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Unit C18.5 Maintaining Haemodialysis Equipment 

18.5.2  Maintain a haemodialysis machine 
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o principles of operation
 function
 use
 scientific principles

o construction
 components
 system diagram
 inputs/outputs

o troubleshooting 
 identifying common faults
 replacing components
 rectifying faults

o safety considerations
 patient safety 
 electrical safety

o performance monitoring
 calibration
 quality assurance and control
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Haemodialysis systems
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There are two basic classes of dialysis machines: clinical units, which are 
commonly cabinet-size machines operated by trained technicians; and 
home-use dialysis machines, which are smaller and sometimes portable.

With home-use machines, patients have more flexibility 
in scheduling dialysis, and they can dialyze for longer 
periods and more frequently. These systems use a 
natural body membrane to do the dialysis. It is called 
‘peritoneal dialysis’. It uses a permanent tube in the 
abdomen. Home-use machines are growing in 
popularity because they offer greater convenience and 
better clinical outcomes; however, they are associated 
with a significant risk of infection. 

In this lecture we will limit ourselves to ‘clinical units’ home-use dialysis machine
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Dialyzer (= artificial kidney)
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The dialyzer is composed of thousands of tiny hollow synthetic 
fibres. The fiber wall acts as the semi-permeable membrane. 
Blood flows through the fibres, dialysis solution flows around the 
outside of the fibres, and water and wastes move between these 
two solutions. The cleansed blood is then returned via the circuit 
back to the body. 
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Ultrafiltration
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Ultrafiltration occurs by increasing the hydrostatic 
pressure across the dialyzer membrane. This usually 
is done by applying a negative pressure to the 
dialysate compartment of the dialyzer. 

This pressure gradient causes water and dissolved 
solutes to move from blood to dialysate, and allows 
the removal of several litres of excess fluid during a 
typical 4-hour treatment. This corresponds to the 
urine which is normally taken out of the body by the 
kidneys. 
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Dialysate
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In the dialyzer, the blood flows in one direction and the dialysate 
flows in the opposite. This counter-current flow of the blood and 
dialysate maximizes the concentration gradient of solutes between 
the blood and dialysate, which speeds up the process. 

The concentrations of solutes (for example potassium, 
phosphorus, and urea) are undesirably high in the blood, but low 
or absent in the dialysis solution. Constant replacement of the 
dialysate ensures that the concentration of undesired solutes is 
kept low on this side of the membrane.

Used dialysate is usually discarded (single pass). 
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Cleaning and Consumable Components
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Alternatively, to prevent transfer of blood-borne viruses 
between patients, and to simplify cleaning, the entire blood 
pathway, consisting of blood tubing, dialyser and any needles 
can be discarded after a single treatment. 

After the dialysis procedure, the machine must be cleansed and sterilized. Provisions are made in the plumbing to 
close the circuit into a loop and run saline and/or sterilized water through the system to flush away all impurities. 
One approach is to heat water or saline to a high sterilizing temperature and then run it through the machine, both 
through the extracorporeal circuit and through the dialysate circuit. 

The mechanical parts of the blood pump do not contact directly 
with the blood; they propel the blood along the tubing by 
squeezing the tube from outside using rollers. Similarly, the 
sensors which measure pressure in the blood at various points 
along the blood pathway are separated from the blood by 
multiple membranes; and, in some cases, an air gap, to prevent 
direct contact between blood and machine.
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Components: Pumps

© Haemodialysis machine 

Rotational peristaltic pumps are commonly used for driving the 
various high volume fluids in the machine: blood, dialysate, water, 
and saline. This type of pump is very convenient because it does not 
touch the fluids directly. Instead, a section of flexible tubing runs 
through the pump mechanism where it is compressed by rollers to 
push the fluid forward. The rotational speed is controlled 
electronically. 

Typical rate of blood flow is 100-300 ml/minute; typical rate of 
dialysate flow is 400-600 ml/minute. This means that in a 3 hour 
session typically 100 liters of dialysate are used.

For the lower volume fluids such as heparin (typically 1.5 
ml/hr), a syringe pump mechanism is commonly used driven by 
a small stepper motor or DC motor. Precise measurement of 
proper mechanism advance is needed.
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Components: Valves and Sensors

© Haemodialysis machine 

Several valves with electronic actuation are required to allow variable mixing ratios. 
Various implementations are possible from simple opened/closed valves driven by 
solenoids to precision variable-position valves driven by stepper motors or other means.

Dialysis machines require many different types of sensors to monitor various parameters. 
• Blood pressure at various points in the extracorporeal circuit,
• dialysate pressure, 
• temperature, 
• O2-saturation, 
• motor speed, 
• dialyzer membrane pressure gradient, 
• air 

are all monitored for proper values during dialysis. Unless they have digital outputs, the 
sensors' analogue signals must be amplified, filtered, and digitized before being sent to the 
controller. 
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Components: Microcontrollers and Alarms

© Haemodialysis machine 

Because of the large number of input signals to be monitored and the large 
number of pumps and other mechanisms to be controlled, many of these 
functions are performed with dedicated microcontrollers for that portion of 
the system. 

Controlling the overall system will be a main processor capable of running a 
full operating system and GUI (Graphical User Interface). Communication 
between the controllers is required to send data, commands, and alerts.

Both audible and visible alarms are provided to alert users when a warning is 
needed or a fault condition has occurred.
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Block Diagram 
of a (simple) 

dialysis system
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Trouble shooting

© Haemodialysis machine 

find the service docs
• for user training

• for preventive maintenance
• for corrective maintenance
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Safety Considerations

© Haemodialysis machine 

Haemodialysis has significant risks if not extreme care is taken. 

The main cause of morbidity and mortality in chronic haemodialysis patients is 
infection. Therefore cleaning and sterilization are very important as well as the 

quality of the water. 

Strict, specific policies and procedures designed to reduce infection risks 
should be implemented. These policies should address issues such as 

sterilization and disinfection, housekeeping, laundry, maintenance, waste 
disposal, isolation precautions, and universal precautions.

Also a top condition for the whole, complex, system is important (e.g., sensors, pumps, alarms, 
calibrations, etc.) since faulty components or settings can easily lead to patient problems. 
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