3Ht207/XCP50)+(5.79w 0.56  RJL-101

eight)-230.51)

TBK, total body potassium; R, resistance; Ht1.6/XCP50, height2/ parallet resistant at 50

kHz
BIA2000-M, Data Input, Hothein, Germany, RJL Systems,Inc, Twp, ML.

(heart failure) (cirrhosis)

(muscular dystrophy)[45]

bioelectrical impedance

[46]
25 vector bicelectrical impedance
vector bioelectrical impedance
(resistant; R) (reactant; Xc) 12
(fluid status) vector

[47,48]
vector

vector
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vector

~

7 g

55

3 S

19

X

0%

e‘?’%&e

12 vector bioelectrical impedance (2)
vector bioelectrical
impedance®
vector
vector vector 8
vector
vector
vector
75
vector
vector bioelectrical impedance
[49]

(CAPD)[50] (nephritic
syndrome)[50] vector bioelectrical impedance

vector [49] vector
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bioelectrical impedancel

13
L Females = Gita salesmace
e T8 salorozace
1? = sy trunaphen pacend
g 5 1 v
& 1 ey ¢
2 Iy
§ ” !
e
16 1 b
o m W% 4n Mo aw mo
ResavnsMeghe, Otirda
13 vector bioelectrical impedance (B|AV)
50, 75, 95 BIAV 1 (),
6 (b), 12 ©,18 ) 24 @) (a) BIAV
BIAV
(b-e)
542  68.8( , fiG =, 47 )
2.6 bioelectrical impedance [45]

bioelectrical impedance

mixing vector bioelectrical impedance

vector

bioelectrical impedance 20



(overhydration)

Guyton [51]

2 -3 interstitium 12
12
interstitium interstitium
2-4
35 interstitium (free fluid)

14

Free fluid
7 Gel fluid

—Oo 08

o)
w
N

1

B 6 4 o b :
Interstitial free fluid Pressure
(mm Hg)
14 interstitium

Interstitial
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bioelectrical impedance
bioimpedance 15 interstitium
free fluid impedance, resistant reactant
vector
impedance[50] 75

bioimpedanceit vector

bioelectrical impedance vector
(mild to moderate renal
failure) vector
[50] 15
501 Males 504 Females
40 4 40
E 30 1 30
s
e ;
5 20 201
x
104 101
o 1 1 L} 2, 0 L Ll L] AJ
0 100 200 300 400 0 100 200 300 400 500
RH, ohm/m RH, ohnVim
15 vector bioelectrical impedance
e normal
* no edema
« CAPD
« NS nephrotic syndrome
CAPD vector

CAPD NS vector



2T bioelectrical impedance

bioelectrical impedance

(volume)[16]
bioelectrical impedance
211 bioelectrical impedance
[2357]
bioelectrical impedance
Watson, Hume ertow [17]

bioelectrical impedance

2.1.2 bioelectrical impedance
[14,15,45,53-55]
bioelectrical impedance
Phase angle
Phase angle

7



7 Phase angle
Subject group BIA Instrument Comments
parameter
hemodialysis 131 PhA RJL Patients with PhA in lowest quartile

Peritoneal 45 PhA RJL
dialysis

Chronic renal 46  PhA RJL
failure

PhA, Phase angle; RJL Systems,Inc, Twp, ML.

2.8 '

(men < 4.5°, women < 4.2°) had
significant lower 2 year survival
(51.3% versus 91.3%)

Patients with  PhA >6.0° had
significant longer survival(P=0.01)
Decline in PhA was associated with
reduce survival, even when
biochemical markers were
unchanged. Mortality was 28% in
patients with PhA < 3° versus 3%

with PhA > 3°

[1.2]



Technique
Biochemical markers

\ena cava diameter

Bioimpegance

Blood volume monitoring

Benefits

Hase of use

Ko additional lahor cost

Highly sensitive for die
volume overloaded state

Reflective of intravascular
volume status

Widely available

Reflective of intravascular
volume status

Change in size correlates well
with ultraliltialion volume/
hemodynamic parameters

Hydrie volumes correlate well
with isotope dilution
methods

Ease of use, immediate
results

Reproducible repeatahle

Measurement of interstitial
space and ICF

Immediate assessment of
nutritional status

Has potential ~ be readily
normalized .

Continue teinodynatnic and
slati dry weight utility

Sensitive in detecting the
underhydrated state

Ease of use and
understanding

Allows for concomitant
prevention of hypotension

May be useful to Screen for
an inappropriately high or
low dry weight

a ECF, extracellular fluid; ICF, intracellular fluid.

281

limitations

Difficult to use in heart
failure. tricuspid-mitral
valve disease

Cannot detect the
“Underhydrated” state

“Normal" range?

M_ea_nmlgﬂ of low value?

Difficult to use in heart
failure

Overestimates degree of
dehydration postdialysis

Interoperator error

Highly variable/difficult to
normalize to population

Postdialysis measurements
of ECF often
underestimate
ultrafiltration volume

Underestimates volume
removed from tmnk

Accurate measurement of

ICF confounded by
temperature and’ ion
effect

Accurate measurement of

ECF confounded by effect
of roeumbancy

Continuous plasma volume
dependent on numerous
factors other than
hydration of the
Interstitial space

Measures relative volumes

oy
Interpatient variability

[ 256

(hydration status)
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pulmonary congestion

(othostatic hypotension)

(autonomic dysfunction) alpha blocker
28.2 biochemical marker [17]
biochemical marker atrial natriuretic

peptide (ANP), brain natriuretic peptide (BNP), cyclic guanosine 3':5-monophosphate

(cGMP) biochemical marker

a) ANP BNP[57]

? .
4 - CuuLhitwexorn Unnrsiy Z
Haug C [58] ANP BNP
30
ANP BNP ANP BNP
ANP BNP
ANP  BNP

[59] ANP BNP



[1]
cGMP
peptide 1
60
cGMP
pulmonary congestion
cGMP

pulmonary congestion

atrial natriuretic peptide

2.8.3 inferior vena cava

inferior vena cava

(intravascular volume)

(hydration status)

inferior vena cava

collapse index

collapse index collapse index

(secondary messenger)

Lauster F

21 13

[60]

brain natriuretic peptide

[12]

inferior vena cava

34

natriuretic

81

inferior vena cava

(collapse index ; 0)

inferior vena cava

inferior vena cava

Cl =([IVCend expiratory- IVCend inspiratoryj/IVCend expiratory)*100

inferior vena cava

collapse

index

15 Cheriex EC [61]

inferior vena cava

body surface area collapse index
25)
8.0 2

(inferior vena cava

body surface area

11.5

75 (inferior vena cava

13

inferior vena cava

collapse index

60)

40



(hemodynamic)[62]

(congestive heart failure)
(cardiomegaly) (tricuspid dysfunction)

inferior vena cava

inferior vena cava inferior vena cava
[1,61,63]
284 ' (blood volume monitoring)
[64]
16
(hematocrit) [65]

(blood volume)

2
Hector (Crit-Line)
28
10
1, 19
19 1 10 13
(pulmonary congestion) [66]

“Aldf yfl

13
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291

(vascular refill)

(plasma volume)

292

[68]

impedance, resistant

[1.2]

bioelectrical impedance

! 67

1 ' interstitium
interstitium
interstitium
8 plasma volume

bioelectrical impedance

reactant 3

ECW

36



Body weight
Time kg
Start of dialysis 70.7¢ 12)
End of dialysis 67.9£12.0
Postdialysis
15 minutes 679+ 12.0
30 minutes 67.9£12.0
60 minutes 67.9+12.0
minutes 67.9+12.0
120 minutes 67.9+ 120
Interdialysis
4 hours 69.3+ 123
4S hours 705+ 123
6S hours 713+ 125
e« 0.05vs. end of dialysis.
vector
vector

vector

[49,69,70]

Resi?]tance
onm

453 + 747
542+98

538+94
539£95
53894
541 £95
544 +95

471 + 79%
44971
424 +68*

37

Reactance
o%m

38+10*
53+ 16

53+ 15
531 15
51+ 16
52+ 16
52% 16

42+ 13¢
37+ 10¢
34 £10%

bioelectrical impedance

16



50—
40-
£ s0-
5
2
20-.
z
10
Normal
0 ! L 1} 1]
0 100 200 300 400
RMH, ohm/im
16 vector
Z vector impedance
percentile 50, 75 95 ( ) , »C d,
e f 30 60 120 24 48 68
2.10 bioelectrical impedance
bioelectrical impedance 20
bioelectrical impedance
bioelectrical impedance
1) bioelectrical impedance body composition
2) vector bioimpedance(2) (resistant; R)

(reactant; Xc)
3)
4)
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2101 bioelectrical impedance body composition
bioelectrical impedance (ECW)
[71]
extracellular fluid
(ECW) ECW [9,10] bioelectrical
impedance ECW mixing
ECW ECW
ECW
ECW 2

bioelectrical impedance
ECV TBW

10 [72 ]

10

Perc t\WGI ?]tal
Compartment {?e@ %too{/ N%;Ogg \/5 dn]al

Intracellular fluid b5 21.5
Extracellular fluid 45 27 22.5
Interstitial fluid 20 12 10
Plasma 15 45 3.75
Bone 1.5 45 3.75
Connective tissue 15 45 3.75
Transcellular 25 15 1.25
Total body water too 60 50

aAdapted from Edelman and Leibman, 1959 (4).

Kouw [71]
29

(multi-frequency bioelectrical impedance)



(calf) bioelectrical impedance

(ECW)

bioelectrical

Chen [73]
121

(single-frequency boelectrical impedance)

(wrist-ankle) bioelectrical impedance
30
74
11
(Y%ECW)
(Y%ECW)
| ! (ICWIECW)[74]
. 11 J -
(ICW/ECW)
ICW/ECW
bioelectrical impedance 2
ICW/ECW 1 1

mixing

impedance



4

(Re)
(Ri) ' Ri / Re
mixing
2 bioelectrical impedance
R /Re
Ri / Re Spiegel R / Re
(BMI)
R/ Re Ri/ Re
R /Re
R / Re
R/ Re
2.10.2 vector bioimpedance(2)
[12]
vector (resistant; R) (reactant;
Xc)
() vector
vector 50-75 2
2.10.3 ' [75]
bioelectrical impedance ECW
ECW
(SHV)

(SNV) 17



ECW, L

17

Hypervolemic
patient (Spy) -

Snv

Normovolemia
range (= 1 SD) in
healthy subjects

~

~“Swy

=
>

" AWy t Weight, kg

Intersection starting weight of
weight or  a hypervolemic

dry weight patient
ECW
ECW SVN/
H/ ECW
Awgt
ECW
1 1 : lin ECW
ECW
ECW ECW
(SHV)
SHV = ECWm- ECWNV / Wgtm - Wgtdry 14
ECWNV ECW
ECWNV = (SVNV)(Wgtdry) 15
ECWNV 6 5 Wgtdry
wgtdry = (SHV)(Wgtm) - ECWm / SHV- SNV 16
SHV

SHV = AECW/ Awgt 17



1
1
SNV
75
ECWm
Wotm
[13]
13
2-6
ECW
ECW
ECW

18

0.5-2

SHV

70 0.214

Wgtm

bioelectrical impedance

bioelectrical

Chamney

impedance

mixing

43



Calculated

t dry weight . é
E 5 o Shv
E ‘ Snv
2l A " e it
§ ’/E' ______ population (o) J
i
f
Dry welgw uncertamty
QDry -
Weight, kg
18 ECW
2104 ' [76]
Interstitial
ECW ECW
(ECWYECWO)
ECWt /ECWO Y 4
ECWt/ECWO = (p LZ Rt/ (p L2 RO)
ECWt /ECWO = RO/ Rt 18
- ECW ¢ )
« ECWO
e P = (ohm-cm)
e L= (cm)
Rt (ohm)
* RO (ohm)



RO/Rt 'l F. ZHU [76]

bioelectrical impedance I

RO/Rt 1% ECV

19

110

< pDW

105 4
O CDW

100 %

o]
(&)
1

90 4

Re0/Ret (%)

85 4

80 -

75 1

70 L] L} L) L) L}
0 30 60 90 120 150 180
Time (min)

19 RO/ R

« PDW= ' RO/ R,

. CDW = ' Ra/ R,

bioelectrical impedance

mixing
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bioelectrical

bioelectrical impedance

impedance

46
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