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Ethacrynic Acid in Blood Transfusion-its Effects on Plasma Volume
and Urine Flow in Severe Anaemia in Pregnancy
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Summary: Thirty grossly anaemic pregnant Nigerian
women with venous haematocrit levels varying be-

tween 6 and 17%, had their plasma volumes estimated by
the Evans blue dye dilution technique, both before and
immediately after direct transfusion of packed blood
cells. Parenteral ethacrynic acid was added to the blood
for transfusion in 20 patients, seven of whom were in
anaemic heart failure on admission. Ethacrynic acid
used in this way was successful in the prevention of acute
pulmonary oedema, and it produced acute diuresis as well
as a reduction of plasma volume in the majority of cases.
This technique of direct transfusion with ethacrynic acid
is simple, and it may well replace exchange transfusion as
a means of treating patients with anaemic heart failure.

Introduction

A major circulatory hazard of the treatment of severe
anaemia by blood transfusion is pulmonary oedema. Sharpey-
Schafer (1945) elucidated its mechanism when he showed that
in severe anaemia the heart is abnormal in many respects, and
as a result an increase in venous pressure produced by direct
transfusion may lead to heart failure, particularly in patients
with haemoglobin levels of less than 30%. If anaemic cardiac
failure is already established or is imminent then the conven-
tional method of correcting the anaemia by slow direct trans-
fusion of packed blood cells is clearly contraindicated. The
problem is how to raise the haemoglobin and red cell volume
in these patients without increasing the venous pressure and
circulating blood volume. One way of overcoming this diffi-
culty is by partial exchange transfusion (Fullerton and Turner,
1962), in which an infusion of about 1,200 ml. of packed blood
cells is given and a concurrent venesection of approximately
1,400 ml. is performed. Another technique, which is more
practical, was first reported by Ledingham (1964). This is
the use of a rapidly acting diuretic such as ethacrynic acid in
combination with a small direct transfusion of packed blood
cells.

In non-pregnant patients with hypertension, Dollery, Parry,
and Young (1964) have shown that within four hours of inges-
tion oral ethacrynic acid caused an acute intense diuresis and
a reduction of plasma volume. This change in plasma volume
apparently persisted, because in six patients with hypertension
and in three normotensive subjects the use of oral ethacrynic
acid for four to seven days still caused some reduction (albeit
insignificant) in total blood volume on the last day of therapy
(Nash et al., 1966).

In this study the diuresis and changes in plasma volume
which accompany the use of parenteral ethacrynic acid during
blood transfusion are described. The results confirm the pre-
liminary impression (Harrison and Lawson, 1966) that this
simple technique of blood transfusion is safe and effective in
the treatment of severe anaemia in pregnancy.

* Lecturer, Department of Obstetrics and Gynaecology, University Col-
lege Hospital, Ibadan, Nigeria.

Patients

Twenty patients with severe anaemia during pregnancy or
in the puerperium were studied (Table I). The haematocrit
(P.C.V.) levels of their venous blood samples varied between
6 and 14%. Six of the pregnant patients and one of those
recently delivered were in anaemic heart failure on admission
with oedema, raised jugular venous pressure, and orthopnoea.
Each of the 20 patients was treated by direct transfusion of
500 ml. of packed blood cells to which was added parenteral
ethacrynic acid in various doses so as to assess which was most
effective in promoting diuresis and avoiding an excessive
increase in blood volume during transfusion.
To provide a comparison a group of 10 anaemic pregnant

patients who received direct transfusion without ethacrynic
acid were also studied. They were similar to the first group
in physique and gestation, but in most cases the anaemia was
less profound, with the P.C.V. levels varying between 10.5
and 17.0% ; it was less than 14% in only two patients. None
was in anaemic heart failure.

In both groups of patients the nature of anaemia was
typical of the pattern found in Ibadan (Harrison, 1967). It
was either caused by severe dietary deficiency of folic acid or
it was haemolytic, with the peripheral blood showing reticulo-
cytosis in 19 out of 28 patients. Liver and splenic enlarge-
ment were found in 26 patients. Two patients had haemo-
globin SC disease, but in the rest the cause of the haemrolysis
was not clear, although there was some evidence that chronic
Plasmodium folciparum infection might be responsible (Law-
son and Stewart, 1967). Whatever its cause, this haemolysis
could also produce folic acid deficiency, and in 27 patients
the bone marrow was megaloblastic. No patients were anaemic
because of blood loss or iron deficiency, the latter being
extremely rare among pregnant women in Ibadan. No patient
had a concurrent heart disease. There was some impairment
of renal function in five patients, since their blood urea levels
were above 30 mg. but less than 70 mg./100 ml. Four of
these five patients (Cases 3, 9, 11, and 13) received ethacrynic
acid. Clinically dehydrated patients were excluded from this
study.

Method

Plasma volume was measured by the Evans blue dye dilution
technique, and P.C.V. of venous blood by the microhaemato-
crit method. The details of these methods have been described
elsewhere (Harrison, 1967). These measurements as well as
serum electrolytes were made 40 minutes before transfusion,
and they were repeated within 30 minutes of completion of
the transfusion.

Urine passed during transfusion was collected hourly
through an indwelling Foley catheter. Serum and urinary
electrolyte concentrations were estimated by flame photometry
and chlorides by standard electrometric titration.
To reduce variations due to changes in posture and hydra-

tion the patients were starved for at least four hours; they
were semireclining and confined to bed for one hour in an
air-conditioned room, where the measurements were made and
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TABLE I.-Ethacrynic Acid in Blood Transfusion in SevereAnaemia Pregnancy

Case, Gestation OedemaNo.1 in Weeks
Anaemic
HeartFailure

Dose of
Ethacrynic

Acid.mI .)

Duration
of

Transfusion
(Minutes)

Plasma Volume
Before

Transfusion
(ml.)

Changes in Plasma Volume
After Transfusion

ml.I

P.C.V.
(%)

Start End

Urine. Volume

Durin
Transfusion

(ml.)

I 36 + No 25 150 3,838 661 17-2 8.6 114 8404 34 + No 30 225 4,215 441 1,230
3 32 Nil No 30 185 3,367 126 3-7 10 0 16-0
4 28 Nil No 35 150 4,171 741 17 8 13 8 206 1,220
5 4th day of + No 35 240 3,427 593 17 3 115 18-0 840

puerperium
6 26 + Yes 40 150 4,062 842 178 | 190 1,660
7 28 + Yes 40 265 4,294 384 8-9 80 15 0
8 ! 36 ++ No 50 275 3,623 458 12-6 6-0 18 0 2,0401 32 No 50 285 4,570 828 18.1 110 22-0 1,600
10 36 + + + Yes 50 225 4,372 154 3-5 12 3 16 5 940

11 24 + + + Yes 50 360 3,242 120 3-7 8 0 170

28 Nil No 50 495 4,251 291 1
13 9th day of + Yes 50 345 2,840 284 100 9-0 160 1,530

puerperium l I 95514 22 Nil No 50 285 3,567 616 17-3
1 40 + + No 50 425 3,234 380 11.8 11 0 27 0 1,281 22 + + + Yes 354 4,140 546 13 2 10 0 17 0 1,690

17 | 20 +
|

No 150 230 3,768 861 22-9 12-0 30 0 1,030
18 24 + 4,495 1,309 29-1 13-0 25-0 2,390lo~ ~ ~~~~N
19

20

28

28

Nil No
Yes

30

40

185

330

3,975
3,833

313

27

7.9
0-7

106
11-5

15.1 750
180 1,810

In patients above the horizontal line the plasma volume fell after transfusion; in those line volume rose after transfusion.

+ Oedema on lower limbs only. + + - Oedema on lower limbs and trunks. +++ - Oedema, generalized and massive.

the transfusions given. No oral fluids were allowed during

the period of transfusion.

Results

The individual results of patients managed by direct packed

blood cell transfusion with ethacrynic acid are shown

TableI, and the relevant mean changes in the two groups

patients in Table II.

The mean volume of donor red cells contained in 500

of packed blood cells given to each group of patients was

virtually the same; it was 290 ml. (range 220-340 ml.).

Circulatory Effects of Transfusion

Direct Transfusion without Ethacrynic Acid.-This pro-

duced very little change in the mean plasma volume (Table

II). Of the 10 patients four had a rise in plasma volume

over 4%. Three of these four showed evidence of circulatory

overload by the end of the transfusion. By the end of

transfusion their plasma volumes had increased by

and 280 ml., their pulse rates had risen by at least 12

per minute, and the engorgement of their neck veins had

increased. The mean pulse rate of the 10 patients

before transfusion and 105 immediately afterwards.

Direct Transfusion with Ethacrynic Acid.-The use of

mg. of ethacrynic acid was most favourable, since this

duced a moderate reduction of plasma volume on every

sion. Lower doses were not always effective in reducing the

plasma volume. When 100 mg. of ethacrynic acid was

in one patient profound hypovolaemia occurred. Such

excessive reduction of total blood volume is undesirable, since

severe anaemia by itself can cause hypovolaemia (Harrison,

1967). Ten patients received 50 mg. of ethacrynic acid. This

produced a favourable reduction of mean plasma volume and
a substantial increase in mean P.C.V. by the end of the trans-
fusion (Table II); however, there were individual variations,
and in 3 of the 10 patients the plasma volume fell by an amount
which was less than the average volume of donor red cells trans-
fused. Total blood volume in these three patients as well as
in two others given 30 and 40 mg. of ethacrynic acid (Cases
19 and 20) probably rose by the end of the transfusion. There
was thus a risk of circulatory overload, but in practice this did
not occur. These changes in P.C.V. and plasma volume were
accompanied by marked improvement in the clinical state of
the patients. The mean heart rate per minute fell significantly
(P<O.001) from 123±12 (S.D.) before transfusion to 107±15
(S.D.) immediately after transfusion. The pressure in the neck
veins was raised before transfusion in 15 patients and fell to
lower levels after transfusion in 12, and no change occurred in

three. None of the seven patients admitted with heart failure
was still orthopnoeic six hours after completion of the trans-
fusion.

Urinary Output During Transfusion

The diuresis, which was pronounced in those managed by
ethacrynic acid, began within the first hour and continued
throughout the period of transfusion (TableIII). Urinary
excretion of chloride was frequently greater than sodiumexcre-
tion, and the sodium:potassium ratio varied between 3.3 and
7.4.

No significant changes in serum electrolytes occurred. The
mean serum electrolytes (in milliequivalents per litre) before
transfusion in 15 patients were: sodium 133, potassium 3.9,
and chloride 101; immediately after transfusion in 12 patients
the mean values were sodium 132, potassium 3.7, and chloride
101; 24 hours later the sodium was 131, potassium 3.6, and
chloride 97 in 15 patients.

TABLEI1.-Mean Plasma Volume, P.C.V., Urine Flow Immediately After Direct Transfusion of 500 ml. of Packed Blood Cells

Before Transfusion Mean After Transfusion
Groups j Duration

of Anaemic Mean Mesa of Mean Rise in Mean Reduction in Mean Urinary Output
Patients P.C.V. Plasma Volunz Transfusion P.C.V. Plasma Volume in ml. per Hour of

% (ml.) (minutes) (%) (ml.) Tran s

1. With 50 mg. of ethacrynic -454 ± 268
acid (10 patients) 100 ±220 3,761 ±564 328±86 111±41 6 (-120 to 861) 277±94

2. Without ethacrynic acid -010(10 patients) 146±21 3,579±580 251±112 53±1-3 - 330 to + 67±400
Test of significance * .t5-017 n-18, t -0-711 n 18, t -164,n-18 r 379,n 18, |t 3 09330n 16,Tsfii0n 1____________'0 j < Pc'0331--1

± Standard deviation. * 8 patients.

ym 85
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TABLE III.-Hourly Urine Volume and Electrolytes During Blood
Transfusion with Ethacrynic Acid

Hours After Onset of Transfusion
Data

1st 2nd 3rd 4th 5th 6th 7th
Mean urine

volume in
ml. .. 149 (20) 352 (20) 325 (17) 325 (15) 289 (9) 298 (7) 258 (2)Mean urinary
electrolytes
in mEq:
Sodium. 14 (9) 42 (9) 39 (9) 32 (9) 31 (6) 16 (5) -
Potassium 3-3 (9) 7-1 (9) 5-3 (9) 4-6 (9) 4-7 (6) 4-8 (5) -Chloride.. 18 (6) 51 (7) 47 (7) 34 (7) 28 (5) 23 (5) -
Na/K ratio 4-2 5 9 7-4 70 60 3-3 -

Figures in parentheses show the number of estimations.

In the controls similar mean values of serum electrolytes
were found, and the average hourly urinary volume during
transfusion was only 67 ml.

Side-effects
Only two patients had abdominal cramps associated with

diarrhoea in one and with mild vomiting in the other.

Foetal Results

Seventeen of the 18 pregnant patients who received etha-
crynic acid had normal babies. Only one very macerated
foetus was lost through a spontaneous abortion in Case 11.
This patient was grossly anaemic and was already in heart
failure before treatment was started. Possibly as a result of
this the foetus died in utero, before its abortion two days after
transfusion.

Discussion

Each of the 20 anaemic patients in the group given etha-
crynic acid had an initial haemoglobin level of less than 5 g./
100 ml, and was therefore at some risk of developing pul-
monary oedema during the course of direct transfusion of
packed blood cells. Indeed, seven patients were already in
anaemic heart failure before transfusion was begun. However,
the addition of 50 mg. of ethacrynic acid was effective in the
prevention and treatment of pulmonary oedema provided the
volume of packed cells was restricted to 500 ml. The rapid
and intense diuresis of water and salt produced a contraction
of extracellular fluid volume, and this by itself was apparently
beneficial whether there was a reduction of total blood volume
or not.
There are other explanations for the clinical improvement

which occurred in these anaemic patients. For example, in
patients with cardiac disease Samet and Bernstein (1968) noted
a significant reduction of cardiac index, left atrial pressures,
and pulmonary blood volume after intravenous ethacrynic acid.
Possibly, similar physiological changes may be produced in
severe anaemia. If so, such changes could relieve orthopnoea
and also reduce the increased work of the heart towards normal
levels.

It would thus appear that some other diuretics capable of
reducing extracellular fluid volume might be useful in the
management of severe anaemia by blood transfusion. How-
ever, in practice, only frusemide has given good results (Lewis,
1966 ; Krishnankutti, 1967). The slower-acting diuretics such
as mersalyl and hydroflumethiazide do not minimize the risk of
circulatory overload and pulmonary oedema when patients
suffering from severe anaemia are treated by direct blood trans-
fusion (Harrison and Lawson, 1966).

Another important point is the dosage of ethacrynic acid.
From these results in patients whose body weights ranged
between 47.3 and 66.8 kg. (mean 56.2 kg.) the use of 100 mg.
as a preliminary dose was unsafe, whereas 50 mg. was effective
and safe. Since the differential between these two doses is

rather small, it may be preferable to adjust the dose of paren-
teral ethacrynic acid according to the body weight of each
patient. On this basis the most suitable dose of 50 mg. used
in the 10 patients varied from 0.8 to 1.0 mg./kg. of body
weight. The 2.1 mg./kg. given in Case 18 was unsafe because
it produced excessive reduction of blood volume, whereas 0.5
mg./kg. received by three patients (Cases 1, 2, and 19) failed
to reduce the blood volume of one of these (Case 19).

Since the use of ethacrynic acid did not always reduce total
blood volume during transfusion, exchange transfusion (in
which venesection was always larger than infusion) would
appear to be safer and more efficient in prevention of pul-
monary oedema. However, exchange transfusion has serious
drawbacks, which preclude its use on a large scale, especially
in the small rural hospitals in the tropics, where severe anaemia
often presents. The technique of exchange transfusion is too
elaborate, and it requires too large a volume of stored blood.
The much simpler method of direct transfusion with etha-
crynic acid is more likely to be adopted in these circumstances,
and these results indicate that this technique is also satisfactory.
More work would be needed to compare the safety and effective-
ness of direct transfusion with ethacrynic acid with those of
exchange transfusion, particularly in pregnant patients.

Side-effects caused by ethacrynic acid were few, presumably
because of the use of a single dose in preference to prolonged
oral administration. Teratogenic effect on the foetuses did not
occur, and its absence might be due to the fact that the drug
was used after 20 weeks' gestation, when organogenesis was
already completed. The addition of ethacrynic acid to the
bottle of packed blood cells did not appear to have any obvious
deleterious effects; Ledingham (1964) reported the same
experience.
There are, however, contraindications to the use of etha-

crynic acid. Bearing in mind that agranulocytosis (Leding-
ham and Bayliss, 1965) and hepatocellular damage (Datey
et al., 1967) with hepatic coma (Sherlock et al., 1966) are rare
but serious toxic effects, the use of ethacrynic acid in anaemic
patients with grossly impaired liver function and agranulo-
cytosis is not justified. Furthermore, parenteral ethacrynic
acid does not eliminate one major disadvantage of direct trans-
fusion; it is too slow when compared with exchange trans-
fusion. Whereas exchange transfusion can be completed within
15 minutes if the technique of Fullerton and Turner (1962) is
employed, direct transfusion even with ethacrynic acid lasts
for two hours or more. For this reason, in grossly anaemic
patients requiring emergency surgery exchange transfusion in
the first instance is most likely to yield better results.

I thank Professor J. B. Lawson and his colleagues at Ibadan
for their interest and support; Dr. R. A. Pingeon, of Merck Sharp
and Dohme Ltd., New York, U.S.A., for supplying the etha-
crynic acid; Dr. D. B. Paintin (St. Mary's Hospital) and Professor
D. A. Davey (Cape Town) for their helpful suggestions; and
Mr. A. I. Kadiri and Mr. Ayodele Phillips for technical assistance.
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