
Mean (SD) haemorrheological variables during treatment with recombinant human erythropoietin in 21 patients receiving regular haemodialysis

Before Mean change in values at week 16
treatment Week 4 Week 8 Week 12 Week 16 p Value (95% confidence interval)

Packed cell volume 0-22 (0-03) 0-25 (0-05) 0-28 (0-06) 0-29 (005) 0 30 (005) 0 0000 0-08 (0-06 to 0 11)
Red cell aggregation (arbitrary units):

Athighshearrate 4-26(1-2) 4-53 (1-2) 5 14(1-3) 5-35 (1 3) 5 79(1-3) 0 0000 152 (0-82 to2 22)
At low shear rate 7-89 (1-9) 8-23 (1-9) 8-68 (1-7) 9 14 (2-1) 9-59 (1-3) 00005O169 (0-75 to 2-63)

Fibrinogen (g/1) 3-94 (1 6) 3-87 (1-2) 3-85 (1-3) 3-76 (1 1) 3-92 (1-3) 0-94 -0-02 (-0 67 to 0-63)
Plasma viscositv(mPa-s) 1 61 (0-1) 1 63 (0-1) 1 64 (0-1) 1-63 (0 1) 1-62 (0-1) 0-54 0-01 (-0O04 to 006)

reached the dose was adjusted individually to avoid a
further rise in packed cell volume. Haemorrheological
determinants were monitored before and every four
weeks during treatment with recombinant human
erythropoietin up to four months; 12 patients were
followed up until seven months. Venous blood samples
were taken from the antecubital vein before a dialysis
session for analysis of fibrinogen concentration2; red
cell aggregation at low (3/s) and high (600/s) shear rates
(MAI aggregometer, Myrenne, Roetgen) after heparin
10 x 103 U/l had been added to the samples3; packed cell
volume (microhaematocrit); and plasma viscosity
(Coulter-Harkness viscometer) at 25°C.4 Nineteen
apparently normal subjects (six men, 13 women; mean
age 56 (range 20-75)) served as controls.

Results are given as means (SD). Differences in
mean values between the patients and controls were
analysed by the two sample t test; single factor analysis
of variance (time) with repeated measures (biomedical
programs data package 2V, University of California
Press, 1985) was used to study changes in the variables
during treatment with recombinant human erythro-
poietin.

Baseline values of several of the variables were lower
in the patients than the controls: packed cell volume
0-22 (0 03) v 0 44 (0 04) (t= 19-40, p=00001); red cell
aggregation at the high shear rate 4-26 (1-2) v 6-98 (1 9)
arbitrary units (t=5-37, p=0 0001); and plasma
viscosity 161 (01) v 1-68 (0 1) mPa-s (t=2-20, p=
0 033). By contrast, the baseline fibrinogen concentra-
tion was considerably higher in the patients (3 94 (1 6)
v 2 90 (0-7) g/l (t=2 53, p=0 016)). Treatment
resulted in a progressive increase in red cell aggregation
at both the low and high shear rates and in the packed
cell volume (table). After four months of treatment red
cell aggregation at the low shear rate, which is
predominantly determined by the plasma fibrinogen
concentration, exceeded the value seen in the controls
(9-59 (1P3) v 8-21 (2 0) arbitrary units, p<0 01),
although the packed cell volume, the second main
determinant of red cell aggregation, was below the
normal range (0 30 (0 05)). No further changes occur-
red in red cell aggregation at either shear rate in the 12
patients followed up until seven months of treatment,
who had a constant packed cell volume. Fibrinogen
concentration and plasma viscosity remained un-

changed throughout the four months of treatment
(table).

Five patients developed an exacerbation of their
hypertension during treatment, and six had a throm-
bosis at the site of vascular access; these side effects did
not occur before the fourth month of treatment. The
baseline fibrinogen concentration and baseline red cell
aggregation at the low shear rate were higher in the
patients who developed side effects than in those who
did not (fibrinogen concentration 4 53 (1 9) v 3-28
(0 7) g/l (t= I 96, p=0 064); red cell aggregation at low
shear rate 8-69 (1P9) v 7-01 (1-6) arbitrary units (t=
2- 10, p=0049)).

Comment
We found that correcting these patients' anaemia

slowly by giving recombinant human erythropoietin
induced abnormally high red cell aggregation at a low
shear rate. This was probably due to hyperfibrino-
genaemia as fibrinogen is a major determinant of red
cell aggregation, acting as a "bridging" macromolecule
between the cells.5 The increased red cell aggregation
may have contributed to the side effects of treatment as
these did not occur before the fourth month of
treatment, when red cell aggregation at the low shear
rate had risen above the value seen in normal controls.
A long term study is needed of patients receiving
haemodialysis who are treated with recombinant
human eythropoietin to see whether there is an
increased incidence of complications of the treatment
in patients with high fibrinogen concentrations or high
red cell aggregation at a low shear rate, or both, at the
start of treatment.
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Recombinant human
erythropoietin as adjuvant
treatment for autologous blood
donation

Helmut Graf, Ursula Watzinger,
Bernhard Ludvik, Andrea Wagner,
Paul locker, Karl Konrad Zweymuller

Homologous blood transfusions are associated with
a considerable risk of transmission of a variety of
diseases. An alternative is to bank autologous blood
before an elective surgical intervention.' Goodenough

et al recently showed that with intravenous human
recombinant erythropoietin the preoperative collection
of autologous blood could be increased greatly.2 We
investigated the potential ofsubcutaneous recombinant
erythropoietin as adjuvant treatment for autologous
blood transfusions in patients waiting for total hip
replacement.

Patients, methods, and results
Ten patients (three men, seven women) waiting for

total hip replacement gave informed consent to take
part in the study. The operating orthopaedic surgeon
assessed the number of units of blood necessary for
each procedure. This varied from two to seven units.
Autologous blood collection took from two and a half
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Details ofpatients treated with recombinant human erythropoietin for autologous blood donation

Haemoglobin Time after operation to
concentration (g/l) No of Wee5kly average dose Duration of Units of blood given Erythropoietin regain initial

Case units of of erythropoietin treatment given after haemoglobin concentration
No Initial At operation blood taken (U/kg body weight) (weeks) During operation Postoperatively operation (weeks)

1 151 149 5 450 6 1 4 No 5
2 132 138 8 450 6 2 3 No 6
3 159 148 3 300 4-5 1 0 Yes 4
4 157 152 3 345 4 0 3 Yes 5
5 150 125 4 315 5 2 0 Yes 3
6 123 121 5 375 4 0 3 Yes 4
7 141 127 3 270 4 2 0 Yes 4
8 133 131 2 510 2-5 1 1 Yes 3
9 142 139 5 450 6 2 2 Yes 5
10 152 144 6 540 6 5 1 Yes 4

Mean 144 137 4-4 400 5 4-8 1-6 1-7 4-3
SD 12 11 1-8 92-5 1-1 1-4 1-5 0 9
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to six weeks before the operation. One unit of blood
(not exceeding 10% of estimated blood volume: 6-5
ml/kg body weight in women, 7 0 ml/kg in men) was
taken, and 150-200 U/kg human recombinant erythro-
poietin was given three times a week. The second unit
of blood was taken once the initial haemoglobin
concentration had been regained, usually 10 days after
starting recombinant erythropoietin, and in weekly
intervals thereafter. This was repeated until the desired
amount of blood had been collected. Diminishing
doses of human recombinant erythropoietin were
given as the date of operation approached. Blood was
collected in plastic bags containing a solution of citrate
phosphate dextrose and adenine as stabiliser, which
allows storage of red blood cells for up to 35 days.
To extend storage time to 42 days the erythrocytes
from the first two units were mixed with an additive
solution of salicyl acyl glucuronide and mannitol.

Iron was given daily from the start of treatment as
oral sulphate or iron gluconate (equivalent to 315 mg
Fe2+). Recombinant human erythropoietin was con-
tinued up to the day before surgery. In two patients
it was withdrawn and iron supplementation continued
for six weeks after operation. In eight patients recombi-
nant human erythropoietin (50 U/kg) was continued
for up to one week after the operation or reinstituted
postoperatively.

Details of treatment for each patient are given in the
table. In all cases the desired amount of blood could be
taken. No side effects occurred when recombinant
human erythropoietin was given, and the peripheral
blood pressure was generally unchanged. There was no
increase in platelet counts and no change in the results
of laboratory tests except for those for ferritin, the
concentration of which dropped appreciably (from 70
ng/ml (range 37-108) to 36 ng/ml (11-71)), as was to be
expected. Despite this drop none of the patients had a
ferritin concentration below the normal range at the
time of operation. Haemoglobin concentrations at
operation were in the same range as before the
autologous donation programme.
No homologous blood transfusions were required.

Four to six weeks after surgery haemoglobin concen-
trations had regained initial values. No late side effects
were observed.

Comment
Within six weeks (the maximum lifespan for blood

with standard storage procedures) up to eight units of
autologous blood can be obtained. The procedure is
well tolerated by the patients and seems to have no
adverse effects. The best regimen for giving recombi-
nant human erythropoietin in elective surgery has still
to be evaluated.
The first two patients treated by this method

developed postoperative anaemia requiring the re-
transfusion of almost all units of predonated blood, so
subsequent patients were given recombinant human
erythropoietin in the early postoperative phase. This
resulted in less anaemia and need for blood post-
operatively. The degree of anaemia, with packed cell
volumes of about 030, does not sufficiently stimulate
endogenous erythropoietin production to ensure satis-
factory regeneration.
Our study suggests that elective surgery may be

performed without the need for homologous blood
transfusions if it is preceded by autologous predonation
with adjuvant recombinant human erythropoietin.
Thus the risks of transmitting disease by transfusion
may be eliminated and the costs resulting from such
transmission avoided.

This study was made possible by Cilag Austria, which
donated the recombinant human erythropoietin. Our special
thanks to Dr Anita Wollmersdorfer for continuing support
and to Monika Schmoltner for helping to prepare the
manuscript.
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ONE HUNDRED YEARS AGO

Mr F. R. Humphreys writes to us upon this subject, and expresses his
belief that it would not be injurious to the medical profession to have a
body of midwives, properly educated and restricted in their action; and
that they would only compete with and supplant the rough, too often
drunken, and wholly incompetent "cheap doctor." In support of this
opinion, it may be remembered that many years ago the South-Eastern
Branch of the British Medical Association most carefully considered this
question, and came to the conclusion that a class of educated midwives
would be of great advantage to poor women, and would relieve medical
men of a large amount of hard and unremunerative midwifery practice.
With regard to the registration of midwives, our readers are familiar with
the work of the Parliamentary Bills Committee in this direction, and with

the clauses of the draft Bill which it prepared. The whole profession may
be said to be in favour of the licensing and registration of midwives, and
nothing but Parliamentary plethora prevents the passing of an Act which
public safety so urgently demands. The question of restricting the action of
midwives is an important one. Their function is to attend natural labour,
and to know in what cases it is their duty to send for medical help. The
Obstetrical Society of London has printed regulations describing exactly
all the conditions before, during, and after labour, which render it
necessary for a midwife to seek assistance. In fact, it may be confidently
stated, that every detail connected with 'the amelioration of the present
condition of midwives has been thoroughly threshed out, and that the
whole subject is over-ripe for action. (British MedicalJournal 1890;i:682.)
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