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Summary
Cell salvage, cell saver, cell processor or autologous blood transfusion is the process of collecting a patient’s blood from the surgical field, washing, filtering and transfusing it back to the same patient. There are six basic steps involved in cell salvage. Step one
involves the collection of shed blood into a reservoir with an anticoagulant-saline mixture. Step two is the filtration of debris and
clots. In step three, the red blood cells (RBCs) are separated from the nonerythrocyte components. This process may be likened to
clothes in the washing machine. Washing with saline removes contaminants in step four and the RBCs are resuspended in saline
and transferred to the reinfusion bag. Waste products are transferred into the waste bag in step five. In step six, the resuspended,
washed RBCs are collected in a bag at room temperature which can be reinfused.
The functioning of the cell saver is based on Newton’s First and Second Laws of Motion, where centripetal forces are generated to
separate the blood components depending on their density. The denser RBCs are driven to the outer wall of the centrifuge bowl
with the plasma collecting on the inside. A typical yield will retrieve 50–95.8% RBCs with a final haematocrit of 50–70%.
Cell savers are used in procedures with a large volume of anticipated blood loss, high risk of bleeding, low preoperative haemoglobin,
in patients with rare blood groups or multiple antibodies and in some Jehovah’s Witness patients.
Keywords: cell saver, centripetal force, blood reinfusion

Introduction

A centrifuge is a device that spins around a central vertical axis
creating a large and useful force. This is described as a centrifugal
force but scientifically it does not exist. It is in fact a centripetal
force, and more correctly centripetal acceleration. When an object experiences uniform circular motion, it travels in a circular
path at a constant speed. If one applies Newton’s First and
Second Laws of Motion, an object moving along a curved path
has a constantly changing velocity as the direction is constantly
changing. If velocity is changing, then the object is accelerating.
And for an object to accelerate, a force needs to be applied to it.
As the object enters a bend, its natural tendency is to continue in
a straight line unless acted upon by a force. If the object follows
the bend, then there is a force constantly “pulling” it inward; this
is the centripetal force.6

Cell salvage, cell saver, cell processor or autologous blood
transfusion is the process of collecting a patient’s blood from
the surgical field, washing, filtering and transfusing it back to
the same patient.1,2 Autologous transfusions can occur intraoperatively, using a cell saver, or postoperatively, using special
drains.

How it works
There are six basic steps involved in cell salvage.1-4 Beneath these
basic steps are the true physics principles behind the functioning
of a cell salvage device.
The centrifugal bowl is the cell separation bowl. It spins around

These forces can be calculated using the following formula:4,6

a central vertical axis and this spinning creates acceleration,
commonly called the “centrifugal force”. This, however, is

F = net force

incorrect.

[ ]

2
F=m vr

Newton’s Second Law of Motion states “The acceleration of
5

an object is directly proportional to the net force acting on it
and is inversely proportional to its mass. The direction of the
object.” As an equation is it written as:
∑ = sum of
F = force
m = mass
a = acceleration
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v = rotational velocity (m/s)
r = radius of rotation

The above formula indicates that increasing the mass of the
object and increasing the speed, requires an increase of the force.
Centrifuges are useful instruments for separating mixtures, in the
cell saver this mixture is whole blood. As the centrifuge “spins”,
centripetal forces are generated which separate the blood
components depending on their density, listed in Table I;4 the
denser RBCs are driven to the outer wall of the centrifuge with
the supernatant plasma collecting on the inside, and as the less

acceleration is in the direction of the net force acting on the

∑F=ma

m = mass (Newtons)
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dense (lighter) fraction, this is forced out the centrifuge bowl via

The six steps will be discussed in detail. Figure 1 provides an overall impression of the “flow” of RBCs within the entire cell salvage
system. Most devices have an automatic mode where steps will
take place as certain requirements are met, e.g. reservoir volume,
RBC haematocrit in centrifuge bowl, centrifuge bowl volume. A
manual mode may be selected and most of the variables altered
to better suit specific settings and procedures. The collection
reservoir and suction set may be used independently from the
processing and reinfusion set.

effluent tubing to the waste bag. Within the centrifuge bowl, the
radius is fixed and the densities of the components are constant;
therefore the controlling variable is the rotational velocity of the
bowl, the revolutions per minute (rpm).4
Table I: Density range for the constituents of blood4
Blood component

Component density range

Plasma

1.025–1.029

Thrombocytes

1.060–1.067

White blood cells (WBCs)

1.065–1.090

Red blood cells (RBCs)

1.085–1.097

Step 1: Suction/Collection of blood3,4,7,8 – Aspiration and anticoagulation assembly (Figure 2A)
Prior to collecting shed blood, 100–200 ml of anticoagulantsaline solution is introduced into the reservoir bowl. The filter
becomes wet and prevents clotting of collected blood within
the reservoir. Blood is collected from the surgical field or from
drains using a wide bore (4 mm), double lumen tubing at a low
pressure (100–150 mmHg or 20 kPa) to reduce RBC damage.
The level of haemolysis with salvaged blood is generally low
but is dependent on the surgical suction forces and the site of
suctioning – a pool of blood or surface “skimming”, e.g. bleeding
bone; “skimming” is associated with increased haemolysis.3,7,9,10
The double lumen tube contains an inner tube allowing for delivery of the anticoagulant to the distal end of the suction tube.
This is suctioned with the blood as it is collected and reduces the
risk of clotting within the suction tube. In most settings, heparin
is used. The blood and anticoagulant mixture is collected in the
reservoir bowl. The system is continuously anticoagulated with

Figure 1: The “flow” of RBCs within the cell salvage system2

Figure 2: The processes involved in cell salvage8
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Step 4: Washing and resuspension1,3,7,8 (Figure 2C and 2D)

heparinised saline. The recommended solution is 25 000–30 000
IU heparin in 1L 0.9% NaCl, with the drip rate set at 1–2 drops

Washing can occur concurrently with separation using isotonic
saline. The correct washing technique removes dangerous contaminants prior to reinfusion. The wash speed and wash volume
will affect the final quality of the reinfusion product; slower rates
allow a more even distribution of wash through the RBC column
and increase the time for contaminant removal. Optical sensors
detect the RBC content and when the haematocrit reaches a
minimum of 50% will initiate the washing cycle. These optical
sensors allow for the clamping and unclamping of the various
lines. When the wash cycle begins, the red line is clamped and
the yellow line opens to allow saline (from hanging bags) to
enter the centrifuge bowl via the inlet tube removing unwanted
particles. Washing removes thrombogenic products to reduce
the risk of coagulopathies; breakdown products of cells and
their potentially harmful plasma proteins that are not removed
by filtration; gross chemical and physical contaminants, free
haemoglobin, activated clotting factors and platelets; and the
anticoagulation solution.3 The system automatically detects
the wash volume, a minimum of three times the bowl volume,
which it may extend until the effluent is clear. Washing was
only introduced as part of the process nearly 100 years after the
initial autotransfusion practices began.3 The effluent line sensor
detects adequate washing by assessing the clarity of effluent
fluid. Once washing is complete, the yellow line will be clamped
and the blue reinfusion line opened, the pump reverses direction
and empties the centrifuge bowl via the central tube allowing
RBCs resuspended in isotonic saline to be transferred to the
reinfusion bag. The empty rate should not be higher than the fill
rate. Sterile air is drawn from the waste bag back into the bowl.
The next cycle begins once the centrifuge bowl is emptied.

per second. Citrate may also be used. Blood-soaked swabs may
be washed in heparinised saline and the saline-blood mixture
collected.
Step 2: Filtration1 (Figure 2A)
Debris and clots are filtered from the operative site using a
filter within the reservoir bowl. The filter has a pore range of
40–150 µm.
Step 3: Separation1,3,7 (Figure 2B and 2C)
The harness consists of three lines: red-coded tubing connects
to the reservoir bowl and drains contents into the centrifuge;
yellow-coded tubing connects the saline wash to the centrifuge;
blue-coded tubing connects the centrifuge to the reinfusion bag.
A clear (non-colour coded) effluent tube connects the centrifuge
to the waste bag.
Once the reservoir has reached a certain capacity (dependent on
model), the fill cycle begins. The fill speed has a direct impact on
the final haematocrit achieved; slower fill speeds result in higher
RBC densities allowing better “packing” of RBCs and a higher
haematocrit. Collected blood with the anticoagulant mixture
will be transferred into the centrifuge bowl and “spun down”
to separate the RBCs from the nonerythrocyte components
(supernatant). Some machines empty the reservoir automatically,
others require initiation. The centrifuge bowl fills from the bottom
(via the red line) as the pump transfers the collected blood

Step 5: Disposal1

from the reservoir. As the centrifuge “spins” and separates the

The waste products including white blood cells, clotting factors,
platelets, plasma, fat, free haemoglobin and excess saline and
anticoagulant are collected in a waste bag.

various components of blood into vertical concentric columns
depending on their relative density, the RBCs move to the outer
wall while the supernatant and irrigation fluid are forced into the
centre. A “buffy coat” develops on the surface of the RBCs which

Step 6: Cell salvage and reinfusion1,8

contains platelets and white blood cells. The centrifuge bowl will

unwanted contaminants that are removed by washing, e.g.

The resuspended, washed RBCs are collected in a bag at room
temperature which can be reinfused. A typical yield will retrieve
50–95.8% RBCs with a final haematocrit of 50–70%. Cell salvaged
blood must be reinfused within four hours of processing. A
pressure bag should not be applied to the reinfusion bag. As a
minimum, blood delivery sets with a filter of 170 µm should be
used, but it is preferable to use a set with a microfilter (40 µm).

fibrinogen, bacteria, fat, anticoagulant, activated WBCs.4

Devices

This process may be likened to clothes in the washing machine.

Some of the more commonly available devices are shown
in Figure 3. The Elite® (Figure 3a), Sorin XTRA® (Figure 3b) and
the autoLog® (Figure 3c) use intermittent fill and wash cycles,
whereas the C.A.T.S.® Plus (Figure 3d) allows for continuous
centrifugation and washing and is therefore able to process
smaller volumes.7

continue to fill from the reservoir until the RBC column reaches
a level sensor within the centrifuge bowl. As the centrifuge bowl
continues to fill with RBC, the unwanted components, including
air, are forced out the centrifuge via the effluent tubing into the
waste bag, leaving the RBCs in the centrifuge bowl with some

The washing machine drum is the centrifuge bowl, the clothes
are the RBCs, the water is the supernatant and the clothes and
water together make up whole blood. The centripetal force that
is generated as the drum spins pushes the clothes around in
a circle and they move to the outer edge along the drum wall
as they are heavier than the water. The clothes continue their

Three processing systems are available.2 The fixed volume bowl
is available in a range of sizes but requires a minimum volume
before processing can begin. Smaller fixed volume bowls are
available for paediatrics. The variable volume disk system is able

uniform circular motion while the water continues in a straight
line as there is no force acting on it. As the water continues in a
straight line, it goes straight out the drum holes into the drain.6
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Figure 3: Commonly used cell salvage devices

• Multiple antibodies or rare blood groups.

to process as little as 100 ml of reservoir contents. The system will
continue to concentrate further batches of reservoir contents
before washing. With the continuous rotary systems, washing
and processing occur continuously producing a final product
with a higher haematocrit. The washing chamber is independent
of the volume and therefore very small volumes of RBC are
required (15–30 ml).

• Objections to receiving allogeneic blood.
• Specific types of surgery, e.g. cardiac (especially with the use of
cardiopulmonary bypass), major vascular (thoracoabdominal
aortic aneurysms), major orthopaedic (revision THR, pelvic
surgery, spine), obstetric (abnormal placentation, multiple

Indications and contraindications2,7,11,12

previous caesarean sections), liver resections and transplants,

The indications, relative contraindications and absolute contraindications are listed below.

trauma, urological malignancies and selected neurosurgical

ruptured ectopic, blunt and penetrating abdominal and chest
cases (meningioma).

Indications for cell salvage use

• Procedures in which > 10% of patients require transfusion.

• Anticipated blood loss > 1 000 ml or > 20% estimated blood
volume.

• Cell salvage devices can be used in paediatric surgery but
usually require continuous processing as opposed to a fixed

• Low haemoglobin preoperatively or increased risk of bleeding.

volume bowl.

Table II: The advantages and disadvantages of cell salvage
Advantages

Disadvantages/Complications

Decreased demand for allogeneic blood (a scarce resource).

High initial cost of equipment and continuous cost of disposables.

Decreased risk of transmittable diseases.

In-service training of all theatre staff required on a regular basis,
especially for troubleshooting. Set-up time may cause delay.

Removes risk of ABO incompatibility or infusing incorrect unit. No time
delay required for compatibility testing. May be used if rare blood group
and antibodies.

RBC damage during collection and processing, especially during
“skimming”.

Possible religious group acceptance, e.g. some Jehovah’s Witness patients

Bacterial contamination, e.g. colonic injuries. Risk of fat, amniotic fluid
and air embolus.

Room temperature vs fridge, reducing need for further fluid warming
equipment and disposables.

Removal of clotting factors and platelets, therefore may require
transfusion of other blood components.

Near normal levels 2.3-DPG (unaltered haemoglobin-oxygen dissociation
curve) and more physiological levels of K+.

Electrolyte imbalances.

Avoids immunomodulating effects of allogeneic RBCs.

Free haemoglobin scavenges nitric oxide resulting in
vasoconstriction, pulmonary hypertension and renal tube toxicity.9,10

Better cell membrane deformability and flexibility which may improve
rheology and oxygen delivery.13,14
Cost-effective when an equivalent of at least one unit of banked RBCs
reinfused.15
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Relative contraindications

salvaged blood are comparable to the levels seen on maternal
blood during placental separation. There is an increasing body
of evidence confirming the safety of cell salvage in obstetrics
and its use has been approved by National Institute for Health
and Care Excellence (NICE), the Association of Anaesthetists of
Great Britain and Ireland (AAGBI) and the Obstetric Anaesthetists’
Association.

• Pharmacological agents: clotting agents, irrigating solutions,
methylmethacrylate, papaverine.
• Contaminants: urine, bone chips, fat, bowel contents, infection,
amniotic fluid.
• Malignancy.
• Haematological disorders: sickle cell disease, thalassaemia.

Orthopaedic surgery and fat:3 Leucocyte depletion filters remove 99% of fat particles. The clinical impact of fat embolism
syndrome from reinfused cell salvaged blood seems to be small.

• Miscellaneous: carbon monoxide (cautery), catecholamines
(phaeochromocytoma), oxymetazoline.

Absolute contraindications

Sickle cell and thalassaemia:2,11,12 Manufacturers do not recommend the use of cell salvage in these conditions, although
several case reports of successful use have been published. It is
advised that an urgent blood smear be performed on the blood
to be reinfused in order to determine the degree of sickling prior
to reinfusion.

There are very few absolute contraindications. These include:
• Substances causing RBC lysis, e.g. sterile water, hydrogen
peroxide, alcohol, hypotonic solutions.
• Patient refusal, e.g. Jehovah’s Witness.

Advantages and disadvantages1-3,7
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The advantages and disadvantages, including the complications
of cell salvage are listed in Table II.
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A complication known as the salvaged blood syndrome may occur. It occurs due to the activation of intravascular coagulation
along with increased capillary permeability, which results in
acute lung injury and acute kidney injury. It is related to the dilution of salvaged blood from large quantities of saline solution
which creates deposits of cellular aggregates when used with a
fixed volume bowl system.2,12
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