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Needless to emphasize the role of
estimation of blood volume in toxae-
mias of pregnancy. Conflicting re-
ports have appeared in literature with
regard to the changes in blood volume
during pregnancy (Ian Cope, 1958;
and Lund et al., 1958). Very few in-
vestigations with regard to blood
volume have been carried out on
cases of eclampsia. Keeping this fact
in view these investigations were
undertaken.

Material and Methods
Twenty-five cases of toxaemia were
studied. Two estimations were made
of all the values at variable intervals
to note any change, after treatment,
in these cases of pre-eclampsia and
eclampsia. The criteria adopted for
selection of the cases were:
(a) Blood pressure above 140/90
mm. Hg.
(b) Albuminuria of
degree.
(¢) Oedema of varying severity.
These cases were divided into two
grades:

Grade I (mild toxaemia)
These were the cases who had:
(a) Blood pressure below 160,/100

mm. Hg, .
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variable

(b) Albuminuria from a trace to
0.2 gm. per litre.
(¢) Slight oedema over the feet.

Grade II (Severe toxaemia)
These were the cases who had:
(a) Blood pressure above 160,100
mm. Hg.
(b) Massive albuminuria.
(¢) Gross oedema.

Eclampsia

These cases had convulsions in ad-
dition to the above signs of toxaemia.

First estimation was done as soon
as possible after admission when
patient was sufficiently sedated for
the estimation to be carried ouk .
Second estimation was done at a vari-
able period after the first one depend-
ing on the case. No case of post-
partum eclampsia was taken, to avoid
any errors in plasma and blood
volume due to normal physiological
changes occurring after delivery. For
the same reason both the estimations
were done before delivery of the
child. In one case the second deter-
mination of blood volume could mot¥
be assayed because of the death of the
patient soon after the first estimation.
Effort was made to take the weight in
as many patients as possible to cal-
culate surface area; but in some it was
not possible because of the patient
lying comatose during the time of
the test. -
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Blood volume was estimated ac-
cording to the technique described by
Chinard et al. (1956).

Observations L

Pre-eclampsia group: Nine pregnant
women with pre-eclampsia, between
22-23 years were studied. They
were between 28 and 36 weeks of
gestation. Their height varied from
4 feet 11 inches to 5 feet 3 inches.
Their weights ranged between 100 to
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deviation of = 394 ml. and standard
error of the mean being = 141 ml.

4. The total blood volume (B.V.)
varied between 2783 ml. and 5722
ml., the mean value for total blood
volume was 4478 ml. with a standard
deviation of == 1049 ml. and a stand-
ard error of the mean being = 314 ml.

5. The blood volume per kilogram
body weight (B.V. ml./Kg.) ranged
between 62 ml. to 104 ml., the mean
was 77.4 ml. with a standard devia-

164 pounds. The following results tion of =15.5 ml. and a standard
were obtained: error being = 5.5 ml].
TABLE 1 ,
-8 P.V. PV. pui oyl 7, 2 B.V. R . | et
observations a ml/kg ml/ ml wl i ml/ tocrit % globin
9 ‘ sq. m. g sq.m. _ E gm. %
Range 1948 43.0 1401 2783 62.0 2008 310 10.0
to to to to to to to to
4020 73.0 2544 5722 104.00 3661 412 14.0
Mean 3045 53.0 1959 4478 77.4 2873 36.0 114
S.D. % 693 103 394 1049 15.5 605 % 14
S.E 248 3.7 141 314 55 216 13 05

1. The total plasma volume (P.V.)
ranged between 1948 ml. to 4020 ml.
The mean value was 3045 ml. with a
standard deviation (S.D.) of * 693
ml. and" standard error of the mean
(S.E.) being = 248 ml.

2. The plasma volume per kilogram

body weight (P.V. ml./Kg.) varied
~between 43 ml. to 73 ml., the mean
value was 53 ml. with a standard
deviation of = 10.3 ml. and standard
error of the mean being = 3.7 ml.

3. The plasma volume per square
meter of body surface (P.V. ml/sq.
meter) area ranged between 1401 ml.
to 2544 ml., the mean value for the
same was 1959 ml. with a"standard

6. The blood volume per square
meter body surface area (B.V. ml./
sq.m.) varied between 2003 ml. to
3661 ml.; the mean being 2873 ml.
having standard deviation and
standard error of = 605 ml. and *
216 ml. respectively.

7. The haematocrit level varied be-
tween 31.09, to 41.29, having a mean
value of 369, with a standard devia-
tion of =3.7 and standard error
%= 18

8. The haemoglobin level ranged
between 10 gm%, to 14 gm% with a
mean of 11.4 gm9% and a standard
deviation and standard error of
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=149 gm. and * 0.5 gm., respec-
tively.

Eclampsia Group

Sixteen cases of eclampsia who had
fits either at the time of admission, or
before that, were investigated. They
were of the ages between 18 years and
40 years. Their heights varied be-
tween 4 feet 11 inches and 5 feet and
5 inches. Their weights ranged be-
tween 110 pounds and 152 pounds.

In three, out of these sixteen cases,
weight could not be recorded as
patients were comatose during the
period of investigation (These three
cases have been excluded from the
statistical analysis). As stated earlier,
for each patient two estimations were
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deviation and standard error of
* 11.6 and = 3.3, respectively.

3. The plasma volume per square
meter of the body surface area rang-
ed between 1038 ml. and 2544 ml.
The mean of the same was 1461 ml.
with a standard deviation and stand-
ard error of =417.4 ml. and = 119
ml., respectively.

4, The total blood volume varied
between 2647 ml. and 5786 ml., the
mean being 3844 ml. having a stand-
ard deviation of * 782 ml. and stand- °
ard error of = 233 ml.

5. The blood volume per kilogram
body weight ranged between 42.5 ml.
to 115 ml., the mean was 66.7 ml.,
with a standard deviation and stand-
ard error of = 17.8 ml., and = 5.0 ml,,

done at variable intervals. The respectively.
following results were obtained: 6. Calculated on the surface area
TABLE I

No. of Total PV. P.V. Total B.V. B.V. Mo Haemo-
observations P.V. inbprest ml/ BV. ml/ ml/ : ae' y a; globin
(13) m] sq.m. ml kg sqm. O % em g

Range 1641 26.4 1038 2647 425 1675 333 85

to to to to to to to to

3750 730 2544 5786 1150 4018 476 180

Mean 2484 426 1461 3844 66.7 2437 411 133

S.D. + 648 11.6 4174 782 17.8 643 43 28
S. E =+ 185 33 e 223 50 184 12 043

1. The total plasma volume ranged
between 1641 ml. to 3750 ml, the
mean value for total plasma volume
was 2484 ml. with a standard devia-
tion of = 648 ml. and a standard
error of the mean = 185 ml.

2. The plasma volume per kilo-
gram. body weight varied between
26.4 ml. to 73 ml. the mean value for
the same was 42.6 ml. with a'standard

basis, the blood volume per square
meter varied between 1675 ml. and
4018 ml., the mean for the same was
2437 ml. with a standard deviation of
*+ 643 ml. and a standard error of
=+ 184 ml.

7. The haematocrit level ranged be-
tween 33.39%, to 47.69% with a mean
value 41.19, with a standard devia-
tion of = 4.3 and a standard error of
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the mean being = 1.2,

8. The haemoglobin level was in
the range of 8.5 gm% to 18 gmY,, the
mean value being 13.3 gmY%, having
a standard deviation and standard
error of the mean = 2.8 and = 043
gm., respectively.

Discussion and: Results

White (1950) found in her
studies that the pattern of chan-
ges in blood volume in patients
of essential hypertension with-
out pre-eclampsia was similar to
that of normal patient. Very few ob-
servations have been made on the
changes in plasma and blood volume
in patients with pre-eclampsia.
Dieckmann (1952) stated that in
patients with mild pre-eclampsia, the
changes in blood volume were similar
to those found in normal pregnancy.
In severe pre-eclampsia and eclamp-
sia, both plasma volume and blood
volume were decreased. Ian Cope
{1961) reported results on 8 patients
who had pre-eclampsia and observed
that changes in mild pre-eclampsia
were similar to those in normal preg-
nancy. Average plasma volume was
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43.3 ml./kg. which was little lower
than that of normal pregnancy (47
ml./kg.). Friedberg (1958) found
that average plasma volume of toxae-
mic patients was lower than that of
normal patients. Freis and Kanny
(1948) also reported lower plasma
volume in pre-eclampsia and eclam-
psia.

In the present series the fall in
plasma and blood volume was noted
in severe pre-eclampsia which be-
came all the more aggravated with
the onset of eclampsia. Further high
values in haemoglobin and haemato-
crit were also noted in both the
series. With improvement in general
condition of the patients, the plasma
volume and blood volume increased
with corresponding changes in hae-
matocrit and haemoglobin. With the
deterioration in general condition,
these values decreased. It can be
stated that the absolute values obtain-
ed in severe cases were definitely
lower than those obtained in less
severe cases. Thus there may be
some correlation between the severity
of symptoms and haemoconcentra-
tion.

TABLE III
Plasma Volume Ml./Kg. Body Weight
No. of Standard T
Mean Standard error of
Group obser- e M, — M,
ki (M) deviation the mean Vo =
= = (e) al 2
Normal 29 70.0 124 23 4
pregnant
women
Pre-eclampsia 9 53.0 10.3 3.7 2
group
Eclampsia 16 426 116 34 6.8

group
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TABLE IV
Plasma Volume Ml/Sq Meter Body Surface Area
No. of- Standard
5 Mean Standard error of
Group obser- M ik th T
Crlione (M) eviation e mean
{(e)
Normal 29 2528 436 822 34
pregnant
women .
Pre-eclampsia 9 1959 394 141 2.7
group
Eclampsia 16 1461 417 119 74
group
TABLE V
Blood Volume/Kg. Body Weight
No. of Standard
Vi obs'er- Mean Standard error of
P 5 (M) deviation the mean g i
vations
(e)
Normal 29 98.0 16.8 31 3
pregnant
women
Pre-eclampsia 9 774 15.5 55 1.4
group
Eclampsia 16 66.7 17.8 5.0 5.3
group
TABLE VI
Blood Volume M1/Sq Meter Body Surface Area
No. of Standard
Grou obs‘er- Mean Standard error of
p A (M) deviation the mean L1 o
vations
ey L (e)
Normal 29 3561 597 113 2.8
pregnant
women
Pre-eclampsia 9 2873 605 216 15
group
Eclampsia 16 2473 643 184 5

group

P X3
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Conclusions

The present study with regard to
investigation of blood volume on the
pre-eclamptic and eclamptic patients
reveals the following facts:

1. There is a decrease in plasma
volume as compared to the normal
pregnant women — the decrease be-
ing 20.69% and 35.2% in pre-eclamp-
tic and eclamptic group respectively.

2. There is a decrease in blood
volume as compared to the normal
‘pregnant women — the decrease be-
ing 17.29, and 29% in pre-eclampsia
and eclampsia patients, respectively.

3. ‘There is a definite significant de-
crease in plasma volume as compared
to normal pregnant women in both
the groups, the value of T being 4 for
pre-eclampsia patients and 6.8 for
eclampsia group. These results also
hHold good for plasma volume/sq.
meter body surface area. However,
there is doubtful difference between
pre-eclampsia and eclampsia groups
(Table III and IV).

4, There is a definite significant de-
crease in blood volume between nor-
mal pregnant women, pre-eclampsia
and eclampsia groups with values of
T being 3.5 and 5.3, respectively.
There is no significant difference bet-
ween pre-eclampsia and eclampsia
groups as the value of T is 1.4. The
same holds good for blood volume per
sq. meter body surface area.

5. There is no statistical difference
in haemoglobin percentage between
the normal pregnant women and pre-
eclampsia group as the value of T is

1.6. However, when the values of
normal pregnant women and eclam-
psia groups are compared there is a
significant increase as the value of T
is 3.4, but when the pre-eclampsia
and eclampsia groups are compared
the value of T does not indicate a
statistical difference.

6. There is very little difference be-
tween the normal pregnant women
and pre-eclampsia groups, the value
of T being 2.6. Definitely there is a
significant increase in haemoconcen-
tration when the normal pregnant
women values are compared to
eclampsia group. There is also a
statistical significant difference be-
tween the pre-eclampsia and eclam-
psia group as the value of T is 3.
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