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system, analogous to A and B red cell antigens, which is
inherited in a similar way to the red-cell groups. The chances,
therefore, of satisfactory donors of organ transplants being
found within members of a family are much higher than
between unrelated individuals. This is probably the main
reason for the much better results obtained with kidney trans-
plants from familial donors. About 80% of these patients have
functioning transplants two years after operation compared
with only 40% of those whose kidneys came from the cadavers
of unrelated people. Since the chances of there being a suitable
familial donor are rather slim for a patient with irreversible
renal disease, improvement in the results of cadaveric renal
transplantation is desirable. To record centrally the tissue and
red-blood-cell groups of all patients awaiting transplantation
and to match donor kidneys, as they become available, to
the most appropriate recipient is therefore a logical develop-
ment.

Professor J. J. Van Rood, in Leiden, inaugurated such a
system for the Benelux countries1 two years ago-the organiza-
tion being called Eurotransplant. A similar system operates in
Scandinavian countries, and such a scheme has also been
suggested for Great Britain. For a country with a high-density
population the chances of obtaining a match that can be
utilized in practice is a realistic proposition, as Professor Van
Rood has already shown. A pool of a minimum of 200 reci-
pients is likely to have within it two individuals for whom

Cardiac Failure and Folate
Deficiency

Megaloblastic anaemia due to folate deficiency is not a
primary disorder but is associated with well defined clinical
states.' Thus it frequently complicates pregnancy, particu-
larly when malnutrition is present and when the mother is
carrying twins. It may occur in a patient on anticonvulsant
drugs, particularly diphenylhydantoin. The same risk attends
patients suffering from malabsorption syndrome. Indeed the
first clue pointing to the diagnosis often comes from the
laboratory report of a macrocytic blood picture. Again, fail-
ure of haemopoiesis in chronic myelofibrosis2 or chronic
haemolytic anaemia should always raise the question of a
complicating megaloblastic process due to folate deficiency.

Overt megaloblastic anaemia in these disorders, perhaps
with the exception of pregnancy and intestinal malabsorp-
tion, is relatively infrequent. But clinical disease is only the
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any given donor at random can be reasonably well matched.
Since kidneys, once cooled after removal from the corpse,
deteriorate little within 12 hours, it is possible to move kidneys
anywhere within the United Kingdom and also Northern
Europe. In fact this is often possible by ordinary commer-
cial transport, though there are times, such as public holidays
and the middle of the night, when an alternative method is
needed.
Some patients awaiting renal transplantation, particularly

those who have already rejected a graft, have cytotoxic anti-
bodies in their serum. Then a direct cross-match between donor
leucocytes and recipient serum must be performed to ensure
that the graft will not be immediately rejected by circulating
antibodies. This adds to the complexity of the arrangements,
since serum from the patients must be brought together with
the donor leucocytes either at a peripheral centre or at the
main reference laboratory. Just as with red-cell groups, there
are rare transplantation types for whom suitable donors are
correspondingly uncommon. %

Tissue-typing techniques are advancing rapidly, and the
degree of prediction for an individual transplant is likely to
be very accurate in the next few years. Though the cost of
the organization is considerable, the saving in terms of human
suffering and dialysis costs for patients with failed grafts
makes it important to obtain the best match possible.
1 Belgium, Netherlands, Luxemburg.

tip of the iceberg. Despite the -infrequency of megaloblastic
anaemia, biochemical evidence pointing to folate deficiency is
fairly common in these conditions. Thus in pregnancy evi-
dence of megaloblastic change has been found in only 1 to
2% of women4 but low serum levels of folate and rapid
folate clearances in tests are encountered in some 60% of
pregnant women and low red-cell levels of folate in some
30%.' Similarly, severe megaloblastic anaemia is relatively
uncommon in patients receiving treatment for epilepsy, but
about half of them have low serum levels of folate5 and
one-third show megaloblastic features in the bone marrow,
though the haemoglobin levels are normal.6

In recent years attention has been drawn to disorders in
which we do not expect to encounter an overt megaloblastic
anaemia as a complication but yet laboratory tests have
suggested that subclinical folate deficiency exists more often
than it does among hospital patients in general. Such dis-
orders are generalized skin -disease,' tuberculosis,8 rheuma-
toid arthritis,9 and, more recently noted, congestive cardiac
failure."0

Subclinical folate deficiency is measured by assay of the
serum and red-cell folate concentrations and of the urinary
excretion of formiminoglutamic acid. The frequency with
which these tests give abnormally low results in patients who
require admission to hospital has been reviewed by I. Chan-
arin.' A low serum level of folate and high urinary excretion
of formiminoglutamic acid after a histidine load are found in
about one-third of patients admitted to hospital. A low red-
cell level of folate is less frequent. E. M. Magnus found it
low in only 1 out of 102 patients with neoplasms though a
low serum level was common." Chanarin noted that the
distribution of red-cell folate values among non-anaemic
hospital patients was the same as in healthy medical stu-
dents.' Reduced values of red-cell folate have been re-
ported in 12% of aged patients.u Perhaps we should regard a
low level of red-cell folate as evidence of true folate defi-
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ciency but a low serum folate as suggesting a negative folate
balance which in time may lead to true deficiency.

Maintenance of a normal serum level of folate depends in
part on a constant supply of folate from the diet. During the
course of normal absorption it is converted to methyltetra-
hydrofolate in the gut wall,"' and this form tends to persist
in plasma because its clearance is relatively slow.'4 Ill-
health with loss of appetite may reduce dietary intake, curtail
the supply of folate from the diet, and so lead to a decline in
its concentration in plasma. This is likely to precede any
significant depletion of hepatic and other folate stores in the
body."

R. Grasbeck and colleagues"6 first drew attention to an
unusually raised urinary excretion of formiminoglutamic acid
in five patients with congestive cardiac failure. Excretion
returned to normal when the patients were treated with fol-
ate. An increased urinary excretion of urocanic acid, the
precursor of formiminoglutamic acid, was noted by J. J. Daly
and D. P. Rose.17 Two other folate studies in cardiac failure
have appeared in recent years. R. D. Hyde and C. A. E. H.
Loehry'8 reported on 24 patients. The serum level of folate
ranged from 2-1 to 9 0 ng. per ml. and in all was within the
normal range. The blood film showed iron deficiency in
three patients but was normal in the remainder. However,
impaired absorption of folate was noted in seven patients,
and in these the absorption improved when the heart failure
was relieved. Two of their patients also had steatorrhoea. By
contrast J. I. Brody and colleagues° noted reduced levels of
serum folate in 9 out of 12 patients in caidiac failure; these
coupled with minor changes in blood and marrow films led
them to interpret their data as indicating significant folate
deficiency. Too much emphasis should not be put on serum
folate values alone and it is not clear to what extent the
serum folate values reported by Brody and colleagues dif-
fered from those of hospital patients in general. Red-cell
folate values are the important ones to use as the criterion of
deficiency in such studies.

Nevertheless it seems clear that minor variations in folate
metabolism are common in patients with cardiac failure.
They may arise from an impaired dietary intake of folate just
before the development of severe failure, but absorption of
folate may be impaired in some cases. These biochemical
aberrations are not in themselves an indication for folate
therapy. They are likely to be reversed by treating the car-
diac failure and restoring a normal appetite and hence nor-
mal food intake. Anaemia, if present, is usually due to iron
deficiency. It would be unwise to attribute megaloblastic
anaemia to congestive cardiac failure alone without careful
study of intestinal function, nutritional status, effects of
medication, and all the other factors that can contribute to
megaloblastic haemopoiesis.

Atrial Function in Man
The atrium has three main functions apart from its role as a
pipeline in directing blood to the ventricles. Firstly, as a
"'reservoir"' it ensures that blood flowing relatively slowly in
the venous system is available in adequate quantities to fill
the ventricle during the rapid filling phase at the start of
diastole. Investigations in dogs have shown that at rest this
function is unimpaired until half of the left atrial volume is
lost.2 Though great caution must be used in applying these

results to man, it seems unlikely that volume changes due to
surgery, blood clot, or tumours will cause symptoms.

Secondly, the atria in systole have a role in closing the
atrioventricular valves, but this also seems to be unimportant
clinically. There is no doubt that mitral and tricuspid valves
often close during the short period of pressure reversal

* between atrial and ventricular contractions, but thit is not an
essential mechanism for satisfactory closure of the mitral
valve in man.'

Thirdly, and of greater significance, is the atrial transport
mechanism. A correctly timed atrial contraction augments
ventricular filling and increases ventricular end-diastolic
pressure, thus maintaining subsequent ventricular stroke
volume and systemic blood pressure. These effects are par-
ticularly important when cardiac function is poor,4 when
ventricular filling is obstructed, or when diastolic filling time
is reduced by tachycardia. Alterations in the timing of atrial
systole occur during atrioventricular dissociation or
complete heart block and may result in temporary hypo-
tension, particularly after cardiac infarction.5 Pressure
changes such as these do not persist long enough for the
haemodynamic results to be modified by compensatory
mechanisms, and changes may be severe enough for patients
to lose consciousness.
There are only a few investigations in man into the

effects of atrial transport on cardiac output. P. Samet and
colleagues6 found that the mean increase in output for a
group of patients when atrial systole was correctly tin=d was
10%, but there were considerable differences between
patients and some obtained no benefit at all. A. Benchimol
and M. S. Liggett7 studied normal persons and patients with
coronary artery disease and concluded that atrial transport
was of little importance when cardiac function was good.
Similar studies have shown that cardiac output during
exercise is greater when atrioventricular timing is normal
than when it is random or absent.

Studies of ventricular function before and after electrical
reversion from atrial fibrillation to sinus rhythm have shed
further light on the importance of atrial transport. L. Res-
nekov8 showed that patients had smaller stroke volumes and
poorer exercise tolerance during atrial fibrillation than sinus
rhythm, and that the improvement was not due only to dif-
ferences in ventricular rate. The patients received little
benefit at rest.

Information about the long-term effects of atrial depri-
vation can be obtained from patients with atrial standstill.
One such patient in whom absence of atrial contraction was
recorded for eight years has recently been reported on by
W. J. Messinger and A. M. Mirkinson.9 This 47-year-old
man had many electrocardiographs done during admissions
to hospital for hypotension and obscure chest pain, but atrial
activity was never detected in any lead, including oeso-
phageal recordings, and no atrial activity could be seen

1 Grant, C., Bunnell, I. L., and Greene, D. G., American 7ournal of
Medicine, 1964, 37. 36.

2 Trusler, G. A., Bull, R. C., Hoeksema, T., and Mustard, W. T., Yournal
of Thoracic and Cardiovascular Surgery, 1963, 46,109.

3 Braunwald, E., Rockoff, S. D., Oldham, H. N., Jr., and Ross, J., Jr.,
Circulation, 1966, 33, 404.

4 Burchell, H. B., Lancet, 1964, 1, 775.
5 Sowton, E., in Acute Myocardial Infarction, p. 156, ed. D. G. Julian

and M. F. Oliver. Edinburgh, Livingstone. 1968.
6 Samet, P., Bernstein, W. H., Nathan, D. A., and Lopez, A., American

7ournal of Cardiology, 1965, 16, 1.
7 Benchimol, A., and Liggett, M. S., Circulation, 1966, 33, 933.
8 Resnekov, L.. British Heart Yournal, 1967, 29, 700.
" Messinger, W. J., and Mirkinson, A. M., Archives of Internal Medicine,

1969, 124. 211.
1n Chavez, I., Brwnlik, J., and Sodi-Pallares, D. S., Archivos del Instituto

de Cardiologia de Mexico, 1946, 16. 159.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5690.188 on 24 January 1970. D
ow

nloaded from
 

http://www.bmj.com/

