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 HD= Hemodialysis
« P& (diffusion) [z 4E)R (ultrafiltration)




Diffusion ¥EEY Basics of RRT
random motion

molecule strikes pore @ o
Variables ®©®
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molecular weight o ©
O
speed © °
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membrane resistance equilibrium
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Ultrafiltrationf& 388 = iR /K

hydrostatic/osmotic Basics of RRT

pressure gradient drives H,0
across membrane

with osmotic UF there is an ~ e
osmotic driving force

ULTRAFILTRATION

Water




Hollow Fiber Dialyzer

e Blood flows through the
Blood inlet fiber lumens. Typical clinical

blood flow rates are 200—450
Header
,,Ll“\\, L ml/min

— Tubg sheet
PIMMHL soution @ Dialysate flows around the

M 7= outet external surface of the fibers.
3 Fibers Typical dialysate flow rates
—— Jacket are 500-800 ml/min

e Blood and dialysate flow in

I j— Solution ) . .
ﬁi’ﬁm_r— nlet opposite directions

(countercurrent flow) to

”l“ maximize diffusive solute
Blood outlet tra nsfer

Dialyzer = artificial kidney= AK= A T & fii
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HF= Hemofiltration
¥ (convection)
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Convection¥)iit |
solutes swept along with water Basics of RRT

removes middle molecular wt.
solutes

must be small enough to fit through
pore

the more UF you have the more
solutes you clear

CONVECTION




Daltons

100000

60000

500

Molecular Weights

Large

Albumin (55000-66000)

Inflammatory |-
Mediators |7

Myoglobin (17800) Middle

Beta 2 microglobulin (11800)

Inulin (5200)

Vit- B12 (1355) _

Albumin desferoxamine complex (700)

Glucose (180) Urea (60)

Uric Acid (168) Potassium (35) a Small
Creatinine (113) Phosphorus (31)

Phosphate (80) Sodium (23)
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Hemodialysis Circuit

S Pressure
— ==\ B monitor

= |

- _1AIrtrap l |
ar| \

e, and ¥ ,
2 detector \ | Dialyzer l
i ; |
Pressure || | J
monltor ‘». —_— ‘ y ‘_. Pr— — --_)

Pressure g

. 4 . \
monitor Anti-coagulant



o Air trap

and pressure
monitor

O Filtered blood \
returns to
yourbody 9 Fresh

dialysate
solution
goesin

e Blood

thinner

\

o Dialyzer

o Blood goes s
mac tI:'e o Used L Chamber
machine 9 Pressure dialysate i (RS \\

monitor and solution
pumped out

pump

https://www.freseniuskidneycare.com/treatm
ent/dialysis/hemodialysis-machine
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OCM°® — Online Clearance Monitor
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= - Dialysis
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Hemodialysis

nEH (AR ) AE
B8 & — A%V 7 0.5-1.0 L/hour
AENR ~ BWHILR

JE IR & MG

Dialysate (diffusion)

eLow ultrafiltration (convection), —
usually BW loss Diaysate

eNo substitution fluid Dialysate
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Pre- vs. Post-dilution methods

anticoagulant

Predilution

Predilution: Injection before the filter

Postdilution: Injection after the filter

ultrafiltrate

Postdilution
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Hemofiltration, pre- dilution

GEE (HRER) A
B8 = 9T AP 1.0-2.0 L/hour
BEWR - H IR ] @
WAE R IR E ISR
Re pl

ment flmd

eHigh ultrafiltration ‘
eSubstitution fluid

HTRENTLE e 2 miBlJeEm A ~ Ba&H A
TR A A T2 /R E KD M P ER
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Hemofiltration, post-dilution

eHigh ultrafiltration
eSubstitution fluid

© SRHSEE N TEBOVRMIE AR - R R
R ZI - W N T B 4 A
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b vs  {&H

Best removal of small and middle

Improved membrane permeability size uremic toxins — filtration from
- filtration from diluted blood! undiluted blood!

But ...
But ... ultrafiltration /imited by

e haemoconcentration
* high blood viscosity

dilution also reduces efficiency

e lower diffusion gradient _
e secondary protein layer

* reduced clearance for e membrane polarization

small molecules

and high blood flow rates are
needed







Dialysis Vascular Access

‘ ku‘};z\/("‘- \ | Looped graft —
RS T
—\‘\:\ h {if S
Artery TN
\‘\\
Vein \\
Arteriovenous | ‘
fistula

Tunneled cuffed
catheter (TDC) Vein

&‘m\'o &lthM"l
Vena cava vein

Tip of
central
\'\\ C-\thﬂ(’f

Insertion . o -
ste P
~

Catheter / X
tunnelled /

under skins

-

\Q Double lumen
catheter




To hemodialysis From hemodialysis

machine

-
—
-
- -

Fistula

Venous needle

machine

Recirculation

= The reflux of dialyzed blood
from the venous outflow back
into the arterial line

Artery

https://www.researchgate.net/figur
e/Different-designs-of-
hemodialysis-catheters-for-the-
ICU_figl 232698850

‘Split’ catheter

Short-term double-lumen catheters (polyurethane)
Side hole o

im-.o e 0

Long-term double catheters (silastic)

Gun disposition
=t .8
N

Independent lines
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AV fistula

BFFEE
~80%

#%— 4

60~75%
B 2~44
50~65%

KA 2 RORR 2 R K
X AR 25 E
Xgx b B RN
5 R

39 F &3~41E
R, &£Z6M@A +
R 24~27%
A % AR

AV graft

AL fnF
<10%

#15 62~83%
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R R R SRR
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zam—t(kopeLadder)ﬁﬁu,f\

" Linda K. Bal, | Nephrology Nursing Journal 2005
EERE

gmgﬁﬂmz) [E13 T (Area) BRI

Linda K. Ball. Improving Arteriovenous Fistula Cannulation Skills Nephrology Nursing Journal 2005

ERE—SENESEN c ina Area Vs. One Site
L8t T, (Kronung 1984)
/Vln:um Access B /Vumm Access

RSB BV REE I e sy L /‘_mem:‘vmmwh:«n)

—{17%$ (one-site-itis)

.

8 L8175 [Linda 2005) Aol ¢ 0.7

https://fmcna.com/insights/amr/2020/aneurys
m-classification-app/

STAGE 0 STAGE 1 STAGE 2 STAGE 3

\"ﬁ 5 8&38
L LU F N o .

Fistula with Enlarged fistula Enlarged fistula Enlarged fistula
normal size and skin with normal skin with shiny skin with open ulcer

NO ACTION REQUIRED MONITOR REFER TO VASCULAR URGENT REFERRAL
ACCESS TEAM



&




D I d IyS I S i Dialysis. Adequacy
Ad e q u a Cy / ‘. Small solute

cleararice
Middle

] | =, molecule Volume
E 75@ * }f clearance SOIUEH
AT
fl i
Inflammation Residual BP control
Renal
Function
Ca/P mineral Acid-base ,
metabolism homeostasis /
4
,"/’
\ o Anemia J
4 Nutrition management L5

\‘\‘\
-_\\‘
\\/

The Renal Standards Document recommends that all patients stable on three times a week
haemodialysis should show :

A urea reduction ratio > 65%

Or K¢/V > 1.2 (dialysis and residual renal function)
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2F&EE 2FHE

i
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BUN XZ& mg/dl 9~23 50~100
Creatinine AlEEET mg/dl (0 5~1.1 6~10

Uric acid K& mg/dl 30~60 HERS
BUN RE&(%%®E) m/d 9~23 i
% RER(EN-RER(HE)
e - >65% “RERGH)
KRBFUER

Kt/V 1.2 RBETIE




URR & S Hii /K sl 22

—

UF/W
0.85 s 0,g=0
e Bl 0.03
0.80 e 0.06
_ 1 100
0.75 — =
|~
0.70 //.%?/
ol -
X 0.65 ///(///
e ' o’ - 0.63
oc ~a >
o 0.60 o o /
= : 7 //’
0.55 474 il
0.50
0.45 Va
0.40l 2
0.5 0.6 0.7 08 09 1.0 1.2 1.2313.3 1.4 1.5 1.6 1.7 1.8 1.9

Approximate Kt/V

(Reproduced with permission from Daugirdas |JT. Urea kinetic modeling.Hypertens Dial Clin
Nephrol [HDCN] http:// www.hdcn.com)



& J7HY Kt/V ( prescribed dose)

Hemodialysis Dose Measurement

= Kt/V

K= dialyzer urea clearance L/h
t = dialysis session length hr
v = distribution volume of urea L

* URR

« Depends on three factors
— 1. The time of dialysis (t) 71

Calculate the dose of Dialysis

» K= clearance of hollow fiber

— Available from producer
— Urea clearance for a given blood flow

» V= Calculated by any method

— Weight, height, age, gender ..etc

* You decided on the duration of dialysis

— t=time expected on dialysis in minutes

CALCULATE DOSE OF DIALYSIS =Kt/V

— 2. The amount of urea a hollow fiber can clear when blood

passes through it (K) 71

— 3. The total volume of urea in the patient’s body that needs

to be dialyzed (V) 7.

Kt/V= dose of dialysis

https://www.slideshare.net/Melkholy/adequacy-hd



T=4 hrs, V= about 0.6*BW,
target Kt/V=1.4 (> 1.2)

= urea clearance of a dialyzer

— This depends on two factors

« the ability of the hollow fiber to clear urea
— The pore size and specification
— The surface are of the dialyzer
» The rate of blood flow through the hollow fiber

— Supplied by manufacturer and should be checked

=during a certain time of dialysis (minutes)

=Volume of dissolved urea in the body

urea is equally distributed in all body compartments
water is also equally distributed in all body compartment




High efficiency hemodialysis

SRR MAR T
RFEHEFE(>LAM2)H)E e (N TE W) >
N _E & 2RIV TR R 26 (>300 mi/min) B
JitZE(>700 ml/min)

RN FPRE 0 FRES(BUN) TREEEER
(>200ml/min)By HHY

https://www.greencross.org.tw/dialysis/HD_type/hi-efficiency-HD.htm



High flux hemodialysis

s SEEMAEN
s EBEIBENT EDKI:‘_{_; I =B RN E TS
TN G TR

y Jeﬁ*ﬁaﬁlﬁﬁﬁ%ﬁ?ﬁm/lﬂ » RETEHYIK
{3 aE R (Ultrafiltration, Kuf>15

ml/h/mmHg) B[JfE &&= iE =R o

s SEEBAERRE ~ ROFRIRE » AT
e R =K o N T IREE -

https://www.greencross.org.tw/dialysis/HD_type/hi-flux-HD.htm



K= urea clearance

In vitro performance data/technical data

FX 40 FX 50 FX 60 FX 80 FX 100
Ultrafiltration coeff. (mL/h x mmHg) 20 33 46 59 73
Clearance Qg = 200 mL/min
Urea 170 189 193 197 -*
Creatinine 144 170 182 189 -
Phosphate 138 165 10r 185 -
Vitamin Bys 84 115 135 148 -
Inulin 54 76 95 112 —
Clearance Qg = 300 mL/min
Urea -* 250 261 276 278
Creatinine - 210 230 250 261
Phosphate — 201 220 239 248
Vitamin B2 - 130 155 175 192
Inulin - 81 104 125 142
In vitro performance: Qp = 500 mL/min, Q = 0 mL/min, T = 37 °C (EN 1283. ISO 8637). * refer to recommended blood flow range
Ultrafiltration coefficients: human blood, Hct 32 %, protein content 6 %.
Effective surface (m?) 0.6 1.0 14 1.8 2.2
Blood flow range (mL/min) 50 - 200 100 - 300 150 - 400 200 - 500 250 - 600
Wall thickness / lumen (um) 35/185 35/185 35/185 35/185 35/185
Priming volume (mL) 32 53 74 95 116
Membrane material Helixone®
Housing material Polypropylene
Potting compound Polyurethane
Sterilisation method INLINE Steam

Form of treatment HD HD HD HD/HDF/HF  HD/HDF/HF




BF ¥f K 5 #1& w2

Blood flow and Clearance

400 —
= 300 — KoA 900 High-efficiency
;\i KoA 650 dialyzer
g 200 — KoA 3D0 Conyentio.nal
2 n\brane-l'\uﬂ'\t_cd"""_‘ dialyzer
=) \,___-—Me
o
e
D 100 —

1 | 1 |
) 100 200 300 400

Blood flow rate, mi/rrin




FIGURE 5.3 Blood urea nitrogen (BUN) concentrations fall logarithmically
during hemodialysis treatments (left axis). The slope of the log decline (right
axis) is —K/V. (Adapted from Depner TA. Quantification of dialysis. Urea
modeling: the basics. Semin Dial 1991;4:179-184, with permission.)

BUN (—)

50

25

0

Delivered dose: measured Kt/V

Time

https://abdominalkey.com/measuring-hemodialysis-using-solute-kinetic-models/

50

40

30

20

BUN (---)

(

H R Kt/V)

PN

Kt/V

Computerized software
Mathematical logarithm
Kt/v = -Ln (R-0.008t)+(4-3.5xR) x UF

natural logarithm

ostdialysis BUN
predialysis BUN

Ultrafiltration volume in liters
Postdialysis weight in kg
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Hemodialysis ' & R '

. |
/z%rsi)%a \ CRRT

Biochemical / uremia fluid overload or cytokines

v y

Hemodialysis messssssessssllie-— CRRT
Go RFBAEH )




CRRT Modalities
MICU

Dialysate
Access Access Access
Return Return Return
Replacement
(pre or post
| dilution) [
I |
| I
l
= I.Qo l.&\
| |
/N AN
‘ ' Effluent - | Effluent ".:. ,'.' Effluent A
SCUF CVVH CVVHD
* No solute - Solute clearance: ° Solute .
clearance convection clearance:
diffusion

« Used for fluid + Operative fluid: RF
removal * Operative fluid: «

dialysate

SICU

Access

Dialysate

Return

Replacement
(pre or post
dilution)

CVVHDF

Solute clearance:
diffusion and
convection

Operative fluids:
RF and dialysate



CVVH- HF440




F S Ai 45

W hﬁ&w,

CVVH order: (££k)

* Blood flow= 150 cc/min

 Ultrafiltration rate BW(kg)* (25~30) cc/hr

* Pre-dilution 50%, dialysate temperature 36-41 degrees celsius.



Vo U1 NEFF (4R 25 Shclot)

FF (Filtration Fraction) = Q. e.iye/ Qp

Total UF = Replacement Fluid Rate + Fluid Removal Rate

e 1. 37 blood flow
o« 2. /DK E ~ DR R E
* 3. BEORUAERELL A

QR (POST)

| Q. (1000-4500 mL/hr)

v |

— ——
Qg (100-250 mL/min)  §




QATIE ICVVHR R ? (58 B KA F+)

* Effluent Rate (Q;) = Total UF rate (Qq ., uf) =
Replacement Fluid Rate + Fluid Removal Rate*

= Dilution factor = Qg / Qaw * Qg (pre

+ 1 NI LR E (FEE IUF rate)=>
(/N0 FFAE = FF111 (Blood flow rate— {87 HA AT 4)
* 2. [ERTAERELLH]



Thank you~~~~
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