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1924 Georg Haas / Human
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Ammoniakzahl aber steigt nur langsam an, so dal zundchst
im Verhiltnis zur Harnreaktion wenig Ammoniak ausge-
schieden wird. Auch hier findet sichein vollkommener Parallelis-
mus zur Nachphase der Acidose, wo wir (nath Ammonchlorid-
verabreichung) die Riickkehr der Harnreaktion zu den Aus-
gangszahlen, oder sogar das Auftreten starker alkalischer
Harne mit hohem Ammoniakgehalt feststellen konnten. (Eine  Feststellun
zweifelsfreie Beeinflussung des Siurebasengleichgewichtes im  wird man
Blute fand sich in unseren Bicarbonatversuchen bei der ge- griffe Alka
wihlten Dosierung und Untersuchungszeit nicht.) identifizier

UBER BLUTWASCHUNG*.
Von

Prof. GEorG Haas.
Aus der Med. Universitats- GieBen (Geh. Rat Prof. Dr. VOIT) und der Med.

Universitats-Poliklinik GicBen (Prof. Dr. HAAS). P :
Durchfiihr

Als ich wahrend der Assistentenzeit bei meinem Lehrer ein sehr wi
Franz HorMEISTER mit Problemen des intermedidren Stoff- denn kaur
wechsels beschaftigt war, speziell mit der Frage der inter- ein weiter
medidren Aminosaurenbildung, da trat zu einem gewissen Zeit-
punkt der Arbeit die Frage auf, ob vielleicht die bis dahin nega-
tiven Ergebnisse der Versuche mit einer gewissen Unzweck-
maBigkeit des Durchblutungsverfahrens in Zusammenhang  Arbeit vo
stiinden, und ob etwa durch ein geeignetes Abfangverfahren faBte, ent
die rasch veranderlichen Zwischenprodukte der weiteren Ver- schaffen v
arbeitung durch die Leber entzogen werden konnten. Wir arbeitung
dachten damals daran, durch Dialysieren der Schwierigkeit selben lerr
begegnen zu konnen und an die Einschaltung von Schilf- Forschers
schlauchen in den Durchblutungsapparat. War doch gerade iibersende
die Dialyse mit Hilfe von Schilfschliuchen von Franz Hor-  physiologi
MEISTER als sehr geeignete Abtrennungsmethode von dialysier-  Problem
baren Substanzen angegeben worden. Der weitere Verlauf und um e

Georg Haas about “Blood
Washing” (1928)

Georg Haas dialyzing a patient with acute renal fail -

(Giessen / Germany) W
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The First Modern HD Machine
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Babb AL: Design and construction of a portable, single patient, dialysate
proportioning machine at the University of Washington 1964-65. ASAIO J 1995

Jan-Mar;41(1):1-10
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Home Hemodialysis (Mini-1,

Caroline Helm, on home hemodialysis, »1he patients are fully rehabilitated in
including unattended overnight dialysis, their usual occupations and have not
since July 1964 missed any work except during the

training period and for an occasional
@%MQWBPW“SM WE Jr, Peoples RW, Wakefield

AW, Babb AL, Scribner BH: Unattended overnight home
Photos from: Babb AL, 1995 hemodialysis. Trans Am Soc Artif Intern Organs
1966;12:346-56
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Most Successful HD
Machine Series

2008 H

A 2008 C
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A2008 C C©MS-08
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The parts of the machine
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The 4008 HD machine. components

4,
The Monitor and &lectronics

Fresenius Medical Care

Ergonomical user interface
Every action is monitored!

The extracorporeal blood
circuit
To sustain a safe extracorporeal
circulation of patient's blood

The dialysis fluid circuit

To prepare the dialysis fluid
containing all solutes which
should not be removed for the
patient.

HD Nurses- September 2005
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Monitor (rear view)

Sampling valve

Bracket for the dialyzer connection lines

Dialysate outlet tube
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Fresenius Medical Care
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Filters



Renal Replacement Therapies

Physical Principles
Treatment modalities

Hemodialysis

Peritoneal dialysis

Transplantation




Semipermeable Membrane
Diffusion

Ultrafiltration

Convection

Osmosis

—

S 7
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Semipermeable Membrane

Water flux
has only a
Erythrocyte, low
red blood cell resistance
Small molecules,
e.g. urea
Big protein,
©.0. 2oy Medium sized
molecules, e.g.
Leukocyte, B2-microglobulin

white blood cell

The semipermeable membran functions similar
to a fine sieve, =

only particles that are small enough go through.
Fresenius Medical Care




Diffusion

Start: End:
different time equal concentrations on
concentrations both sides of the membrane

Diffusion: due to the random movement
of all molecules (Brown‘s molecular
movement)

Fresenius Medical Care




Ultrafiltration / Convection

Time

Pressure

Pressure: filtration of water and solved
substances

Fresenius Medical Care




Osmosi

Solved molecules do not fit through the
membrane:

Concentration gradient leads to water flux
through the membrane

X7

—=Concentrations tend to equal out

Fresenius Medical Care




Diffusion in a Dialyzer

Dialyzer

Semipermeable
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400835

O Alarm limits System Dialysls
I ment parameters representation
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Dialysis Preparation

Profiles
s UF Profie 0 Ne Profie ° B .mm'\{'l

50 _|UF Volume

nmn

UF Time Left

mih

m

mi'men

TEN, Blood Flow

Cum. Blood Vol,

Treatment System S
mode parameters |8
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DIALYSATE CONCENTRATION

Dialysate :

This
conductivity
level will
change as a
result of the
data entered

~

Treatment Alarm limits
mode MEnLu

HD Nurses Training

Conductivity Window
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| Fosition

- Dialysate
Dilution:
Base Na+ =18l mmol/|

Prescribed Na+ i8] mmol/|
Bicarbonate mmol/|

Temperature °C

Flow mi/min
Na Profile —]
Start Na+ mmol/|
cDs

Dialysis
representation

System
parameters

Explanation
of all these
will be given




DIALYSATE CONCENTRATION

Dialysate :

- Conductivity Window - Dialysate
This _—
conductivity - e Dilution:
level will 155 Base Na+ 1Li8] mmol/l
change 2 2 = Prescribed Na+ 18] mmol/|
data entered =3 e Bicarbonate mmol/l | Explanation
— = - of all these
| = |Ilerﬂ[:reratl.ire CU 1l il e gver
=_ Posiion” oW mil/min
= 0 Na Profie [
.:._ 13 Start Na+ mmol/|

Cos

Treatment Alarm limits System Dialysis
mode MenL parameters representation

HD Nurses Training



Dialysate -
Conductivity Window Dialysate
m llution: +
i Dilution:
15 Base Na+ mmoll|
Prescribed Na+ JZL8] mmol|

Bicarbonate [EJ mmol/|
Temperature &

Flow m/min

Na Profile
Start Na+

CDs
Treatment Alarm limits System Dialysis
mode menu parameters representation

Position
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Ultrafiltration

el Preparation

- UF Values IS0 Values

UFGoal  [-000 m SO Goal ml
UF Time Left JEX88] hmin|  {ISO Time 8] hmin
UF Rate mi/h | {ISORate mi/h

UF Profe ) G

UF Volume m | [1SOVoume [ m

| reatment Alarm limits System Dialysis
mode menu parameters representation

Fresenius Medical Care




Versions: V4.61 /
V11.0
Technical Services

and Infrastructure
08/08/2017 09:30

» 4008 | UF & Na Profiles

Ultrafiltration and Sodium Profiles

A module in the overall design of
"physiological dialysis"

.
= FRESENIUS

v MEDICAL CARE



» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Kidney functions

/ \ Blood
formation

Calcium Vitamin D
balance -=—"" activation

Metabolism

end product

Formation of
erythropoietin

Excretion
of urea

Water balance

Potassium
balance

Recovery of Excretion

bicarbonate of saline \
. Blood pressure
Heart action
pPH regulation

=" FRESENIUS
41 | Technical Services and Infrastructure | 2011.01.09 v MEDICAL CARE



» 4008 | Haemodialysis Devices Versions: V4.61 / V110

Water balance — ultrafiltration

§ 1

....
143

B |htracellular water
Interstitial water

B Plasma volume " FRESENIUS
42 | Technical Services and Infrastructure | 2011.01.09 v MEDICAL CARE



» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Electrolyte balance - diffusion

circulating BV

>
0
©
o
()
=
o
o
9]
o

Intracellular Interstitial Bjood
water water
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» 4008 | Haemodialysis Devices Versions: V4.61/ V11.0

Causes of hypotension

A
- FRESENIUS

44 | Technical Services and Infrastructure | 2011.01.09 v MEDICAL CARE



» 4008 | Haemodialysis Devices Versions: V4.61 / V110

Intradialytic complications

A
= FRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61/ V11.0

Distribution of water and sodium
in the intra- and extracellular spaces

- [
- Trans-cellular water

— : Plasma water -
o\o | |
: : n ECF
°  |ECS <  Interstitial water | > 150 mmol/I
s_ | |
|3 . Nat
© | |
2 . .
.§— : Cell water .
8 ! (ICF) .
I : . ICF
o |1cs< -
- 10 mmol/I
. Na+

= CRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Fluid displacement through osmosis

The increased plasma Na+ level causes the fluid to be
displaced from the ICS to the ECS

138 mmol/I

ICF
Dialysing fluid

146 mmol/!

= CRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Water balance

INPUT approx. 2.5 L/d OUTPUT approx. 2.5 L/d

0.3 L oxidation water 0.1 L through stools

0.9 L through nutrition 0.9 L through breathing and skin
1.3 L through drinking 1.5 L as urine

def|C|ency

reduced water excretion
osmolarlty ADH release —>

thirst - fluid intake

ﬁcontrol of osmoreceptors and volume receptors
excess inhibition of —> increased
osmolarity l ADH release urine excretion

=" FRESENIUS
Y MEDICAL CARE

48 | Technical Services and Infrastructure | 2011.01.09



» 4008 | Haemodialysis Devices

Versions: V4.61 / V11.0

Sodium balance

» Increased ADH release
» Expansion of heart atria
» Release of ANP

» Vasodilatation at the
afferent vessel of the
glomeruli

» GFR

T

» Na+ re-absorption
inhibitor

» Increased Na+ excretion

49 | Technical Services and Infrastructure | 2011.01.09
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» 4008 | Haemodialysis Devices Versions: V4.61/ V11.0

Consequences of high Na+ HD

== FRESENIUS
¥ MEDICAL CARE
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Versions: V4.61 / V11.0

» 4008 | Haemodialysis Devices

Result of a saline injection

i Injection @ i
20iml - 20:iml
10% N&aCl- —° . » NCl-Losung

=
=
o}
E
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o
)
)
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Dialysis time [min]

Patient's pre-dialytic serum concentration (135 mmol/l) (1)
Na concentration in the dialysing fluid (143 mmol/l) (2)

“~ FRESENIUS
v  MEDICAL CARE
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Treatment-induced fluid intake

Step 1: Determining the pre- and postdialytic plasma sodium levels

Step 2: Determining the patient's total body water

Step 3: Calculating the total body water volume (x) required to ensure that, in case of a
postdialytic Na+ overload, the Na+ concentration in the total body water is

again equal to the predialytic Na+ concentration.

Step 4: Calculating the volume of sodium-free water required for reaching the predialytic
Na+ concentration in the total body water.

=" FRESENIUS
52 | Technical Services and Infrastructure | 2011.01.09 v MEDICAL CARE



» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Calculation example

predialytic Na+: 135 mmol/I
postdialytic Na+: 145 mmol/I
total body water: 40.19 | males: BW x 0.58

females: BW x 0.53

total body water x postdialytic plasma sodium
predialytic plasma sodium

40.19 x 145
135

43.17 - 40.19 = 2.98 Litres

treatment-induced water intake

A
= FRESENIUS
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» 4008 | Haemodialysis Devices

Versions: V4.61 / V11.0

Possible solution: profiles

Clinical experience:

An increased plasma sodium level
causes the fluid to be displaced from
the ICS to the ECS

At the beginning of the treatment, the
patients tolerate higher UF rates

Requirements:

The increase in sodium must not lead
to a postdialytic sodium overload.

The intradialytic sodium balance must
be designed such that the positive
(osmotic) effect of sodium is
maintained and the drawbacks
(postdialytic Na+ overload) are
minimized.

High UF rates at treatment start

A 4
- FRESENIUS
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» 4008 | Haemodialysis Devices

Versions: V4.61 / V11.0

Neutral Na+ and UF profiles with regard to
balance

6

\

/

> High UF rate at
treatment start

J \

= ElBV

Intermittent
ultrafiltration

> (refilling)

_/

\\

= EISIM

y

High sodium
concentration

during the high UF rates
or at treatment start

Decrease in sodium
concentration

during UF breaks or
after half the treatment
time has elapsed

A
= FRESENIUS
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» 4008 | Haemodialysis Devices

Versions: V4.61 / V11.0

Volume effect of UF profiles

» UF profiles produce a fluid current into the vascular space
which is not driven by an osmotic gradient (refilling).

» The increase in volume that can be achieved through
refilling usually exceeds that achieved through sodium.

56 | Technical Services and Infrastructure | 2011.01.09
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Refilling effect — intermittent UF profiles
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Dialysis time (hours)
UF profile 5 (5)
Change in blood volume (6)

=" FRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Volume effects of Na+ profiles

» An increase in sodium in the ECV by 1 mmol/L increases the ECV
by 1.3% (ECV 10 L >>> 130 ml).

» Considering the ratio of the interstitial volume to the
intravascular volume in the ECV, the blood volume in the
intravascular space is increased by 30 ml.

» Mean fluid removal / dialysis = 3000 ml
As a result, ultrafiltration causes a blood volume reduction of 600
to 1000 ml.

» If the Na* concentration changes by 5 mmol/I, the loss in blood
volume through ultrafiltration is opposed by a gain in volume of
150 to 200 ml.

A 4
- FRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Osmotic effect of Na profiles
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Dialysis time (hours)
Na profile 4 (3)
Blood volume (6)
Basic concentration of the dialysing fluid (5) 138 mmol/L
Change in plasma sodium concentration (4)

A
= FRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Maximum initial sodium - reasons

Maximum increase

in sodium concentration
with maximum initial
sodium (151 mmol/L) Maximum

+ \effect of

[mmol/l]

 profile:
' 4.5 mmol/I

! Minimal difference in
» concentration
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Concentration difference [mmol/l]

Select the maximum initial sodium because the gain in volume is very low
as compared with the reduction in blood volume through ultrafiltration

=" FRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V110

Changing the intradialytic plasma sodium
concentration

Gibbs-Donnan
effect

=
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E,
S
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©
Z

Dialysis time [min

Result of the Na concentration gradient between a predialytic
serum sodium concentration [1] of 136 mmol/L and a
sodium concentration in the dialysing fluid [2] of 143 mmol/L

A
= FRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Changing the plasma sodium concentration
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120

Dialysis time

Sodium concentration in the dialysing fluid (2) 142 mmol/L

Change in serum sodium concentration without profile (1) 139 mmol/L
Na profile type 1 (3) Initial Na+ 151 mmol/L

Change in serum sodium concentration with Na+ profile (4)

A
= FRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V110

UF profile 1 / Na+ profile 1

Plasma water excess High Na* saturation Na+* at desired level

[mmol/l]

[unl @1eM-4n

3]
c
0
o
£
2
©
o
)

90 120 150
Dialysis time [min

UF profile type 1 (3)

Na profile type 1 (151 mmol/L initial sodium) (5)

Change in plasma Na* with Na* profile 1 (4)

Desired Na+* concentration in the dialysing fluid (142 mmol/L)

63 | Technical Services and Infrastructure | 2011.01.09
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Basic requirements for working with UF and
sodium profiles

>

Minimum UF time: 2 hours
Minimum UF rate: 100 ml/h

Clarify the type of dialysis complication Disequilibrium symptoms (profiles 1 and 2)
or hypotensive symptoms (profiles 5 and 6)

First determine the patient's usual predialytic plasma sodium range.
Check the basic and desired sodium values, taking the Donnan effect into account.

Always start with the highest possible initial sodium.
(Balancing neutrality is ensured at a Kt/V of 1.2!)

If possible, do not stop the Na profile while the treatment is in progress because,
otherwise, balancing neutrality would not be ensured any longer!

When starting the profile, set the CD limits centrally about the actual value!

A 4
- FRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Procedural instructions

» The UFC of the dialyzer must correspond to the UF rate.

» If UF profiles are used in SN dialysis mode, high UF rates result in a

increase in haemoconcentration. Select high values for the
mean blood flow!

» If, up to now, you supported high Na+ therapy and no longer wish to
do so, please proceed moderately and gradually.

A 4
- FRESENIUS
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» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Note regarding the dialyzer

The UFC of the dialyzer must correspond to the UF rate.
Example:

» Mean UF rate: 1000 ml/h
» Initial UF rate: 2000 ml/h (profiles 4, 5, 6)

» The following is applicable: UF factor x mean TMP = weightloss / h
» This means: UF factor = 2000 mi/h / 200 mmHg

» UF factor = 10 mi/h x mmHg

A 4
- FRESENIUS

66 | Technical Services and Infrastructure | 2011.01.09 v MEDICAL CARE



» 4008 | Haemodialysis Devices Versions: V4.61 / V11.0

Summary

Profiles do not constitute any
miracle method but are a
reasonable supplement to

your therapy options!

A 4
- FRESENIUS
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» 4008 | Haemodialysis Devices

Versions: V4.61 / V11.0

Neutral Na+ and UF profiles with regard to
balance

6

= EB LI/

High UF rate at
treatment start

Intermittent
ultrafiltration
(refilling)

e

ENID

S =

’

High sodium
concentration

during the high UF rates
or at treatment start

Decrease in sodium
concentration

during UF breaks or
after half the treatment
time has elapsed

A
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Treatment
mode
Venous window position SN Click Clack Dialysis

Lower Limit
20 mmHg

Upper Limit

[ ower Limit

" SN - click - clack

OFF

[ reatment Alarm limits aystem Dialysis
mode ment parameters représentation

0
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Alarm limits ;

Arterial Venous TMP

' Reinfusion
OFF

‘Needle AdjPgm

Size Size Size
| Size [ Size |

Traatment Alarm limits System Dialysls
mode menu paramelers representation

Yt/
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gystom
paramelers
Delete treatment parameters | 1 Brightness
AR mn RN M

Auto-On Program Programs
Sunday no progran 00:00 L-R-

.*R- endless
Monday no program OOOO h ~F-D-M-

~FHDIS-M-

~F=HOIS-M-HR-

Wednesday no program 0000 h F-HR-C>
~F-HR-

Thursda no program )
y prog 00:00 i

Friday no program 0000 h 10, *IHR-C-
- 11, -M-
Saturday o program WL {12 11 Test

Date 1804 00K System Time 0116

Irealment Alarm limits System Dialysis
mode meny parameters representation

2
3
4
Tuesday noprogram [ 00:00 [YERIEREX XIS
6
7
8

Yo/
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Data input for OCM® on 4008 H/S

dial is/s machines

Dialysis
representation

Diagram selection
Upper Selection

OCM-Diagram

Lower Selection

OCM-Data

1.UF / Na Diagram

2. Arterial / enous Pressure
3.BPM Data (syst / diast)

4. BPM Data (MAP)

5. BTM Data

6.BVYM Data

7.BPM + BVM Data

8. 0CM-Diagram

9. 0CM-Data

Treatment Alarm limits
mode menu

Dialysis

Dialysis data |
Cum. Blood Vol

Eff. Dialysis Time
OCM

ko
Dry weight Viurea)
[=dyy]
Height HCT
Age Msmt.intv.
Sex End Kt/

OCM (O S Goal in

System
parameters

Dialysis
representation

Measurement can be started
manually or automatically!

HD Nurses Training-December 2004

e \—4
PN V.
\4 M Fresenius Medical Care

College

Hematocrit (pre-set at 35%)

Measurement interval
(pre-set to 50 min.)

Set Target-Kt/\VV

Estimated Time to target Kt/\VV




Versions: V4.6 /V11.0
Technical Services and
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» 4008 | Haemodialysis System

Online Clearance Monitoring
Determining the Haemodialysis Efficiency

oCm

' CDESENIUS
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/\Ku\l
- - oCmi
What is clearance?
“Clearance”
In haemodialysis: In renal physiology:

— A performance parameter, which — A diagnostic tool for determining
describes the capability of the the renal function with regard to
extracorporeal detoxification unit the elimination of a specific
(dialyzer) to eliminate a specific substance from the blood circuit.
substance from the extracorporeal

circuit.

e CoESENIUS

75 N MEDICAL CARE.
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» 4008 | Haemodialysis Device

- - - oCri
Clearance: in a graphical diagram
> : Fully
Clearance Qs= 185ml/min K cleared
185 ml/min lf’lz"'ht,ia'
Cly = 15 1nl/enir) Qg -K :::‘Ityla:;)i?lf)lS\fl

—

Cho = Cpi

Definition of clearance K: [ml/min]

Clearance K is the (theoretical) part of
the blood flow from which a specific
substance (urea) has been removed
completely.

e CoESENIUS
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Urea as marker substance!

77

The natural kidney excretes urea in large amounts.

Urea is the end product of protein metabolism. The kinetics of protein metabolism
can be used to assess the intake of protein (nutrition!), the formation of urea in
the body and the secretion of urea through dialysis.

The concentration of urea is used to measure the degree of uraemia in uremic.
(This does not mean that the urea itself is toxic!)

Moving relatively quickly, urea spreads across all fluid compartments of the body.
Urea can be transported rapidly through the membrane of red blood cells.

In clinical laboratories, urea is a routine parameter which can be determined
quickly and cost-effectively.

=" FRESENIUS
¥ MEDICAL CARE
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ovum

Clearance: in-vitro dialyzer clearance

78

Symbol: Kitro Qs
Reference: Dialyzer under non-clinical
conditions Qp + Q¢
Medium: Marker substance in a
standardized aqueous solution
*)
In relation to: -  marker substance

- dialyzer properties

Qo

- blood and dialysate flows

Qs-Qr
*) Measurement rule acc. to EN 1283

EN1283: Q. =0

A
= FRESENIUS

v MEDICAL CARE
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Dialyzer - clearances in clinical reality

400

350

300

250

200

150

100

50

79

Various in-vitro clearances F60 (light) F6 (dark)

Blood flow [ml/min]

Urea

Keratinize

Vitamin
B12

A
= FRESENIUS
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Version V4.6 /V11.0

N
oum

Clearance: in-vivo dialyzer clearance

Symbol:
Reference:

Medium:

In relation to:

80

KbIood

Dialyzer

Marker substance in whole
blood

marker substance
- dialyzer properties
- blood and dialysate flows
- blood composition

- (heparinization)

Qg, Hct

Qs - QF

,.,_,- FRESENIUS
v  MEDICAL CARE
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oum

Clearance: effective whole blood clearance

Symbol:
Reference:
Medium:

In relation to:

81

Keff QB’ Hct

Dialyzer + vascular access

Marker substance in whole blood

(vascular access +
cardiopulmonary)

marker substance
dialyzer properties
blood and dialysate flows
blood composition

total recirculation

Qs - Qr

=" FRESENIUS
v MEDICAL CARE
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Clearance: patient clearance

Symbol:

Reference:

Medium:

In relation to:

82

Kpat

Dialyzer + vascular access +
patient

Marker substance in whole
blood

Mobilization | Removal

Qg, Hct

marker substance
dialyzer properties

blood and dialysate flows
blood composition

total recirculation

imbalances in the body

Qs - QF

“~ FRESENIUS
v  MEDICAL CARE.
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Version V4.6 /V11.0

Reduction of urea clearance

Kiitro > Kbiocod > Kest >

0-16%
proteins, cells

*) KRAEMER M, 1999
83

0 -100%
recirculation

7 =\ kv
oCmi

Kpat

5-43%
Intra-corporeal
imbalances

=" FRESENIUS
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Version V4.6 /V11.0

Urea distribution in the body

Treatment start:

» There is a high concentration of urea stored in all
body compartments.

Treatment end:

» Urea was removed effectively during dialysis. Its
concentration in blood is low, but in the
intracellular space it's still high.

20 to 30 minutes after the end of the treatment:

» Urea is again distributed uniformly in the
extracellular and intracellular spaces and is lower
than before the treatment; its concentration in
plasma, however, is again higher than at the end of
the treatment.

84

£ =N kv
oCmi
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Version V4.6 /V11.0

85

Dialysis dose and body height

Same urea
volumes removed

Urea conc.

Time

Urea conc.

Time

oum

Low urea
reduction, "low"
dialysis

4

The dialysis volume
must be set in
relation to height or
weight (it must be
"standardized").

t

High urea
reduction, "much”
dialysis

,.,_,- FRESENIUS
v MEDICAL CARE
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Version V4.6 /V11.0

Kt/V - an indicator of dialysis efficiency

86

7 =\ kv
oCmi

A
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Which treatment-specific factors take an JCHi
iImmediate effect on Kt/V ?

Clearance

A
~> FRESENIUS
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Distribution volume (V)

Preferably, the distribution volume should be determined using a kinetic
model. But the 4008H/S systems also provide the possibility of determining
Vrea @anthropometrically:

= CRESENIUS
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Version V4.6 /V11.0

Distribution volume (V) anthropometrical

Dialysis ] ]

r Diagram selection—

Upper Selection
‘ OCM-Diagram |

Lower Selection
OCM-Data

1.UF / Na Diagram

2. Arterial / Venous Pressure
3.BPM Data (syst / diast)
4.BPM Data (MAP)

5.BTM Data

6.BVM Data

7.BPM + BVYM Data

8. 0CM-Diagram

9. 0CM-Data

" Dialysis data

Eff. Dialysis Time

Cum. Blood vol. M)

tir

Treatment Alarm limits
mode menu

System
parameters

Dialysis
representation

E.g., individual deviations from Watson V are described in:

Kloppenburg et al., Kidney International 59 (2001) 1165-74
Johansson et al, JASN 12 (2001) 568-73
Cooper et al., Kidney International 58 (2000) 408-16

89

m WV

oCm

Anthropometrical Vurea
determined according to
Watsons Formula

» Dry weight
» Height

» Age

» Sex

The following weight formula should be
applied to amputated patients:

emale: 53% of the body \_Nei?ht
ale: 59% of the body weigh

=" FRESENIUS
v MEDICAL CARE
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Kt/V - which dialysis dose?

Dialysis Outcome Initiative, Practical Guidelines, Am J Kidney Dis, 30:3 (Suppl 2), 1997

A
- FRESENIUS
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Kt/V and mortality

92

v Vv Vv Vv

Studies

Design:
retrospective studies
2311/ 2479 patients
> 1 year ESRD

Average Kt/V = 1.1
(5% < 0,72; 5% > 1.54)

Question:

relation of dialysis dose and
mortality risk or cause of death

Bloembergen WE et al.

Kidney int. 50, 557 - 565 (1995)
Held PJ et al.

Kidney int. 50, 560 - 566 (1996)

Results

m KV

oCm

Cause of death

Reduction per 0.1 Kt/V

Mortality 7%
Coronary heart disease 9%
Other heart diseases 12 %
Cerebra-vascular diseases 14 %
Infections 9 %

Stop of therapy 9%

Malignomes

No difference

Valid to a Kt/V = 1.3

A
= FRESENIUS

v MEDICAL CARE



» 4008 | Haemodialysis Device

Version V4.6 /V11.0

oum

Distribution volume (V) kinetic

93

Determines an accurate V urea from
patient and laboratory data

Calculates the dialysis patient's weekly
urea profile

Determines Kt/V and protein (PCR)

Is different from established urea kinetics
programs because the effective in-vivo
clearance determined by the OCM is used
instead of a theoretical clearance

calculated from blood and dialysate flows.

DCTool

Dose Calculation Tool
Jox Haemodialysis

oCm

Impulses to improve quality of life

v

Fresenius Medical Care

=" FRESENIUS
v MEDICAL CARE



» 4008 | Haemodialysis Device Version V4.6 /V11.0

m KoV

. oCm
Ion-selective clearance measurement

Electrolyte and urea clearances behave equivalently!

Electrolyte clearance versus urea clearance
o €lectrolyte clearance [ml/min] aqueous solutions
Diffusion coefficientat 37 ° C P
Na+ Urea e
1,94 e 10-5 2,20 e 105 i

okl il RIS IR VIR RV R

0 50 100 150 200 250 300 350 400
urea clearance [ml/min]

Steil H, et.al. ASAIO Trans 1993;39:M348-52

Babb AL, Maurer CJ, Fry DL, Popovich RP, McKee RE :
The determination of membrane permeabilities and solute diffusivities

with applications to hemodialysis

Chem. Eng. Progr. Symp. Ser. 84,64 (1968) 59-68

A
= FRESENIUS
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OCM - technical principle ocm

arterial line
CD cell 2

—

dialysate out dialyzer

A

dialysate side ' blood side

dialysate in ]
Patient
IZI» L“l
CD cell 1 venous line

== FRESENIUS
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OCM - technical principle

Dialysate
conductivity
to the dialyzer

‘=

-

-IIIIIIIII‘IIIIIIIIIIIIIIII

Dialysate
conductivity
from the
dialyzer

Dynamic CD pulse and measurement of the change in CD
from before and after the dialyzer. The ionic dialysance is
converted into the effective urea clearance.

96

A
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ovum

OCM - measurement cycle

Measurement pulses are visible in the
conductivity window:

» spreading of the CD window for approx. 3.5
min
change in CD inside the spread window

clearance and plasma sodium shown by the
status indicator for 1 min

Direction of measurement pulses:

_\/ /\ /\ \/ /\ Cond 13.9 ms/cm

Cond 14.6 mS/cm

A
= FRESENIUS
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f’ﬁ\ KAV

oCm
OCM - measurement cycle

Chronological measurement sequence:
» Total measurement time 10 min

» Change in CD 60 sec | |
» Waiting for stable CD 60 sec N
» 1st cyclic PHT

[ 1
L
1T 1 1 1T T T 1T 717 1T T T T 7T1T71°

0 100 200 300 400 500 600 700 tlsec]

The first measurement result is available after approx.
25 minutes.

OCM measurement will be prematurely terminated in
cases of:

» blood or water alarms
» changes in blood flow,

» changes in dialysate flow and related Na*
(repeated after 12.5 minutes)

=" FRESENIUS
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- OCHi
OCM - parameter input

Dialysis : :

" Diagram selection—— Dialysis data |
Upper Selection cum. Blood Vol.
‘ OCM-Diagram ‘ hirmie
Lower Selection Eff. Dialysis Time
FOCM——, l
]
1.UF / Na Diagram Dry weight V(urea)
cm o
2 Arterial / \Menous Pressure
3.BPM Data (syst / diast) Height HCT
_ 4.BPM Data (MAP) S _
» Measurement interval & BTM Data Age Msmt.inty,
6.BVM Dat
» Goal Kt/V 7 RPN & BUM Naia Sex I et
Fypie
8. 0CM-Di
» The measurement can be started 5. 00M-Diagram 0CM Con [P
either automatically or manually. =

Treatment Alarm limits System Dialysis
mode menu parameters representation

Select the desired
representation

=" FRESENIUS
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OCM - graphical display

® Clearance curve
@ Kt/V curve

® Goal Kt/V

100

f"_ﬁ\\ KoV

oCm

|

UF Yolume

UF Time Left

UF Rate

UF Goal

Eff. Blood Flow

— OCM-Diagram
L =) - Clearance @ 237 mimin
10 @ L 500
nsa L 400
0.6 @ L300
nadl |||'_|,' (I L oo0
ne @ L 100
0.0
0:00 1:00 2:00 300 hermin 400
—OCM-Data
Frrnolf|
Fi:min milfrmin
Goal in 110 Clearance

Cum. Blood Yol

Treatment Alarm limits System Dialysis
mode menu parameters representation

=" FRESENIUS
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£ =N kv
oCmi

OCM - graphical display

Increase in clearance Dialysis
through an increase — OCM-Diagram

in | ﬂ W - Rty - Oearancs TR,
blood flo 15 L zo0 |UF Yolume

Fo1o0

om0 |UJF Time Left

10

a&
Foal
. oo 1:60 E:IEID laBaully! S:00 . UF Rate
—ACM-Data
mrcl \UF Goal
Frmin mirmin |EFf. Blood Flow 320

Time to Kt/ Clearance

Cum. Blood Yol.

Treatment Alarm limits System
mode menu parameters

Dialysis
representation

e CoESENIUS

101 ‘:’ MEDICAL CARE



» 4008 | Haemodialysis Device

Version V4.6 /V11.0

OCM - warnings / messages

m Kt

oCm

Dialysis

OCM-Diagram
e AT Nt - Clearance © 237 mlimin
|7m{ | 500 |UF Wolume
o
[ul]
UF Time Left

o
]

UF Rate
Kt/V too low —

L |UF Goal

H

Goal in

Frrmin milfrin

Clearance

Treatment Alarm limits System
mode menu parameters

102

mil

2/

—

Eff. Blood Flow

296

Dialysis
representation

Cum. Blood Vol

e CoESENIUS
Y MEDICAL CARE.
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OCM - restrictions

Procedures which cannot be combined with OCM:

» Single-Needle click-clack

» Single-Needle

» Standard HDF

» ONLINE,,s (HF)

» UF time for UF and sodium profiles 1/5/6 must be at least 3 h

e CoESENIUS
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f_ﬁ\\ KoV

oCm

Graphical display of plasma Na*

= — Profiles
Plasma SOdlum\ o UF Profile 0 MHa Profie 0 * Plasma Na T il
Plotted against ‘*X“h | 1es [UF Volume 3000
the concentrate an 1 hernin
: F 143
sodium 200-\13? - w0 (UF Time Left m
m_i_g{ad __________________ L 435
L 130 mifh
0
0:00 1:00 2:00 himin 3:00 UF Rate m
— Pressure Recording il
rrrnHg - Art. Pressure - wWen. Pressure rmmHg
| son [UF Goal 310
200 4
r 400 rrllrmin
100 1
Foa0n
0] * | 0 |Eff. Blood Flow 21
-100 ; o |
-200 ! "
-300 : - : Cum. Blood Yol. 506
o:0n 1:00 2:00 b rvin 3:00

Dialysis

representation

Treatment Alarm limits System
mode menu parameters
_— FRESENIUS
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HD Nurses Training-December 2004

“ECollege

Give your patients and yourself
the confidence of having
a good dialysis

107
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Cleaning v 40088 [ VXX X #+

menu

Last disfecton:

Date

060609

N

1455

Disintection
Hot disinfection

Disintection * hol rinse

Hot disinfection + hot rinse
Cleaning (front supplied) ) <

’ Filter change ]

Fresenius Medical Care




| Display message — = / 5
(during the cleaning program) e 4008S / VXX.X

=R 1 | | Last disinfection:

Date

| 060609
-
IHR ntegrated hot rinse 14:55

-F-D-M- —
#-vois-++- — N
~F-D-M-HR-

~F-HR-C-

«

-F-HDIS-M-HR- ‘ ot disinfection + hot rinse

_F_D(F)_M_ Cleaning (front supplied)
Display of still possible disinfections

Indication of date, time and program
for the last completed disinfection (arrow)

\of

Fresenius Medical Care




Hygiene in dialysis machines:

Disinfection

Time Left [U<F] hmin
Temperature °C

Time Left [Uk{8] hmin
Temperature *C

Time Left [85¥] hmin

Temperature *C

Time Left hmin

Temperature *C

N,
4
—a

Hot rinse (recirculation): 85°C

No agent required
Between treatments when decalcification is not required

Heat Disinfection (recirculation): 85°C

Diasteril®

Excellent for disinfecting,decalcifying and
deliming( cleaning) between treatments.

Cleaning Sporotal® (recirculation): 37°C

Sporotal® (Sodium hypochlorite)

Good for disinfecting and degreasing (once a
week) or after blood leakage. Not for decalcifying

Disinfection (recirculation): 37°C

Puristeril®340

Good for disinfecting and decalcification -“

between treatments H 54g
L

111
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menu

Last disfecton:

Date

060609
Y]
1455

Disintection
Hot disinfection

Disintection * hol rinse
Hot disinfection + hot rinse

| e R R e
¢ Cleaning (Iront supplied)

’ Filter change ]

Fresenius Medical Care




Claaning
Claaning (ronl supplied)
Time Leff himin
Temperature [JJER] °C

Troatmont Al e limit g Syulom Dialysls
mode TN paramelers represelation

ey

Fresenius Medical Care




Warning

@ Connect Disinfectant

Warning

Please Wait

Yo/

Fresenius Medical Care
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