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Summary: The effect of posture on maternal capillary
blood Po2 and Pco2 was studied in pregnant and

non-pregnant women. There was a significant decrease
of Po2 (mean 13-0 mm. Hg) and significant decrease
of Pco2 (mean 2*4 mm. Hg) when pregnant women sat
up, but these changes did not occur in the non-pregnant.
These findings may be relevant to debate on the optimum
posture for labour.

Introduction

In the sixteenth century patients were delivered in an obstetric
chair (Cutter and Viets, 1964). Today the African Bantu still
gives birth in the sitting position, and this has led to the sugges-
tion that this position be adopted for childbirth. Obviously,
when bearing down, gravity would be an additional force when
the patient was in the erect or sitting position. The major dis-
advantage of an upright posture during delivery would be the
difficulty the accoucheur would have in gaining access to the
site of delivery. The effect of posture on maternal blood
oxygen levels has not been studied, though the lowest mean
arterial blood Po2 reported in pregnant patients was in subjects
studied in the dorsal position, while the highest mean arterial
blood Po, was in patients studied in the sitting position (Rooth
and Sjdstedt, 1962; Stenger et al., 1964). As asphyxia is a
common cause of stillbirth any factor influencing maternal
oxygenation deserves investigation, and the present experiments
were designed to study the effect of posture on maternal blood
oxygen levels.
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Material and Methods

Ten patients between the 35th and 40th weeks of their
pregnancy were studied, four of them being primigravidae.
Their ages ranged from 17 to 35 years. The control group
consisted of 10 non-pregnant women of similar age and parity.
None of the patients were obese or were taking drugs, and none
had evidence of cardiovascular or pulmonary disease. The
experimental procedure was explained to each patient, who had
previously volunteered for the study.
The basis of the experimental procedure was a series of

observations made on each patient in two different positions:
supine with one pillow under the head and two pillows under
the calf, and sitting with the body slightly forward of the
vertical position. After the patient had been in the supine
position for 20 minutes the pulse and blood pressure were
recorded and a blood sample was taken; this procedure was
repeated five minutes later. The patient then changed her
position to the erect one, and after 10 minutes two more sets
of measurements (pulse, blood pressure, and blood sample)
were taken with a five-minute interval between them.
The blood pressure was recorded with a sphygmomanometer,

and care was taken to maintain the arm cuff at the level of the
heart during all recordings. Each blood pressure measurement
represented the mean of three readings taken at one-minute
intervals.
The blood sample was collected from the ear lobe after it

was made hyperaemic with tetrahydrofurfuryl nicotinic acid
ester paste. Capillary blood Po2 and Pco2 measured from
samples taken from the ear lobe have been shown to compare
favourably with arterial blood oxygen and carbon dioxide levels
(Siggaard-Andersen, 1967; Koch, 1968). Comparison of
capillary and arterial blood in our laboratory has produced
results similar to those of Koch, the mean arterial/capillary
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differences for Po. being + 4.50' and for PcoM + 43 ', (Walker
and Lumley, 1969). In addition the precision of arterial and
capillary measurements carried out under the same conditions
was similar. The Po2 and Pco, electrodes of an Instrumenta-
tion Laboratories ultramicroelectrode assembly were calibrated
with analysed gas mixtures.
The 95 % confidence limits for duplicate measurements were

+7-6 mm. Hg for Po, and +39 mm. Hg for Pco2. The
confidence limits were calculated from the differences between
duplicate measurements on blood collected in different tubes
from the same cut, the data from all cases (Youden, 1951) being
used. The confidence limits of blood Po., and Pco2 measure-
ment will be affected both by the speed of blood collection and
by the mixing of the blood after collection, as arterial blood
Pco2 and Po2 levels have oscillatory patterns which are
dependent on physiological oscillatory changes in respiration
(Lenfant, 1967). Capillary blood is not collected as rapidly as
arterial blood, and this may influence the confidence limits of
the measurements. The difference between our duplicates is
quite consistent with the changes that Lenfant (1967) demon-
strated in arterial blood over a short period of time. The
blood samples were collected in nylon tubing and coded in
such a way that the investigator carrying out the measurement
did not know whether the blood was collected from the patient
in the supine or the erect position.

Results

When the pregnant patients changed from the supine to the
sitting position the mean capillary blood Po2 increased by
13 mm. Hg, this change being statistically significant, P<O01
(Table I). The increase of Po2 was associated with a mean

TABLE I.-PO2 and Pco2
Po2 (mm Hg) Pco2 (mm Hg)

Pregnant
women upine itting A (Sitting- Suie StigA (Sitting-women Supine Sitting Supine) Supine)

I 99 117 + 18 29 23 -6
2 95 110 +15 32 31 -1
3 101 105 +4 34 33 -1
4 92 103 +11 28 26 -2
5 70 92 +22 32 30 - 2
6 89 103 +14 32 31 - 1
7 88 99 +11 34 29 -5
8 75 97 +22 32 30 -2
9 78 80 +2 36 34 -2
10 67 78 +11 32 30 -2

Mean 85* 98* +13 32t 30t- 2
Standard ±12 ±12 ±7 ±2 ±3 ±1
deviation
_p < 0 01 (S) t < O O1(S)

Non-Pregnant Woment
1 80 82 +2 34 31 -3
2 107 92 - 15 33 35 +2
3 89 95 +6 35 32 -3
4 83 79 -4 35 35 0
5 81 81 0 37 36 -1
6 92 90 -2 33 34 + 1
7 80 80 0 32 32 0
8 84 91 +7 37 36 - 1
9 78 77 - 1 38 40 +2
10 75 78 +3 33 33 0

Mean 851t 85t -2 35§ 34S 1
Stanlard ±9 7 ±6 ±2 _3 +1
deviation

_> 0-5 (N.S.) > 0 5 (N.S.)
P = Paired t test

decrease of 2 4 mm. Hg in blood Pco2, this change also being
significant, P<0 01. When the non-pregnant patients sat up

no significant alteration of blood Po2 or Pco2 was found.
Comparison between the pregnant and non-pregnant groups

showed that the alteration in oxygen level with change of
posture was significantly different between the two groups,

P<0 01, but the alteration in carbon dioxide with alteration of
posture was not, P>0 2. The variation in the degree of change
of blood gases with alteration of posture in individual patients
could not be related to the subject's age, weight, parity, or

smoking habits.
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In pregnant patients the pulse rate and blood pressure did
not significantly alter with change of posture; in the non-
pregnant patients there was a statistically significant increase
of diastolic pressure when they assumed the sitting position;
the importance of this finding, however, is uncertain, as the
mean change was only 3-4 mm. Hg (Table II).

TABLE II.-Blood Pressure and Pulse Rate

Blood pressure (mm. Hg) Pulse Rate

Systolic (S) A (Sitting- A (Sitting-
Diastolic (D) Supine Sitting Supine) Supine Sitting Supine)

10 Pregnant Women
Mean

5 125w 122* .+3 76* 75* 1-
D 821- 851- +3

Standard S + 12 ±12 + 5 ±7 ±7 +6
deviation D +9 +11 +5
P S * > 0 05 (N.S.) * > 0 50 (N.S.)

D t > 0-05 (N.S.)
10 Non-pregnant Women XC

'S 115i: 112t4: -311 71* 72* + 1.1
Mean ~~D 715 745 +3-4

Standard S +7 ±7 ±6 +9 + 11 + 2
deviation D +6 ±8 ±4

S : > 01 (N.S.) * > 050 (N.S.)
P D §<0-02 (S)

P = Paired test.

Discussion

Pregnant subjects showed a marked increase of capillary
blood Po2 and a small but significant decrease of capillary
blood Pco2 when altering their position from supine to sitting.
This change is unlikely to be temporary, as blood gas measure-

ments were shown to be steady in each position. The effect

of posture on maternal Po2 may be one factor contributing to

the variation in values of maternal arterial oxygen tension

reported in other studies: 91 mm. Hg (Wulf, 1958), 69 mm.

Hg (Vasicka et al., 1960), 80 mm. Hg (Stenger et al., 1964).
and 97 mm. Hg (Rooth and Sjostedt, 1962). While the effects

of anaesthesia may also have contributed to the variation in

the previously reported levels of maternal arterial Po, (Metcalfe
et al., 1967), the change from a mean capillary Po2 of 85 mm.

Hg in the dorsal position to 98 mm. Hg in the sitting position
in the present study emphasizes the need to consider the

influence of posture in studies dependent on measurement of

matemal blood Po2. That maternal capillary blood Po2 in

favourable conditions is usually greater than 90 mm. Hg has

been repeatedly documented in our own previous studies with

the " arterialized capillary " method: 98 mm. Hg (Lumley
et al., 1969b), 94 mm. Hg (Lumley et al., 1969a), 101 mm. Hg
(Krins et at., 1969), 90 mm. Hg (Newman et al., 1967). Because

of the concordance between arterial and capillary blood Po,
in our laboratory and in other studies (Siggaard-Andersen,
1967) it is probable that in favourable circumstances maternal

arterial Po2 is above 90 mm. Hg. The mean value for maternal

capillary Pco2, 32 mm. Hg, is consistent with the known occur-

rence of hyperventilation in pregnancy (MacRae and Palavradji,
1967) and our own previous measurements of maternal capillary
Pco2 during pregnancy and early labour: 28 mm. Hg (Lumley
et al., 1969a), 28 mm. Hg (Newman et al., 1967). The value

of the control group was limited, as the changes in the pregnant
patients were clear-cut and the measurements concordant in

the two separate blood collections made in each position.
Furthermore, the non-pregnant patients forming the control

group were also hyperventilating to some extent, as their mean

Pco, was 35 mm. Hg. Nevertheless, the absence of significant
changes in blood gases in the non-pregnant patients when they
changed position is also consistent with the findings of Riley
et al. (1959).
The mechanisms determining the increase of Po2 and decrease

of Pco2 in the pregnant woman assuming the sitting position
are not known, as a number of other criteria would require
measurement in order to elucidate this. It would seem that

the effect of posture in the non-pregnant patient is not neces-
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sarily relevant in seeking an explanation of the changes in the
pregnant patient, as a number of changes in cardiovascular or
respiratory function occur in pregnancy which may modify
postural responses. Hyperventilation is normal in pregnancy
(Reid et al., 1967), the diaphragm is raised (McGinty, 1938),
pulmonary diffusing capacity may be lower (Bedell and Adams,
1962), and expiratory reserve volume, residual volume, and
mean functional residual capacity are all reduced in the third
trimester (Gaensler, 1965). The reduction of expiratory reserve
volume in pregnancy may be related to the susceptibility of
pregnant patients to a postural influence on Po2, as it has been
shown that ventilation perfusion abnormalities occur in obese
non-pregnant subjects and that this bears a relation to the
expiratory reserve volume and can reduce arterial Pa2 during
resting tidal ventilation (Holley et al., 1967). Ventilation in
the lower lung zones may be reduced in the pregnant patient
lying in the supine position, as the fetus is closer to the
diaphragm than when the patient is sitting or standing. This,
together with the reduced expiratory reserve volume of the
pregnant patient, may produce ventilation perfusion inequality
in the lower lung zones and account for the lower Po2 in the
supine position.

Cardiac output is increased in pregnancy (Adams, 1954
Walters et al., 1966 ; Lees et al., 1967), but the effects of posture
on cardiac output in pregnancy are not clear. Lees et at. (1967)
have shown that cardiac output at the end of pregnancy
increases if the patient turns from the supine to the right lateral
position, so that it might be thought possible for a similar
change to occur if a pregnant patient changes from the supine
to the sitting position. Quilligan and Tyler (1959), however,
found insignificant changes in cardiac output when pregnant
patients moved from the lateral to the supine position. Even
more relevant to the present study is the work of Py6rilii
(1966), who found no change in cardiac output or pulse rate
when late pregnant patients were tilted from the supine to a
600 upright position. Thus evidence is not yet available to
determine whether the effect of posture on maternal capillary
Po, is dependent on alteration of cardiovascular mechanisms.
Again it is possible that aortocaval compression, which is
sometimes present in pregnant patients lying in the supine
position (Bieniarz et al., 1969), may be reduced when the
patient sits up, but further studies would be necessary to
determine whether such a change could increase capillary
blood Po2.
As maternal capillary Po2 is higher in the sitting position

the role of bed rest in the lying position for obstetric compli-
cations requires careful re-evaluation. It is known that
maternal Po2 levels may influence fetal scalp blood or tissue
Po., levels (Newman et al., 1967; Walker et al., 1968), so that
any factor decreasing maternal Po2 should, if possible, be
avoided. The left lateral position may be as advantageous as
the sitting position in maintaining a high maternal Po2 level,
but, even if this is found to be so, most patients resting in bed
assume the supine position. The lower Po2 level in the supine
position cannot be considered important in a normal situation,
but if complications are already present which prejudice fetal
oxygenation-for example, shock, blood loss, pre-eclampsia,
placental insufficiency-the position the patient assumes may
be critical. The importance of the present findings in labour
is difficult to estimate, as further cardiovascular or respiratory

changes may occur which would modify the response to altera-
tion of posture. If the present findings applied to labour then
there would be a physiological reason to return to the use of
an obstetric chair. While this may pose difficulty for the
accoucheur, it is also a more natural position in which to bear
down, aided by gravity.

We wish to thank the nursing staff of the Queen Victoria Hos-
pital and the technical 'staff of the Department of Obstetrics and
Gynaecology for their help in carrying out this study.
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