1 Adequacy of hemodialysis
! Hemodialysis (adequacy of hemodialysis) !
HD ! I Lo,
uremic symptom
11 !

12 uremic symptom | I BUN,Cr
, Ca, PO, Suric acid 5albumin , electrolyte |
13

14
(renal osteodystrophy) secondary - hyperparathyroidism

2 adequacy of hemodialysis
21 !
HD creatinine clearance
dialysis HD reused

2.2 P3
(electromyography , EMG ) 1 (electroencephalography 5EEG )
(nerve conduction velocity , NCV )
neuropsychologic test (in vitro platelet function) 1
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23 uremic toxin 2
cellulose membrane
1 Small molecules uremic toxin ! 1-200 urea
Hippuric acid urea metabolism cellulose
membrane diffusion  Hippuric acid 1 diffuse
membrane protein hound
2. Middle molecules uremic toxin 300-50,000
cellulose membrane middle molecules
2.1 Beta-2 microglobulm (02M) 11,600 (32M
amyloid related bone disease
HD
2.2 Parathyroid hormone (PTH) 9,000 PTH  uremic
toxin uremic symptoms
calcium (cytosolic calcium)
23 granulocyte inhibitory proteins (GIPs) ,advanced glycosylated end
product (AGE), indol, phenol, polyamine
Urea amino group
urea urea ureaW
urea urea
chronic HD urea
urea
adequacy of HD
Urea uremic toxin 4
1 urea middle molecules
2 uremic symptoms ESRDd
urea

3. ureaid uremic toxinT

morbidity!!  mortality

4 urea ('urea kinetic model ) adequacy of
HD
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5. Urea diffusion single pool urea kinetic
model
urea small molecules uremic toxin middle molecules
cellulose membrane beta-2 microglobulin, PTH
dialyzer membrane middle molecules
middle molecules beta-2 microglobulin
middle molecules
3. urea-based hemodialysis adequacy
adequacy of hemodialysis urea
31 (R)  postdialysis BUN(C post)  predialysis BUN(C pre)
rea removal
R = cpost/cpre
" Urea reduction ratio (URR) URR = 1-R
percent reduction in urea concentration (PRC) ~ PRC = URRx 100%
Owen b URR chronic HC
URR > 0.65 R URR

adequacy of hemodialysis

3.2 mid-week predialysis BUN
HD 3 predialysis BUN mid-week
predialysis BUN urea
urea mid-week predialysis BUN 80 mg/dl®
3.3 time average concentration of urea (TAC urea)
BUN i

TACurea = t(Ci+c,)+tldC JiCn
( 92)(“11(]](%

t = Hemodialysis
i = HD
CO = predialysis BUN



Ct = postdialysis BUN
Cn = predialysis BUN
TAC urea urea urea
URR hemodialysis BUN
hemodialysis hemodialysis
B TAC urea (
National cooperative dialysis dy (NCDS) 1,
chronic HD TAC Urea
TAC urea 50 mgfdl TAC urea adequacy of
hemodialysis
34 KtV
. 1985 Gotch  Sargent B adequacy of
hemodialysis TACus3 , NCDS
KtV -In (CICQ
adequacy of hemodialysis TACu= KtV
KtV urea Kx0
urea (V) urea
urea dialysis dose HD1 KtV
ultrafiltrate Ct KtV HD
KtV chronic HD 3 12 1Y
4, Kt/V

KtV

4.1 Urea kinetic model ( KM)2D
UKM

hemodialysis
UKM |
UKM '

urea



4.1.1 Fixed volume , single pool (FVSP) UKM

( 1) urea distribution
volume (V) total body water compartment urea
, HD urea
(urea generation rate ,G) urea
urea dialyzer (first order kinetic)
urea urea
urea
(C) (1) HD exponential 2
G oo > | V35 (K +Kr)C
21 FVSP UKM
C (mg/d
(mgfd)
CO
2 » t (min)
2.2 C
mass halance FVSP UKM
urea compartment = urea generation rate - urea removal
rate

V&C = G- (K+Ki)c

K Dialyzer urea clearance
residual renal urea clearance
distribution volume ~ urea

Kr
V



c = urea
G = Urea generation rate
1 integrate t

-(K +.KIt Arta
et = (e o (e V) 2
t = HD
g = HD
et = urea HD
ta = urea HD

HD,G K ,

-Kt
et - OV 3
3

4

Kiv 5
KtV 6
R £1

KtV natural logaritluu postdialysis BUN

predialysis BUN dialysis KtV ,
K t V fractional clearance Solute
distribution volume Solute UKM
Kt/V adequacy of hemodialysis !

4.1.2 Variable volume 1single pool (  ?) UKM
FVSP UKM
V ultrafiltrate (UF) HD
fluid retention HD 3
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Cl”

Qf =

C A (K+K)C
> \V S Qr
2.3 WSP UKM
= fluid retention HD
fluid contraction HD
mass balance
urea pool = Urea generation rate - urea removal rate
= G- (K+K)C
V HD
= -Qf 8
= V0-Qtt 9
V HD
— 10
= vit+at, 1
7911 C C
K+K-0f K+K-0f
= Co( Veou> O G [1- (YfliQft
(Veq MAMCRUILE
(K+a ) - (KJiot)
=ct (YL+atd) a + G fl-(Vt+a ) a
vt K+a Vit
= urea HD
12 Vit 14

10

12

3



(Qf)

Vtoo= Oft 0-Ct(K +K- K+VQf -1 "

ot G-C%(K+K%)f)] ° I

13 HD 15
-( K +0C ) -(KJia)
G = (Kr+0CH co-ct(vt+atid)a 1/ (i-( Vt+oct.) a

Wit Wt 5

W 5 ( iterative solution )

Vi G Vit KtV

413 Variable volume , double pool (  DP) UKM

urea dialyzable low molecular weight Cr, uric 5inorganic
phosphate plasma  RBC water (VO , interstitial (V)  intracellular (V,) water
compartment diffusion rate transfer
= mass transfer coefficient X concentration gradient between compartment mass transfer
coefficient solute interstitial compartment plasma
concentration equilibrium Vbé& V1 single extracellular compartment
=VE  DP model urea 5Na , water HD ( 4)
Vj VE VE
L rate of urea transfer V, & VE (J4J = whole body cell urea mass transfer
coefficient (KdJ Xconcentration gradient (Ctu- CH)
2. osmotically active solute VE Nat
3. osmotically active solute V) osmotically active intracellular cation ( IC)
IC+ V, VE
4 rate of water flow V, & VE(QQ 0Smosis whole

body cell UF coefficient (Kd) X concentration gradient urea (CRU- Cm)  cation
Vl&VE@CENa' () 1c+)



VItC, v _s  vece
Na+ NI
Cr W > oA
G a
24 DP UKM
model VVDP flux equation
Solues JdU = [K(I-Qf)+Qf|CAJ
ku = KdUCm-BCEY
Pa = [K(I-0) +Qff CB13> K(l-a)CDM
C+ :0
Water ~ Qf = Prescribed UFR

® = Kdx [(CHICro)+(CBN- Cict)

|1 = rate urea VE
J1 = e urea VI VE
b, = rate  Na VE
JcC+ = rate intracellular cation VIl VE
Qf = ultrafiltration rate
Q0 = rate  water VaRUIE
CU = urea  extracellular water
Ch = urea intracellular water
Chn = Na  extracellular water
CdiNa = Na  dialysate fluid
cor = intracellular cation
Q = blood flow rate
K = Dialyzer urea clearance

17,19 2 DDVP UKM

dialyzer transport’0
16-21 Mass balance equation

16, 18

16
i

S &

20
A

12



Solute  dXVECHU = JdU+ G
t = Keu(Cro-C£U)+G -[K (I-Q f)+ Qf]CRU 2
avicw = g ®
dt - Keu(CIL-C B 3
HVEN = "y,
dt = K40 a [K(-Q )+ Qlc 24
divicex- = 0 2%
Water (WE = Qo-0f
= Kf ee_Gr ¢ (oeva~oma ~Qf i
dv.1 - Qo
= " Kd[( CBJ- Cju) +( CBN- Cict)] 2
invivoKa K 800 mifmin 0.2 ml/min/mniHg
A2 V,:VE 21
DP UKM
FVSP UKM  WSP UKM |
differential T G, VpVE Vo, Cro;
DP UKM intracellular water — (fixed V)
extracellular water (variable VB
4.2 Empirical method
K, t,V
ill vivo dialyzer urea clearance" 3% arterial venous port
HD 30 water content

0% 7%
@ = Qb X[L- Hof) 093 + (Hot X072

0B(0.93-0.21 Het)

QPX(CA- CVICA + QFXCVCA

Qb(0.93-0.21Hct) x (CA- CVICA + QfxCVICA %

~
1

13

Cict
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Q@ = plasma flow rate
QB = blood flow rate
K = ureaclearance invivo  dialyzer
Ca = BUN arterial port
v = BUN  venous port
V
1LV = 058 x BW (Kg)
2. anthropometric urea distribution volume Hume-Weyers sex-specific regression
equation"
Male TBW = (0.194786 x height) + (0.296785 x weight) - 14.012934 29
Female TBW = (0.34454 x height) + (0.183809 x weight) - 35.270121 3
3. anthropometric urea distribution volume bioelectrical impedance (BEI)
TBW Hume-Weyers V. BEI-
derived formulaZ

TBW=-(0.07493713 x age) - (101767992 x male) + (0.12703384 x height) -
(0.04012056 x weight) + (0.57894981 x dliabetic) - (0.00067247 x weightd - (0.0348146 x age x
male) + (0.11262857 x male x weight) + (0.00104135 x age x weight) + (0.00186104 x height x
weight) 3l

male  diabetic 1

4.3 Second generation of natural logarithm ~ Daugirdas3

VVSP UKM
KiV=- R FVSP UKM urea generation rate
ultrafiltrate R 1 original formulaB
KtV = -Ln(R-0.008 xt- UF/W) kY.
KtV 0.7-1.3 13 KWV overestimate
Daugirdas KtV 0.6-2.6
KV = -Ln(R-0.008xt) +(4-3.5xR)x UFW 3
R = et/CO
Ln = natural logarithm



t = Hemodialysis ( hour)
Ct = postdialysis BUN
Q0 = predialysis BUN
UF = ultrafiltrate (  Litre)
= post dialysis weight (~ Kilogram)
44 Direct dialysate quantitative (DDQ ) method
KtV urea dialysate
HD K V
double pool kinetics ultrafiltration
quantitative (mDDQ)2
V. = - Git+30)-UFfC00.93)
¢00.93 - C"0.93
V. = volume ofurea distribution HD ml
= total urea removal  dialysate mg
t = HD
G = ureageneration rate mg/min
UF = ultrafiltrate ml
P = Urea rebound
093 = serum  plasma water concentration
0 = pre dialysis BUN
Ceq = equilibrated BUN  HD 30
G = V(C00%-cl /0.93)+\t/\2t 6C00.93)+cv
Wtg = interdialytic weight gain gram
tid = HD minute
Cu = urea mg/ml
Vu = ml
Cor = BUN  rebound HD 30
rebound HD 30
B 0B V. G

15

dialysate
Milchesky4
modified direct dialysate

34

5

BUN
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K = whole body urea clearance mi/min
K V KtV
urea rebound KtV urea rebound
BUN HD urea urea
generation HD urea rebound urea
rebound 3 phase719
1 access recirculation
recirculation dialyzer
dialyzer 2 access
recirculation  cardiopulmonary recirculation
access recirculation ( AR )3 vascular access access flow
blood flow rate blood pump Venous
line vascular access dialyzer -~  arterial line  vascular access access
recirculation arterial ling urea dialysis
blood pump access urea
arterial line dead space  hlood line
access recirculation slow flow methodd  blood flow rate 120 ml/min
10
2. Cardiopulmonary recirculation
Cardiopulmonary recirculation (CPR)
dialyzer systemic capillary bed
CPR arteriovenous (A-V) access dialysis
dialyzer
bypass  A-V access urea A-V gradient urea
dialysis dialysis , bypass  A-V
access CPR A-V gradient urea 1-2
CPR urea 2 slow flow
method
venovenous (V-V) access
systemic capillary bed (mixed venous blood)

urea CPR



3. Compartment effect2®
urea

31 Double pool effect
plasma
32 Regional blood flow effect

HD2

urea

urea
urea
urea rebound

urea rebound

delay urea removal
whole body cell urea mass transfer coefficient (Kcf)

17

HD 2

intracellular compartment

urea

urea mixed venous blood
HD urea
urea 30- 60
rebound rate= (CE]]: Ct)/ Ct X 100 %
17 %

&KV KV 0.28 compartment effect
urea HD ~ 30-60 %
45 Smye method
urea rebound postdialysis BUN
HD 30 Smye8 BUN
intradialysis (70 HD) Cal
_ = coxExp[-(t(t- ) xLn(CICt)] 37
¢cs = BUN 70 HD
h = 10 HD
Cq KtV single pool UKM
Smye method KtV single pool UKMUJ
double pool UKM 50%

4.6 Rate adjustment method 90853

Kt/V
( urea intracellular
dialyzer
flow HD

urea disequilibrium
extracellular compartment
regional blood flow
visceral organs

urea
blood
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output 80% total
body water 15-20%  cardiac output HD
urea urea rebound
Daugirdas ~ Schneditz KtV WSP UKM
(linear  equation) rate dialysis
(KV) KtV Rate adjustment method
Ktiv = spkev - 0.6 x IKUV 1t +0.03 38
gKtV = single pool KtV
Rate adjustment method JKiV KtV
urea rebound regional blood flow
urea

, mDDQ
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