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Choices

Treatment Options for People with

Chronic Kidney Failure

Stage 5d
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Haemodialysis Vascular Access

What do we mean by “vascular access” ?

Way in which we are able to remove and return blood to the patient

 Internal vascular access

•  Arteriovenous fistula(AVF)

•  Arteriovenous graft (AVG)

 External vascular access

•  Intrajugular catheter

•  Subclavian catheter

•  Femoral catheter
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Haemodialysis Treatment

How is haemodialysis performed?

Haemodialysis uses a filter as a semipermeable membrane (dialyzer)

 Dialyzer contains hollow fibres

 Hollow fibres are constructed of a semipermeable membrane

 Blood passes through inside of hollow fibre

 Dialysate flows around outside of hollow fibre

 Chemical processes allow removal of wastes

 Physical processes allow removal of excess fluid
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Haemodialysis Treatment

Where can a haemodialysis treatment be done?

 At a dialysis centre

 At home

 At the hospital
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Haemodialysis Treatment

How often is haemodialysis performed?

 Treatment is prescribed by the physician

 At least three times a week in most patients

 Treatments are usually 4 to 5 hours in duration
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Haemodialysis Treatment

Pros

 Quickly stabilizes patient

 Treatment outcomes are

generally predictable

 Time-efficient

Cons

 Expensive & technically

complex

 Trained personnel required

 Vascular access required

 Complications (mechanical &

technical) can be serious

 Anticoagulation generally

necessary
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Haemodialysis Treatment

Side effects

Caused by rapid changes in fluids and chemicals during treatment

Side effects include

 Blood pressure changes

 Cramping

 Nausea

 Weakness, dizziness
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Peritoneal Dialysis

Definition: peritoneal membrane

It is a thin membrane in the abdomen

 Covers the abdominal organs

 Lines the abdominal wall

Properties

Very thin

Highly vascular (many blood vessels)
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Peritoneal Dialysis

How does it work ?

A solution, prescribed by physician, fills the peritoneal space between the

membranes

The peritoneal membrane serves as filter

 Performs function similar to the hollow fibres in the dialyzers

 Membrane thin enough to allow passage of fluid and molecules

from bloodstream into dialysis fluid



Page 20Workshop 3: OnLine HDF- the Easy Way to be Efficient, João Fazendeiro Matos, 12.11.2016 © FMC-P

Peritoneal Dialysis

PD vocabulary

Inflow = Process where fresh dialysate solution flows into the abdomen

Dwell = Period of time when the dialysate solution remains in the peritoneum

 This allows toxins, excess fluid to pass into the dialysate solution

Outflow (drain) = Toxins, excess fluid and dialysate solution are drained from

the abdomen

Exchange = Word used to describe the entire inflow-dwell-outflow cycle
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Peritoneal Dialysis

Pros

 More liberal diet & fluid intake

 More stable lab values

 Can be done at home

Can also be done at work, on

holiday, etc.

 Patient administers own

treatment

 No needles needed

Cons

 Catheter in abdomen

 Self image issues

 Route for infection

 Requires skills

 Requires storage space in

home

 Treatment needs to be done

every day
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Transplantation

3 types

Living - related

 Kidney donated by member of patient’s immediate family

Living – non-related

 Kidney donated by friend, spouse, etc.

Cadaveric

 Kidney “harvested” from person whose brain function has ceased

 Kidney “harvested” from cadaver
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Transplantation

Considerations

 It results in the patient having the most normal laboratory values

 Donor & patient’s tissues need to match as closely as possible

 Patient must be very compliant with anti-rejection drugs
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Haemodialysis

Definitions

Hemo = Blood

Dialysis= Pass through or filter

Haemodialysis = Removal of waste products and excess fluid

Uraemia = Nitrogen-containing waste products in blood normally excreted by

the healthy kidney

 From the Latin: “ure-” = referring to urine & “emia” referring to

blood  “urine in blood”
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Haemodialysis

Indications

• Why haemodialysis should be done

Renal insufficiency

•

•

•

•

•

•

Volume overload (too much fluid)

Hyperkalemia (too much potassium in blood)

Metabolic acidosis (blood too acidic)

 Serum bicarbonate < 15 mEq/L

Uraemic intoxication

Electrolyte imbalances

Removal of substances

 Poisons

 Drugs
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Goals of Haemodialysis

 Management of some of the various conditions that are a result of

renal failure

 Uraemia

 Fluid overload

 Electrolyte imbalance
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Components of the Haemodialysis System

 The delivery system (machine & dialysate)

 The extracorporeal (outside the body) circuit

 Fistula needles

 Arterial bloodline

 Venous bloodline

 Dialyzer (artificial kidney)

 Vascular access
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Principles of Haemodialysis

Definitions

Semipermeable = allows passage of some (but not all) substances and fluids

Solutes = Molecules and electrolytes (particles) suspended in fluid - the solids

in a solution

Clearance = Removal of specific solutes

Solvent = Fluid in which solutes are suspended
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Principles of Haemodialysis

Definitions (cont.)

Osmosis = movement of fluid from area of lesser concentration of solutes to

area of greater concentration of solutes, through a semipermeable membrane

Diffusion = movement of solutes from an area of greater concentration to an

area of lesser concentration



Page 30Workshop 3: OnLine HDF- the Easy Way to be Efficient, João Fazendeiro Matos, 12.11.2016 © FMC-P

Principles of Haemodialysis

Adapted with permission of Amgen Inc.
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Principles of Haemodialysis

Diffusion Convection

Random  movement  of  molecules

along a concentration gradient.

Exertion of pressure results in

filtration  of  water  &  solutes  across
the membrane.
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Principles of Haemodialysis

The following 2 slides are portions

of the illustration at right, adapted

to  improve  visibility.  This  is  an

excellent representation that there

is a two-way movement of solutes

through the membrane.

Adapted with permission of

Amgen Inc.
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Principles of Haemodialysis
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Principles of Haemodialysis

Factors affecting removal of toxins

– Dialysate flow rate (DFR or Qd)

– Blood flow rate (BFR or Qb)

– Dialyzer membrane characteristics
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Principles of Haemodialysis

Factors affecting removal of toxins

Concentration gradients

 Differences between concentration of a given solute in patient’s blood

compared to fresh dialysate

 Differences in concentration of solutes between intercellular,

extracellular and vascular fluids

Molecular weight of solute

 Small molecules move faster than large molecules
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Principles of Haemodialysis

Dialyzer membranes

Semipermeable

Hollow fibres made with microscopic pores

 Pores are too small to allow passage of RBCs

 Pores are large enough to allow passage of fluid

 Pores are large enough to allow passage of smaller molecules and

electrolytes

 Pores allow passage of some medications and not others (depends

on the size of the molecule)
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Principles of Haemodialysis

Dialyzer membrane characteristics

Membrane surface area

 Amount of membrane in contact with blood & dialysate

Permeability

 Pore size, pore number, thickness, design

Resistance factors

 Blood film, dialysate film, membrane
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BicarbonateElectrolytes Bacterial

fragments

Dialysis Fluid

e.g. ß2-microglobulin

Water

Acetate

Glucose

Electrolytes

The membrane
functions

similarly to a

sieve!

Membrane

Blood
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Dialyzer Membrane Characteristics

Synthetic:



Page 41Workshop 3: OnLine HDF- the Easy Way to be Efficient, João Fazendeiro Matos, 12.11.2016 © FMC-P

Adsorption of

plasma proteins

(e.g. albumin & fibrinogen)

Blood Flow

Activation of Blood Coagulation

(via Factor XIIa)

Activation of the

complement cascade
(C5a / C3a)

Activation of

leucocytes

Activation of Platelets

(Adhesion / aggregation)

Component of

Extracorporeal

Circuit

Biocompatibility

Several pathways triggered simultaneously by blood-material interactions:
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Dialysis Adequacy

Definition

 Dialysis treatment achieves the following goals:

 Reduction of uraemic toxins to acceptable levels

 Removal of excess fluid

 Bringing serum electrolytes into prescribed ranges
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Dialysis Adequacy (cont.)

Factors affecting adequacy

Blood flow rate (BFR or Qb)

 Part of the physician’s prescription

 Can range from 250 - 500 ml/min

 (Higher flow rates are preferable but not always achievable)

Dialysate flow rate (DFR or Qd)

 Part of the physician’s prescription

 500 ml/min or using Autoflow
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Dialysis Adequacy (cont.)

Another factor affecting clearance

Counter-current flow

 Dialysate flows through dialyzer in opposite direction from blood flow
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Dialysis Adequacy (cont.)

Choice of dialyzer

Conventional = slowest, lowest clearance

High efficiency = greater solute clearance than conventional but not as great

as …

High flux = Highest clearances available with current membranes
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Dialysis Adequacy (cont.)

What can you do to ensure adequacy?

 Prepare dialyzer according to proper procedure

 Ensures maximum performance of the dialyzer

 Set blood flow according to prescription

 Set dialysate flow according to prescription

 Make sure supervisor is aware of deviations from prescription
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Fluid Removal

Definitions

Ultrafiltration = Filtration under pressure

 In haemodialysis, ultrafiltration = fluid removal under pressure

Positive pressure = pressure exerted by the blood flowing through the dialyzer

 Results from blood being pushed by blood pump

Negative pressure = pressure applied to the dialysate side by the machine

 Pulls excess fluid from blood compartment to dialysate compartment  drain

Transmembrane pressure = sum of positive plus negative pressures at

membrane level
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Fluid Removal

Adapted with permission of Amgen Inc.
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Fluid Removal

Transmembrane Pressure (TMP) = Positive pressure + Negative pressure

Ultrafiltration Coefficient (KUF)

•  A value that indicates ml of fluid pulled across the membrane in an hour

when 1 mmHg of TMP is applied
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HDF milestones

M.J. Nublé et al. (eds.), Hemodiafiltration: Theory, Technology

and Clinical Practice, DOI 10.1007/978-3-319-23332-1_2
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HDF milestones
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Diffusion

M.J. Nublé et al. (eds.), Hemodiafiltration: Theory, Technology

and Clinical Practice, DOI 10.1007/978-3-319-23332-1_2
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Online HDF - Physical principles of dialytic techniques

Haemodialysis
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Online HDF - Physical principles of dialytic techniques

Haemodialysis

+ ions

+ small molecules

- middle molecules
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Convection

M.J. Nublé et al. (eds.), Hemodiafiltration: Theory, Technology

and Clinical Practice, DOI 10.1007/978-3-319-23332-1_2
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Online HDF - Physical principles of dialytic techniques

Hemofiltration
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Online HDF - Physical principles of dialytic techniques

Hemofiltration

- ions

- small molecules

+ middle molecules

+  water
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Convection
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Interactions Diffusion-Convection

M.J. Nublé et al. (eds.), Hemodiafiltration: Theory, Technology

and Clinical Practice, DOI 10.1007/978-3-319-23332-1_2
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Online HDF - Physical principles of dialytic techniques

HD + HF = HDF (Hemodiafiltration)

+ ions

+ small molecules

+ middle molecules
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HDF - Technical aspects
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HDF online - Technical aspects
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HDF - Technical aspects
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HDF - Technical aspects



Page 66Workshop 3: OnLine HDF- the Easy Way to be Efficient, João Fazendeiro Matos, 12.11.2016 © FMC-P

The treated water



Page 67Workshop 3: OnLine HDF- the Easy Way to be Efficient, João Fazendeiro Matos, 12.11.2016 © FMC-P

The "filter" for ultra-pure water – DIASAFE
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The “filter” – Dialyzer
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Dialyzer
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The HD machines (TS5008) and the extracorporeal circuit (ECC)



Page 72Workshop 3: OnLine HDF- the Easy Way to be Efficient, João Fazendeiro Matos, 12.11.2016 © FMC-P

OnLine HDF - Simplicity and safety

 Online production of replacement fluid

 Online Priming, Bolus and Reinfusion

 No need for saline solutions

 HDF Online and HF Online

(pre or post-dilution)

 Great simplicity
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OnLine HDF - Simplicity and safety

 Versatile dialysis flow control allowing

significant water and dialysate savings:

AutoFlow

 Lets you do HDF with no added costs

 Automatic calculation of the substitution

volume: AutoSub.

ONLINEplus-H(D)F
Pump

ONLINEplus
Substitution door
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OnLine HDF - Physical principles of dialytic techniques

In hemodialysis many physical processes

occur between the patient's blood and the

dialysate, through the dialyzer.

The dialyzer is a filter consisting of a

semipermeable membrane.

On one side of the membrane passes the

blood, on the other passes the dialysate.



Page 75Workshop 3: OnLine HDF- the Easy Way to be Efficient, João Fazendeiro Matos, 12.11.2016 © FMC-P

Online HDF - Physical principles of dialytic techniques

Diffusion, convection, filtration and

osmosis are processes that occur

between the blood and the dialysate

through the semipermeable membrane.

This is possible due to differences in

concentration, hydrostatic pressures,

osmotic pressures, and flow (blood or

dialysate) changes.
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HighVolumeHDF®
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HighVolumeHDF®

Doubts



Page 95Workshop 3: OnLine HDF- the Easy Way to be Efficient, João Fazendeiro Matos, 12.11.2016 © FMC-P

HighVolumeHDF®

Thank you very much for your attention!


