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1. Formal urea kinetic modeling

19813 B3 ¥ ©]=9] National Cooperative Di-
alysis Study(NCDS)” % tig a7a#*® g
(urea)’} AFEAA] A¥A AAE(small molecule
clearance)$ W93l X Hely NCDS #Az9 9%
842l EM(mechanistic analysis)22 FHEA <)
%g& FHE3E AEEZ Kt/V 71 2 B4 a4
FHY. KV FAee 24348, tv FHAZ,
Ve 84ARXELH0Z FH5EF(total body wa-

-dE M

EAAHY)E F3H H4E £4(Kt)el vdeA €
ok oRAE RARIEFH(V)LR o] Fd Kt/V
T 13 BYA Al 8A4RELAHNMY 2AAAE
£ Yehdin] 997t gl X2 BA " o8 2
o] RN B 849 AAE HHs s
Kt/Vet e 82 4o/§ YA HEss AL
84582 Y(Urea Kinetic Modeling, UKM)o]
21 dn 25 ANEY FHE 49 wide 2
¢t 2o AP &9 YA (law of conservation of
mass)e] 712E F3 vk wEkA o] RYE9
AGYL 2¥E BEV] 9% sHde] dvh REE
7tell @3 Qlch. a4 AFHEYAL o] 4w

849 AAEHF=-829 A=/ 44 FInput/

generation)- 8.4 9} ¥4 /A A & (Output/
clearance)

d(V XC)/dt=[G~(Kd+Kr)IxC

714 d(VXC)/dte A 249 WHIE e
e, ol& &4 AR HG)T 829 FujdH
(Kd-F4& B3 AAL, Kr-A22 58 AAR)9
atolz BdEE 4 Qo

UKM$] 7M€ Kjellstrand 52 P o) Algt

ter, TBW)ol| #@3tn, FA%e 9i:3FA(K)l ¥ simple model® fixed volume single pool
Table. 1. Urea Kinetic Model Assumptions’ Several Basic Configurations
Assumptions
Model Defining Equation
Volume Urea Generation' Urea Mixing in Volume
Simple 1 Pool No Complete instantaneous VdC/dt=-KC
Volume does not change
¥ .
FVSP 1 Pool Yes, at constant rate  Complete instantaneous Vdc/dt=G-KC
Volume does not change
VVSP™ 1 Pool Yes, at constant rate  Complete instantaneous

Volume changes

d(VC)/dt=G-KC

"V, volume(mL), C, concentrationilmg/mL); t, time(min); K, urea clearance(mL/min); G, urea generation

rate(mg/min).

The simple model applied only to a dialysis treatment. The FVSP and VVSP apply to an

entire dialysis cycle. T Fixed volume; single pool. ™ Variable volume, single pool.
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(FVSP) %%, 123 Sargent$t Gotch'ol 9)si

Aty A F & variable volume single ’

pool(VVSP) E¥o| gltiTable 1).

7+ RYEL shle FHez TEHY FHde
¢ A 84%9 #H3E A4bgth Simple model
(VXde/dt=-KC)® FVSP E#(VXdc/dt=G-KC)&
EAge F¢ 2RI EAH(V)Y ®HIl 84FE
(C)8] szl wiaN FAE w3ittn sHAstgen,
VVSP 23¥(dVC/dt=G-KC)<& C<] 3yt oy
g ve] wsle 128ttt Simple model2 43
= 5¢ Ao HIAE 2sYe] FAL] 84 A
ALK HlEA T4 F 82FE(C) AL 4
o] mlwsictz 713U, FVSP, VVSP 23
E4ste B¢ 829 AQSFE msAed, 445
=7 4P HG)Z st AV 2y 2§
BN 22%E WPEI FAF Fx vl
WHAC/C), BA a4%EetE Fasitn /M3
ot 2% A2y BF Vi 847 ¢HoE ¢4
FEA Bxaoa RS wetd AZFPd o
g FALe AU 4% W BT 24L88Y
()T BAHAZM T L2AAFKC)S Aol
vad AYE gn)c). gk VVSP 234 ot
HEY F QAFECHE FY A 24%EE G2
BEASHE e FHoz yehldd

Ct= Co (

Vo-UFR Xt \ x-urrurr
X 1-{————————
[~ (7= )]

Vo-UFR Xt )K“”’“’””‘ + G
Vo K-UFR

o7]14 UFR& A4 39 An3g el
o] ZAo| Kt/V FEAIE f12y Simple modeld}
FVSP 282 T4 Kt/V7F tenz VVSP 23
dHe] FAE Kt/VE ol 432g Zads Al H
At

Q=coe-[KW*+—§ (1-e"®¥) —— FVSP model

C=Coe ® -~ simple model
VVSP 232 EA7Minterdialytic interval)elx
Hg5o] & EAA Al Cogklnext BUN)E T3
oo g8 & glod, o FAE Audstd VE
FE5 A & FE da(ele FAH3E= 5 A

), G& Tahe FHeE Aud & £E UAHels
N AR2 AL,

1 Qf -
Vt=Qf-t[[_ G-Ctlk+Kr-Qf) K+Kr—Qf] —i]
G-Co(K+Kr-Qf)
_ Kr+a
Kot [Co‘Q( s ) ]
Vt
G= Kr+a

(v (e ) )5

Gt 29 F4o| 23] protein catabolic rate
(PCR)Z W#EHI PCRE AZFoz EFIE 4 A
HnPCR).

PCR=9.35XG-0.20XV

nPCR=PCR X V/0.58

ol g FA9 wMidAAA Got VE VX
A2slE Aol Kt/V, PCR, nPCRE £33 oz
A== ot

Fig. 1€ FVSP =& VVSP E3AAANAN 44
AazRE G Vb AdsEHE #AE BdED
AL Ve GE FA8L aev g3AsE F
g t, K, C,, C;, UFRE °]&3l1 GE& o|&3td A}
2& V7L FEAY V'E olgsd A2E Gt F
Ak 7i&9 V, G A2 V', G'E vy
gx)std ejxbd ez Kt/V, PCR, nPCRol A€
ot a2y 9AsA 4g A9, AXE WA A=
& V, GE #A43sd vEdn. dutyer Vo 23
& JAASABE o439 TBWE Tae 34
Watson fonnulam), Hume-Weyer formulalﬁ), Che-
rtow formula'™& ol &¥oz2s s15sirt

VVSP E¥E& o437 JsME 33 T4 A
B4 £ o8 54 A g4 AHsld BUNFEE
2o} 38 o] three-point system EF for-
mal UKMol2} 89 ol dARN9 & ZHI}E=
A% 1B wyez FiHm low oz 4
3% formal UKME dixlsts wel vis] o2 7t
A o] gtk

A, formal UKM2 #ate] dHo|E|& ©]-&3}o
A3te B4 Ydesired Kt/V)E 2437 3l
AQEE 2Estg B A8E 5 U ETEA
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Guess V
Guess G

-

Calculate:

Sot Co1, C)

Vs f(Tdr Kdv G,

vay! *
G=G'

Calculate:
G‘ = f(V', o. C, )
Co2)

Report

V, = V's+ 1000

KWW = (Kxt) + V!
PCR ‘= f(G, V¢)

NPCR = (.58 xPCR) + V,

Fig. 1. Schematic representation of the iterative solution to a urea kinetic
equation system The primary parameters, V and G, are estimated by a
looping process. Downstream computations are then made to estimate
Kt/V and parameters reflecting protein catabolic rate.

o848 4 gk
7, formal UKM2 FXo=z 3z (deli-
vered Kt/V)& #2139 %5}-\: FA9 ool w3
@$e AL olg AHE F
chanism$& A&},
A, formal UKM2

+ quality-control me-

AT 5e) F14E 2

Li3= 3
ds, formal UKM<& nPCRE AL = A
L Ea=a
2. RAUHS(urea rebound)} double—pool 2
s X

AoA AFE AEH HS Vel 847t &3
o2 @43 #F3A BEXevn 7MYt cH(single
pool model). 28V} AAZ FEMIAFRE 3o
2 82858 FAHRYE 22¥EE A FUE7)
A&ste of 0B TR A5} o] aiuSo)
2 il 3}51 z27) 8ANS(FAAE 3R ou)I} )
LAWFEE oF) o2 FRAKFig. 2)°.

z7] B_i‘ﬂ%-g EAAFRE 20% oU ¥
A& A¢B(access recirculation) TAIS 20%
¥ 2-3871A7 ALEHe A e (cardiopulmo-
nary recirculation) 2.2 TEHT dAApHIE AL
e HAEM A FHF(arteriovenous fistula)ollA

FUZ vhol JUE vhzroh obdZel A A,

36
32t Undefined
disequilibrium

g 28 | Cardl ulmonary
g ation
Z 24| Access
2 recirculation

20+

16 e H L A i

40 20 0 20 40 60

Time, minutes postdialysis

Fig. 2. This illustration shows a total of 65% urea
rebound of which over half is secondary to
access recirculationlA—B). The contribu-
tion from cardiopulmonary recirculation is
15%(B—C), and the remaining 31%(C—D)
is a consequence o flow and diffusion
limitations.

TH AFrjele] zHAe] Zi7bE A, 1 Y
FAA HELert FURe Q7458 20Y A
T+ dojuir(ole BE FHFEUY Yo Y& A
F A )(Fig. 3), olBg HHZE Ao
dold AL EANF FTURM Asdd AL A
oA A] ALY FAMFFE 30% ol YL AR
79 post-BUNo] v|FZHoz Wi A Y
Kt/V¢l URRo] v|AAA o2 A 249 A#HA
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Fig. 3. Schematic representation of angioaccess
recirculation A and V refer to the arterial
and paths of blood flow, respectively. The
uppermost panel illustrates the ideal si-
tuation o no access recirculation. The
middle panel illustrates access recircula-
tion secondary to reversal of the needle
placement, so that the blood path is from
the venous limb to the arterial limb of the
access. The lower panel demonstrates ac-
cess recirculation secondary to stenosis of
the arterial limb of the access with re-
sultant blood flow that is inadequate to
meet the pump speed.
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rle

=82 3 A gRYIEZE Solek A& 9P
t}. 3% ojF9 7] a4wtEL 4% 30-60F W
o Bun HF-QARIEHA0 EFH(flow-
volume disequilibrium) & AE%S AAZ & A
EUolq AXLRe g4 i FE A drh
ol 4AWEL A7 & F9(compartment)
2 o|RoA UA ¥ AN FHHEN, HE
9, 24, 8B )z BX¥=o Qo) BH F 4 F
ol 247t ¥For Yot £%rt dFM F
Ao g AAHE £zET =g7] dEoH(o&
gt &% Wl diffusive impedance) =& 2}H7)
Foze YR dAHINA 3 FHoR HHIL
He wx7)B WFH7 FEE FAVIELE ol
7] ot o] VF-LARTEHA ol EFHY
olg} #r}). o]R¢] double-pool UKMS 7|&-dz]
o]s] UKM+$ single pooldl vl vl H&s) 4
¥ 4 st Single poold} double-pool ®&e] A
o)l MM Table 28 FFsl7] it
s28t5e] ARE ARl ggds] AF, £4
uto] F& Fo 9L P ¢ dFd 93y, F
A% vls] £ ¥ 30¥A BUN ¢ FF 17%
Asgtn @ F4% 3024 BUNE o834
AR Kt/VE equilibrated Kt/V(eKt/V)2} 39
VVSP 23 o4& Kt/Vel 43} 0.2 A= *r}
8|2 double-pool UKME °]4% Kt/V7l A%
sy BAF 30874 71de 8L AFse AL
gAHoz o]f3}r] ojPrh ol EAE A}
A3 eKt/VE &8 5 e FAE] ATHAL
U @4 Smye formula™®$} Daugirdas for-
mula®’$] 27bA] F4e] AdAww Utk Smye for-

Table. 2. Urea Kinetic Model Types Listed in Order of Increasing Complexity* of Implicit

Assumptions
Gurea Volume Pools Mixing Complete? Name
No Fixed 1 Yes Simple
Yes Fixed 1 Yes FVSP(fixed volume, single pool)
Yes Variable 1 Yes VVSP(variable volume, single pool)
Yes Variable 2 Yes VVDP(VV, double pool)
Yes Variable 2 No | VVDP(VV, double pool)
Yes Variable =2 No Unnamed others

*The stepped line defines an order such that the attribute below each step identifies one complexity
increment. For example. Gured “Yes”) is more complicated than “No”. Volime “Variable” is more complicated

than “fixed” and pools ‘2" is more complicated than “I”.
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mulas oH-&7 2t

Ceq=Co X Exp(— [TAT = Ts}I X Ln[C«/C])

o714 Ceq¥ equilibrated post-BUN, C,&
pre-BUN, C.& ¥4 % BUN(EE 4 ¥ 70%00
A, Cie 4% BUN, TE FA4AZ, T.e C
£ AAE w A7k Expy® exponential, Ln¥ #}
A23E gudct. Aq7iM T3] CeqE ol £31H
eKt/VE 784 gith

Daugirdas 42 FAYUSEE o8¢ I F
WIHEE o] &d ¥4 27kA7 glen ogd
=2

Arterial eKt/V=art spKt/V—(0.6X[art spKt/V/t])

+0.03

Venous eKt/V=ven spKt/V—(0.4X[ven spKt/V/t])

+0.02

4714 spKt/VE VVSP E¥& ¢j4¢ Kt/VE
oujg. vE HARAe 4g ZFAH3E d dou
ble-pool29] F@o] AFYE #IANIE AL AA
3lA % spKt/VE eKt/VE AgsE Hol disixde
A7 o] FAHHD YA gk I olfrE YAl
Al AA BAF 308 IS FHAE Fo] oy,
ANNER eKt/VE T3l F2& AL A
A etgdel #y=Eo] YA &3, eKt/Veh #A9
A Fatole] BAH/AE HAFE dFAR7 dvke
Rojrt,

3. Formal UKM2| CHHgHY

1) Kt/V natural logarithm formula

Daugirdas™ol €3] A8 VVSP 2¥e) 7)1z
E & 24 ZF4(second-generation logari-
thm formula)2 #AKdiffusion)® oIF(convec-
tiomel 2% 84 AAE ZF H¥3tY formal UKM
ol &g Kt/Veh vlmsiy 2 Hst 0.7-21 el
e A A9 dA | Foh

Kt/V=-Ln(R—0.008 X t)+(4— 35X R) X UF/W

o714 Lng& AAE3, R post/pre BUN ratio,
te $A4A1, UFE 384348, We 54 £ A%
& 9w}, o] FAoEE PCRE AN + gle
} normogram< ©]-&38¥d nPCRS FAo] 7153}
=3

o] F4& next pre-BUNE Z2A3&A] o1 pre-

9} post-BUN wtez AAlslnz o)gsly] zHH&)
™ formal UKME dAss 71 & wyol,
error—check 71%°] glol 942 &t error ZA
£ Eo|EE xYsle o] RFarh

2) Urea reduction ratio(URR)

URR2 £4%¢ 849 AALE Yehig] URR
(%)=100%(1-C/C,) 2 EAId). o] AEE JYF
Mo} g FHsE A% A& WEon*® URRel
YA RN AMGET B0l S o FHE
v olcl®. mebd URRE A5 #xbe] AbE9d
& d&3tz d glol Kyver vt URRS @
Fo2E HEE T4 & AAsE d U Y
o3¢ 7l9& 2R e Aol v F Lo
o 98 847t AAYNE BT 840 FF
=F W3l QleBg AT ot Hxd
e F71HQ 84 AAE WwgEA BRIl 2 AGY
o #A7F k. i3y URRI Kt/V Alele] A
AA(curvilinear) 4 ##AA7 9Je=z URRe =7
Zadhe s Kt/Ve 433 Z420E 7Ms4o] &
tHFig. 4). URR =% nPCRE& AXE # glod,
FdN7e & FAEY HPEE AR ¥E& A
g F8% WY BTFstn A o] Hojzirh

3) Percent reduction of urea(PRU)

Jindal $°'% Basile 57 25 AgE Rew
FAsts B¢ 24%EY FASE ANE AoH
ol formal UKM2oZ % Kt/Vet PRUZ A3
AABAZE dohe AAdtel U

PRU=(pre-BUN — post-BUN) X 100/pre-BUN

Kt/V=04xXPRU-1.2

a2y el AFFHRRC Kt/Ve PRUAS]
de FAFHA FB@A o] PRURREH K/VE
Fx8 d AE FHox 20% AHAE AFAo] HojA
F Atk PRUE #=¥ F49 €©HIYL Kt/V7h
0.9¢14 1.1 Ale]8] F& HHAM AR} dfet
Al o] T2 EARAY ¥E FAsE ul A
ol &3l7]o = EFE3}rh

4) Total dialysate collection(TDC)%}
solute removal index(SRI)

FA4 xAAGE AFHAE Aol kst
o Fite WPE d9ed 2 Hblood-sided UKM),
£40g BobiE Zqol shsdteh FHAE olgW
UKMe 9% a735d & $49 g2 243
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Fig. 4. Impact of urea clearance secondary to
ultrdfiltration on the Kt/V. The family of
curves is based on the assumption of a
3-hour hemodialysis treatment and the ab-
sence of residual function. The change in
weight{ AWt) is the volume ultrdfiltered in
liters divided by the patient’s estimated
dry weight in liters. The greater the
change in weight, the higher the Kt/V for
any given urea reduction ratiolURR) From
Hemodialysis Adequacy Work Group: NKF-
DOQI clinical practice guidelines for
hemodialysis. Am J Kidney Dis 3(Suppl
2):15-66, 1997).

= gadgez ARHQT® Y, direct dialysis
quantification (DDQ)et1x #rh DDQ+ HIYF
4 B B4EE YA dere EE FAYS =
of, 4714 22%%E A% 22 FAHYY ¢&
Fald BAA AA" 249 FHL 78 £ stk
DDQ=2l 3L 13 FMA veEs FAHde] 90-
150280, A7]Ho R o]FA BE FHYE =
o7t o)Al @ Folnk EF EL T4
ureased A= Ao 292 B¢ 8491 &R
Ho] A AAY g4%8 A Y& £ o F
#Z3o]l Yo, FAdLe e 240 7

ggo] 439 oo Aok HZ 7z AE=
EAdy 849 4AZ ZFFH(on-line monitoring)
o] AR ®, 9o AFE FHL Adszm F9
otz Q% 24P ELA ] W3, 21 24HAY
double-pool A& 12§ modified DDQ(MDDQ)
5 Vo2 Hgygo) AALA
DDQ %o Keshaviah®'o] 98] double-pool =
¥g o]&4F FAY ¢L ZAHI: AL WA
SRIZ7} 2AHRT FFE& AALoL o AF=E
AN EFiez olgHI itk v DDQ%
SRI9] EAAL ola7A] FEM§Ate] oFg} Ao
Qe Aol d@ a7t £k Aot
5) Kt
#Z Lowrie $7& VAL 8o} e #d
o] At Y WFo|BZ KVl &xe] 4
&7 BFdo] e 249 AALEKYNE VE YF
t AL AR d458E FHAEF Yo KtV B
e KtE 8% A& AN old M=
o B A7t lojob & Hez Hh
4_ National Kidney Foundation-Dialysis
Outcome Quality Initiative(NKF-DOQI)
clinical practice guideline for
hemodialysis adequacy
19973 W5 NKFAM ¥AFEHo HEdxg Y
guideline®® & $leld Ay oz 2¥ F AAAA
o2 ENAEA oW whHg ol&dtd FAe ¢
2 Z2FY Ao dF HAFAL AMAgtn Er} o
guidelineol] ¢]3l" double-pool formal UKM-=E
oj g3t Zo] 7 Foub ofF mEHow o]}
7l EFstn dEHo|x] ¢gem=z VVSP R¥&
o] 8% formal Kt/VE HAF3HI o]3o] &ol5}A|
R 79, Kt/V natural logarithm formulat}
URRE o|£¥ & gt a8y 9458 183ty
EA4%F 0.25-050%°0 post-BUN £AE Hl3 &
HEA Fo) BN £55 nAY HLHoR {4
st #9943} UFR)E 50ml/hr 2 Fol9, F
£5E 152 %¢ 50-100ml/minZ ¢ ¥ slow
flow sampling technique %=+ stop pump sam-
pling technique& °o]&3le] HHAHE & HAE A
Q+ati 3itH(Table 3, 4).
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Table. 3. Effect of Timing of Post-Dialysis Sampling on BUN and Kt/V or URR

Time After Potential Potential
Dialysis Effect Effect on Physiology Comments
Ends(min) on BUN Kt/V or URR
0 Major Major increase Bun will be falsely decreased Inappropriate time for BUN
reduction because of secondary to recirculated blood sampling for any form of
sampling of still present in the angioaccess’ urea kinetic modeling
recirculated
blood
0.25-0.50 Index Index Angioaccess recirculation resolved; Most accurate for blood drawing

urea rebound starting to occur
secondary to cardioplumonary
recirculation, flow volume
disequilibrium, and delayed
diffusion

Urea rebound is occurring;

to support formal UKM based
on single-pool model; sample
timing corresponds to Slow
Flow/Stop Pump Technique

2-3 Increased Decreased Sample timing corresponds to

because cardiopulmonary recirculation Reinfusion ’I‘echnique'r
urea completely dissipated
rebound is
occurring
5-10 Increased Decreased Significant, but incomplete Sample timing corresponds to
more more resolution ofurea rebound from Reinfusion ’I‘echniqueT
compartment effects and flow/
volume disequilibrium
30 Greatest Greatest Complete resolution of urea Correlates with double-pool
increase decrease rebound model, but time for sampling

is clinically impractical

" This is true only if angioaccesss recirculation if present. ' Because of the variable timing of blood reinfusion
at the end of hemodialysis, the sampling typically occurs 2 to 10 minutes after the complettion of
hemodialysis.

Table 4. Slow Flow or Stop Pump Technique

Slow Flow Sampling Technique

Stop Pump Sampling Technique

3. With the blood pump still running at
50-100mL/min, draw the blood sample
for post-dialysis BUN measurement from
the arterial sampling port closest to
thepatient,

Purpose : Drawing the blood from the
arterial sampling port ensures the
post—dialyzed blood.

4. Stop the blood pump and complete the
patient disconnection procedure as per
dialysis unit protocol.

. Immediately stop the blood pump.
. Clamp the arterial and venous blood lines. Clamp the arterial

needle tubing.

. Blood for post-dialysis BUN measurement may be sampled

by needle aspiration from the arterial sampling port closest to
the patient. Alternatively, blood may be obtained from the
arterial needle tubing after disconnection from the arterial
blood line and attaching a vacutainer or syringe without a
needle.

. Blood is returned to the patient and the patient disconnection

procedure proceeds as per unit protocol.

SAMEHE TEsks Wi Hlm

L7)AEA Rl E B 2ol

Ak

o, 8%%, Fojokd 5oz ¥EEY UM A
o glom W % chabgel, ARl Fukd
#, 29m 344 2 A4 ae 5o BHEA o
Ao olal JFAYe] £3) BB, B =RolME
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HZd Bude WEE FHeE 4 ==
AF THANY JNA s ddstn, JEFL=zA
d3e tlxe ARE, 1 JUFEE HEe nu
¢og AdFgstuar @k

1. YoRIE2 It 2R]RAAO| J|W(mechanism

of muscle wasting in protein-calory
malnutrition)

A BE AEXW o¥ide &Hoz FIHEHI
AA4EL HEF §F AXW @83 turnover
ge ¢ A BFA 70kg A A o 280g9]
gugo] ujd F4SHT EHHHFig. 5. AW
uld Bar)de ¢ ddxeln 43 zEH
e @il Agd&me E34E Alold ¥
ol£m gick wef gduld EdatHo] MY A
£ A HYBYF(acquired immunodeficiency
syndrome) $tjA noiA s Hzg AAF] &
Ag g £E vk SKIRANA olvj At
AL VAR R Fgo 9¥%E F9 &

al

K-%
=
]

d

lysis)7t %2 2
t}.

AEUele oy did Aol EAE
(Fig. 6), o] HAol ATP7} 224 23d o
AL WA ubiquitinolzte A2 cofactorst FF2
#covalent linkage)¥oa® FEaja Ao os) A4
o(Fig. 7A), 26S proteasomed] 2}3] M&3] &
Y ckFig. 7B). Ubiquitin2 El1 &zl o3 A&
o2 @AUsol E2 dA=z HLHT, ol E3
(ubiquitin-protein ligase) &Aoll 23 g o
Ao 2+ lysine®] &-amino group®l FAHTh
Proteasome2 t1R¥9 Axgdde] FisEE Fi
o]t} Proteasomeel] <3t @¥id FEsjaAo] vj¢
Adoln o) ¥iE dWAF ubiquitin® BE
o #Bss Hadl o3 FALG AT A
1A g FHe 9 Hold E2 +£¥A4% E3
HAvF EAgcta @

9a o33 El(Protein catabolic state)w} T

57

Z5449 71840

3tg S Ba(accelerated muscle proteo- F EalHAo) sH&2EE 7)Aol HZ ubiquitin-
Oral protein intake
70 g/day
Cell proteins
5.8 kg
0.3 g/kg/day 3.7-4.7 ghglday
Ribosome
Plasma > Total free .
proteins amino-acid pool
05kg | - ~62g = | Amino
acids  Proteins

|

Nitrogen excretion

1.2 g/day

L

Proteasome

Fig. 5. Turnover of Cellular and Plasma Proteins in a Normal

70Okg Man.
The values are
whole-body protein minus

based on the rates

of turnover of
the turnover of albumin plus

immunoglobulin as estimates of plasma proteins under

conditions of neutral nitrogen balance.

The diet is

assumend to contain 1g of protein per kilogram o body
weight per day, with equivalent amounts of ntrogen
excreted as urea and nonurea nitrogen. The value for the
total mass of proteins was based on estimates of bod:
nitrogen and total albumin and immunoglobulin content’ >,

These values are lower in
lower in older men than in

women than in men and are
younger men. The estimate of

cell protein does not include protein contained in the
skeleton(approximately 1.8kg) or extracellular, stable pro-

teins, such as collagen and

elastin(a total of about 2.8kg).
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Abnormal proteins
(mutant or damaged)

Short-lived normal proteins
Ireguiatory proteins, /

rate-limiting enzymes) /

Long-lived normal proteins Amino
{conteactile proteins in muuy acids
Membrane proteins o | Lysosomes |—%
(CFTR. receptors) /

Endocytosed proteins T
Mitochondrial proteases

———— | Ubiquitin-
proteasome
pathway

(plasma proteins, hormones,
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Fig. 6. Roles of Cellular Proteolytic Systems in
the Degradation of Various Classes of Cell
Proteins. Most cytosolic and nuclear pro-
teins are long-lived and are hydrolyzed by
the ubiquitin-proteasome pathway. CFTR
denotes cystic fibrosis transmembrane con-
ductanece regulator.
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Fig. 7A. Ubiquitin conjugation to protein sub-
strates.
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Amino
acids

Ubiquitin
E1,E2,E3
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Protein DP R \
Antigen

TR} presentation

L 19S5 complex

I 20S core proteasome

Fig. 7B. The Ubiquitin- Proteasome Pathway of Proteolysis.

Proteins degraded by the ubiquitin-proteasome pathway are first conjugated to
ubiquitin(lUb, Panel A, facing page). The process of linking ubiquitin to lysine residues
in protens destined for degradation invioves the activation of ubiquitin by the El
enzyme in an ATP-dependent reaction. Activated ubiquitin is transferred to an EZ2
carrier protein and then to the substrate protein, a reaction catalyzed by an E3
enzyme. This process is repeated as multiple ubiqitin molecules are added to form a
ubiquitin chain. In ATP-dependent reations, ubiquitin-conjugated proteins are
recognized and bound by the 19S5 complex, which releases the ubiquitin chain and
catalyzes the entry of the protein into the 20S core proteasome(Panel B). Degradation
occurs in the 26S core proteasome, which contains multiple proteloytic sites within its
two central rings. Peptides produced by the proteasome are released and rapildly
degraded to amino cids by peptidases in the cytoplasm or transported to the
endoplasmic reticulum and used in the presentation of class I antigens. The ubiquitin
is not degarded but is released and reused. SH denotes sulfhydryl, PP, pyrophosphate,
and ADP adenosine diphosphate.
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Table 5. Conditions That Alter Muscle-Protein

Degradation Through the Ubiquitin
Proteasome Pathway
Rat Models Humans

Increased Protein Degradation

Eating disorders

Renal tubular defects
Acute and chronic uremia
Neuromuscular disease,

Fasting

Metabolic acidosis
Kidney failure
Muscle devervation

immobilization
Diabetes mellitus Diabetes mellitus
Thermal injury Burns

Endotoxemia, bacteremia Sepsis, AIDS
Tumor implantation Cancerous cachexia
Glucocorticoid treatment Cushing’s syndrome
Thyroid hormone

treatment
Hyperthyroidism

Decreased Protein Degradation

Dietary protein Low-protein diet
deficiency Malnutrition
Hypothyroidsim
Hypothyroidism Hypopituitarism

Table 6. Factors Contributing to Malnutrition

Anorexia and decreased nutrient intake
Hormonal derangements(eg, insulin resistance)
Metabolic acidosis, contributing to increased
catabolism
Frequent hospitalizations
Multiple medications
Socioeconomic status of the patient
Dialysis-related factors
Inadequate dialysis
Protein and amino acid losses in dialysate
Dialysis membrane bioincompatibility-induced
catabolism

o] o451 UK Table 7)*

1) AJO|XAKDiet history)

HolzAbs FFAHFAAN ezt e A z=Elm 3
g Aol g 93 AP 93 ¥
o] Aol AAA o7, e Ae Fol #F A
EE de o ogHch &9 Wizt dAd FA
d 23& 2E ANT HolRAle GduH BHS
AlZskeE & Wl " & glvh AgE Yoz}
£ AdME 7HsstE AF39dAHrenal dietitian) ol

Table 7. Common Methods of Nutritional Asse-
ssment

Subjective methods
Subjective global assessment
Prognostic nutrition index
Hospital nutrition index
Dietary assessment
24-hour or 3-day diet recall
Intake records
Food frequency questionnarie
Anthropometrics
Body weight
% ideal body weight
% usual body weight
Body mass index
Triceps and subscapular skin fold
Mid-arm muscle circumference
Biochemical parameters
Long term
Albumin
Transferrin
Creatinine
Intermediate
Prealbumin
Retinol-binding protein
Total lymphocyte count
Short term
Urea nitrogen
Phosphorus
Potassium
Protein catablic rate
Body composition analysis
Neutron activation analysis
Dual-energy X-ray absorptiomery
Total body electrical conductance
Bioelectrical impedance analysis
Exchangeable cation ratio
Magnetic resonance imaging
Functional parameters
Delayed hypersensitivity skin testing
Grip strength
Time-stands test

A &Fske Fo] Frh AFIFAL el L
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Fo¥ch AolzAls 7HEY A sle ArdE A
F DA &= Zlo] Fou fale] J1EE FHoA7)
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3) eIM|H&(Anthropometry)
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813, mid-arm muscle circumference®} mid-arm
muscle area® FAFLEN HNZ{KFL FJHME
ittt YN @R FARES Qe dolA F
AF AU gury ez YA £A9 90% °)3}
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Table 8. Information Needed for Evaluation of
the Diet History

Current nutrient needs

Previous diet restrictions

Factors that may interfere with adequate intake,
such as chewing, swallowing, nausea, vomiting,
diarrhea, or allergies

Identification of resources, such as family and other
support systems

Current medications

Meal planning information, such as food preferences,
cultural influences, and seasonings commonly used

Meal patterns, including foood frequencies, meals
away from home, snacks, and portion sizes
commonly used(food models are very helpful
because many patients tend to underestimate
amouts consumed)

Tips for portion sizes
Use food models
For every 4 ounces of uncooked meat, 3 ounces

cooked remains
Visualize a deck of cards; this can be translated
into three ounces of cooked meat/protein
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Fig. 8. Response of plasma proteins dfter injury.
Plasma proteins as nutritional indicators in
the perioperative period.
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Fig. 9. Schematic diagram of body compostion.

Table 9. Precision of Techniques Used in Compartmental and Elemental Analysis of Body

Composition

Technique(reference) Target Tissue Precision(c.v.)(%) Accuracy(subjective)
Anthropometry FM, LBM 5-10 Depends on observer
Densitometry FM 3 Excellnt in healthy subjects
Bioelectrical impedance LBM <5 Depends on equations
TOBEC LBM <5 Depends on equations
*K -counting BCM, LBM 3 Excellent
Nae/Ke BCM, LBM 6 Good
*H or DO dilution TBWE 3 Good
DPA, DPX Bone 1- 3 Excellent
Neutron capture Protein(nitrogen) 5-10 Good
Neutron scattering Fat(carbon) 2-3 Excellent
Neutron activation Calcium(total body) 1 Excellent
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Table 10. The Composite Nutritional Index

Score Score Score Score
0 1 2

S. G. A. category A B C -

% Reference weight >90 80-89 70-79 <70
Body mass index male >21 20-209 19-199 <19
Body mass index fermale >20 19-299 18-189 <18
Dry weight percentile >15 10-15 5-10 <5

Triceps skinfold >15 10-15 5-10 <5
percentile

Subscapular skinfold >15 10-15 5-10 <5
percentile

Arm muscle area >15 10-15 5-10 <5
percentile

Albumin g/liter >35 30-349 25-299 <25

3 J¥AdeEle] A F(magic index of nutritional
status)e flow, $oA AFH A8 A Y
e Hrl diEe] dnE FEsd wasior € Aol
Pl wet 2R 7RSS $HEAEY] JEYH
g skl 1ol ol HI/PPEE B HAF
(composite nutritional index)& ©]-83o] GYde]
g 9s}stel QK Table 10)7. AR oA JYA=
9] Heo} X g dig BFL HIF up oy
(Table 11, Fig. 10™, @4 92% A& F48A
Ay ZFAHon JARE YAz Hes} o ¥
AZE dasty] 43 oA9A Briser e vl 9
Gz di# Al ABE Aot st= 7h A&
ol tig A o|FA Frsor = A did A
FuziRopol A FEE ootk ulFe] NKFeXA
1997'd DOQI clinical practice guideline® A5k
A ggEe Bt X' Fo d#ME FTEE
AL AANEA g Aol uety FAZAE

Table 11. Indices of Malnutrition in End-stage
Renal Disease Patients

(1) Biochemical parameters
- Serum albumin concentrations <4.0g/dl
- Serum transferrin concentrations <200mg/dl
- Serum IGF-1 concentrations <200ng/dl
- Serum prealbumin concentrations <30mg/dl or
an apparent decreasing trend
~ Abnormally low plasma and muscle essential
amino acid concentrations
- Low serum creatinine concentrations with
other signs of uremia or low creatinine
kinetics
(2) Anthropometic measures
- Continuous decline in body weight or low %
ideal body weight(<85%)
- Abnormal skinfold thickness, midram muscle
circumference and/or muscle strength
(3) Body composition analysis
- Abnormally low % of lean body mass by
bioelectrical impedance analysis and/or DEXA
- Low total body nitrogen and/or nitrogen index
(observed nitrogen/predicted nitrogen)
(4) Dietary assessment
- Low spontaneous dieatry protein intake by 24-
hr urea nitrogen excretion in chronic renal
failure patients(<0.7g/kg/day) and by protein
catabolic rate in chronic dialysis patients(<1.0
g/kg/day)
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Brief
assessment

Detailed
assessment

Simple

interventions

Moderate
interventions

Complex
interventions

— Continuous decrease in EDW
- Serum albumin < 4.0 g/dl
- PCR < 1.0 g/kg/day

Suspected
mainutrition

Somatic proteins
Inappropriately Tow
pre-dialysis creatinine
Decrease in lean body mass:

Visceral proteins
Prealbumin < 30 mg/di
Transferrin < 200 mg/di

IGF-1 < 200 ng/ml

Anthropometrics; BIA

Dietary counseling to increase dietary:
- Protein intake (1.2 g/kg/day)

— Calorie intake {3035 kcal/day)
Increase dialysis dose to K\V >1.4

Use biocompatible membranes

Upper GI- motility enhancers

Timely initiation of RRT in CRF patients

Reassess nutritional
markers in 2~3 months

Dietary supplsmentation:
AE Food supplements

B) PO amino acids
C) Enteric tube feeding

Reassess nutritional
markers in 2-3 monthg

1) Intradialytic parenteral nutrition

(with medicare approvat)

2) Gr:%v’v_’th factors (experimental)
[{

rhiGF-1

Fig. 10. A schematic diagram o the nutritional status and
dietary interventions in end-stage renal disease patients.
Abbreviations are: EDW, estimated dry weight; PCR,
protein catabolic rate; IGF-1, insulin-like growth factor
1; BIA, bioelectrical impedance analysis;, RRT, renal
replacement therapy, CRF, chronic renal failure, rhGH,
recombinant human growth hormone; rIGF-1, recom-
binant human insulin-like growth factor 1.
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