(end stage renal disease)

1 azotemia 3
2.
3. renal osteodystrophy
4, broad cast cast
3
(compensation) (renal tubule ) (tubular

hypertrophy ) tubular dilatation
interstitial fibrosis )

carbamyiated hemoglobin2 1 uremia
3 azotemia

uremia

carbamyiated hemoglohin



glomeru-lar filtration rate (GFR)

glomerulonephritis )( 20)
( 4) 20

1 renal reserve

1.5-2 /
40-50 |/

2 chronic renal insufficiency

20-40 /

3 renal failure

4-8

4 (end stage) uremia

2-4

( 30)
25), ( chronic
('polycystic kidney disease )

4
, (creatinine clearance )
l
CCr 10-20 /
cCr 10



1
chronic glomerulonephritis GFR
/ (diabetic nephropathy)
6-10 ./ |/ chronic glomerulonephritis
creatinine5 ./ . 10-15
6-12
uremic syndrome 45
3
1. Excretory function (waste products)
urea, creatinine,
2. Regulatory function
3. Synthetic function active form  vitamin D,

mediators ~ growth factors

uremic syndrome
uremia uremic syndrome

1 Uremic toxins
uremic toxins

1

36
GFR

metabolism

erythropoietin,



111 uremic toxins

Urea
Phenols
Indoles

Skatoles
Hormones
Polyamines

Trace elements
Serum proteinases
Myoinasitol/polyols

2

12
12

Erythropoietin
1,25-(OH)2-vitamin
Testosterone
Follicle-stimulating hormone
Insulin

Pyridine erivatives

Guanidino compounds
P2'Microglobulin
Aliphatic amines
Hippurate esters
Midclle molecules
Aromatic amines
Uric acia

Benzoic acid

uremic syndrome

Parathyroid hormone
Prolactin
Growth hormone

Glucagon
Luteinizing hormone

uremic syndrome
uremic syndrome



Graham 67

crystalloid substance (
substance (
crystalloid substance
colloid substance

dialysis Thomas Graham

1. Dialysis

solute
urea 1creatinine

10

.. 1861  Thomas

semipermeable membrane

sodium)  colloid

Thomas Graham
modem dialysis

(solute) (solvent) 2
semipermeable membrane

semipermeable membrane



albumin dialysis
(diffusion) (convection)
2. Diffusion
solute A semipermeable
membrane
solute 2 solute
semipermeable membrane
solute
2
(solute)
diffusion
diffusion
diffusion solute
('solvent)
3. Convection
A semipermeable membrane
B (positive pressure)
A A B
(negative pressure) B A
B convection

(solvent) solvent ultrafiltration

solute A solute
solvent solute solvent drag
solute solute
B
2

diffusion
diffusion (positive pressure)



2 convection
convection solvent (ultrafiltration)
solute (solvent drag)

4. Hydrostatic pressure

(positive pressure)
(negative pressure)

5. Osmotic pressure
1 (solute )(  negative pressure)

osmotic pressure Hydrostatic
pressure

semipermeable membrane B
osmotic pressure A B A
osmotic pressure osmotic pressure
B A A
osmotic pressure osmotic pressure 2

6. Hemodialysis ( )
urea ,

creatinine (hemodialyzer)
hemodialysis solution
blood compartment ( )
hemodialysis solution blood compartment

12



13

( ' hemodialysis solution) hemodialysis
solution semipermeable membrane
hemodialysis diffusion (
semipermeable membrane hemodialysis
solution) convection (

hemodialysis solution)

7. Hemofiltration

hemodialysis solution

hemodialysis solution hemodialysis solution
semipermeable membrane hemofiltration
convection
semipermeable membrane
(solvent drag) solute
solvent
8.Clearance
(dialyzer)
solute ( solute G
clearance  solute solute
solute (
) clearance
solute
200 urea clearance
180 creatinine clearance 120
solute urea 120
100 creatinine 10 100
200 urea

180
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2 urea
( urea 0 100 = blood without
solute ) 180
urea
200 - 180 =20 ( 1 2)
urea creatinine
200
creatinine 120
2
creatinine ( creatinine 0 100
= blood without solute ) 120
creatinine

( creatinine 10 100 = blood

with solute ) |2 200 - 120 = 80
1 2) creatinine
200 300
urea clearance 180
230 creatinine clearance 120 160
clearance
clearance  solute
3. Hemodialysis1215
(hemodialysis) 2
diffusion ( ) convection (
)

solute
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1 solute (SolLte transport)

solute hemodialysis solution
semipermeable membrane 2 solute
diffusion solute
convection (solvent drag)
solute (solute transport)

solute semipermeable
membrane hemodialysis solution diffusion
Fick's law
J = -DA (dedx) 1
J solute (flux) /
semipermeable membrane solute
(diffusivity) /
A semipermeable membrane solute
(unit urea of diffusion)
de solute hemodialysis
solute (concentration gradient) /
dx solute hemodialysis
solution (diffusivity distance of dialysis)
semipermeable membrane ( )
semipermeable membrane D (diffusivity) ~dx
(diffusivity distance of dialysis) D/dx = Ko (mass transfer
coefficient cm/min.)
= -(Dldx) Ade = -KoAde . 2
2 A
solute N)
hemodialysis solution de
solute hemodialysis solution solute
A

JIA Ko de - dc/Ro 3



JIA flux per unit area

16

Ro semipermeable membrane
solute (membrane resistance to solute transport) = 1/Ko  Ro
/
solute Ko (mass transfer
coefficient) Ro (membrane resistance to solute transport) Row
2 solute
semipermeable membrane semipermeable
membrane semipermeable
membrane (unstirred fluid layer)

hemodialysis solution

solute
semipermeable membrane
hemodialysis solution
solute solute
hemodialysis solution

1
diffusion
11
hemodialysis solution (concentration gradient  de)

solution
semipermeable membrane
diffusion )
hemodialysis solution
solute

solute

solute

hemodialysis

solute
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sodium hemodialysis
solution hemodialysis solution
sodium semipermeable
membrane hemodialysis solution
sodium
1.2 (molecular weight) 1618
solute
solute
121
solute
urea ( 60)
semipermeable membrane
vitamin B12 ( = 1,355)

122

semipermeable membrane
solute
semipermeable membrane
semipermeable membrane semipermeable
membrane diffusion
semipermeable membrane  urea (

= 60) semipermeable membrane
semipermeable membrane  albumin (
69,000) semipermeable membrane
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18

semipermeable membrane

(membrane resistance to solute transport ~ Ro)

semipermeable membrane
hemodialysis solution 2

131

semipermeable membrane

semipermeable membrane

solute semipermeable membrane

(high flux membrane)

(low flux membrane)

132
semipermeable membrane 2

membrane 2
hemodialysis solution
semipermeable membrane
semipermeable membrane
membrane
hemodialysis solution
solute
semipermeable membrane
1.3.3
flow rate)

semipermeable membrane

(unstirred fluid layer)

semipermeable
solute
3
semipermeable
semipermeable membrane

2
12

semipermeable membrane (blood



semipermeable
membrane
semipermeable membrane
hemodialysis solution

134 hemodialysis solution

semipermeable membrane (hemodialysis solution flow rate)
133
135
hemodialysis solution

!

14 (protein-bound uremic toxins)

(free-form

uremic toxins ) ( protein-bound uremic toxins )

semipermeable membrane
semipermeable membrane

semipermeable membrane

19
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convection
convection
(solvent drag)
hemodialysis solution
semipermeable membrane

semipermeable membrane

convection
2 (water transport) 9
hemodialysis solution
semipermeable membrane convection ultrafiltration
(hydrostatic pressure) (osmotic pressure)
hemodialysis solution semipermeable
membrane
2.1. hydrostatic pressure (hydrostatic ultrafiltration)
hydrostatic pressure semipermeable
membrane semipermeable membrane

hydrostatic pressure
semipermeable membrane
hemodialysis solution

2.1.1 transmembrane pressure (TMP)

2



nu « 11

1 « il
hydrostatic pressure
hemodialysis solution semipermeable membrane
TMP = (Pb-Pd) s 4
TMP = transmembrane pressure ( mmHg)
Pb = hydrostatic pressure ( mmHg)
Pd = hydrostatic pressure hemodialysis solution ( mmHg)
hydrostatic pressure
blood pump hydrostatic pressure
(positive pressure) semipermeable
membrane hemodialysis solution hydrostatic
pressure hemodialysis solution (negative pressure)
hemodialysis solution pump
semipermeable membrane hemodialysis solution
1.2 (ultrafiltration coefficient  Kuf)

semipermeable membrane

TMP Kuf Kuf  TMP
semipermeable membrane hemodialysis solution  (QF)
QF = YUxrfRNURURN UNIVEROILY 5
QF = ultrafiltration rate ( )
Kuf = ultrafiltration coefficient ( mmHg TMP)
TMP = transmembrane pressure ( mmHg)
Kuf
semipermeable membrane
Kuf
121 semipermeable membrane (membrane

thickness)



semipermeable membrane
‘ hemodialysis solution
semipermeable membranes
semipermeable membrane
semipermeable membrane
semipermeable membrane
hemodialysis
solution
122 semipermeable membrane (pore size)
semipermeahle membrane
semipermeable membrane
semipermeable membrane
semipermeable membrane I
hemodialysis
solution

123 semipermeable membrane (surface area)

semipermeable membrane
semipermeable membrane
semipermeable membrane
semipermeable membrane
hemodialysis solution
124 (sterilization)
cellulose membrane  gamma irradiation
semipermeable membrane
hemodialysis solution (Kuf )
125
Kuf
Kuf 37°C
semipermeable membrane
hemodialysis solution (Kuf )
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2.2 osmotic pressure (osmotic ultrafiltration)
semipermeable membrane
osmotic pressure ( , )
semipermeable membrane ,
osmotic pressure osmotic pressure (
hydrostatic pressure hydrostatic pressure
hydrostatic pressure ) osmotic ultrafiltration
peritoneal dialysis solution (peritoneal dialysis)
osmotic ultrafiltration
2.3 dialyzer membrane
dialyzer membrane (
polysulfone membrane ) high efficiency dialysis 1short time
dialysis  conventional dialysis dialysis
dialyzer ~ synthetic membrane urea clearance
cellulosic based dialyzer membrane residual renal function
reused polysulfone membrane  single use cellulose acetate
polysulfone membrane 23
cellulose acetate 1 polysulfone
KtV cellulose acetate (1.34 vs 1.06) hemodialysis polysulfone
membrane  sieving coefficient (3Zmicroglobulin 0.6
P 2microglobulin 50-60
cellulose based 1 Dialysis
associated amyloidosis blood membrane
incompatibility 1 membrane coagulation
system  complement system thrombosis 1
thromboembolism 1hemolysis Lhypoxemia Lrenal injury



3 7 ?
hemodialysis solution
31 Clearance
clearance
1
clearance
clearance
clearance clearance
clearance
clearance
(in vitro)
clearance solute
solute hemodialysis solution
1
blood .
QBi & QBo = QBi - QF
CBi . CBo
——— solute UF Y )

re— g QF A —
- QDi
QDo =QDi + QF semipeimeable L CDi
CDO membrane hemOdIalySIS
solution
1 soiute ' I

hemodialysis solution

24



QBi = 1

QDi = hemodialysis solution 1
QBo = 1
QDo = hemodialysis solution 1
QF = ultrafiltration hemodialysis
solution 1
CBi = solute
CBo = solute
CDi = solute hemodialysis solution
CDo = solute hemodialysis solution
solute 1
= (solute ) + (solute )
= (QBi XCBi) + (QDi XCDi)  rvvvvvvvvvvivrvveeeneenes 6
solute 1
= (solute ) + (solute )
= (QBo XCB0) + (QD0 XCDO)  ovvvvvvvvrveerseeeesssns 7
L (QF)
(QBo) = QBi - QF
(QDo) = QDI + QF
QBo QDo 7 solute
1
= [ (QBi - QF) XCBo ] + [ (QDi + QF) XCDo ]
= [ (QBi XCBoMQF XCBo) | + [ (QDi XCDoHQF XCDo)] .. 8
1 (6 1
(8 1

[QBi X CBiJ+[QDi XCDi] = [(QBi XCBoMQF XCBo)] + [(QDi XCDo)+(QF XCDo)]
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[QDi XCDI [(QBi XCBo)-(QF XCBa)]

[QBi XCBiJ-[(QBi XCBo)-(QF XCBo)] = [(QDi XCDa)+(QF XCDo)J-[QDi XCDi]
[QBi XCBIHQBI XCBo) +(QF XCBo) = (QDi XCDoMQDi XCDiJ+(QF XCDo)

QBi X(CBi-CBo) +(QF XCBo) = QDi X(CDo- CDi) +(QF XCD0) .......ovvve 9
9 solute
solute
9
QBi X(CBI-CBo)
hemodialysis solution diffusion QF XCBo
hemodialysis solution convection
( solvent drag )

OBi X (CBi-CBo)+(QF XCBo)

(CBI) clearance
clearance = [ QBi X(CBi-CBo)+(QF XCB0) ]/ CBi ............. 10
clearance ultrafiltration
(UF=0) 10
clearance = QBi X(CBi-CBo)/CBI ... 1
clearance  solute
@B ) ultrafiltration (UF = 0)
clearance  solute 11
200
ultrafiltration (UF = 0)
urea 120 100
urea 30 100
urea clearance 11 200

urea clearance = QBi X (CBi - CBo)/ CBi
= 200x (120-30) / 120
= 150



21

hemodialysis solution 9
solute ’
= QDi X(CDo - CDi) + (QF XCDo)
hemodialysis solution
(CBI)
clearance
clearance = [ QDi X(CDo - CDi) + (QF XCDo) ]/ CBi ........ 12
ultrafiltration (UF = 0) 12
clearance = QDi X(CDo-CDi)/CBI . 13
clearance hemodialysis
solution , hemodialysis
solution (@i QDi ) ultrafiitration (UF =
0) hemodialysis solution
clearance 13
200 hemodialysis
solution 500 ultrafiltration (UF = 0)
hemodialysis solution
hemodialysis solution urea 0
100 ( hemodialysis solution ) hemodialysis solution
urea 36 100 urea
120 100 urea
clearance 13 200

clearance = QDi X(CDo - CDi) / CBI
= 500X (36-0) /120
= 150
hemodialysis solution
clearance  solute hemodialysis
solution
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clearance  solute hemodialysis solution
24 creatinine clearance
clearance hemodialysis solution

hemodialysis solution
hemodialysis solution

. (Uox Vo). (Uit Vi)

Uo =
Ui =
Vo =
Vi=
hemodialysis solution
(CBI) CBi
CBi
CBi
CBi = (CBL +CB2)/2
CBl = solute
CB2 = solute
clearance
hemodialysis solution CBi
clearance = [ (Uo x Vo)- (Ui xVi)]/[(CBL + CB2)/2] ... 14
clearance clearance
hemodialysis solution
130-150

clearance 2



11 clearance (
clearance = [ QDi X(CDo - CDi) + (QF XCDo) ] / CBi

ultrafiltration (UF=10) ( 11)
clearance = QDi X(CDo - CDi) / CBi
1.2 clearance (
121
clearance = [ QDi X(CDo - CDi) + (QF XCDo) ] / CBi
ultrafiltration (UF =0) ( 13)
clearance = QDi X(CDo - CDi) / CBi
1.2.2 ( 14)
clearance = [ (Uo XVo) - (Uir Vi)] /] (CBL + CB2)/2]
clearance
clearance
, Solute
hemodialysis solution
41 (errocialysis i)
solute
hemodialysis solution hemodialysis solution

(Artery) (Vein)
hemodialysis solution

hemodialysis solution
hemodialysis solution

hemodialysis solution



hemodialysis
solution
hemodialysis solution
hemodialysis solution
solute
hemodialysis solution (Artery)
(Vein) hemodialysis solution (Vein)
(Artery)

hemodialysis solution
hemodialysis solution

hemodialysis solution
hemodialysis solution

hemodialysis solution
hemodialysis solution

hemodialysis solution

"l hemodialysis solution

hemodialysis solution
solute

42 Dialyzer whole blood clearance

30



2 hematocrit
hematocrit = X100/
= hematocrit X /100
hematocrit = 30 100 %
= 30
= 100-30 = 70
72 28
93 7
solute
solute A solute
solute solute
solute fi
solute
urea urea urea
urea
urea
urea
urea hemodialysis solution
(effective blood water flow rate) solute
phosphate urea
urea  plasma urea
urea plasma
phosphate
phosphate hemodialysis

solution (effective blood water flow rate)

solute solute



solute solute

solute
clearance
solute solute
4.2.1 blood water urea clearance
93
72 urea
urea
urea 12
80
(whole blood flow rate)
urea
hemodialysis solution
blood pump 100% urea
urea effective blood water flow rate  urea
urea
hemodialysis solution 100
urea ' effective blood water flow rate  urea
urea
effective blood water flow rate  urea
(whole blood flow rate) hematocrit
16
200 hematocrit 30 16
hematocrit = x 100/

= x hematocrit/100

erythrocyte flow rate = whole blood flow rate x hematocrit/200
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whole blood flow rate = 200
hematocrit = 30

erythrocyte flow rate = 200x30/100 = 60

plasma =
plasma flow rate = whole blood flow rate - erythrocyte flow rate
plasma flow rate = 200-60 = 140
urea 80  plasma 93
erythrocyte flow rate = 60 plasma flow rate = 140

erythrocyte water flow rate ~ plasma water
flow rate
erythrocyte water flow rate = 60 X(80/100) =48
plasma water flow rate = 140 X(93/100) = 130
blood water urea flow rate erythrocyte water flow rate plasma
water flow rate

blood water urea flow rate = 48+130 = 173

200
blood water urea flow 173
urea hemodialysis solution
solute clearance
solute (whole blood flow rate) urea
(blood urea clearance) 12
blood water urea clearance blood water urea flow rate
422 hematocrit ~ blood water urea clearance
hematocrit 20 40
effective blood water flow rate  urea urea
( 80) ( %)
4.2.3 hematocrit ~ clearance  solute creatinine
phosphorus
hematocrit 20 40

effective blood water flow rate  creatinine  phosphorus creatinine



clearance 8  phosphorus 13

solute  plasma solute
solute
plasma solute
43 blood weter urea clearance (K
blood water urea clearance
4.3.1 blood flow rate22
blood flow rate solute
hemodialysis solution blood flow rate
blood urea clearance blood urea clearance
blood flow rate curvilinear
2 blood urea clearance blood flow rate
blood urea clearance
blood flow rate blood flow
200 blood urea clearance 140
blood flow 400 blood urea clearance 200

( blood flow 100 blood urea clearance 43 )
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" - 7/
E 300 - 5 e
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4 '
., :
200 [Fosmmsmesmsanssusgy Shsesem e ;i Urea
b < =
7 ! : Creatinine
e sl .
/ ' '
g - 012
i | I l |
0 100 200 300 400

Blood flow rate (ml/min)

2 Clearance  solute blood flow
[ae
blood flow rate 200-600
( ) blood flow rate
blood urea clearance
432 hemodialysis solution flow rate
dialysis solution flow rate (
diffusion ) blood urea clearance
dialysis solution flow rate blood urea clearance
blood flow rate curvilinear
blood flow rate hemodialysis solution flow rate 500 800
( hemodialysis solution flow rate 60) urea
clearance 5-10
433 (dialyzer efficacy)
200
90-95

XCLG04g2Q4
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70 -80 dialyzer efficacy mass
transfer urea coefficient (Ko) ~ mass transfer area urea product (KoA)
KoA (Ko)
semipermeable membrane (A)  KoA
urea KoA (in vitro) KoA
KoA hemodialysis solution [27,28]
KoA 700
KoA 300-500 KoA = 400
200 400 blood water urea
clearance (Kw) 136 170 ( Kw
170/136 25) KoA = 800
200 400 Kw 160
225 ( Kw 255/160 = 40)
4.34 (molecular weight)
semipermeable membrane urea
60 creatinine
113 vitamin B12 1,355
435 recirculation
recirculation
(AV access) (BF) 1
300 blood pump (P) 250
(QB) 250 50
(
3A) blood pump



2 300
100

hemodialysis solution

(300 )
(100 )
blood pump
400 300
3B)
A LI P,
— =7/

QB = 250 ml/min f
CENTRAL BODY

. 1 OF GRAFT
BF = 300 ml/mm)

QB = 400 ml/min * * |

? CENTRAL BODY

/ OF GRAFT

BF =300 ml/min )
e

N\

3A
pump 250 ./ 00

blood

37
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B lood
purp 40/ w
recirculation
4.3.6 solute hemodialysis solution
hemodialysis
solution semipermeable membrane
hemodialysis solution
hemodialysis solution
"' hemodialysis solution 1
sodium solute
hemodialysis solution sodium hemodialysis
solution sodium
4.3.7
solute
semipermeable membrane solute vitamin B12
beta-2 microglobulin semipermeable membrane solute
semipermeable
membrane ' hemodialysis solution
solute
D, ] ? solute

hemodialysis solution



3

5.1
solute hemodialysis
solution
clearance
2
511 (small molecule)
urea ( = 60) creatinine ( = 113)
[44-48] clearance solute
solute
clearance  urea  creatinine
clearance  solute
calcium  phosphorus solute
parathyroid hormone
solute
calcium carbonate solute
clearance
phosphorus phosphorus phosphorus
clearance  phosphorus
phosphorus clearance
phosphorus phosphorus
6.1.2 (middle molecule) vitamin

B12 ( 1,355)  beta-2 microglobulin ( 17,000)

beta-2 microglobulin
carpal tunnel syndrome
clearance  middle molecule
clearance  middle molecule clearance  middle
molecule clearance  small molecule middle



molecule clearance  vitamin B12
clearance middle molecule clearance middle molecule
5.2 (adequacy of dialysis)

urea creatinine

urea
521 KtV
KtV
, urea
Kt/V
KtV urea KtV
K = urea clearance (
)
t= ( )
V = volume distribution of urea ( )
urea urea
volume distribution of urea
60
, 50
urea clearance (K) 200

250 4 240



30,000

urea

Kt/V urea

52.2

TAC urea

Cl =
C2=
C3=
Td =

volume distribution of urea 60/100 X50 = 30

Kt/Vurea = 200x240/30,000 = 16

Kt/V urea urea
urea
KtV urea = 1.6
1.6 urea KtV urea
Kt/V urea
urea clearance
KtV urea |,
urea

National Cooperative Dialysis Study (NCDS)

2 KtV urea ' 1.4 (minimal KtV urea)
Kt/V urea 1.8 (optimal KtV urea)
Kt/V urea ' 08 Kt/V urea 1.0
3 Kt/V urea 112
KtV urea 14 KtV urea
KtV urea
TAC urea
TAC urea (time average concentration of urea)
urea

TAC urea = { [Td x (C1+C2)] + [ld x (C2+C3)]}/ [2 x(Td+Id)]
predialysis BUN ( )
postdialysis BUN ( )
predialysis BUN ( )

4



TAC urea

urea

(Td) 4

TAC urea

TAC

TAC urea = { [Td X(C1+C2)] + [Id X(C2+C3)]}/ [2 x(Td+ld)]
= {[4 X(100+30)] + [68 X(30+90)]} / [2 x(4+68)]

Id =
)
urea
urea
urea
100
12-4 =68
urea

National Cooperative Dialysis Study (NCDS)

50-55
6.
6l
(blood line )
1960
1960

= 520 +8,160/144 = 60.27

hemodialysis
dialyzer reuse
formalin ~ formaldehyde  Kiil dialyzer
hollow - fiber dialyzer
1970

TAC urea urea
R TAC urea
TAC urea
100
1 (DIALYZER REUSE )
(reuse) dialyzer

reuse
dialyzer

4



synthetic membrane dialyzer reuse

. .2526
hemodialysis
hemodialysis
dialysis dialyzer reuse
dialyzer reuse 20
reuse 43
2526 61 C.2529( 12 reuse
. .25239
thus*
100
BCenters
o ‘ Bl Patients
@ § g i
: g 3 |
© Sy RY 2 3l ¢
o s ERE 2]
{ 5! I I | BB
 FEEEE 2
° ] ! | L 4 o1 X1 i
! 1978 1980 1982 1964 1986 1963 1990 1992 1994 1985
: Year
511 aiiinsuas dialyzer reuse AldugilaelaneFassluans
.1976-1995
6.2 Disinfectant
(disinfectant™ * 1 reprocessing dialyzer
6.2.1.  Aldehydes 2 Formaldehyde  Glutaraldehyde
2 fiberoptic

hemodialyzer



6.2.L1Formaldehyde ' 40

formaldehyde 8%( : , V)
dialyzer

Center of Disease Control formaldehyde
4% blood dialysate compartment 24
20°c 4% formaldehyde 2 % formaldehyde

1 nontuberculous mycobacterium reverse 0Smosis

2% formaldehyde
formaldehyde 1% 40 0
24 4%formaldehyde
formaldehyde dialyzer formaldehyde
5 ppm
formaldehyde
1. formaldehyde oxidize formic
folate formic C02
2. formaldehyde 0.1-5 (ppm)
(burning)
3. anti-N-like cold agglutinin 1 anti-Nfam
antibody
4, asthma  contact dermatitis
formalin reuse dialyzer 20
formaldehyde dialyzer reuse
6.2.1.2 Glutaraldehyde dialdehyde 2% (1
V) pH 7.4-8.5
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1 (‘hydrophilic virus)u (lipophilic
virus) , mycobacteria
formaldehyde! glutaraldehyde
(shelf life ) 14
activity
glutaraldehyde 0.8%
formaldehyde 4% dialyzer
reuse glutaraldehyde reuse reuse
formaldehyde reuse sodium hypochlorite
dialyzer
glutaraldehyde formaldehyde
formaldehyde glutaraldehyde
0.04 ppm/ formaldehyde 3
6.2.2 peroxygen compound
"hydrogen PEroxide  peracetic acid
oxidizer

6.2.2.1 Hydrogen peroxide
catalase  peroxidase

(‘high quality deionized water ) 10-25
hydrogen peroxide (vapour phase )

gas ethylene oxide  formaldehyde
4°c 4

6.2.2.2 peracetic acid (CH3COOH) 90% hydrogen peroxide
acetic !
hydrogen peroxide 250-500 ppm 5

500-30,000 ppm

peracetic acid (tumor promoter )

(carcinogen)?
peracetic acid
Renalin peracetic acid 2%



peracetic acid lacetic acid ~ hydrogen peroxide

formaldehyde
formaldehyde Ultrafiltration Coefficient (Kuf)
formaldehyde
Center of Disease Control reuse dialyzer
membrane peracetic acid ~ hydrogen peroxide
type A anaphylactic reaction 7 10
angiotensin converting enzyme (ACE) inhibitor
anaphylactic reaction dialyzer
ACE- inhibitor

heparin bleach  hydrogen peroxide reuse

6.2.3 Chlonne

Chlorine oxidizing agent 5.25% sodium
hypochlorite 5000 ppm
1,000-10,000 ppm

sodium hypochlorite formaldehyde [ ] -
chloromethyl

dialyzer reuse 30
dialyzer
dialyzer

reuse (guideline )  Association for the Advancement of
Medical Instrumentation (AAMI ) dialysis reuse

dialyzer dialysis



6.3 lialyzey reuse
1. dialyzer high flux Bynthetic
membrane
2. membrane bioincompatibility cellulose
3. first use syndrome type A
anaphylaxis
631 dilyzer
Dialyzer reuse hemodialysis
reuse
dialyzer reuse 1 . 2533
(median)Vu  reuse 14 30
reuse 2 dialyzer
30 reuse 6
dialyzer 66 15 15
dialyzer dialyzer
" hemodialysis
hemodialysis dialysis adequacy
(morbidity) 0 (mortality)

47



Cost of Reused Dialyzer
s
m»
m-
m.
$15|
sof " =
$st .
o s w0 18 2 2 %
Number of Uses
2 reuse
= dialyzer +
reprocessing dialyzer
reprocessing dialyzer +
+
6.32 dalyzer  (Hrst-use synctone)
hemodialysis dialyzer
cellulose first-use syndrome dialysis?
reuse dialyzer 2520 Craddock
hemodialysis cellulose 6 6 complement
alternative pathway
alveolar-arterial oxygen gradient hypoxia
neutrophil ( )
510
complement complement Ca
Ca anpliylatotoxin bronchospasm .vasodilatation
vascular permeability complementCa  Ca monocyte
interleukin-1 ( 2 hemodialyst
Ca) 1 interleukin-1
hemodialysis intradialytic hypotension amyloidosis

malnutrition () dialyzer
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2526 Henderson first
use syndrome 2 A B
1 [First-use syndrome type Aw , anaphylactoid type
(
ethylene oxide)w ' sterilize dialyzer

immunoglobulin E ethylene oxide
hemodialysis



BLOOD-CELLULOSE MEMBRANE INTERACTION

COMPLEMENT ACTIVATION
Leukocyte aggreagation in pulmonary circulation CRICH

Decreased neutrophil increase (A-a)gradient  anaphylatotoxin
increase IL-1 production
and impaired phagocyte activation kininoger
activity acute onary hypertension
increase 0 2microglobulin intradialytic hypotension
production
dialysis amyloidosis
immune deficiency hypoxemia vasodilatation 1bronchospasm
malnutrition Increased vascular permeability
infection

3 cellulose dialyzer hemodialysis



ol

1 interieukin-1 hemodialysis
*  General fever 1lassitude 1sleep disorder
*  Nutritional anorexia Lcatabolism
* Circulatory hypotension .atherosclerosis
*  Skeletal osteopenia
* Immunological T cell activation

gamma ray ethylene oxide

sterilize dialyzer first -use syndrome type A sterilization

cellulose membrane  dialyzer

2.First-use syndrome type B nonspecific type

hemodialysis
1 dialyzer reuse first-use
syndrome type B 1 dialyzer
blood -membrane bioincompatibilty alternative
pathway complement neutrophil
cyclooxygenase  cytokine
Robson
(intradialytic symptoms® ' ,  (initial use) 1.3
arterial oxygen tension  peak expiratory flow
0 2microglobulin
amyloidosis

first-use syndrome
hemodialysis
first-use syndrome
dialyzer dialyzer reuse
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6.3.3 membrane biocompatibility dialyzer
dialyzer reuse biocompatibility ~ dialyzer
dialyzer unsubstituted cellulose dialyzer
reuse plasma membrane blood side
blood membrane interaction biocompatibilty
cellulose reuse  biocompatibility™ '
membrane plasma germicide y (rinsed
plasma  germicide biocompatibility
plasma formalin Cd membrane
complement Ca blood-membrane interaction
synthetic  polysulfone ,polymethyl-methacrylate
polyacrylonitrile
germicide biocompatibility formaldehyde
Peracetic acid-Hydrogen peroxide (PAHP, Renalin0 biocompatibility
sodium hypochlorite ( 4)
membrane
biocompatibility ( 1)
germicide biocompatibility
6.4. ' dialyzer reuse

6.4.1.

dialyzer reuse!
reuse dialyzer
.. 2530
(reused dialyzer)

reused dialyzer formaldehyde

dialysis
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(reused dialyzer ) 53634 ! 673 . .2532
2533 reused ,low-flux dialyzer 12,463
184 low flux dialyzer
dialysate (  acetate

bicarbonate ) dialysis

L reuse glutarldehyde

17

2. reuse Renalin ( peracetic acid .hydrogen

peroxide  acetic acid ) 13
3.25
2.5
3. reuse formaldehyde
ingle use
reuse 3
ingle use

Association for the Advancement of Medical
Instrumentation (AAMI)®

Pereira unmodified cellulose dialyzer
single use reuse dialyzer bleach / glutaraldehyde
vascular access
1977
1 ktiv 0.1 11 urea reduction ratio
(URR)I 5 Leypoldt high flux dialyzer 2
microglobulin clearance 10 5 KA
Urea 15 Kiv 0.1 ] 2

icroglobulin clearance USRDS Study ( American



Society Nephrology 1999 )
synthetic high flux cellulose (
low flux)i high flux
reuse  Aami guidelines ,

6.4.2. dialyzer reuse
AAMI practice guideline reuse
(urea clearance)® , , 90-110
blood compartment
total cell volume

90 total cell volume(TCV) 80 (
low flux membrane -~ cellulose  blood flow
[eprocess manual
TCV high flux Lmembrane cellulose
blood flow ) dialysis membrane
polyacrylonitrile membrane
22 TCV 80
TCVBS membrane (hydrophilic
membrane)  membrane  cellulose membrane
(hydrophobic membrane)  polyacrylonitrile hydrophobic
membrane permeabilityi  membrane

hydrophilic membrane
(maldistribution™  dialysate flow
TCV urea reduction ratio
access recirculation dialysate flow
(maldistribution) performance
multicenter study reuse (KV)
formalin reuse ( 138 ) Nil%
reuse ( 38 ) 0.17
reuse (32- microglobulin(
11,815 daltons)4 1 amyloidosisu, '



5

(middle molecule)™ reuse (32- microglobulin

(reprocessing method) (membrane material®

(number of reuse )
1. (reprocessing method)

low-flux dialyzer (first use) (32- microglobulin
clearance 5 high-flux
(first use) (32- microglobulin clearancew 20
bleach

)32- microglobulin
)32 - microglobulin®

2. (membrane material” (number of
reuse )
high-flux AN69 high-flux cellulose acetate mebrane
peracetic acid )32 - microglobulin reuse
3 )32- microglobulin ANG9
dialysatew ', ' 1
polymethylmethacrylate reuse
high-flux dialyzer polysulfone  cellulose triacetate
peracetic acid 5 10 ! )32- microglobulins
50 TCV 80
bleachw high -flux polysulfone )32-
microglobulinl reuse 6 )32-
microglobulins 1 reuse 10
dialyzer bleach
HEMO study Prospective randomized .multicenter trial
45 F80A dialyzer ~ Renalin  )32-
microglobulin clearance 38 10 high
flux cellulose triacetate (CT190 )  renalin ~ )32- microglobulin clearance 35

40 15 9 F80B



dialyzer  Bleach p 2- microglobulin clearance 10-20
15-20 50
" Renalin Bleach Bleach
glutaraldehyde cross-linked Bleach
membrane™a (32 - microglobulin
clearance
reuse
J32 - microglobulin TCV
amyloidosis (32-
microglobulin
6.4.3 (reuse -related infection)

dialyzer reuse

reuse Sepsis reuse dialyzer
reuse dialyzer 20 pyrogenic reaction

reuse high flux dialyzer
pyrogenic reaction

endotoxini dialysate fluid membrane
permeability membrane defect dialyzer reuse
. 2528
2536
L. AAMI
AAMI
2. (cross-contamination )

Klebsiella Pneumoniae arteriovenous fistula

high



of

3.
Mycobacterium Chelonei
(conventional culture
method)™ formaldehyde 2% nontuberculous mycobacteria
4% 24
4, O-ring
pseudomonas Xanthomonas
“header sepsis syndrome "
O-ring
dialyzer reuse
hepatitis virus ~ HIVvirus
reuse bleach
hepatitis B hepatitis C ~ HIVvirus reuse
sepsis  hepatitis Bvirus infection
reuse Hivl H dialyzer
reuse (Center of Disease Control 1CDCHt
dialyzer reuse hepatitis B surface antigen antl-HCV
anti-HIV CDC dialyzer reuse
, dialyzer reuse
(sepsis ) acute hepatitis HBsAg
anti-HIV
6.4.4. '
bleach
permeability (32 - microglobulin
dialysate
polysulfone bleach formaldehyde
10 18

1 23-25



[32- microglobulinw bleach!
polysulfone
bleach formaldehydeii
0.5-1 8 15 1-2
20 peracetic acid
6.4.5 (toxicity of prolong germicice

exposure) 234

dialyzer reuse
formaldehyde bleach ~  peracetic acid( Renalin )
2519 hemodialysis  formaldehyde reuse
antibody  blood group N (anti-N like antibody)!
hemolysis  transplant rejection ~ antibody

58

formaldehyde anti-N like antibody dialyzer
formaldehyde Spprm - .. 2531
hemolysis formalin 2 ppm
formaldehyde Ng electron microscope cytologic
staining dialyzer membrane (polysulfone)
reuse membrane fibrin
denature blood cell denature blood component
membrane blood component hemodialysis
immunologic reaction antibody  anti-N like antibody

reuse dialyzer

Stragier dialyzer (rinsing)H
dialyzer formaldehyde 1hypochlorite
(bleach) Iwarexin 1 renalin formaldehyde 30-
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350 renalin (20-25 ) bleach  warexin 1-15
dialyzer rebound

membrane rinsing
water 30 formaldehyde rebound 6
ppm renalin (14ppm)  bleach  warexin rebound

1ppm) dialyzer
membrane
dialysis dialyzer
rebound

6.5 dialyzer ? ?
6.5.1 bleach

high flux polysulfone  bleach

bleach polyvinylpyrrolidone (PVP) membrane
PVPt copolymer synthetic membrane
(hydrophilicityHt ~ permeability ~ membrane PWP
bleach ) membrane hydrophobicity
-
microglobulinMw = 11,800 Da (P2 micr b linclearance ) 40-45
reuse  bleach 10
albumin dialysate 20
bleach flux polysulfone
6.5.2 ? peracetic acid
reuse peracetic acid - hydrogen peroxide
(PAHP)W
(secondary membrane ) membrane

reuse
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membrane mass transfer resistance!” high flux
HEMO Study ~ National Institute of Health PARM" 3 high
flux polysulfone cellulose triacetate |32
microglobulin 2
6.5.3 ?
polysulfone
(105°c 20 )
(caseH
' ' : membrane’
15 95
20 heated citric acid high flux
polysulfone permeability
(small solute clearance ) (32microglobulin
19
15

bleach ~ PAHP  reuse

1. Dialyzer reused)
dialyzer reuse

dialyzer reuse
hemodialysis

Association for the Advancement of Medical Instrumentation (AAMI)
dialyzer reuse
reuse
dialyzer reuse reuse dialyzer 1
“ " (for single use only)



reuse coil
dialyzer
dialyzer

blood compartment

reuse blood line
blood line reuse
reuse blood line

61

reuse hollow fiber dialyzer
parallel plate dialyzer

reuse blood line

plasticizer blood line reuse
blood line reuse blood line (expose)
blood line
hemodialysis dialyzer reuse
reuse blood ling
blood line
blood line
dialyzer reuse heparin
hemodialysis fibrin hemodialysis
dialyzer normal saline  heparin 200-300
dialyzer '
dialyzer hemodialysis reuse
dialyzer reuse manual
AAMI dialyzer reuse

..1993

(2



dialyzer reuse

Labeling
Transportation and handling
Rinsing and cleaning
Performance measurement
Total cell volume (TCV)
vitro clearance
vitro ultrafiltration coefficient
Blood path integrity test
Disinfection
Inspection
Storage
Preparation for dialysis
Visual inspection
Verification of patient identification
Verification of germicide contact
9. Priming and rinsing
10. Testing for residual germicide

11 (Labeling)
reuse dialyzer
dialyzer dialyzer
reuse reuse
Volume (TCV) TCV reuse
reuse
dialyzer
1.2 (Transportation and handling)
hemodialysis  dialyzer
dialyzer

62

Total Cell

universal precaution



dialyzer dialyzer
4° reuse
reuse
hemodialysis reuse
1.3 (Rinsing and cleaning)
dialyzer hemodialysis normal saline '
blood compartment heparin
hemodialysis
dialyzer dialyzer dialyzer
blood  dialysate compartment , fibrin, trace element
endotoxin dialyzer membrane
colony count  bacteria 200 bacterial
lipopolysaccharide (LPS) 1 / ( Limulus amebocyte lysate
assay) reverse osmosis [31]
dialyzer  manual National Nephrology Foundation
[32] dialyzer artery blood compartment
artery ~ venous 15-20 psi 34
reverse
ultrafiltration 4 reverse ultrafiltration
dialysate compartment dialysate port
dialysate compartment blood compartment
ultrafiltration hemodialysis 15
dialysate port blood compartment 2
20 psi blood compartment blood
compartment 2-3 reverse ultrafiltration
3 reverse ultrafiltration port
dialyzer dialyzer blood

compartment



dialyzer 1 fibrin -~
1%sodium hypochlorite (bleach), 3%hydrogen peroxide, peracetic acid
sodium hypochlorite fiber bundle volume
proteinaceous hydrogen peroxide " fiber
proteinaceous
sodium hypochlorite peracetic acid
dialyzer P " dialyzer
cellulosic membrane  dialyzer dialyzer
membrane sodium hypochloride
, dialyzer membrane (biocompatibility)
dialyzer membrane sodium hypochlorite
1%  hydrogen peroxide 3%  dialyzer  30-60
dialyzer
dialyzer 1
sodium hypochlorite formaldehyde
formaldehyde sodium hypochlorite parecetic acid
hydrochloric acid
14 (Performance measurements)
dialyzer
14.1 dialyzer (Total cell volume, TCV)
(prime) blood compartment
TCV fiber bundle volume (FBV) dialyzer (dialyzer header
volume) TV FBV
TCV rev
urea dialyzer

dialyzer fiber



TCV
TCV
TCV TCV
diaiyzer
TCV
20
4-11 TCV

paeallel plate diaiyzer
transmembrane pressure

diaiyzer

blood compartment
blood compartment

diaiyzer TCV

80  TCV TCV
urea  creatinine
20 diaiyzer
blood compartment
TCV diaiyzer

442 ( vitro clearance)
diaiyzer
vitro clearance diaiyzer TCV
invitro clearance hemodialysis
(invivo clearance) in vitro clearance diaiyzer
reuse
invitro clearance normal saline  urea
100 ./ . cyanocobalamin 1000 cpm/ blood compartment
200 |/ dialysate dialysate compartment
500 dialysate compartment
diaiyzer
arterid  venous line 30

vitro clearance = Inflow concentration - outflow concentration Xblood flow

diaiyzer

Inflow concentration
10
In vitro

65
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Clearance dialyzer
reuse T
443 Ultrafiltration vitro ultrafiltration coefficient (Kuf)
Ultrafiltration rate reuse ' in vitro Kuf
dialyzer
Kuf 2
membrane
TCV
membrane vitro Kuf TCV fiber
vitro Kuf
hemodialysis (in vivo Kuf)
reused dialyzer dialyzer
homodialysis
7.4.4 Blood path integrity test blood compartment
dialyzer
hemodialysis pressure leak test
dialyzer pressure leak
test dialyzer
blood compartment 20
hemodialysis dialysate compartment
250 . 30 blood  dialysate compartment
30 0.83
membrane integrity high flux dialyzer
1.25
dialyzer fiber dialyzerend cap, potting compound O

ring



6/

15 (disinfection) (Germicice)
dialyzer
dialyzer blood
dialysate compartment dialyzer
(disinfection) reuse
sterilization endospore
sterilization
bacteria, virus ~ fungus endospore
dialyzer
bacteria
co'ony count  bacteria 200
bacterial lipopolysaccharide (LPS) 1 [ Limulus amebocyte

lysate assay)

reuse formaldehyde,
glutaraldehyde (  Cidex, Sporicidin, Nephrex) 1Peracetic acid (Renalin)
chlorine (  Warexin, Amuchina, Ren-New-D) active chlorine
reuse cellulose  polysulfone membrane
blood leak sporicidin -~ Warexin
3 formaldehyde, glutaraldehyde  Peracetic acid

reuse
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3
dialyzer reuse
Disinfectant Concentration Temperature Minimum
storage time
formaldehyde 4% 20°C 24 hours
Peracetic acid 1% 20°C 11 hours
Glutaraldehyde 0.75% 20°C 1 hour
dialyzer 4
dialyzer dialyzer ' ,
dialyzer dialyzer blood  dialysate
compartment (port) ~ dialyzer
bleach
reuse ethylene oxide
y
dialyzer
sodium hypochlorite
0.05% dialyzer
formaldehyde dialyzer reuse
peracetic acid
(Centers of disease control, CDC)
formaldehyde 4% ( , IV)  blood
dialysate compartment 24 20°c
1 formaldehyde 9 4% formaldehyde
4% formaldehyde 2% non-tuberculous
mycobacterium reverse osmosis formaldehyde 2%
* " formaldehyde 1% 40°c
24 4% formaldehyde

formaldehyde formaldehyde



polymerize paraformaldehyde formaldehyde
dialyzer formaldehyde , 5 ppm
formaldehyde

asthma ~ contact dermatitis
anti-N antibody
formaldehyde
dialyzer reuse
peracetic acid
Renalin® peracetic acid
2%Peracetic acid, acetic acid  hydrogen peroxide Renalin®

69

formaldehyde Peracetic acid
formaldehyde Kuf formaldehyde
Glutaraldehyde 0.8%
formaldehyde 4% dialyzer
reuse glutaraldehyde reuse reuse
formaldehyde reuse sodium hypochlorite
dialyzer
reuse 105 °c
20 polysulfone dialyzer
180 hemodialysis 9000 dialyzer
dialyzer 7.4 1
clearance tT-8 ultrafiltration coefficient 22+1
[ . 158469 J [ . reuse 7-8
ultrafiltration coefficient sodium hypochlorite
95 °¢ 1.5%
Citric acid reuse

12-15



16 (Inspection)

dialyzer
dialyzer
4.6.1
4.6.2
46.3 (fiber)
' 2-3
46.4 hollow fiber
46,5 blood  dialysate port
4.6.6
dialyzer
reuse

1.1 dialyzer (Storage)
diaiyzer

7.8 dialyzer

dialyzer
48.1 dialyzer
dialyzer

48.2

dialyzer
diaiyzer port
hollow fiber

, clot

(Preparation for dialysis)

dialyzer

dialyzer



4.8.3 port dialyzer

blood dialysate compartment , port
dialyzer
48.4 dialyzer
dialyzer
485 dialyzer
dialyzer reprocess
dialyzer 2
brilliant blue formaldehyde
formaldehyde dialyzer
Clinitest formaldehyde brilliant blue
Renalin® Renalin®
dialyzer
dialyzer
7.9 ‘ (Priming and rinsing)
dialyzer dialyzer
hemodialysis dialyzer
dialysate line dialyzer dialysate 500
[ blood compartment " Dblood ling
normal saline blood line blood line
arterial line arterial port  dialyzer normal saline 500
dialyzer blood line  venous line venous port
dialyzer normal saline 1-2 dialyzer 15

500 . dialysate compartment



[

normal saline dialyzer
dialyzer
7.10 I (Testing for residual germicide)
dialyzer dialyzer
(Maximum
recommended residual clearance) formaldehyde
formaldehyde 5 ppm. clinitest
formaldehyde 25 ppm. formaldehyde
Schiffs test formaldehyde 10
formaldehyde 5-10 ppm.
Renalin® peracetic acid 1 ppm. (L mg/)
glutaraldehyde
2,4 dinitrophenol
glutaraldehyde 1-3 ppm.
8. 7 reuse
dialyzer reuse-
reuse
dialyzer '
reuse reuse
dialyzer reuse
reuse blood ling
reuse

dialyzer reuse



Pressure test

Fiber bundle volume
test

Ultrafiltration rate test
Station

Cleaning agents

Germicides
Computerized
database
Water requirements
Input
pressure
Peak flow
ater volume
Processing time

dilayzer reuse

Mesa Medical
Echo

Yes

Yes

No

Single station
Hydrogen
peroxide
Sodium
hypachlorite
Peracetic acid
Multiple

No

40-100 psi

1.5 liter/min
6-9 liter/dialyzer
8-30 min/dialyzer

[44]
Renal system
Renatron |
Yes
Yes

No
Modular (upto 6 unit)
Renalin

Renalin
Yes

20-55 psi

6 liter/min
13-19 liter/dialyzer
8-10 min/dialyzer

13

Seratronics DRS-4

Yes
Yes

Yes
Multistation (4)
Hydrogen
peroxide
Sodium
hypochlorite
Peracetic acid
Multiple

Yes

30-80 psi

1.5-2.3 liter/min

6-9 liter/dialyzer
35 /4 dialyzer
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