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Changes in the body weight of
regnant women in excess of what
suld be accounted for by the weight
of the enlarging uterus and the
growing foetus were usually designat-
ed by the vague term ‘“Plethora of
Pregnangy”. De Lac (1928) stated
that the quantity of blood was aug-
mented during pregnancy especially
in the last two months, thus causing
a true plethora. Dieckmann and
Wegner (1934) reported that total
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blood and plasma volumes began
to increase in the first trimester
of pregnancy, becoming 16 to 189
higher respectively than what they
were in non-pregnant women. There
was an average increase of 23% in
total blood volume and of 45%
in plasma volume 60 days before
delivery. At the end of the first
week postpartum these figures de-
creased by 229, but both plasma
volume and blood volume did
not return to non-pregnant levels
until two months after delivery.
Tysoe and Lowensten (1950) on the
other hand found no significant dif-
ference in blood volume values im-
mediately before and after delivery.
Despite several studies, there is as yet
no agreement regarding the extent of
changes in blood volume during preg-
nancy. This study was therefore
planned to determine blood volume
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during second and third trimesters of
pregnancy and one week after deli-
very.

Material and Methods

Twenty-five normal pregnant
women, ranging in age from 25-30
years, who attended the antenatal
clinic at the S. N. Hospital, Agra,
were taken up for this study. Only
those cases were accepted who were
free from any disease and in whom
haemoglobin concentration was not
less than 10 gms per cent. In each
case blood volume was estimated on
two occasions, first time between 14th
and 18th weeks and next between
30th and 34th weeks. In 10 cases it
was estimated a third time, one week
after delivery. The dye dilution
method using Evan’s blue described
by Dawson et al (1920) was used for
blood volume determination.

Observations
In normal non-pregnant women

The plasma volume, blood volume
and red cell volume values observed
in 10 normal non-pregnant women,
ranging in age between 19-26 years,
are given in Table L.

During second trimester of pregnancy

The observations on blood volume,
plasma volume and red cell volume
during the second trimester of preg-
nancy are given below in Table II.
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The average plasma volume was

2645 ml with a range of 2330 to 3250~

ml. Expressed in terms of ml./sq.
meter the respective  figures were
1895 ml. and 1705 ml./sq. meter. All
the cases showed an increase in
plasma volume as compared with
average plasma volume in normal
non-pregnant women. The average
increase was 129, with a range of 0.9
to 31.29,.

The blood volume varied between
3411 to 4895 ml. with an average
value of 3992.0 ml. and the per sq.
meter reading between 2497 and 3146
ml. with an average of 2857.8 ml./sq.
meter. In 19 cases (76%) the blood
volume was 0.6% to 13.8% higher
than the average blood volume in
normal non-pregnant women. In the
remaining 6 cases (249,) the value:
were less than the average bloo
volume in normal non-pregnan
women, but in nqne of them was i
less than the lowest figure observe
in normal non-pregnant women. The
average increase for the group as a
whole was 3.1%.

The red cell volume ranged be-
tween 1114 and 1661 ml. with an
average of 1346.8 ml. Compared
with the average red cell volume in
normal non-pregnant women, only 4
cases (169,) showed an increase in
red cell volume from 0.9 to 7.6%. In
the remaining 21 cases (84%,) it was
less than in normal non-pregnan

TABLE I
Showing values in normal non-pregnant women

Plasma volume

Blood volume

Red cell volume

Total in ml. Ml./sq. Mk«

Total in ml. Ml./sq. Met. Total in ml. Ml./sq. Met.
Average 25860 5 1690 3940 2755 1524 1053
Range 2250-2700 1572-1776 3388-4482 2548-2867 1138-1807 855-11'
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women by 1.3 to 26.3¢),. The average
fall in red cell volume was 8.1%.

During third trimester of pregnancy

The values of blood volume, plasma
volume and red cell volume observed
during the third trimester of preg-
nancy are given in Table III.

The plasma volume during the
“hird trimester of pregnancy ranged
oetween 2650 and 3825 (average
3137.8) ml. or between 1833 and

'088 (average 2176.5) ml/sq. meter.
'here was an increase in plasma
olume over the average plasma
rolume values in normal non-preg-
1ant women in all the cases. The
average increase was 28.19, with a
range of 3.59% to 53.0%. Twenty-
three of the 25 (92%) cases had
higher plasma volume levels than the
iverage plasma volume during the
second trimester of pregnancy. Of
the remaining two cases the plasma
volume was either equal t{o or less
" 1n the average plasma volume level

:ing the second trimester.

The blood volume ranged between

21 to 5693 (average 4613.4) ml or
575-3683 ml/sq. meter. All but two
ases showed an increase in blood
solume varying from 5.7 to 33.7%
‘average 15.6%) over the average
olood volume level in normal non-
yregnant women.

The red cell volume ranged be-
ween 1071 to 2023 (average 1476.6)
nl. or 742-1297 (average 1017.7)
nl./sq. meter. It was increased in 11
ases (44%) by 0.89% to 23.29, and
lecreased in the remaining 14 (56%)
ases in comparision to the average

'd cell volume in normal non-preg-
" 1t women. In all but 3, the level

as higher than that observed during
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second trimester of pregnancy. Out
of the remaining 3 cases it was un-
changed in one case and came down
in the other two.

One week postpartum

The levels of plasma volume, blood
volume, and red cell volume observ-
ed in 10 cases one week postpartum
are given in Table IV,

The plasma volume ranged between
2200-2775 (average 2474) ml. or be-
tween 1650-1805 ml/sq. meter. In
each case the level was lower than its
own level during the third trimester
of pregnancy. The average fall in
plasma volume from the levels in the
third trimester of pregnancy was
691 ml. or 229,. However, the aver-
age plasma volume was still higher
as compared to the average non-
pregnant level.

The blood volume ranged between
3463 and 4304 ml (average 3734) or
between 2566 and 2869 ml./sq.
meter. In all cases, the blood volume
levels fall from their own Ilevels
during the third trimester of preg-
nancy. The .average fall in blood
volume was 909 ml. or 19.79,. How-
ever, the blood volume level was still
higher than the average blood volume
level in non-pregnant women by
2.29%.

The red cell volume varied between
1144 and 1422 (average 1280) ml. or
between 812 and 1219 (average 938)
ml./sq. meter. Compared with the
values during the third trimester of
pregnancy it was less in all cases
except one, and the average decrease
was 224 ml. or 15.1%. Similarly 24
cases were found to have red cell
volume 119, lower than the average
level in non-pregnant women.
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Discussion

Considerable changes have heen
observed in blood volume during
pregnancy in this study. The blood
volume increased by 3.1% over the
average normal non-pregnant levels
in 769 cases during the second tri~
mester of pregnancy. The plasma
volume was 129, higher in second
.imester of pregnancy than the
average level in non-pregnant women.
The plasma volume, therefore, in-
reased more than the blood volume
uring the second trimester of preg-
ancy. Gomzell et al (1954), taking
slood volume and plasma volume
values four weeks post-partum as
normal, found much higher average
increase in blood volume than observ-
ed by us during this period of preg-
nancy. Roscoe and Donaldson (1946),
n the other hand, reported an aver-
age increase of 1-5% in the blood vo-
lume and of 7.29, in plasma volume.
They took, like us, healthy-non-preg-
nant women as controls. Our figures
resemble more those of the latter
workers.

Blood volume starts increasing late
in the first trimester of pregnancy and
increases steadily thereafter till the
latter part of pregnancy (Dieckmann
and Wegner 1934; Roscoe and Donald-
son 1946; Caton et al 1951; Naltaniel,
1953). Like these workers we observ-
ed that in the third trimester of preg-
nancy, in 929, cases both, blood
volume and plasma volume increas-
»d by 16.5% and 18.19, above the
second trimester level.

One week after delivery the blood
-olume as well as the plasma volume

ol by 19.7% and 229, respectively
om the respective levels during the
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pi third trimester of pregnancy. These

levels were, however, a little higher
(2.2% and 3.99% repectively) than
the average levels in non-pregnant
women. Red cell volume fell to a
level 119, below the level in normal
non-pregnant women. Although all
the workers agree that blood volume
and plasma volume come down to
normal after delivery the time taken
by these to return to normal levels
has varied from two weeks (Thom-
son et al 1938; Mclennan and Thou-
rin, 1948; Tysoe and Lowensten,
1950) to 4 weeks (Caton et al, 1950;
Gomzell et al, 1954) or even longer
(Dieckmann and Wegner, 1934).

Summay and Conclusions

A study of blood volume changes
during normal pregnancy in 25
healthy women has been reported.
Ten normal non-pregnant women
ranging in age from 19 to 26 years
were also studied to serve as controls.

The blood volume was estimated
by the dye dilution method using
Evans blue, as described by Dawson
et al (1920).

The control values of blood volume,
plasma volume and red cell volume
were found to be 3940 ml. 2556 ml
and 1524 ml] respectively.

During second trimester of preg-
nancy the blood volume remained
within normal limits in 249, and in-
creased by 3.1% (0.6-13.8%) over
the control values in the remaining
769% cases; plasma volume was in-
creased in all the cases and the levels
were 129, (0.9-31.29,) higher than
the control levels. Red cell volume
increased in only 169, cases and fell
in 849 cases.

During the third trimester of preg-
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nancy 929 showed further increase
in blood volume and plasma. volume
(16.5% and 189, respectively). Red
cell volume also increased in all but
three cases.

One week post-partum both blood
volume and plasma volume fell to a
level which was still slightly higher
(2.2% and 3.9% respectively) than
the control levels in all the cases.
Twenty-four out of 25 cases in the
present study showed a conspicuous
fall in red cell volume which was
119, lower than the control values.

These findings have been discussed
and compared with those reported in
literature.
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