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Abstract

During dialysis treatments, there 18 an interest of measuring
the dialysis efficiency for each treatmenl. An casy method has
been developed and is based on measuring the outlet
conductivity of the dialysis (Juid. The conductivity measuring

continuously along dialysis session every 30 minutes.

The project made for Fresenius Hemodialysis machine
model (model 4008B).And 4-poles conductivity cell is used In

the project, because it has high accuracy. And AC constant

current is applied to it,
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Abstract

During dialysis treatments. there is an interest ol measuring
the dialysis etficiency for each treatment. An casy method has
heen developed and is based on measuring the outlet
conductivity of the dialysis fluid. The conductivity measuring

continuously along dialysis session every 30 minutes.

The project made [or Fresenius Hemodialysis machine
model (model 40088).And 4-poles conductivity cell is used in

the project, because it has high accuracy. And AC constant

current is applied to il.




Abbreviations
A - Absorbance
ACR - Acute Renal Failure
C - Concentration
CRF - Chronic Renal Failure
DAQ — Data acquisition system
ESRD - [nd Stage Renal Failure
HD - Hemodialysis
ID - lonic Dialysance
k — Clearance

kt/V - dialysis dose (adecuacy)

M - trans-membrane (lux),

OCM - On-line Clearance Maonitor from Fresenius medical care.
PVC - Polyvinyl chloride

RF - Renal Failure

RO - Reverse Osmosis

t — Stands for time
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UF- Ultra-filtration

UM - Urea Monitor 1000, from Baxter Healthcare Corp.
URR - urca reduction ratio

US - Ultrasound

V - Stands fir total body water
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1.1 Project Overview

enal tailure is & condition where the kidney function is inadequate. As the renal funclion
Seneiortes, disorders will rapidly develop in most of the major body erguns and internal
svssems: @ syndrame commanly known as uremia. When suffering from aremiax, many of the
waste products from the metabolism accumulates in the bady, Coneentration levels ol substances
She urea (major componient in urine) snd creafinine (hreak-down product in skeletal museles)

wereases in the blood, as well as the amount of water in the body, since excretion is reduced.

I not subjected Lo kidney transplantation, ull patients with severe renal failure receive
Sabvsis treatment when the kidney function is reduced to 10% or less o a normal Kidney. In
weneral, dinlvsis is a method to clean the blood from toxic metabolites and acids. [L also removes

ol restares exeesy water and electralvte imbalances,

Despite the fact that removal of lurger malecular weight uremic LWxins are very important
L the long-lerm outcome in chronic dialysis, the most widely used dosc parameter in dialysis is
Seeed on small solute removal. The dose paramelter, is a-measure of how elfective a dialysis
sesement is, and among the small solutes, urea clearance (K) is the most common gtficiency
seemeter. Multiplying K with the treatment tima (¢) and normalizing it to body size with the
s Siariburtion volume 1), gives the normalized diatysis dose Ko, Although the validity of’
L0 i sol without comtraversy, it is today recognized as an impornt quality control parameter

= chronic dinlysis.

During freatments, there is an interest of measuring the dose of dialysis. One common
W of doing this is o look at how much urea that has been removed from the patients body

e the full treatment.




Fhis method however, is normally time-consuming since it involves king bload
semples from the patient and needs to be sent lor laboratory analysis, Another method using
smmanium ion sensor that measures the amount of ammonium ion (NH,") determined directly
= an lon=specifie electrode, Uns method need extra work. A much asier method has been
seveloped and is based on measuring the conduetivity of the dialyvsis Muid, or with other words,

e ability of the dialysis fluid w conduct electric current

1.2 Project objectives

The main objective;

=1 Continuous measurement of the hemodinlyzer outlet conductivity, when the inlet conductivity

= changed for about 0.6mS/em during 4 minutes.

=1 Caleulate the depurated volume (J12%7) and dialysis adequacy (TD*6v) by Lah VIEW,

1.3 Literature Review

There are three previous methods for caloulaling urea:
|| Blood Sample: The ¥t/ value is usually caleulated from blood ureéa measurements
setore and aller dialysis. However, the drawhack concerning this preeedure is thal il reguires
vood samplings, and wrea concentration mcasurements, The results are not immediately
svailable because the sumples must be sent for lahoratory analysis. which means additional
wemment costs. The aceuracy ol Lhe results alse depends on precise sampling timing, thus, the

Sood busod urea KRV s nat & very practical quality contrel ol for each dialysis treatment.




2! Enzymatic sensor: method for continuous ammonium-selective enzymatic monitoring of

e artificial kidney by means of a hinelectrochemical urea electrode. The urea is converted in

= enzyme membrane by covalently bound urcase and the ammonium ons are detected by a

Sonsctin-PVC-membrane, The technique is designed to measure urea concentration on=line in

e stfluent dialvsate stream.

L membrang with the enzyme urcase is the catalyst (o the chemical reaelion when il comes in

somtsct with urcw in the spenl dialysale.

4 Time Schedule

" ume plan, represents the muin stages of the establishing the project, is divided inlo the twe
wemesters as shovwn in the [ollowing tables.

Ihe Pable 1.1 shows the activities that done in the project First semesiers, and the time of

=R one,

Talde 1.1 Table tor First the samester
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The following table defines the main tasks in the project:

Tabde 1.2 Time Table fo the Sccond Semester

Baiine snd
e System

Decs=nenialion

TN
H

=scuialion

*=  Project Cost

Tabde 1.3: Project Cost
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1.6 The Contents of Chapters

Chapter Twao: physiological back ground for kidney structure and hemodialysis
machine. In this chapter we will focus on the kidney, its failure and complications
Uremia) and treatment (HD machine). And it also discusses why urca used as a

marker.

Chapter Three: previous methods for caleulating dialysis adequacy in addition to
= new method ( by conductivity cell). There are two methods for determining

dialysis adequacy. Blood sample & urea monitoring by using enzymatic sensor.

Chapter Four: contains 11D block diagram, gencral block diagram for project, and
wien bridge oscillator, constant current source cireuils , project circnit & the

calculations for circuits.

Chapter Five: contains Lab VIEW [ronl panel, equations for determining dialysis

weequacy, and general flow charl for project.

Rapter six: contains the resuli of the project, recommendation, challenges and
Swure works. The results for AC & DC currents and for 3-poles &4-poles
seductivity cells.
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2.1 Introduction

The urinary systeny, also known as the renal system, consists: Two kidneys, twio ureiers.
the Kladder, and Urethra. In this chapter we will foeus on (he kidney, its fuilure and
complications {Lremia) and treatment (11D machine). And it alea discusses why urea used as a

marker.

2.2 The Kidneys Structure

‘e kidnevs are bean-shaped orFgans. each about the size of a tist. |hey are located near
e middle of the back, just below the rib cage. ane on cach sideof the gpine. The Kidneys ars
sophisticated reprocessing achines, Fvery day. u person's Ridneys provess abeut 200 quarts of
siood to sift out gbout 2 quarts of waste products and exira Water. The wasies and exira water
secome urine. which flows to the bladder throuzh lubes called urcters. The bladder stores urine

sotil releasing it through urination,

Fach kidney is surrounded by membrane know as the renal capsule, cach Kidney 1s made
wo of upproximately & million nephrans, euch nephron canciste of a filtering component called
Somerulus and a wbule reshsorbs essential water and chenvicals into the blood strcam and

wamsports uring from the alomerulus (o the urciers.




Figure 2.1: Human Kidrey and Nephron

“5e Kidneys perform a number of important functions. They are L'l
o Remove waste products friom the body,

- wontral the amount ol 1Tuid in the body.

© Coatrol the chemical composition af the body,

& Froduce cenain important hormones and chemicals.

-~ Renal failure

Renal (ailure is a condition where the kidney function is inadequate. As the renal function
Seemorates, disorders will rapidly develop in most of the major body organs und internal
s, w syndrome commonly known as uremia. When sulfering from uremia many of the
e products from the metabolism accumulates in the bedy, Concentration levels of substances
S e (major component in uring) and creatinine (break-down product in skeletal muscles)

Wesssees in the blood, sz well as the amount of water in the body, since excerstion is reduced.




Commaon physical symptoms of uremia ar fatieue, nausea, loss ol appetite, skin fehing and if

left untreatad, uremid will eventually lead 1o death.

Renal Failure (RF) is divided into acute renal failure (ARF) and clwonic renal failure
CRT).ARF is an scule damage of the kidney tissues often reversible or partly reversible, caused
w hypoxie, toxing ete. CRT s the slow loss of kidney funcrion over time. (CRT) sfowly pets
worse over lime, In the carly stapes, there may be no symptoms. The loss of function usually
whes months or vears to occur. 1L may be so slow that symptams do not appear until Kidney

Smction 15 less than 1 0% of normal.

The final stage of (CRF) is called end-stage renal disease (ESRD). AL this stage, the
Lameys are no longer able te remove enough wastes and excess fluids from the body, The patient

secds dialysis or a kidney transplant vt

~ < Renal Failure Reasons

Mast kidney diseases attack the nephrons, altering their ability to filier blood and produce
e Benul failure oceurs from g variety of causas, and the time course and clinical svmptoms
S from individual o individual, A person’s kidney failure may nccur suddenly or progress
Sy over & period of many years, As failure progresses the Kidney is less able to mamtain a
s wolume and concentration of body Huids. For many, as fluid and salt become increasingly
Steak 1o remove, high blood pressure oceurs as well as edema or fluid in the tissues. Palicnts
S save problems with swelling of their legs and shertness of breath from: aceumulation of
S = the lungs (pulmonary edema). Medications may be necessary w controel blood prossure
S st i uid remaoval (divretics). The kidneys also are no longer able to excreie the waste
| wte of metabolism, and substances such as potassium and phosphorus ean accumulate in the
lovated phosphorus levels eause caleium levels in the Bloed w fall and result in the

woon of 8 hormone fram the parathyroid glands. This hormone increases the release of

10




calcium from bones and i not suppressed can result in bane pain and progicess to weakened
bones, The most commoen eanses af kidney disease are: Diabetes, high blood pressure. poisons.
certain drugs, cardiovascular disease (ischemic heart disease, chronie heart failure, peripheral
vascular discase and cerebral yvascular disease). structural renal tract disease, renal caleuli or

prostatic hypertraphy and cancer ¥

In HP machine, there are two basic parts that simuolate the natural organs in the human
body, the bleod pump or peristaltic pump simulate the heart pump, it is uzed to pull bloed from
the artery. The second part is dialveer that performs filtering operation which simulates the

nephrons in natural kidney Bl

If we make comparison berween natural kidney and the artificial kidney. we find the

fallowing differences in Table 2.1:

Table 2.1: Natoral Kidney vs. Artificial Kidney

= G L e i

pu n:|r

Dialyzer

10 killograms

| One million nephrons per | 12000-17000 fiber

3 per week
|

11
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In Fig 2.2 shows how the HE works and its eompenents, will be explained later,

Bitc A i)
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Conmsrdms

Figura 2.2 HD work and component

251 Molecular Transpori Mechanism:

Vhere are three different tvpes of physical transpart mechanism behind dialysis: ditfusion,

Dumaais and Uleafilration (convection):

« Dilfusion: The movement of solutes [rom higher to lower solutes concentration (very
efficient for remaoving small molecules).
s  Osmosis: The movement of water through a membrane from @ higher to a lowor

concentration ardl.

11




¢ Ultra-fltration (IF): The movement of fluid across & membrane eoused by a pressure
gradient,

Convection: The movement of solutes with a water (Tow, “sclvent drag”, c.g, mavement

of membranc permeable solutes with ultru-(illered water.

By dillusivn. osmosis, and T/F. water and metabelites are exchange berween blood and the
dinlysate solution. Concentration gradients cause waste praducts, such as urea and creatinine, 10
diluse across the membrane from the blood to dialysate, Eleciralytes move in hath directions 1o

maintain equilibriunm.

2.6 Conductivity in Hemodialysis machine

Conductivity is the ability ol # solution, a metal or a gas - in brief all materials - W puss @n

slectrie current. In solutions the current is carried by cations and anions whereas in metals it is
carried hy elecirons.

How well g selution conducts electicity depends on a number of fuctors:
= Coneentration

= Maohility of jons

= Valence of ions

= Temperalure

All substances possess some depree of conductivity, In agueous solutions the level of ionic
senpth varies from the low conductivity of ultra pure waler o the high conductivity of
~omcentrated chemical samples-

13




2.6.1 Types of Conductivity Cell

There are three types o conductivity cell: 2-pole, 3-pole and 4-pole cell.

11 2-Pole Cell

In a traditional 2-pole cell, an alternating current is applied between the 2 poles and the
resulting voloage is measured. The aim is o measure the soluwion resistance (R..) only. However
the resistance (Rq) caused by polarization ol the eleetrodes and the Leld elleet interferes with the

measurement, ahid both Kaol and Hel are measured.

Eledrical curent
|
s g s |
| |
| [
I U 3
| |
e —

% Ral Hel

i

(@) ()

Figure 2.3 () 2-pole cell (b) Simplified dingram of a 2-pele conductivity cell.




1) 3-Pule Cell

The 3-pole cell is not as popular now as it has been feplaced by the d-pole one. The
advantage o! this design was that the third pole which was linked o pole 1 allowed the field [inas
0 be guided and confined in an optimnal manngr, fimiting dispersion in the measurgment and
minimizing influences on the measurement such s beaker valume and position of the cell in the

beaker (Tield cifect), It guaraniees a better reproducibility when determining the cell constant and
therefore mare reproducible resiles,

3 d-pole cell

I d-pole cell, a current s applied 1o the outey rings (1 and 4) in such 2 way that g
sanstant patential ditference is maintained between the inner rings (2 and 3). As this vallage
Seasurement takes place with o negligible current, these two clectrades are not palarised (KR:=
B = 0). The conductivity will be directly proportionsl to applied current. The Eeomelry of 4-
sk cells with an outer yhe minimizes the beaker field effect, due to the measurament volume
seing well defined within the tihe. T'he position of (he conductivity cell in the measiring vessol

* the sample volume therefore has ho influence on the measurement. o project we use this

Spe of conductivity cell, becanes it has several advantages -

- Linear aver a very large condustivity ran ge.

< Calibration and measursmeant in different ranges changer.
1 Flow-through or immersion vne cells

= Idzal for high conductivity measureiments

&

- Can he used for low conduetivity messurements

P 3]




Elattrical current

l | |
e i =t tof ol 8 e Rl = = o |
| |
.. I i
| |
I |
L Rsal |
Hel
e Y —5
(a) ihl

Fig 2.4 2 (n) 4-pule cell. (b) Simpliticd daeram of a 4-pele conductivity cell™,

2.6.2 Dialysate and conductivity

Ihe conductivity of the dialysate is mainly determined by its sodium content, which
wesins that the ealeulated K value is mainly related 10 the transfer of sodium (ton3) dcross the
=aivrer membrane. Therefore, some refers K as ionie diglysance (779) ™), Sodium is very much
sine urea regarding molecular weight, diffusive and convective beliuyior. Normally,
seecentration values are used to caleulate ID. Dut it has been shown for urea that the

Soncentration values can be approximated with conductivity values in dialysate, and that there is

& very close agreement hetween the fonic dialvsance and ursa elearance 11,




By intearating the results over time, Diascan provides regular updates on the effective dialyais

dose delivered during treatmeats. 1.c, the Ki-valug.

Since the Diascan feature is automated and docs net lead to sipnifizant sodinm gain or interfering

with the solute transport process in the dialyzer. it can safely be applied for cach treatment.

7
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3.1 Introduction

Adequucy of dialysis refers to how well we remove toxing and waste products (rom the
patient’s blood. But e Clinical Practice Guideline g Adequacy of Hemodialysis defined
adegunte hemadialysis as he recommended quantity of hemodialysis deliversd which is reguireg

1or ndequate treatment ol ESRD such that Patients reccive full bene i of hemodialysis therapy.

32 Blood Sample

Ta see whether dinlysis i3 removing enough ureg, (he ialysis ¢linic should perisdically-
sormally once a month-test a patient's blood o mensure dialysis adequacy, Bload iy sampled at
Be start of dia lsis and ar the end. The levels of ures in the 1wo blood samples are then

sempared. Two methods are generally used 1o gysess dialysis aduguacy, (KK and Kirl.

3.2.1 Uren Reduetion Ratio { URR )

URR stands for urea reduction ratio, mesning the reduction in urea as u resuit of dialysis,
The URR is one measura ol how etlectively a dialysis treatment removed waste products rom

S bodv and is commonly expressed ys a percentage,

Example: If the initial, ar predialysis, urca level was 50 milligrams per deciliter (L) and the
Sstdialysis uren level wis L5 medl, the amount of yrea Femaved was 35 mgdl.

S0 mgadL - 1S mgidl = 35 gl
S8e amount of Uren removed (35 mg/dL) is expressed as u percentage of the Predialysis urea
el (50 gl ),

35450 = 700100 = 7054

ESouch no fixed percentage can be said (o Fepresent an adoguate dialysis, patients penesally
e oaser and have lewer hospitalizations if the URR is at least 60 percent. As a result, some

et recommend g mimimum URR of 65 percent.

15




The URR is usually measured only once every 12 o 14 treatments, which is once a month, The
LR may vary considerably {rom lreatment to treatment, Therefore. & single value below 65

sescent skould not ke of greal concern, but a patient’s average URR should exeeed 63 percent.

222 ktiy index:

KA is another way of measuring dialysis adequacy. In this measurement:

A stands Tor the dinlyzer clearance, U rule al which blood passes through the dialyzer,
expressed in milliliters por minute (ml/min).

=  stands for time

= | smnds for wial body water

* KT, the top part of the fraction, is clearance multiplied by time, representing the volume

of fluid completely cleared ol urea during a single treatment.

Bassmple: 7 the dialyzer's clearance is 300 mL/min and a dialysis seasion losts [or 180 minules

L Sewrs). Krowill be 300 mlmin multiplied by 180 minutes. The result comes o 54,000 mf., or
S ers
Ei — 300 mlAvin multiplied by 180 minutes
Ki= 54,000 mL = 54 liters
sody is about 60 percent water by weight, If a patient weighs 70 Kilograms (kgh, or 134
(Ibs). 1 will be 42 liters.
V=70 ke multiplisd by .60 =42 liters
S rmtio-& multiplied by tto F, or Ke'V-compares the amount of fluid that passes through the
“oer with the amount of fluid in the patient's body. The K¢V for this patient would be 1.3,
Kl =542 =13

- 4 patient's avernze URE should exceed 65 percent, A patient’s average K0V should be at

& -

..

20



3.2.3 Drawhaeks

The drawback concerning (his procedyre

i plings, and ureg
SOnCeniratiog mensurcmenys. The resnlis BrE Nl §

it for laborats PY diraly

sis, which means additional
e results glsq depe

Nds on precise san
VSTV practical qualine

reatment costs, The decurncy of

ipling timing, thys. tpe blood based yrag KtV is nor g

tontral tool for euch dialysis reatment 171

33 Urea monitor hy Using Enzymarie Sensors

These lechnique ysed b

¥ Urea Manioy 100,
LIT:

rom Raxter He
& urea concentration on-ling in
m

=chnique js desizned 10 meas

altheare Corporatian The
e (U

thz

effTuen! dialysate stream,
0N sensor that measures the a

|

M) ulilizes an ammuoniy

of ammoniuy 1o
INHL) determined dircetly by gn

lon-specilic electrode 'Y

Ureage
0 rN_H;J"J P ~————y

2NH. - CO,

NH+1I' —— NI,

In Equations abave, Hydrolyvsis of ured, CO [Nia]s, produces NH,™
s==wical potent)al difference between Ty ef

thus crealing an
cctrodes that is thep ampl

ilficd any recarded.
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A membrane with the enzvme urease is the vata lyst to the chemical reserion when it EOMGE in

contact with urea in the spent dialysate. The concentration of ures in mmald. is measured

e A s i
Svery 2 mmnutes and the exponential decay is demonstrateg ™

331 Drawbacks

These systems for adeg uacy-monitoring have not found a wide wiilization as clinieal
work for the staff,

3.4 Using Conductivity sensor (Tonic Dialvsance )

In previous chapier explained the conduclivity cell

in gencral. This section wil| explain
Sow In measure conductivity, 10 and dialysis adequacy

by using conductivity sensor,

341 How to Measure Canductivity

Conductivity may be measured by

applying an alternating electrical current {{) ut an
setimal frequency Lo

o active electrodes immersed in a solution und measuring the resulting

“oage (). During this process. the callons migrale to the negative elecirode, the anions 1o the
ssstive electrode and the solution acts as an ¢lectrical

T
col n.fu{:mrgl.




Esctrical curent |

] [N oz, T
e Dt &
— - — g
s
= T @ -~
S0
- @- e

Figure 3.1: Migration ol ions in salution

Hesislanee

Fhe resistance of the solution (R) can be caleulated using Ohm's law

F=—Rxf i1
&= ¥ (3.2
=hene:

= voltage (volts)
U= gurrent (amperes)

¥ = resistance of the salution {ohms)

Cenductance

~eeductance (G) is defined as the reciproeal of the electrical resistance (®) of a solution between

e clectrndes,

&= /R (%) 3.3)
conductivity meter in facl measures the conductanee, and displays the reading converted inlo

uclivity.




Cell constanr

This is the ratio of the distance () between (he electrodes i the greq () of the elecirodes,
K =dua 3:4)
& = cell constang {t'm'r]

@ = effeitive areu of the electrodas (enr)

4= distance between the elecirodes {enat)

Conductivity

Hlectricity is the flow of electrons. This indicates that ions in solution will conduct electricity,
Conductivity is the ah thty of & solufion (o pass current. The conductiviry reading of a sample wil|
ssange with lemperyture.

C=G-K (3.3)

- conductiviry (S/em)

= conductance (8), where G = 1/

L= cell constant fem ™)

342 How to Measure ID (Diasean)

The basic principle of the Diasean i the continuous measurement of the hemodialyser

satlet conductivity, when the inlet conductivity is changed for aboyt U.6mSem during 4 minutes,

The mathematicn| madeling of the outlet cond uetivity allows the caloulation of twa

=evant parameters of the chalysis process : the Plasma conductivity and the Dialysance of

wased substances,

The DIASCAN svsten is hased on the assumption that, the electrical conduciivity af g

Salysis fuid is linearly r¢lated to its ionic content, and mainly 1o its Nag| concentration,

24




Applying this concept, W the inlet dialysate conductivity Cyy (as for all dialysis machines
for the control of the dialysis Muid composition), and to the ontlet dialvsate conduetviny U,
the continuous measure ol C g,y [or ditterent values of Uy, gives mfarmation linked to the wonie

(and maialy NaCl) transters through the membranc.

Slevdlalet | o, . Cau | Bload Oulel

ey 5 i

= - ' Dialysate inlet Set Value
)y Dhvaly sl e Flow Riale

Fipure 3.2: Step change in dialysate conduclivity.

Figure 3.2 shows the principle is based on measurements of dialyzer inflow and
suttlow conductivities belore and after a “step-change” in dialysate conductivity, Lett:
Schematics of o dialyzer with blood tlow (black) and dialysaie flow (grey). Right: Conductivity

aenals of dialyzate inflow and outNow!®.

-

“ransfers through the membrane are linked ro

* genmetry of the dialyzer
s aplite considered

» membrane permenbility to the solute, dependent on the molecular weighr of the solute,

s hydraulic status © Oy O, Oy (Dialysate. blood and UL How rales).




Applying this concept, to the inlet dialysate conductivity €%y, (as for all dialysis machines

lor the control of the dialysis fluid compnsition), and o the outlet dialysate conducrivity Coinn
the continuous measure of Ciony bor different values of Cun gives information linked 1o the ([aTFA

(and mainly WaCl) ranstirs throngh the membrane,

Bioed Crgl =t

: - THadvsate inler Sot Vilps
O Dialysate Flow Raje

T

Figure 3.2; Step change in dialysate conductivity,

Figure 3.2 shows the principle is based on muasurements af dialvrer inflow and
wtllow conductivities before and aller a “step-chunge™ jp dialysate conductivily: 1 el
Schematics of g dialyzer with blood flow (black) and dialysute flow (grey). Right: Conduetivi Ly

wznals of'dialysate inflow and autfiow '™

“runsfers through the membrane ave linked to

¥ geumerry of the dialyger
*  solule considered
* membrane permeability to the solute. dependent on the malecular weight of the solute,

hvdraulic sms Ou (b O (Dialvaate, blood ind UF flow rates).
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Il

For a given diglvzer in real treatment situation and fixed hydraulic status, transfers of urea and
NaCl are equivalent becauss the molecular weight is 60 Dallon for urea and $8.5 for NaCl ; so

urea transler can be derived from the measure of NaC'l transfer.
For a given solute (i.e. NaCl), the concentration at the dialyzer outlet is dependent on

» The concentration at the dialyzer inlet (£ gq)
«  The concentration at Lhe blood infel, the plasma concentration ()

« The Transmembrane Mus or Dialvsance '

From the delinition, te lonie Dialvsance (ID) is the refation betwesn the quantity of’
solute crossing the membrane (M : trans-membrane flux), divided by the gradient between

dizlysate and blood inlet concentralion,

M= I"Q;.."" Q.l'}"‘f Cr:'nm'_-‘ - C{i‘-?f-‘rf} (3 CU

) = M s — Coaat) =1 Op+ O Coiin— Crinsrd £ 1C 3 = Cgint) (3.7

Assuming thar 112 is equivalent 1o the urea clearance K, the parameter K6 can be
assessed,  The wse of anthropometrical caleulations ellen resulls in un overestimated 7, which
gives an underestimated Kr/F, Studics have focused on determining an accurate V either assessed
by conductivity monitoring and it has also been suggested (hal the product of K4, in mL/min is a

better exprassion of dialvsis clearance, due o T oot being mvolved
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Chapter Four

4.1 Introduction

4.2 TID Flow Diagram
4.1.1 Blood Circuit
4.1.2 Dnalysate Circuit
4.3 Project Diagram & Circunit
4.3.1 Wien Bridge Oscillator
4.3.2 Constuml Current Source
4.3.3 Dara Acquisition System { DAQ or DAS)

4.4 Circuit Calculation
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4.1 Introduction

This chapter discussed and explains a hardware design of the project, its circuits, and

caleulation.
4.2  Hemodialysis (IID) Flow Diagram

Figure 4.1 shows Hamodialysis (1113) Now diagram and the position of the inlet Condutivity

Cell and ontlet canductivity cell (Diascan Cell). the block consists two parts: blood circuit and

dialysate cirewl.
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Figure 4.1: HD Flow Diagram
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4.2.1 Blood Circuit

The patient's blood 13 continuously pumped by peristaltic blood pump from an arfery, a large
veln, or a surgically modified vein to allow high blood flow rates. Its pressure is monitored both
apstream and downstream by using pressure sensor.  Before the blood enterss the dialyzer, heparin is

sdded to prevent clotting. A syringe pump is used w deliver the heparin at a precisely controlled rate.

‘I he blood then enters the dialyzer where it passes across a fiber in dialveer. These libers are
wade from semi- permeable membrane but the dialysate solulion enters around the Gbers in dialyzer.
A pressure gradient is maintained across the membrane to ensure the proper flow of compounds out off
anl into the blood. Afier eleaning and halancing within the dialysale, the blood is passed through an
e trap that containg ultrasound sensor Lo deteet if there is any air bubbles in return blood or not, so if
=5 found the machine activate an air bubbles alarm and the clump closed belore it is returasd to the

satient and stop the blood pump, bul il no air bubbles detect the bloed return to the vein of patient.

+.1.2 Dialysate Circuit

Treated water inflows [rom the RO (Reverse Osmosis) systein  into the dialysis machine and
sesscs throuch  the heater jwater is heated to body femperature (33"-39°C) Land it temperature is
sonitored by & special lemperalure monitoring device. Air bubbles in purified water removed by
“eseration (air degassing pump), Proporiioning pump assurcs proper mixing of heated water with fresh
Salvsate avid and bicarbonaie selution to preduce the appropriate dialysate solution. Temperature
wemsny and esnductivity cell monitors dialysale emperature and the conduclivity respectively | if there
= problem in temperature or conductivity or both of them  the dialysute solution passes to drain by
scuvate bypass valve But when the dialysale lemperature and conductivity are correct the dialysate

weation passes through the dialyzer.
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Canductivity is the amount of electrical current conducted through @ dialysote ond reflects

slectrolyte concentration . a constant current is applivd across two electrodes | cm apart in the

Salysate flow, Aller exchanpe process complele between blood and dialysate solution the spent

Salysate passes through the blood leak deteetor that detect il there is bload leak in spent dialvsate or

not. The waste dialysis solution withdrawn to drain by the dinlysate pump. But as we shown in the

previous flow diagram there are ather conductivity cell in the outlet dialysate bath belore going Lo
drain, the main ohjeetive of it measure the outlet conductivity solution aller exchange process which

can be used to caleulate the dialysis adequacy.

4.3 Projcet Block Diagram & Circuit

. Constant = L
Wfi;eniﬁn:dge ———»  Cuieant p————— Lnngm‘:}hww
SCIHOLT Slﬂlll'ﬂﬂ =KX

PC{Labk VIEW) |——— US2 DAC

— 12V d e —

Fower
Supply —1iNdc—

Figure 4.2 : Project Block Diagram
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431 Wien Bridge Oseillator

A Wien bridge oscillator is a lype ol electronie oseillator that generates sine waves. It can
generate @ large range of frequencies. The oscillutor is based on o bridge circuir ariginally developed
by Max Wienin 1891. The bridge comprises four resistors and two capacitors. The oseillarar can also

he viewed as a positive gain amplifier comhined with a band pass that provides pocitive feedback

The circuit as shown in eure (4.3) was designed to ercate an electronic vscillalor known as
Wien Bridge Oscillator which can be used for the creation ol specilic [Teguency sine wave signals.

The frequency of Wien bridge 15 17 ki Lz and 20¥Vp-p.

L= [— l
10 nF== R=1.5 k| oZs U¥ |
] |
Ra= | |
10 kﬂlg R=12 k(|
|

Re=10 ka2 | i{




e L

(] - - ]
Ame{l}=28. U - Ampili=28, 08 P lk—-Pkill=28_, 80
5. 06U H 26.08u= | CH1 § Q.00

(h)

Figure 4.3 : (a) Wicn Bridge Oscillator circuil. (b) Quiput of the circuit,

4.3.2 Constant Current Circuit

A simple potential circuit is shown in Tigure (4.4) in which un op—amp is combined with a
sonductivity cell. In this circuil, the existence of [0 K€ resistor will produce 2 mA, since the output
f the Wien bridge is 20Vp-p. The conductivity eell acts as varinble resistance (according to solution

conductivity) .So, voltage ourput produces.




Figure 4.4 = Constant Current Source clrcuit.

The output voltage from the previous elrenit transfor 1o the PC via LUSB DAS (Data
Aequisition System), USB DA reads analog signal, whether (he signal in ' ve or/and -ve side. As a

resull, shift circuit irreplaceable.

4.3.3 Data acquisition system (DAS or DAQ)

DAQ is the process of sampling signals that measure eeal world physical conditions and
converting the resulting samples into digital dumeric values that ¢an be manipulated by a computer.
e gequisilion syslems ypically convert analog wavelorms inlo digitial values lor processing, DACQ
wplications are controlled by software programe developed using various pencral purposc

seogramming languages, Signal conditioning may be necessary if the signal from the transducer is not

dable for the DAQ hardware being used. The signal may need to be filtered or amplified.




DAQ hardware is usually inerfaces between the signal and a PC. It could be in the fom of
modules that can be connected to the compuler's ports (parallel, series, USB) or cards connected to
slors in the motherboard, [n the project. USB DAQ is used In PC we use LAB VIEW for estimating

diglysis cfficiency.

4.4 Circuit and ealeulation

Vigure (4.5) shows the Wien bridge oscillutor with constant current source and vonductivity cell,

= - — TRAET
e |
Wnr== R1=1.5 kQ D= 7
Ri=
ke | Re= 12 kD |
Canduelaty
-'I-—-G-i-]-_
;i 2V

- i .I-EF
Re=10 k|| 10 nF==

Figure 4.5 : Design Circuits




1) Practical Design Technigues
The design of Wien bridge vscillator circuil will perform according tw the following design goals:
d. Frequency of nscillation TkHz

b. Ohiput voltage 20Vp-p

We will base our design on the accepled practice that Ry = Ry = R; = R and €4 = €, = € .we will
choose a value for C and compute the associared value for R For our design, let us choose an initial

capacitance value of' 10nF. We can now eompute the reguired value of R with equation 4.1 .

1

f = 5are

(4.1)

1
0 =i
> ¥ imcf

=17 kHz , C= 10n}

1
-
2o« 10« 1017 103

= TR

2) Constant Carrent Source

R 10k
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5.1 Introduetion

Our project consists from two parts: Hardware part and software parl. In sofiware
parts we ure used the Lab View software program. and the following deseription
equations used to programming it.

5.2 The Lab VIEW Front Panel

Figure 5.1: Lab VIEW [ront pang]

LabYIEW(shortivr Luboratory Virtual Instrumentation Engincering Worklben-
ch) is a plattorm and development environment for a visual propramming language
from Nalional Instruments, We use the following equations to determine dialvsis
adequacy. scen in the following sections .
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3.3 Watson Formulas

To determine the dialvsig adequacy (JD*7 BT, same imformatio

n are néeded,
Patient gender (male or female), heig

At in centimeter, weight in Kilogram,
vears. These four paramerers used 1y ¢
[z

and age in
ompute total budy water {measured in litter) via
Watson farmula

Male TBW =2 447 _ (0.09156%age) + (0. 1074 *height) 1+ (0.3362 “welphit) (5.4)

Female TBW= 2,097 + (01069 height) + (0, 2466% veigin) (3.2

Dialysis Session Time: is the (ime tequired for complete session, Dialysis session

time usually (180-240) minutes

3.4 Important Terminology

*  Conductivity (C): a measure of the ability of 4 material 1o conduct an electric
curtent or impulse, It is defined as (he reciprocal of the resict

ivity of the
material, amd is expressed in Siemens m .

«  Dialysis Flow Rate (20 quantity of the salution mixture that is pulled Lo the

liher every minuts { 300, 500, or 800 i/ min}.

¢  Blood Flow Rate ()t quantity of the blood (hat is pulled to the {iler every

rinute (sually figm | 80-400 mlimin).

¢ Target Weight : the weight that the patient losss it during HD session

*  Ultrafiltration Rate (Qp): it's the quantity of water that moved from blond

side to the dialysate side at every minuel™,
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5.5 Conductivity (C) and Ionic dialysis (ID) equation
Conduetivity (¢} and ionic dialysis (40} is determined by the following equations.

- Conduetivity js determined by the by equation (3.3)

il

=

L 3
=u |

(5.3)

= =

Where
d: digmeter of the conduetivity cell tube.
A area of'the conductivi ly cell tbe,

R: resistunce.

= lonic dialysis i determined by equation (5.4),

r:-i' s Cr! el =
0={0u+ @;:]( -:fn'g L3 :irl:l ) (5:4)

Cuinti setring (inler) dialysage cunduetivity which is considered in the dialysis session

(usually equal 14m8/em).

Caiaz rising (inler) dialysate conductivity which ig considered equal tq H.6mS8/em in

the project.
Cliowir? outlet dialysaie conductivity measyred 3t Ciigy i mS/ein UL

Clayaiz: ouillat dialysale cunductivil}- measured at C - in MS/Cm unit.




4 Dialysis Adequaey: This value is camputed by dividing the produet of lime in
surnmation of the [Ds by the Volume Distribution, which is to be established by
the ¢linician, aceonding to the patient's dry weight and the ratio of the total Body
Water to patient weight, This parameter allows the clinician 1o understand 1 the
dialysis dose that has been achieved is adequate for the paticat, It js a

: i 2 } 3 ' g ]
dimensionless variable measured using relative seale (varving from 0 to 2) AL

Dialysis adequacy is caleulated by the equation (5.3) .

5.6 Case Study

In 11D department at |lehran gavemment hospital. patient has the following darn:

Tuhle 5.1: patient data

Patient I M.N

Height{em) 165

Weight{kg) 80

Age(}m rs) 52
Session timeihr) R

Qu(ml/min) =111

/ OQp{ml/min}) J 254

L Qdmi/min) } 16.6
‘I Target weight loss (kg) [ 3




Duiring session, the follewing information oblained ar diflerent times,

Table £.2: HD Session Data

Time Clioaiy At ennst, Cyowz AL const,
Caim=14mS/cm Cuina=14.6mS/cm
30 13.6 13.8
fil) 13.02 L3.05
o 123 127
120 15.08 12.3
150 13.3 12.6

Dara in table 5.2 taken by using conduetivity meter { model : YK-2005 CD) thut has

been used 1o mensure conductivity vilues.

[— = = §i
- =
C

i g A i, 2

Figure 5.2 : Conductivity Meter.




=] Calenfations
By using (5.1) equation, since the gender is male: -

TEW=2447-(L09I56¥52) ~ (0. 107451651+ (). 336280
=42.306 L = 42306 mL

Mow , we caleulate e lanie Dialysance (D) by usging (5.4) equation.

1D\ vgmim =001 16.6) abs{113.8-13.6)/14.0-14]= 1T 2ml min.

So, the dialysis adequacy (JD*T/F) at that periad is determined by (5.5) equation,

{f+glme
TR

Dialysis Adequacy (10771 = (5.5]

And since the procedure vecurs every 34 minutes. time is constant and equal to 34,
DM | sgimtn = (172%341/42306 = 0,438,
D] stmine = (300 16.6)*absf(13.03-13.0200.6] — 258.3 mimin
DA | gomin =LAl sopn + (258 3%34)42306
=138 + 3.2
= 344
MNanmm = (J00+16.6,%abs/12.7-12 5)/0. 6] = 1722 mianin
.'l-lrﬂg"mr'”: = r)"!ﬂam”' rl'?:.gaj';,l-".:_{”ij‘

- {438 10138
= {1204
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DN 1apsmin = (3001 16 6) Rabsf{13.3-13.08)0 6] = 189 42 mimin
PAlzomin = Dllggomin 1 (189 AXEILA230G
=296 \ (L [32
= i'.;l. -i{-!qu
0|5 = 1500+ 15,6 Yabs((13.6-13.300.6] = 258 3 nilomn
PAlise = Dl saqmin + (2583934142306

=448 0 0208
— (L6386,

The final value 0.656 < [ 2. we conelude that the HD session is not goud because the

time is not suificient .




37 Project Flowehart

’,f Patient /

I{})/

/ Gender_,_ /J;
’__/.f Read

"FH
/ nfurmtioﬂ.f""_[
—No Yes 4 min
i s ® 3_ delay

/ i
jrelgnt / elght ,/ it

PO
g

[cmj (em) / !
! L ———
/ weight /welght
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/ [Kg] 2
ARSI
R e "30"mi
,__+_[ " %i&!dﬂ T
! Age [

@mﬂ’; f Ig

# Calculation
|
TEW=. ’ TBW=2.447-
| 2.087+(0.1068 height) | | 10-0915°age}+(0.1074"he
| +{0.2468'weight) H Ight}+{0.3362"weight)
. } |
'r"“'
1 I (.Emi !
—4 L

Figure 5.3 Project flowchat




The flow chart consists of two parls, In Lhe first ong we ask operator ¢ enter

pauent 1D (letters, digits or both), and gender (M or F).

According w the gender, the following steps will fallow, If ' M, we ask operator
1o enter height, weight and wge. Afler thul. TBI is determined according to equalion
LI F U we ask operalor to enter height and weight. After that, TEW is delermined

necording to equation 3.2,

In the other flowcharr, the output of the hardware design is voltage. Afier 20
minutes, Vs measured and saved, conductivity ar its normal value (14mS/em). Afier
that, we rise conductivily (up to 14.6mS/em) manually and [or 4 minutes. Then ¥ is

messurcd. This process is repeated on the length of the session.

From previous values, and by using ( 3.1-3.8) cquations. ionic dialysis is caleulated.

Finally, dialysis ndequacy is caleulated by eguation (5.5},
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6.1 Intraduction

Lhis chapter discussed and expluins u results and analysis for the pracrical

praject,

6.2 Study Design

This study was designed to use Fresenius Hemodialysis machines

(model 4008B). It was performed in Hebron at Hebron Government Hogpiral,

Hebron Government  Hospital, Tlemodialvsis Unil, practical
measurements were done during the period from April 20th 2014 to May 21th
. 2014 ; where (0) patients were selected, during (6) dialysis session. Onl v one
type of dialyzer was used (low flux) as shown in Table (6.1). Bicarbonate
dialysis powder wus used. Dialysis treatment time was (180) minutes. and
blaod pump flow rate adjusted to be in runge fram (284-301) mlsmin using one

machine type .

Table-6.1: Materials and Adjusted Parameters

‘I- | Hospital name and number of Paticnts

Hebron Government Hospital 6

2 Age (venars)

Rangre ' 26-64
 Mean standard deviation a - | M@
= P F (38 £8.483)
3= Gender
Male = S 466,67 %)

Fonale. 2(3333% )




Height { em )

48

4-- | Range 150-176

Meant standard deviation M (16%.25+4.7871)
F (156,546,5)

5- Type of dialysate - : -
Bicarbonate Powder f (100 %5)

(- Dialyzer Type & Surface Area
1.5m" PS-I500L (Polysulphane ) 6 (100 % )

7- Target weight loss (ml)

Range 5004000
Mean £ standard deviarion M (2.5+1.29)
F (1,7540.357)
5 Ultrafiltration rate (mlimin)
| Range 8.33-25.1
Meant standard deviation M (16,246,911)
F (10.845=0.403)
9- | Dialysate flow “rate (ml/min)
Range 500
Mean= standard deviation M (S00<0,0)
F (500=+0.11)
10- | Dialysis treatment time (min) -
Rinpe 180
Mean standard deviation M (180+0.0)
F (180=11,0)

I1- | Pump blond flow rate (ml/min) -
Hange 284-301
Meant standard deviation M (294.747.544)

F(294.75£12.02)

12-  Inlet dialysate conduetivity {I!IH-."EI'II ] '
Rungs : 14-14.6
Mean— standard deviarion 14.1396 = 0.01556




13- | Dialvsate Temp (C)

Ranpe ; 37
Meun= standard devialion PR _I_- _-:E*'Tfi,_{rl_-_
[4- .‘I-f]auhin:-'j'_'r'm: ) ]
Fresenius 4008R ) 6 (100%)
ke | Waler Distributivn Volume {Iitt?r} = !I
Range 3 | 26.76-52.573

Meant standird deviation | M (44.896+6.739)
F (31.63+6.911)

6.3 Conductivity Cell (3-Poles) nsing DC current On NaCl Solutian

Figure 6.1 shows the 3-poles conduetivity gell,

Figure 6. 1: 3-poles conductivity cel|. et 2 Aty Jnaly
Palusiing Folyiz: ey
{FPLH)
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& Results according 1o difference NaCl solution conductivity.

Luble 6.2 shows the results of 3-poles eonductivity cell by using DC current.

Tahble 6.2: results of 3-poles ¢ell using DC current,

" Solution Vil R* | Temp, | Conductivity | Const.current |
(m¥) | (ohm) (C" (mS/em) (mA)
solutionl | 744 827 22 29 0.9
solution2 | 490 | 345 | 22 44 0.9
solution3 | 3483 | 347 22 62 0.9
< Analysis :

By using different solutions with different conductivities, and measuring the sutput
volluges, Then, at constant current (0.9mA), the resistance (R) iz caleulated by Dhms

law . the conductivity is measured by conductlivity meter,

0




6.4 Conductivity Cell ( 4-Poles) using AC current On NaCl sulution

Figure 6.2: shows the #-poles conductivity cell,

Figtire 6.2: 4-poles conductivity cell

* Results uccording 1o dillerence NaCl solution conductivity.

Table 6.3: shows daty of F-poles conductivity cell. This data is used o compute cell

constant (K7,

Table 6.3: dara ol 4-pole gzl

J Solution ! Via | Conduetivity [ Cimstant .| R+ K N
| | (V) I! Measured({mS/em) | CurrentimA) | (nhm) (em™) }
| 5ulurmn_1 [ 1.3 |' 23.3 |' 2.2 ! 591 1337 |
| Solution2 | 126 Il'_ 111.7 f 22 | g7 13.34 ~[
| Solutiond | 0.230 ; 148.4 ' 22 J 107.3 ; _15.9 i

Solutiond 0.2 |i 155.4 Ii 2.2 T !' 14.14 i
'. Solutions | 0,18 | 163.2 i 2.2 T ‘_E_J




<+ Analysis:

Cenduetivily is measured by eonductivity meter. And the impedence (R) is caloulated

by Ohms law (R— I,

T determine cell constant (K —dlw). according to the equation (C—4&/K), and by using

tahle 6.3 informations, & is calculated,
To determine 2 precision value of K, we compute the average.

_13.77+13.34+1594+14.144+13.34

g "

= 14,098 em”’

Kﬂ

This value ol K is used o caleulule conductivity in table 6.4

Table 6.4: resulls ol 4-poles cell using AC current.

Vop oni Const. current R* | Temp. | Conduetivity® | Figure# | Frequency
(V) (mA) (ohm) | (") (mS/em) (KHz)
20 2 10000 | 229 0 w3 7

= only 9 2 4500 | 229 3.13 6.4 17
2232 2 1110 | 229 12.7 0.5 17

0.88 2 440 | 2209 a2 .6 17

0.736 2 308 | 229 383 &7 17

11.2 2 S600 | 413 251 6.8 17

2.06 2 1030 | 413 13.68 6.9 17

n.912 2 456 | 413 3 6.10 17

0.72 2 360 | 41.3 39.16 6.11 17
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“  Analysis:
From the vilues of voltapes and constant current, and hy by using Ohms law (A= 174,

impedance (R) is caleulated. And by using equation (1.5), C=K/R . conductivity (L) is

computed .

2 Figures relared to rable 6.4

i m‘-ll’
0 B

Wil

Figure 6.3:0ulput for solution] in 22.9 C°  Figure 6.6 Curput Tor solution 22,9 C




Figure 6.7; Output for solution 3 in 22.9C7 Figure 6.8: Dut

it with water only

Figure 6.9:0utput far solution | in 41.3C"  Figure 6.10: Out for solution 2 in 41.5C"

Figure 6.1 Cutput for solution 3 in 4 1.3C
= i

S4




6.5 Conduetivity Cell (3-Poles) using DC current On HD Machine

Table (6.5) shows the results of 3-poles conductivity cell by using DT current on

patient {'A") HD session,

Tahle 6.5: the results of 3-poles conductivity cell by using DC current,

Time R R Cliin Cliinz . Cioutl Clisuiz Ky K 1
(min) | (k1) | (k¥) | (mSiem) | (m8/em) | (mSiem) | (mSfem) | (em™) fem™)
30 19 | 21 14 14.6 12.3 122 23.37 25.62
60 Yo | =3 14 14.6 12.2 12.09 2318 27.8
L N 14 14.6 12,1 123 2178 24.6
20 | 18 | 21 | 14 14.6 12 12.01 1.6 25.21
150 | I8 | 22 14 14.6 12.3 12.1 22.14 26.62

% Analysis :

I this sessian, the purpose is 1o derermine the value of the cell constant (K) for 3-

pules cell.

Al constant current, and by méasuring By and K at Cyyy and Cuyp, respectively,

And by measuring the outlet conduetivity (Cuwu & Chuuz) by conductivity meter, we

can determane thie value of eell constant K.




e —

By the equation (K=C*R). K| is ealeulated ur dilfercnee values of Ry & G

along the 1D session, Then the uverage of I, is caleulated,

Kiowe =123.371 23 15427, PATRLO+22 L0 15 - 224 d oot

And by using difference values of By & Citaniz along the session . K2 1% ealeufated.

Then the averape of K is caleulated.
K.:‘m,g, =23, 2T s G fj"‘.:?'l 224 20.62) 73 -2 {'ﬁ‘i-'wl

Ta determing piore accurzte value of K, we jake the averape of K 1 and ],
Kia Ky 20412425
— 2 o SlA+lh

2 -

K= =2%cm!

Table (6.6) shows the tesults of 3-pales condycti vity ecll by using DU cumrent on

patient {'B') HD session.

Tuble 6.6 : the results oF J-pules conductivity cell by using DC currant

--_Tiﬂlﬁ'_l_ R ’ R, i Cami | [Tiiu.l [ Citoury r_ErJ'_uuﬂ_ |

{min) (kXl) ' (hX2) J imA) (mS/cm) J (mSsem) ' (mS/enm) i (mS/em) '

| =5 1.8 [ T 146 | 857 | 3.37
‘*—ﬁﬁ*ﬂ 2 [ 05 | o e

4 [0 it

— ! | T L —
_9_n_ — 22 Tﬂ&l f 14 f 146 EHEI
120 f_zs L 0.9 r 14 r 14.6 %3.33 |

e Analysis;

In this session, the wrget is 1o caleulate outlep conductivity (Cy,, & Cruiz).

R, is measured in kilo-ohm every 30 minutes, at C ..

2. is measored in kilo-chm afier 4 roinuies oF measuring R . at Cans




Then. we calculate vutlet conductivity by (C = K/R) eguation.

e 15 catleulated at By & at constant K=24 em.

Coeop 15 caleulated at Ry & at canstant K=24 em’ .

Table (6.7) shuws the results af 3-poles conductivity cell by using DC current on

paticnt ('C") HD session.

Table 6.7 : the results of 3-poles conductivity cell by using DC current

|

Time iRy 1 I Caint Cuin2 Caount Caou2
{min} (ki2) (KXE) (mA) | (mSfem) | (mSfem) | (mS/em) | (miS/em)
30 2.4 17 0.9 4 4.6 1 14,11
6l 23 1.0 0.9 14 14.6 10.43 12.6

M 2 24 0.9 14 4.6 (e i
120 232 227 0.9 14 14.6 11 114
150 : 23 2 0.9 14 4.6 10.42 12

“  Analysis

In this session, the target is to caleulate outlet conductivity (Ciag & Ciugs).

R, is measured in kilo-ohm every 30 minutes, at Cug.

R; is mezasured in Kilo-ohm alter 4 minutes of measwring Ry, ot .

Fhen, we caleulate outlet conductivity by (C = KJ/R) equation.

C o) 18 calenlated at By & al constant

=24 ey,

U yuua B caleulated ar Ra & at constant K=24 cm ',

57




6.6 Conductivity Cell (4-Poles) using AC current On HD Machine

Table (6.8) shows the results ol 4-pales conductivity cell by using AC current on
patient {'D') HI3 scasion.

Table 6.8 : the rasults of 4-poles conductivity cell by wsing AC current

Time | N ' Yl I Ry R Comi Clounz
{min) {V} (V) (mA)] | (kI (kL) | (mS/em) | (mS/em)
30 1.6 11 2 82 55 | 4.6 4.36
() 18.4 18.2 2 9.2 9.1 2.6 2.63
99 0.6 | 104 2 53 | s3 4.52 4.61
120 10.8 10.6 2 | s4¢ 5.3 1,44 452 |
| 150 10.4 10.2 2 5.2 3.1 4.61 4.7
% Analysiy ;

In this session. the tarpet is to calculate autlel conduetivity (Cypp & Cinn) by
measuring peak-to-penk voltage.

At constant current (2mALV .., s measured in valts every 30 minutes, at Cyjpi. And
¥ 2pp 18 measured in volis afler 4 minues of measuring V, at Cg, o

After that. by vsing ohms law, we calculate the mpedancesi) & Ra ot Vi, & Vi

repectevely.

Then, we calewlare outlet condictivity by (C = K/R) equation.

Cuoy is caleulated at R, & at constant K—14 em’.

. 5 ) I
Covuz 15 caloulated at 1 & at constant K=14 em ',

We wanl o determine the diulysis adequacy of the this session,

i



Table 6.9

: patient informalions.

Paticmt ID

e T —

=

i _..|_J_

|
Gender Male
Height (cm) - - — 167
i

Weight (kg) f

el __'_ "_

=
e |

! Age (vear) ] 60

f Qq(ml/min) | 500 i

| Qrml/min) i 8.33 _|

L Qu(mi/imin) J 295 _J
" Analvsis:

By using equation (5.1,

TBW —2.447- (0,0915%60) + (0 1074%167) + (1,

— A=
- 4

=47

Table 6,10

e ) B
30 ml

3362%97)

: the results of dialysis udequacy of patient (DY) HD sessinn.

| Time { ID(mVmin) | DA

30 | 211K I 0.151 J
’_ =% of _ e s E 0

60 | 25 ! 0.168 [
';_ a T ®mn [ - 0a23® _"_""’
' 120 .I' 67.77 1276

151 : - 753s "‘ 033 ’

29




e ———

= Analysis ;

Then, by using cquations {34) and (5.5)

1045 = (5008 33)*abs| (4.36.4.6] 10.6]

= 2118 ml/min

DALz = 34*211.847500
=151

Digs = 25 mlmin, s0, DAL, = PAR 0,007 = 0,165,

”_}fﬂ‘u = 84n72 ml-"ﬁliri. S0 U."‘.li‘.‘.j o n:":.,:“ s = 1.228.

ID! 2 =67.77 ml/min, sa, DAl = DA = 0,048 = 0.276,

IDfi50 = 76.25 mlmin. so + DAJi50 = DAY + 0,055 = (1.33]

From the final resyt, 0331 < 1.2 we conclude the session is nit good, because the

SEs8100 time 15 not sulficient




w_

6.7 Conelusion

From previous results. we conclude that:

L. Applying AC current is more accurate than DC eurreng

2. Using 4-poles conductivity cells is more accurale than using J-poles

conductivity cel,

3. Increase numbay ol sessions leads 1o increase accuracy of resulls

b1




6.8 Recommendation

1) Transfer data of HD machine by using wireless technique,

2) Make conneclion between software design and microcontroller of

HD machine to rake reading and rise the conductivity
autornatically.

3) For more accuracy, take reading for man ¥ HD session
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