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Atrial natriuretic peptide and blood volume during
red cell transfusion in preterm infants

W Rascher, N Lingens, M Bald, 0 Linderkamp

Abstract
Because raised plasma concentrations of
atrial natriuretic peptide indicate volume
expansion, we studied the effect of red cell
transfusion on plasma atrial natriuretic pep-
tide concentration, packed cell volume, and
intravascular volume in eight preterm infants.
Red cell transfusion increased red cell mass,
packed cell volume and erythrocyte count,
but decreased plasma volume. Total blood
volume, plasma atrial natriuretic peptide con-
centration, urine flow rate, and urinary
sodium excretion did not change.
We conclude that a slow transfusion of

less than 10 ml red cells/kg body weight does
not cause volume expansion with subsequent
atrial natriuretic peptide release thereby
affecting the cardiovascular system.
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Preterm infants weighing less then 1500 g are

often given red cell transfusions to replace blood
losses and to treat refractory anaemia. Because
haemoglobin concentration and packed cell
volume correlate poorly with the red cell mass/
kg of body weight in preterm infants,2 3 it has
been proposed that the red cell mass rather than
the packed cell volume should be used for esti-
mation of the red cell deficit.4
The volume expansion resulting from red cell

transfusion increases the risk of intraventricular
haemorrhage in preterm infants.5 6 Atrial nat-
riuretic peptide is released when volume
expands in children7 as well as in fetuses.8
Raised plasma concentrations of atrial natriure-
tic peptide have been found in preterm infants
with respiratory distress syndrome,9 increased
sodium intake,'0 and with patent ductus
arteriosus." 12 Moreover, atrial natriuretic pep-
tide concentrations seemed to correlate with
volume changes in preterm and full term neo-
nates.9 13 14This indicates that atrial natriuretic
peptide may be a sensitive indicator of volume
changes. There have been to our knowledge no
studies on the effect of transfusion on plasma
atrial natriuretic peptide in preterm infants. We
have therefore studied the packed cell volume,
intravascular volume, and plasma concentration
of atrial natriuretic peptide in preterm infants
before and after transfusion of red blood cells.

Patients and methods
Eight preterm infants with a median gestational
age of 28 weeks (range 25-34) and birth weight
of 1025 g (range 650-1800) received red cell
transfusions for anaemia at a median of 41 days
of age (range 1 to 96). Their median weight was

1710 g (range 650-2660). All infants were in
good clinical condition. Four were mechanically
ventilated through an intratracheal tube. None
had renal disease, shock, sepsis or were being
treated with diuretics. The volume of trans-
fused red cells was calculated to raise the packed
cell volume to 0-45 (haemoglobin to 155 g/l).
The transfusion rate averaged 0-05 (0 01)
ml/min/kg.

Before and one hour after red cell transfusion
blood was drawn in EDTA coated tubes (1 5-2
ml) for determination of plasma atrial natriur-
etic peptide and haemoglobin concentrations
packed cell volume, haemoglobin F concentra-
tion, and plasma osmolality. In addition 0 5 ml
blood was drawn in plastic tubes for measure-
ment of serum sodium, potassium and creati-
nine concentrations. The packed cell volumes of
all red cell concentrates were also measured.
Timed urine specimens were collected

before, during, and after red cell transfusion for
measurement of the urinary flow rate, creati-
nine, osmolality, and sodium and potassium
concentrations.
The circulatory red cell mass of the infants

was estimated from the dilution of haemoglobin
F by the transfused red cells (that is, by
haemoglobin A) as described by Phillips et al.4
Haemoglobin F was estimated by a modified
alkali denaturation procedure.'5 Red cell mass
(RCM) before transfusion was calculated from
the transfused red cell volume (V), and the
haemoglobin F percentages before (HbF 1) and
after (HbF 2) the transfusion.4

VxHbF 2
RCM=

HbF 1-HbF 2
Red cell mass after transfusion was calculated

as the sum of the pretransfusion red cell mass
and transfused red cell volume. Total blood
volume was calculated from the red cell mass
divided by the packed cell volume. Plasma
volume was derived by subtraction of the red
cell mass from the total blood volume. In adults
whole blood packed cell volume is usually calcu-
lated by multiplication of the venous packed cell
volume by 0-9; as in preterm infants the whole
body:venous packed cell volume ratio may vary
widely we have not corrected the venous packed
cell volume.'6 Plasma atrial natriuretic peptide
was measured by radioimmunoassay after ex-
traction as previously described.7

Statistical analysis was done by the Wilcoxon
rank sum test for paired observations and corre-
lations were calculated by the method of least
squares. Values are given as mean (SEM). The
study was approved by the ethics committee
of the University Children's Hospital and
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Table I Laboratory findings before and after red cell transfusion in eight preterm infants. Figures are expressed as
mean (SEM)

Before red cell After red cell p
transfusion transfusion Value

Body weight (g) 1070 (200) 1060 (200)
Packed cell volume 0-35 (0-21) 0-43 (0 26) <0-02
Haemoglobin (g/l) 120 (7) 136 (8) <0-02
Erythrocyte count (x112/l) 3-4 (02) 4-5 (02) <0-02
Red cell mass (ml/kg body weight) 32-3 (6 4) 39-0 (6 2) <0-02
Total blood volume (ml/kg body weight) 91 9 (14-2) 90-8 (11-5) <0 78
Plasma volume (ml/kg body weight) 59 0 (8 2) 51-8 (5-8) <0-02
Serum sodium (mmol/l) 140-2 (0 8) 140-5 (1[9) <0 49
Serum chloride (mmol/l) 102-6 (2 4) 104-0 (2-4) <0-25
Serum potassium (mmol/l) 5-1 (0 2) 4 9 (0 4) <0-29
Plasma osmolality (mmol/kg) 284-0 (11 9) 283-7 (7-0) <0-68
Plasma atrial natriuretic peptide (pmol/l) 50-1 (16-2) 48-0 (17-8) <0-72

Table 2 Clearances, urine flow rate, and absolute and
fractional excretion ofsodium and potassium before, during,
and after red cell transfusion in preterm infants. Figures are
expressed as mean (SEM)

Urine flow rate (pl/min/kg):
Before 37-1 (8-3)
During 45 8 (7 6)
After 50 0 (12-5)

Creatinine clearance (Wd/min/kg):
Before 840 (220)
During 860 (170)
After 830 (190)

Osmolar clearance (Ipl/min/kg):
Before 28-5 (9-0)
During 32-3 (6A4)
After 35*5 (9 8)

Free water clearance (td/min/kg):
Before 8-6 (5-7)
During 13-6 (7 3)
After 9-5 (7 9)

Urinary excretion of sodium (pmol/min/kg):
Before 2-0 (0-8)
During 2-6 (0-6)
After 3-0 (1[0)

Fractional excretion of sodium (%):
Before 2 5 (10)
During 3-6 (1-8)
After 3-6 (1-6)

Urinary excretion of potassium (pmol/min/kg):
Before 0-6 (0 2)
During 0 7 (0-2)
After 017 (0 2)

Fractional excretion of potassium (%):
Before 17-5 (3-4)
During 20-7 (4 8)
After 19-8 (4-8)

None of the differences are significant.

informed consent was obtained from the parents
in each case.

Results
Red cell transfusion resulted in a significant
increase in red cell mass, packed cell volume,
haemoglobin, and erythrocyte count (p<002
in each case, table 1). Plasma volume fell
(p<002). Total blood volume, plasma concen-
tration of atrial natriuretic peptide, serum con-
centrations of sodium and potassium, and
plasma osmolality did not change (table 1).
Transfusion did not significantly alter urine
flow rate, creatinine clearance, osmolar and free
water clearances, and absolute and fractional
excretions of sodium and potassium (table 2).
There was no significant correlation between
red cell mass and packed cell volume, haemog-
lobin, or red cell count.

Discussion
The results indicate that slow transfusion of red
cells (0-05 (0-01) ml/min/kg) increases the

amount of circulating erythrocytes in preterm
infants without significantly affecting the car-
diovascular system by acute volume load and
subsequent atrial natriuretic peptide release. As
the average intravascular volume did not rise,
the average plasma atrial natriuretic peptide
concentration also remained unchanged (table
1). Consequently, urine flow rate, creatinine
clearance, and sodium excretion did not change
significantly, although five of eight infants sho-
wed slight increases in urinary flow rate, urin-
ary sodium excretion, and fractional sodium
excretion. These measurements fell in the three
other infants, however, indicating that in this
small group of patients there was no consistent
response of natriuresis and diuresis after red cell
transfusions.
The exact mechanism of atrial natriuretic

peptide secretion is not fully understood. Dis-
tension of the left and the right atrium is associ-
ated with atrial natriuretic peptide release.'7 18
It is not known what degree of volume expan-
sion is necessary for atrial distension gross
enough to result in subsequent atrial natriuretic
peptide release. In studies on the association of
acute volume expansion and rise in plasma atrial
natriuretic peptide, blood volume was expanded
by 30%.17 " We have recently shown that rapid
volume loading with whole blood during
exchange transfusion in newborns is associated
with an increase in plasma atrial natriuretic pep-
tide concentration.20 Our present study sug-
gests that if the volume expansion is slow
enough or small enough it does not cause the
atrial stretch that results in subsequent atrial
natriuretic peptide release.

Pretransfusion red cell mass was not signifi-
cantly related to packed cell volume, haemoglo-
bin concentration, or erythrocyte count. This
confirms the results of Phillips et al,4 who found
a weak correlation between red cell mass and
packed cell volume in 33 preterm infants (r=
0-32). This can be explained by a variation of
total blood volume in preterm infants.
Although we calculated transfusion volume to

raise the haemoglobin concentrations to 155 g/l
we reached only a mean haemoglobin concen-
tration of 136 gIl. In our experience this is
common in clinical practice. Perhaps the
formula on which such calculations are based
(3 ml of packed red blood cellsxkg body
weightxhaemoglobin deficit in g/100 ml)
should be revised.2'
We conclude that a slow transfusion of less

than 10 ml of red cells/kg body weight does not
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affect the cardiovascular system by volume
expansion leading to subsequent release of atrial
natriuretic peptide.

This study was supported by a grant from the Deutsche
Forschungsgemeinschaft (Ra 326/1-4).
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