


A patient with progressive CKD has optfed for
hemodialysis for renal replacement therapy.
Which type of vascular access is associated with
better outcomes in hemodialysis patientse

A. Central venous cuffed catheter

>riovenous graft

QUESTION




History of Hemodialysis
iInciples &Techniques of Hemodialysis




&TECHNIQUES OF DIALYSIS
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Average surface area per kidney is approx 0.3
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Bone Structure
Metabolic :
End Products Blood Formation

Calcium Vitamin D
Balance Activation

(phosph .ite elimination)

Erythropoietin
Synthesis

Removal of
Ureaq, Creatinine etc.

Potassium
Balance

Water Balance

Recovery of
Bicarbonate Removal -
Blood Pressure

Cardiac Activity \ /A4
Regulation of Blood pH /
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:I High Cholesterol
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qube’res

Atheroscleroms

Failure



Water balance

Electrolyte balance

Acid/Base balance
Waste Removal (ureq, creatinine)

ndocrine functions

RENAL REPLACEMENT /
THERAPY: REPLACING KIDNEY

FUNCTIONS




Prolong Life

Reverse uremic symptoms

ize quality of life




Hemodialyzer
(Where filtering takes place)
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Hemodialysis  Unfiltered blood  Filtered blood
machine flows to dialyzer flows back to body
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Process by which the solute composition of @
solution “A” is altered by exposing it to a second
solution “B” through a semi-permeable
membrane

DIALYSIS



Diffusion

Osmosis

Ultrafiltration

MECHANISMS OF SOLUTE
TRANSFER



A result of random molecular motion across a
semipermeable membrane

Influenced by concentration gradient of the
solu’re and its Molecular size, shape & weight,
harge cmd as well as by the
o the solute

DIFFUSIVE CLEARANCE




Solute concentration vice versa of Solvent
Concenftration

ACross a semipermeable membrane solvent flow

from higher concentration towards lower
ation called Osmosis.
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The movement of solvent(water) molecules
ACross a semipermeable membrane , caused by
a pressure gradient is called Ultrafiltration.

Hydrostatic UF by hydrostatic pressure

osmotic pressure.

ULTRAFILTRATION



Water molecules passing through a SPM carry with
them the solutes in their original concentration.
This Is called the “solvent drag phenomenon”

ater can be made to move across a SPM by the
ither a hydrostatic or an osmotic




Solvent, low concentration

Solvent, high concentration
Solute molecules
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Convection vs. Diffusion
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small molecular wt
¥ substances (= 1 kD)

large molecular wt
substances (5 -50 kD)



Convection vs. Diffusion

Convective
Clearance

Diffusive
Clearance

Clearance

| |
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Molecular Weight



The vol. of blood or plasma from which the solute
is completely removed in unit fime.

Clearance measures the magnitude of blood
cleaning, independent of concentration of the
ering the dialyzer.

CLEARANCE



Plasma water is 93% of the plasma volume depending on
JsSmMa protein concentration.

Jialyzer most solutes are removed from

BLOOD VS PLASMA CLEARANCE



EXAMPLE
Qb = 200 ml/ minute, hematocrit = 35%
Plasma flow rate =200 X (1 - 035) = 130 ml/minute

Plasma water flow rate = 130 X 0.93 (93% of plasma is water) = 131}11 /minute

Erythrocyte flow rate =200 - 130 = 70 ml/minute
Erythrocyte water flow rate = 70 X 0.80 = 56 ml/minute
ume is water [containing diffusable urea]) -

Thus the whole blood water flow rate effective for urea clearance =

121 tié =177 ml/minute
_ If the blood water concentration of urea = 100 mg/dl at inlet and 10 mg/dl at

(About 80% of erythrocyte vol-

tlet, the urea clearance of whole blood = 177 ml/minute X (1 - [{10mg/ d} /
100 mg/dl}]) = 159 ml/minute
This means that 159 ml of blood is cleared of urea each minute.



Blood flow rate (Qb)
Dialysate flow rate (Qd)

~ Dialysis efficiency

CLINICAL FACTORS INFLUENCING
DIALYSIS UREA CLEARANCE




~ The Urea clearance increases as Qb increases from zero but at
dialyzer efficiency decreases & Urea conc. At

cr
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The increase in Qd increases the Urea clearance.

This effect is negligible aslong Qd is 150-
200ml/min faster than Qb

With high efficiency dialyzers < 10% increase in
earance if Qd 500 ml/min to 800ml/min (

)

DIALYSATE FLOW RATE



Dialyzer efficiency is measured in terms of clearance at a given Qb &
Qd, usually for Urea at Qb of 200 ml/min & Qd of 500ml/min.

Another measure of Dialyzer efficiency is solvent removal i-e UF
icient (Kuf).

DIALYZER EFFICIENCY






Blood & Dialysate flow in opposite directions at
dialyzer membrane to maximize the solute
movement( counter current flow)

Diffusion is the predominant method of solute
clearance.

mall amount of Hydrostatic UF to remove
gained between

TRADITIONAL HEMODIALYSIS



oys a large quantity of hydrostatic UF.
ith plasma -like electrolyte solution.

A Y( )

and volume

Y.



earance , Hemofiltration( convective tfransport)
is(diffusive tfransport) by allowing
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Dialysis Techniques

Hemodialysis Hemofliitration
From
patient
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to drain
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patient

Hemodiafiltration
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in to drain
Replacement
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Blood




divided in TWO major components




It comprises

Tubing set with ports, drip chambers and an
access device




Blood drawn from the patient either via venous catheter or needle
into vascular access(fistula or graft).

emodialyzer.



Pressure in these segments is monitored set with a alarm sound if it goes
beyond the set range & blood pump stops.

namber has level detector. If the blood level drops
arm sounds, the pump stops and tubing
orevent any air entry into

TUBING SET



The most common pump is Roller design, rotating
rollers compresses the pump segment of the tubing &
sweep the blood forward.

The speed of rotation is Qb ranged from 200-
in (median rate 350ml/min.

d reasons for insufficient
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THE HEMODIALYSIS CIRCUIT

Heparin
infusion

|

Ultrasonic
level detector




Dialyzer is the critical part of the dialysis apparatus where exchange of
IS process) occurs. It contain semipermeable
er side Dialysate flows.
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Blood Inlet
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Blood port
Header
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The major components are:

Blood ports— carry blood in (arterial port) & out
(Venous port) of the dialyzer.

Headers— from blood ports, blood enters the arterial
header space & dialyzed blood enters the Venous
before Venous port.

re anchored to



Selection of dialyzer is based on certain performance
characteristics.

Membrane: The material constitutes the membrane
are of 3 broad groups.

Cellulose Membrane: early material was plant
accharide called Cellophane. Later

nium cellulose), Saponified




lll. Synthetic Membrane: These differ from Cellulose membrane as
follows:

These are more biocompatible
Have high hydraulic permeability

-~ More expensive.

d. 2ins, 1Igs & complements.

~ )

DIALYZER CHARACTERISTICS



MEmBIaREYEFRPERNEXaPIESINSIOEOIIIP?

c I

Regen. | Low/flux | cliprophal{Peos:
celltilose he

Vodif: Low/High{Cellrace
Cellulose |FlUX ate

Cell di-

acet. /
Synthetic [High/LLow [PAN,PS,P'|Good
DIALYSISTMEMBRIANES

PC,PMMC




Dialyzer performance is judged on Solute clearance and UF
haracteristics.

lalyzer performance



The clearance data by manufacturer is usually in
Vitro experiments using water & is always high

then blood clearance in vivo. It must not be used
for dialysis prescription using urea kinefics.

Inine clearance is 70-95% of urea clearance.
generally are nof

A K
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II. UF Characteristic:

Its used as Kuf term as UF rate (ml/hour/mmHg).
Dialyzer with a Kuf of > 8 ml/hour/mmHg should
be used with modern volumetric machines.

Surface area & Porosity of the Membrane: Dialyzer
egrance is dependen’r on porosity & total




ith high permeability are called High efficiency dialyzers.
mmHg/hour or a KoA urea of 450-600




he dialyzer sterilizations tfechniques are important.

1 method is ethylene oxide( Eto).

D as it caused anaphylactic
JMMO




With the use of more expensive high-flux dialyzers
cost saving is the main factor for Re-use.

The technigque involves rinsing with clean water or by
cleansing agents i-e sodium hypochlorite(bleach)

H202,0r peroc;ehc acid. After thorough cleansing

ed : Formaldehyde or
ed & heat. (Renatron).




The major components of dialysis Circuit are:
1- Dialysate Concentrates.
2- Dialysate Delivery System.
1- Dialysate Concentrates:

sually comes in the form of concentrate i-e
e vol. of water to make a solution




Bicarbonate Concentrate:
The main basic anion is Bicarbbonate for Dialysate

concentrate iIs made in two parts.
Part A, (QCid concentrate) contains all the electrolytes
0se.

)

oncentrated solution.
nped info two

/



Compoenent EoncENtation
mmolyL
140
K 2
Ca 1.25 (5 mg/al)
Mg 0.5 (1.2 mg/dl)
Acetate 5.0
CPlbridedlS SOLLHBON /
Bicarbonate 35
Glucose 5.6 (100 mg/dl)




Concentration Range in Final Dialysate (mEg))
Constituent Acetate Bicarbonate Most Common
Based Based Concentration
fm—————
Sodium 135-145 135-145 1375
Chloride 100-116 100-116 106
Potassium 0-4 0-4 2
Calcium 2.5-3.5 2.5-3.5 3
Magnesium 0.5-1.5 0.5-1.5 0.75
Acetate 35-38 2-4 4
Bicarbonate - 35-38 375
Dextrose* 0-200" 0~200" 200"

Table 2.1, ‘mg/d,



This system blends & provides Dialysate to the dialyzer,
monitor Dialysate quality, and controls & monitor UF from
the patient. It can be divided into four major components.

ter Preparation System. Treated water delivered
' eated water to a negative Pressure
rtioning system.



3. UF Controller: IN modern volumetric control machines

fresh dialysate passes via a volume-measuring device
before

going to dialyzer, & spent dialysate from dialyzer (along with
UF Vol.) is passed via this device again. By comparing 2 vol.
track UF vol. accurately.

1al= @
=5ign exists.
quantify the



TMP is the pressure on dialyzer side( the sum of pressure
on

the blood & dialsate sides). And it controls the UF rate.
The volume to be ultrafiltered during each freatment is
d by patient weight.

ne dialysate pressure

4



4. Monitors & Detectors: FOr safety several monitor & detectors are
used in DD system.

a. Conductivity monitor: Appropriate mixing of concentrate with
water is monitored by conductivity. This monitor check electrolytes
concentration in the final dialysate, any malfunction results in abnormal
roportioning —fatal for the patient. Any deviation from the narrow
-disruption of HD.

ature of dialysate for




c. Blood leaks detector: Blood leak sensors are p|OC6d on

the dialysate outflow line. These are usually flow-
through

ohoto-optical or blue frequency spectrum sensors.

Me machines has pH electrode as
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A large volume ( >100 liter per treatment) is used to make dialysate
from the concentrate.
Dialyzer membrane acts as a filter & prevents bacteria & endotoxins
rom crossing into the blood, so dialysate & water are not to be sterile.
count is in the water should be <200/ml.

dialysate water, need to be




TOXIC WATER CONTAMINANTS

COMNTAMINANT SOURCE ADVERSE EVENT

ALUMINUM MUNICIPALWATER ENCEPHALOPATHY, BONE
DISEASE, ANERMIA

CHLORAMINES  MUNICIPALWATER HEMOLYSIS

FLUORIDE MUNICIP ALWATER FATAL ARRHYTHMIA, BONE
DISE ASE (7)

LIWER FAILURE
AMEM 1A

CHYANOQTOXIN
MITRATES

SOURCEWATER
SOURCE WATER

EMDOTOXIN DIALYSIS UNIT PYROGENIC REACTIONS,
CHROMIC INFLAMMATICON

COPPER DIALY3IS UNIT HEMOLYSIS, MAUSE A,
VOMITING

ZINC DIALY SIS UNIT HEMOLYSIS, MAUSE A,
VO TING

CALCIUM, SOURCEWATER, NAUSEA VOMITING

MAGNESIUM MUNICIPALWATER




AAMIWATER QUALITY STANDARDS -2000 (DRAFT)

SUBSTAMCES INDIALY SATE SUBSTAMCES TOXIC IN DIALLY SIS
CALGILN z ALK M U 00
hi &G MES LM 4 CHLORAMINES 040
500k 70 FREECHLORINE 04
POTASS K 3 COPPER 040
TOXIC SUBSTAMNCES (S DA ) FLUORIDE 0z
ANTIMON ¥ 0006 MITRATE (as N3 20
ARSENIC 0005 SULFATE 100
BERYLLIUM nopod ZING 040
B AR UK 001
G2 O 1Lk 0001 MICROBIOLOGICAL COMTAMINANTS
CHR Ok U D014 BACTERIA 200
CYANIDE o2 ACTION LEVEL S0
LEAD 0005 ENDOTOX N 2
MERCURY 00002 ACTION LEVEL {
5 ELE NIk 00y
5 IL'WVER 0005
THALI M o2

CHEMICAL CONCENTRATIONS IN moil, BACTERIA CFUSml, ENDOTOAIN E Uiml



The most common method for puritying dialysis water is
Reverse Osmosis(RO) where water is pressured across a tight

membrane( with pores small enough to remove ureq,
Na,&Cl)

The process removes > 90% of impurities . Activated
charcoal & ion exchange resins(deionizers) fo remove
' ed ions & non-ionic contaminants.

ncern abt. Contaminated




""""""""" > Softeners

Pre Particle Carbon
filter = A filter adsorption

~ Treated
_water Distribution ring Dialysis

(a recirculating loop) stations

WATER TREATMENT SYSTEM /
FOR HEMODIALYSIS




Contact with a foreign surface leads to clotting of blood
due to acftivation of infrinsic pathway & platelets.

Prevention of clotting is essential for effective treatment
which enables the free passage of blood via dialyzer & to

of dialyzer fibers( reduce the surface area




The most common anticoagulation in HD continues

to be Heparin. Two main types of heparinazation
techniques,

Systemic Standard Heparinazation: most commonly used in
stable chronic HD patients & use Heparin bolus to increase the ACT to
ds ( normal 90-140 sec.). Followed by continuous infusion

aintain the ACT in range.
30-60 minutes



Citrate is one of the best & longest used alternative to
heparin. It prevents clotting by binding with calcium
necessary for clotting cascade. EC system anticoagulation.
Citrate is infused at arterial segment of BT, calcium removed

ate, calcium infused in Venous segment-- patient.

Isodium citrate solution is




Citrate anticoagulation reduces the risk of bleeding &
keeps

dialysis free of clots. Disadvantages are
More expensive than heparin
tuation in serum calcium levels

alosis to prevent this citrate




Recombinant Hirudin: It inhibits both thrombin
Induced & platelets-induced clotfting but it doesn’t not

platelets aggregation.(unlike Heparin). It is administered
as a

ose at start of HD. It prolong half life




Patients with AKI & high risk of bleeding HD can be done
with no anficoagulation. The dialyzer & tubing set are pre
soaked with 2000-7000 units of heparin for >30 min. Rinse all
heparin before connecting to the patient.

Alternatively, periodic (every 30 min.) rinsing of blood
saline minimizes the risk of clotting.
DO) TO prevent anemia is associated
Jgulation.




Ennui
Weakness
Anorexia
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Inconvenience

D:i:fardltls The minimally accey Optima_l prescription |
prescription; term clinical outcome
avoids the more lower morbidit

ANclirac ac~ankta mortali
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N all the symptoms and signs of uremia are
shabilitated.












Better preservation of residual renal function

Less EPO requirement

ertension




Peritoneal membrane is a biological serosal membrane equal to body surface area

It has visceral & parietal layers

-100 mls/min




What is Peritoneal Dialysis ?

INTRACORPOREAL DIALYSIS: Solution Bag ey
* Heart as blood pump
* Peritoneum as dialyzer
- No machine i

* No anticoagulation ([ Comnector

Sy

Peritoneal Dialysis
Drainage Bag Solution

Principle of Peritoneal Dialysis



Peritoneal membrane has mesothelium, interstitium and capillary basement membrane

ium is the critical barrier




Diffusion

Conc.grad

Perit.memb.surf.area
Memb. Resistance
Mol.wt. of solute




Three Pore Model

Endothelial Cell
‘ TEALATTSPORTS
Transcellular Pore

E < 0.8 mun WATER

Small Pore .

r=4.0-60 mn

o MACROMOLECULES
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peritoneal dia
solution into the
abdominal cavity.

The solute transfer
between blood and
the solution happens
by diffusion.

The water removal
from the patient is
an osmotic process.

-

Bag for Used Solution




Fresh dinl_-.r:i.i:i. gelution

= Clamp

Diispasable tubing

Dhrain bag,




Heater bag,

Fluld meter

Solution
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| o™ = Drain line







Continuous
Treatment

Advantages of
Kidney Transplantation

No Fixed Time
Schedule

Less Sequelae w

I | | I |



Kidney Tro
in the Fossa lliaca,
Not at the Position
of Healthy Kidneys

Connection of
the Ureter to the
Bladder of the
Recipient

Vein to the Pelvi

Vessels




Transplantation

Peritoneal Dialysis Hemodialysis

Each mode has its advantages and disadvantages.
The selection is made in a discussion between patient and physici




Renal
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