
ABC of Transfusion

RED CELL SUBSTITUTES

William Odling-Smee

Need for a red cell substitute

The ability to transfuse blood successfully has made possible some of the
important medical advances this century. It has played a considerable part
in lowering maternal mortality during childbirth and in the development of
cardiac surgery. It has made most operations so much safer that it is difficult
for those of us who qualified after 1945 to envisage surgery without blood
transfusion. There are, however, disadvantages, which become apparent at

The disadvantages of blood transfusion the extremes of use.

* Storage

* Transport Blood has to be stored at 4°C, which means that it must be kept in a

* Short shelf life refrigerator. It cannot be stored on a shelf in a pharmacy; transport canShort shelf life therefore be an additional problem. Blood has a short shelf (36 days), even
Difficult to obtain when the more advanced storage solutions are used, and this results in much

* Needs crossmatching of the blood that has been collected being disposed of unused, although

many of the products of whole blood may have been extracted and stored.
This is a pity because blood is usually given in this country in the
expectation that it will "save a life."

In many parts of the world, however, it is not so freely available.
Religious taboos forbid its donation, and in many cultures it is believed that
life resides in the blood and if it is given away then some of that person's "life
force" is lost, thereby weakening that person.

An ideal red cell substitute The other problem of blood transfusion is the need to crossmatch blood.
The antigenicity of the blood is carried in the red cell envelope, and there is

* Easily picks up oxygen in the lungs no evidence that the haemoglobin that is removed from the red cell is
* Easily delivers oxygen to the tissues antigenic. Despite accurate crossmatching transfusion reactions still occur,
* Does not need crossmatching probably because of an unidentified antigen.
* Long shelf life
* Stable at room temperature All these problems would be solved if a fluid were developed that had the

same osmolarity as blood and that would pick up oxygen in the lungs and
deliver it to the tissues when it was needed. It would need a long shelf life at
temperatures up to 40°C, it would not need to be crossmatched, and it
would have no reactions when infused into humans. The surgeon could
then measure the oxygen carrying capacity of the blood and when it fell
below an arbitrary value of 70% during operation could give the red cell
substitute.

Possible red cell substitutes

A red cell substitute should be able to pick up oxygen in the lungs and
transport and deliver it to the tissues. It should be immunogenically inert. It
should be isotonic with blood, so that it does not cause fluid to move into or

out of the intravascular compartment and, above all, it should be safe.
There are three substances that come near to satisfying these criteria:
modified haemoglobin solutions, microencapsulated haemoglobin, and
perfluorochemicals.
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* Modified haemoglobin solutions
* Microencapsulated haemoglobin
* Perfluorochemicals
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Artist's impression of a haemoglobin
molecule.

Haemoglobin in
red cell

Molecule outside having
lost 2,3-diphosphoglycerate

P
After the addition of
Dvridoxine 5-ohosphate

Preparation of After polymerisation

Preparation of haemoglobin solution.

Aortobifemoral graft.

Occluded superficial femoral artery being
prepared for arterial patch profundaplasty.

Modified haemoglobin solutions
Haemoglobin will perform its physiological functions outside the red

cell. For many years it was believed that haemoglobin was nephrotoxic, but
it has recently been shown that it is the red cell stroma and not the
haemoglobin itself that is nephrotoxic. When haemoglobin is released
from the red cell it loses its ability to hold 2, 3-diphosphoglycerate,
which is essential for a low oxygen affinity (the ability to pick up oxygen
in the lungs and release it in the tissues). This is usually expressed
as P50-the partial pressure of oxygen when the blood is 50% saturated.
The 2, 3-diphosphoglycerate can, however, be replaced by
pyridoxine 5-phosphate, which remains within the molecule and brings the
oxygen affinity back to that of whole blood.

The other problem with such solutions is that haemoglobin is a small
molecule that easily escapes through the glomeruli and is excreted within a
short time. This can be overcome by polymerising the molecule, which
causes a fourfold increase in its half life in the circulation. The process of
polymerisation is viricidal, which is an advantage, and it also lowers the
osmolality of the solution, permitting concentrations of up to 150 g/l that
will therefore carry more oxygen in each litre.

The solution does not block the reticuloendothelial system and does not
interfere with neutrophil killing or chemotaxis. It can be prepared so that it
is sterile and free of both pyrogen and endotoxin. There is a small molecule
substance that is a potent vasoconstrictor and comes from the red cell, but
this can be removed by dialysis so the solution therefore seems to be safe.

Microencapsulated haemoglobin
An alternative to polymerisation of haemoglobin to keep it for longer in

the circulation is to incorporate it in a lipid membrane. This prevents the
escape of the molecule through the glomeruli, and the oxygen affinity of the
solution containing the microspheres is similar to that of whole blood; if
pyridoxine 5-phosphate is added to the haemoglobin first a stable product is
created. The half life in the circulation is about 20 hours, which is similar to
that of a polymerised haemoglobin solution. Oxygen diffuses easily across
the membrane, and studies in experimental animals have suggested that this
substance can keep animals alive that have had over 90% of their red cells
removed. There is little information about its toxicity.

It is doubtful if microencapsulation has any advantage over
polymerisation. There does not seem to be any logic in putting a layer of
lipid between the haemoglobin and the tissues. Polymerisation achieves the
same effect of lengthening the time that the haemoglobin can be kept in the
circulation.

Perfluorochemical emulsions
Perfluorochemicals are not soluble in water and they dissolve oxygen.

When they are prepared as an emulsion they will carry oxygen between the
molecules and give it up easily when the oxygen tension is low-for
example, in the tissues. The relation between oxygen tension and partial
pressure is a straight line, in contrast to the sigmoid curve of whole blood
(and haemoglobin). The emulsions can be chemically adjusted so that
osmotic and oncotic pressures, pH, and electrolyte concentrations are
physiological. Their most serious drawback is that for the emulsions to be
fully effective the patient must breathe an oxygen enriched atmosphere.
Some of the newer perfluorochemicals are, however, said to have overcome
this problem.

As they are small molecules their intravascular persistence is short, but
they do persist in the cells of the reticuloendothelial system for a long time.
At present the emulsions must be stored at -20°C (which is a disadvantage),
and, although immediate toxic effects are recorded, they have been used
only in patients who are already seriously ill and nothing is known about
long term toxicity.

The one potential advantage of perfluorochemicals is their low viscosity;
this might have potential applications in limb salvage procedures for severe

atherosclerosis or in patients with myocardial infarction.
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Conclusions
Substance
needed Cause Blood product

Oxygen Anaemia Modified
Haemorrhage haemoglobin

solution
Clotting factors Massive Clotting factors

transfusion
Dyscrasias

Platelets Massive Platelets
transfusion
Thrombocytopenia

Circulatory Haemorrhage Balanced
expansion Dehydration electrolyte

solutions
Dextrans

The illustration of the aortobifemoral graft is produced by
courtesy ofMr A A B Barros D'Sa, and that of the
occluded superficial femoral artery by courtesy of Mr A V
Pollock.

Blood comprises a whole series of different products that act against
infection, stop haemorrhage after trauma, carry oxygen to the tissues, and
take metabolites away from the tissues. Recently efforts have been directed
towards supplying the deficiencies in each function separately so that
factors are available to supply each individual deficiency.

Similarly, when oxygen is required by the tissues, red cell substitutes
should be able to deliver it. When it is the red cells themselves that are
missing (as in patients with haemorrhage or anaemia) a modified
haemoglobin solution might provide the answer, but when it is difficult to
get oxygen into the blood-as in patients with the adult respiratory distress
syndrome or those with severe pulmonary embolus-perfluorochemicals
infused intraperitoneally might be effective. Both these substances have low
viscosity and so permit better perfusion of the microcirculation. Much is
now known about the reaction of these substances in animals; more studies
in humans are urgently needed.

William Odling-Smee, FRCS, is senior lecturer in surgery, Queen's University of Belfast.
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