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financial gain that occurs in our large cities. It will help save the lives of many
of our patients dying of liver failure, for instance, who cannot afford to go to
the USA fora transplant operation which can cost up to 250 000 dollars.

Already public spirited bodies like the Biomedical Ethics Centre in Bombay
have initiated discussion on this subject at meetings in 1984 and in August 1989.
The Maharastra Government has passed the, admittedly inadequate, Kidney
Transplantation Act in 1983 and the draft rules under the Act for public opinion
in March 1989. It is encouraging to learn that the Ministry of Health," is preparing
legislation to recognize brain death and facilitate transplantation.
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Erythropoietin in Chronic Renal Failure

Richard Bright in 1827 noted that renal disease and anaemia often occurred
together, but it took more than a century to establish the mechanism of this
association. In the 1950s a factor was found in the blood of anaemic animals
which could stimulate erythropoiesis.' This factor, now known as erythropoietin,
is produced in the kidney in response to anoxia, circulates in the blood and is
partly excreted in the urine. It acts on the bone marrow to stimulate mitotic
activity of erythroid precursors like erythrocyte colony-forming units and pro-
erythroblasts, and promotes the transformation of the colony-forming units to
pro-erythroblasts. It also stimulates the incorporation of iron into the red cell
precursors.?

Though it took time to establish that erythropoietin was made in the kidney,
this is now beyond doubt as both erythropoietin and erythropoietin mRNA
have been found in this organ.' The hormone is formed in the endothelial cells
of the peritubular capillaries in the cortex and outer medulla." One of the
reasons why patients with renal failure are anaemic is the lack of erythro-
poietin. There is also a shortened red cell survival due to factors outside the
red cell. This is demonstrated by the fact that survival of red cells transfused
into patients with chronic renal failure (CRF) is shortened whereas cells from
patients with CRF when infused into healthy people have a normal life span.
Other unidentified uraemic toxins may depress the marrow and cause anaemia.
This effect is reduced by dialysis which removes many uraemic toxins. Ground
substance of poor quality and disorders of platelet function also contribute to
blood loss. In India there is a high prevalence of iron deficiency and this may be
an additional factor in our patients. Deficiencies of other nutritional factors



160 THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 2, NO.4

like protein and folic acid may also be involved. However, correction of all
these extra-renal factors improves but does not cure the anaemia of CRF,
whereas renal transplantation invariably restores the patient's haemoglobin to
.normal. This indicates the primacy of erythropoietin in alleviating the anaemia
ofCRF.

Erythropoietin is an acidic glycoprotein with a molecular weight of 39000.
This molecule usually contains sialic acid but it also exists in a form without the
sialic acid with a molecular weight of 34000. The desialated form is effective in
vitro but not in vivo and it has been suggested that sialic acid probably protects
the molecule from degradation by the liver.? Not all the erythropoietin in the
body is produced by the kidney. The liver is a major contributor in foetal life
and retains the ability to synthesize erythropoietin in the adult. The quantities
made by the liver, however, are inadequate to help the sufferer from CRF who
remains anaemic despite the presence of a healthy liver. Ironically, when the
liver is diseased, regenerating liver cells revert to their foetal capacity and make
large amounts of erythropoietin. A sudden rise in the haemoglobin level in
patients on maintenance haemodialysis is an indication that the liver is diseased.
Some sceptics have suggested that the action of androgens and anabolic steroids
to improve the anaemia of CRF may be through their toxic effect on the liver.

Early studies with erythropoietin were done using very small quantities
extracted from the blood and the kidneys. The urine of anaemic patients was
found to be a better source of erythropoietin which was purified and a radio-
immunoassay developed. Not all patients with CRF were found to have low
levels of erythropoietin in the blood. In some, the levels were near normal
and other factors might therefore be reducing the sensitivity of the marrow to
erythropoietin. Even in these patients, it is believed that there is a relative
deficiency of erythropoietin, as the normal physiological response to anaemia
should have been an increase in erythropoietin levels. Genetic engineering
enabled the cloning of the erythropoietin gene and this has made possible large-
scale production of erythropoietin from animals rather than from bacterial cells
which cannot provide the required amount of glycosylation for the relatively
large molecule.>

The results of clinical trials of erythropoietin in CRF are now available.s?
Doses of 50 units/kg body weight were found to produce a consistent elevation
of haematocrit, an increased iron uptake by erythrocyte precursors, and a rise
in reticulocyte count. Later, it was possible to use a smaller maintenance dose.
The patients improved dramatically, and it has been suggested that anaemia
may be the major cause of the symptoms of the uraemic syndrome.

No specific ill effects of the administered erythropoietin have been noted,
but there have been hazards associated with its effectiveness. The rise in
haematocrit led to a rise in the blood pressure in some patients because of the
increased blood viscosity and with it the peripheral resistance. It must be
remembered that the kidneys, both the natural organ and the haemodialyser,
filter fluid from the plasma coming to them and the rise in haematocrit necessarily
means a reduction in the amount of plasma reaching the kidney. Glomerular
filtration thus falls. If recombinant erythropoietin is used for patients with CRF
who are not yet at the 'end stage', it might precipitate the need for dialysis, and
may necessitate longer durations for dialysis. It has been reported that a small
minority of patients have developed severe hyperkalaemia and one patient has
even died." Greater blood viscosity increases the tendency of blood to clot, and
clotting of arterio-venous fistulae, which provide the lifeline for these patients,
is a serious possibility.

Erythropoietin may unmask iron deficiency. Stores of iron sufficient for the
sluggish .marrow of the patient with renal failure may be inadequate for the
more active blood production of the erythropoietin stimulated organ. It has
therefore been recommended that we should not attempt to restore the
haematocrit to normal, but should content ourselves with achieving an
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improvement to 35%.8 Even at this level, the patient's well-being has been
striking.

Other, more exciting benefits seem possible. Perhaps patients with healthy
kidneys awaiting elective surgery may be given erythropoietin and made to
produce more blood. This can then be harvested and stored for their own use.
This would revolutionize blood banking and take away much of the fear of
communicable disease.

To us in India, alas, all this is only a vision for the future. The cost of re-
combinant erythropoietin is high even for the affluent West and its use is likely
to be restricted to the very rich in India. However, before long erythropoietin
will surely become less costly.
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Self-reliance in Biomedical Devices

The widespread use of biomedical devices dates back to the beginning of World
War II. Today syringes, bloodbags, catheters, drapes and a variety of dispos-
able items are as indispensable for hospital services as are pacemakers, hip
prostheses, hydrocephalus shunts and other implants. Apart from their primary
role in improving the quality of patient care, medical devices have an economic
dimension-the importance of which is being increasingly recognized. The
Science Research Council of the United Kingdom calculated the global market
for medical devices to be £5000million in 19771 and a more recent estimate from
the United States of America placed the annual demand at over $3 million." A
survey carried out in 1985 showed that the Indian demand for medical devices
of all varieties exceeded Rs 3.5 million a year and this demand promises to grow
at the rate of 15% per year in proportion to the rate of growth of hospital beds
and our population. 3 Therefore, in the coming years it will become more difficult
to continue with the present practice of importing the bulk of our requirements
of biomedical devices as it will drain foreign exchange reserves and continue
foreign dependence. The escalation in the price of medical devices, agency
commissions and difficultieswith import procedures are all too familiar to hospital
administrators and the medical profession in developing countries. Self-reliance
in the field of biomedical devices has become a matter of urgency.


