The Effect of Changes in Maternal pH and Pg,,

on the Py, of Fetal Lambs
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The cffect on the fetus of changes in matemal
Peo. and pIl were studied in sheep. Maternal hy-
perventilation without ch in Pco. and pH
had no significant effect while hyperventilation

iated with hy and i y alka-
lemia was iated with a in
fetal Po, and So~ Fetal Po. also decreased with
matemnal metabolic alkalemia indicating that the
change in matemnal pH, rather than Pcos, was the
critical factor influencing fetal Po.. Maternal hy-

pnia with acid was iated with a
sngmﬁcnnt increase in fetal Po. and So.. These
changes in fetal Po. and So. were the combined
effect of alterations in oxygen transfer within the
placenta and changes in umbilical blood flow.
Prolonged maternal hyperventilation associated
with alkalemia resulted in severe fetal hypoxia,
metabolic acidosis and fetal distress. Reports
concerning parturient women and their fetuses
indicate that there is a similar relationship be.
tween maternal pH and fetal Po, in man and that
this is of clinical importance.

3 3

RecexT studies in pregnant animals * 2 as well
as in parturient %3 have indicated that
the oxygenation of the fetus is significantly in-
fluenced by the level of maternal ventilation.
This report, based on experimental studies in
sheep, presents further data concerning the
effects on the fetus of changes in maternal
Peo. and pH and an investigation of the
mechanisms involved.
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Material and Methods

Material. Studies were carried out in 22T
pregnant Dorset-Delaine ewes which had been
mated with a pure bred Dorset ram. Them
gestational age of the fetal lambs was mlcu-—-
lated from the mating date which was known“‘
within +2 days and averaged 136 days (r:.mge,m
130 to 144 days; full-term, 147-150 days). 3

Preparation. Anesthesia was induced in the§
pregnant ewe with intravenous sodium pento-g
barbital (15 to 25 mg./kg. body weight). AQ
cuffed tube was inserted in the trachea and3
was connected to a respirator to permit in-g-
termittent positive pressure breathing (IPPB) S
with oxygen enriched air. Saline and 5% dex-5
trose in water were administered intravenously 2
throughout the procedure for the control of &
fluid balance. Additional doses of sodium-g
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‘pentobarbital (1.5 to 2.0 mg./kg.) were given X

when necessary for the maintenance of anes-
thesia (every 30 to 120 minutes) and succinyl-
choline chloride (1.0 to 2.0 mg./kg.) was in-
jected intravenously every 30 to 90 minutes
to allow accurate control of maternal ventila-
tion. The end-tidal CO, concentration was
monitored with an infra-red gas analyzer.

The ewe was positioned on its right side
and the left common carotid artery was mn-é
nulated so that blood samples could be with- 9,
drawn. This cannula also allowed continuous 8

ement of blood p e via an mdue~o
tive transducer and a du'ect writing osmllo-o
graph.

The lamb was exteriorized in the fetal stz\te
through a hysterotomy and placed on its right 2
side on a heated table adjacent to the mother.<
The upper airway was obstructed unmed!ately c
and the trachea ligated in order to prevent"’
breathing. The umbilical cord was covered S
with cotton soaked in warm saline and un-%
necassary manipulation was avoided. Ps

The left common carotid artery of the fetus %

was cannulated for the continuous measure- Q
s
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ment of blood pressure in a manner similar to
that in the ewe and for serial blood sampling.
The external jugular vein was also cannulated
for transfusion., In 11 preparations a poly-
ethylene catheter (inside diameter = 1.2 mm.)
was placed in one umbilical vein via a tribu-
tary and used for obtaining blood samples con-
comitantly with carotid samples.

Oxygen and carbon dioxide tensions (Po..
Pco.) and pH were determined at 37° C.
within a few minutes of sampling with modi-
fied Clark Py, Severinghaus Pgg, and Astrup
pH electrodes and were comected to body
temperature using the factors of Bradley et al.4
and Rosenthals Oxygen saturation (Sp.) of
fetal blood was estimated from P,, and pH
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sptbes Toey
maternal and fetal carotid arteries and, in
some, from the umbilical vein to obtain the,
control values for Po,, Pco, and pH. After2
each sampling, the fetus was transfused w1th3
an equal amount of heparinized matemalg_

blood. g
The animals included in this report re-g

mained viable and responsive for 5 to 6 hours>.
and a number of different experiments wereS
performed in most of these 22 preparations.
The data presented here, however, were usu-"’
ally obtained within 3% hours from the time ofp
exteriorization of the fetus to avoid the effects
of deterioration of the fetus.

Procedures.  After the level of maternal res-=
piration had been kept constant for at lessi8

eyoIaA

values using a d by Meschi:
et al.s for S, values bet\veen 10 and 90 per
cent.® Lectic acid concentration was mea-
sured in the fetal carotid blood samples by the
method of Scholz et al.” Hemoglobin concen-
tration was estimated by the cyanmethemo-
globin method.®

In 11 preparations a flowprobe was placed
around one of the two umbilical arteries in the
cord after careful infiltration with 2 per cent
lidocaine to minimize vasospasm. Changes in
umbilical blood flow were measured with a
gated sine-wave electromagnetic flowmeter {
and the results were expressed as percentage
of the control value.

When the surgical procedure had been com-
pleted (usually about 60 minutes from the
time of induction of anesthesia), 2.5 ml. sam-
ples of blood were taken simultaneously from

© Since the aﬁm for oxygen of red blood cells
from_the adult ers from that of the fetus,
transfusion of the fetus with maternal blood would
cause a shift to the right of the fetal oxyhemo-
globin dissociation curve. This could, in tumn,
cause an error in_estimating fetal So: from the
nomogram for fetal blood. In the present studies,
in which pa:edmgsbdm So: t;.ve‘:ie cal roec'id and
were eom ore and during p ures
lasting of 2! the of
fetal blood replawd by maternal blood in this
interval was only 5—10ml_orlﬁsthan3%o
th total circulating blood volume. e error in
comparison of So: would therefore be negligible
although calculated values by the end of an entire
series of studies in one fetus might erroneously be
lugh by as much as 3 per cent saturation.
A "Medicon ﬂnwmeler, Mode! K-2000, with
4 and 5 mm. ﬂowprobs was ere was a
]mnr response. in the range. obsened and the
troni d well with zero
flow at the end of each experiment.

15 mi arterial carbon dioxide tension3:
(Paco,) and pH of the ewe were varied 47r|>
times in the 22 preparations by changing ven-
tilation by varying amounts and/or the con-&
centration of inspired CO, from O up to 5 perg
cent. This new level of respiration was main-<.
tained for an average of 29 minutes (range, f_
14 to 60). Blood samples were drawn simul-5
taneously from the carotid arteries of the ewe3
and fetus (and 22 times from the umbllxmlm
vein) before and during the period of altered & G
respiration. On 21 occasions, umbilical blood 3 %
flow was also measured before and during al- 5
tered maternal Pago, and/or pH. In all stud-
ies, maternal arterial oxygen tension (Pag,) N N
was kept above 80 mm. Hg and as constant as
possible during the procedure.
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age, 420 ml.; range, 120 to 860) for an av-
erage of 28 minutes (range, 13 to 61). Blood 3 S
samples were taken from the carotid arteries £ o
(and on 7 occasions from the umbilical vein) S
before and during the period of metabolic al- ¢
kalemia. Umbilical blood flow was also mea- &
sured on 4 occasions before and during altered
maternal pH.

After each acute change in maternal Pacg,
and/or pH away from normal, whether pro-
duced by varying respiration or by infusing
sodium bicarbonate, maternal Paco, and pH
were returned toward normal. In order to
avoid the possible effects of deterioration, the
data were discarded unless the secondary
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changes in the fetus were readily reversible.
When there was a significant change in ma-
ternal arterial blood pressure during these
procedures, the data were also excluded from
the present analysis to avoid additional factors
affecting the fetus. Preliminary attempts to
study the effect on the fetus of metabolic
acidemia had been made in 2 preparations.
However, the results are not included in the
present report since a stable maternal hemo-
dynamic state could not be maintained.

In order to differentiate the effect on the
fetus of changes in maternal Pgo, and pH
from the mechanical effect per se of hyper-
ventilation with IPPB, 4 ewes were initially
hyperventilated for 20 minutes with gas mix-
tures containing from 3.6 to 7.0 per cent CO,.
Acute hypocapnia (respiratory alkalemia) was
then induced without changes in the level of
ventilation by substituting a gas mixture with
no CO,.

The effect on the fetus of prolonged ma-
ternal hyperventilation for 3% hours and the
resulting respiratory alkalemia was studied in
one lamb of 132 days gestation. In this ani-
mal blood samples were taken at frequent in-
tervals and umbilical blood flow was moni-
tored throughout the procedure. Six previ-
ously reported ? experiments, indicating that
such prolonged exteriorization of the fetal
Jamb was not associated with deterioration of
gas exchange, were used as controls.

Fic. 1. Effect on fe-
tal carotid Po, of de-
ﬁreasgf in Inatﬂa Paco:
y hyperventilation in
sheep. Closed circles
and triangles connected R
by solid lines indicate
values before and during
maternal  hyperventila- wl
tion, respectively. See
text and table 2.

saraL
earomo o

g}

EFFECT OF CHANGES IN MATERNAL pH, AND Pco.

893

Taste 1. Control Values for Maternal and Fetal
Blood Gases, pH and Umbilical Blood Flow*

o
5

N | Men | 5B 3

O

Maternal arterial blood 2
Po: (mm. Hg) 21t | 2132 | 178 &
Pco. (mm. Hg) 22 39.6 1.1 =
pH 22 7.38] 001 §
Fetal carotid blood =
Po: (mm. Hg) 21f | 269 11 §
Sos (%)% 2t | 711 25 =
Pco: (mm. Hg) 22 499 13 &
pH 22 731 001 ©
Umbsilical vein blood 28
Po: (mm. Hg) 11 453 26 3§
So: (%)t 11 | >90 3
Pco: (mm. Hg) 1 143 18 B
pH 11 735 002 3
Umbilical blood flow§ e}
ml./kg./min, n | m | w5 2

B

D

* In most of the preparations maternal and fetal:
blood gases and pH were measured two to three®
times during the control period and minimal v:u'in%‘
tions found. The values used in this table are thed
last messurements during the control period. <

+In one preparation the Po: electrode was not
available at the time of the initial control measureo
ment. P
1 Determined from the data of Meschin et L&
No data are available for determination of Soxs
values over 90 per cent.

§ Estimated by multiplying the flow m
in one umbilical artery by 2.

Results

The data from the control period of th
99 preparations are shown in table 1. TheS

A
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Fic. 2. Effect on fed
tal carotid Po. of ing
creases in mate ar—
terial pH in sheep.g
Closed circles and tri-
angles indicate valuess
before and during eleva
tion in maternal pH, rew
spectively.  Solid  Jinesd
indicate increases in ma-d
ternal pH by hyperventi-2:
lation ({respiratory alka
lemia) and broken linesg
by infusion of sodium big

s 74 73

MATERWAL ARTERIAL ¥

changes in the fetus resulting from alterations
in matemal ventilation, Pgo, and pH are pre-
sented under the following headings: (a)
changes in fetal carotid blood gases and pH,
(b) changes in umbilical vein blood gases and
pH, (c) changes in umbilical blood flow, (d)
mechanical cffect of hyperventilation per se,
(e) changes in blood pressure and heart rate,
and (f) changes resulting from prolonged ma-
ternal hyperventilation.

(a) Changes in Fetal Carotid Blood Gases
and pH. The relation between maternal Paco,
and fetal carotid Pg, before and during a de-
crease in maternal Pagg, is shown in figure 1
and table 2. A reduction of matemal Paco,
was invariably associated with a decrease in
the fetal carotid Po, and Sp,. These hypoxe-
mic changes in the fetus were noted within a
few minutes of the decrease in maternal Paco,-
The same changes in fetal carotid Po, are
shown with respect to maternal arterial pH in
figure 2 and table 2. A rise in maternal ar-
terial pH was, in each experiment, associated
with a decrease in fetal Po, and Sp,. The av-
erage decrease in fetal carotid Po, was 2.9
mm. of mercury per 0.1 pH unit change in
maternal arterial blood when calculated from
the individual relationships. These ch

5

carbonate (metabolic al=~

kalemia). See text and3

e RESPIRATORY table 2. i
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were readily reversible when maternal pH wasz.

o!

=l

decreased. ;

The effect on the fetus of matemnal metag
bolic alkalemia was studied ten times and the§
results are also shown in figure 2 and table 2.6
The increase in maternal pH was associated
in four of these studies with a minimal change
in maternal Pagg, (i.c., less than =5 mm. ofé
mercury) while in five, Pago, was intention-3)
ally increased (7 to 28 mm. Hg) and in one,S
decreased (—19 mm. Hg). Fetal carotid Po.S
and Se., however, invariably decreased with%
the increase in maternal pH. The average de-2s
crease in fetal carotid Pg, was 2.6 mm. of mer-%
cury/0.1 pH unit change in maternal blood.3
This decrease was not significantly (P > 0.20,3
based on an analysis of variance) different?
from the changes observed with maternal m-%
piratory alkalemia. On the other hand, the®
decrease in fetal carotid So, with maternal®,
metabolic alkalemia was, on the average, sig-2
nificantly (P < 0.05) greater than that seen2
with maternal respiratory alkalemia (12.6 perd
cent versus 5.7 per cent/0.1 pH unit change)S
due to the different changes in fetal pH andg
the resulting shifts in oxyhemoglobin dissoci->
ation curve (see section (b) and table 2). =

A decrease in matemnal pH resulting fromg
an increase in Pgo, (respiratory acidemia) was™
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invariably associated with an increase in fetal
carotid Py, irrespective of the initial pH (fig-
ure 3, table 2). The average increase in fetal
carotid Py, was 3.4 mm. of mercury/0.1 pH
unit change in matemal blood. This corre-
sponds to a significant (P < 0.01) increase in
fetal carotid Sy, from an average of 58 to 66
per cent (a 14 per cent increase). These
changes were also readily reversible.

(b) Changes in Umbilical Vein Blood Gases
and pH. When blood from the umbilical vein
was cxamined, a decrease in Py, invariably
followed an elevation of maternal pH whether
of respiratory or metabolic origin (figure 4,
table 2). The average change in umbilical
vein P, during respiratory alkalemia was sig-
nificantly (P < 0.05) greater than the change

Tante 2. Values for Maternal and Fetal Blood Gases, pH and Umbilical Blood Flow
Before and During Changes in Maternal pH

EFFECT OF CHANGES IN MATERNAL pH, AND Pco,
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during metabolic alkalemia (average decrease,
6.3 versus 4.4 mm. of mercury/0.1 pH unit
change in maternal blood). On the other
hand, the average decrease in S;, was signif-
cantly (P <0.001) smaller with respimto‘év
than with metabolic alkalemia (3.5 verstis
10.7 per cent saturation/0.1 pH unit change).
This apparent paradox was primarily due
the effect of the different fetal pH values h
the oxygen dissociation curve of fetal blood:
Thus, acute respiratory alkalemia was alwagy
fated with an i in umbilical vein
pH (average increase, 0.16 = 0.03 pI uni,
P <0.001) whereas the metabolic alkalemfa
was associated with a decrease in umbilicl
vein pH (average decrease, 0.05 +0.02 p
unit, P <0.03).

3
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Respi v Alkal Aletabalin Alkalormt Boant, v Acid S

<

o

Before* | During Before* | During Before* | During =

N Mean Mean N Mean Mean N Mean Mean &

(8.E) (S.E) (S.E) (S.E) (S.E) (S.E) _g

jo

Maternal arterial blood N
Pos (mm. Hy) 22 | 2021 | 2129 10 [ 211.2 | 186.1 25 [2123 2138 @
(7.5) | (21.3) (30.8) | (27.4) @) | (205 9

Pco: (mm. Hg) 22 | 516 227t | 10 | 485 53.6 25 [ 318 68.4t ©
&) 2.0 (3.4) [f) 2.5) BNt

pH 22 7.30 7.57¢ | 10 7.23 761 { 25 7.48 7.18t5
0.03) | (0.03) 009 | (001 0.03) | (0028

Fetal carotid blood 3
Pos (mm. Hg) 22 | 9265 183t | 10 | 27.3 174f | 25 | 204 2031 S
(1.7) (1.0) 0.2 (1.5) (1.0) (1.0) S

So: (%)t 22 | 668 548t | 10 | 656 383t | 25 | 576 65.6f ¢
D 4.0) 4.0) (6.3) (1.1) 2.2)

pH 22 7.21 7.40f | 10 7.21 717 | 25 7.34 71410
0.02) | (0.03) 0.04) | (0.09) 003) | (002

Umbilical vein blood 3
Po: (mm. Hg) 1 | 451 29.9¢ 7 | 396 221t { 11 | 356 4741 S
(3.3) (2.9) (2.1) (2.1) (2.9) B4 2

So: (%)$ 1 | 858 76.7F 7 | 3.0 480f | 11 | s21 841 8
(%] (5.4) 3.5) ©.3) 24) 26

pH 1 7.30 746t [ 7 7.24 7.20f | 11 7.39 7.15t 2
©0.09 | (0.03) 0.02) | (0.05) 0.04) | (0.03) 3

Umbilical blood flow§ o
% of control 12 | 100 82.5¢ 4 |100 76.31 9 | 100 76t 3
2.8 5.8 @9 <

n

* The mean values “before™ each procedure are different from the mean control values shown in table3
1 because these procedures were started from varying maternal pH values. The magnitude of the changes~

in fetal Po. with shifts in maternal pH was similar whether the maternal
from the control values and independent of the initial pH (¢f. figs. 1-5).

pH was changed toward or nwnyg
©

1 The average change is statistically significant (P < 0.05) based on the analysis of variance and ¢ test.%
1 Determined from the data of Meschia et al.$; since no data are available for determination of Sog

above 90 per cent, 91 per cent is used for those above 90 per cent for statistical analysi:

=

§ Estimated by multiplying the flow measured ir one umbilical artery by 2.
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Fic. 3. Effect on fe-
tal carotid Po, of de-
cre::!sles Ii{nbmatltlanml ar-
terial p Yy ercap-
nia. Closed cin):'lp&s and
triangles indicate values
before and during hyper-
capnia, respectively. See
text and table 2.
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Fic. 4. Effect on um-
bilical vein Po, ol

changes in mat ar-
terial pH. Closed circles 5
and triangles resent

values before and dur-8
ing changes in maternal &
H, tively., Solid ©
Ens indicate pH changes S

q3pd'92000

text and table 2.
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Respiratory acidemia of the ewe resulted in
an elevation of umbilical vein Py, in all in-
stances within a wide range of matemal pH
studied. There was no end point for the fetal
P, response within this range. The average
change in Py, (3.4 mm. of mercury/0.1 pH
unit change in matemal blood) was less (P <
0.05) than that observed during both respira-
tory and metabolic alkalemia. The increase in
umbilical vein Sq, during maternal respiratory
acidemia was not significant. This was appar-
ently the result of the higher initial Po, and
So. in the fetal blood and the shift to the right
of the dissociation curve due to respiratory
acidemia of the fetus.

(c) Changes in Umbilical Blood Flow. The
effect on the umbilical arterial blood flow of
changes in maternal pH is shown in figure 5
and table 2. An increase in maternal pH pro-
duced by hyperventilation was invariably as-
sociated with a decrease in umbilical flow, av-
eraging 7.1 per cent/0.1 pH unit change. A
similar reduction (average, 5.5 per cent/0.1
pH unit change) in flow was also observed
during metabolic alkalemia. In addition, pla-
cental umbilical vessels appeared constricted
during maternal respiratory alkalemia. A de-
crease in maternal pH with hypercapnia pro-
duced an increase in umbilical flow (average,

“r

w0

Fig. 5. Effect onblood
flow in_one umbilical ar-
tery of changes in ma-
ternal arterial pH ex-
cent

10 =

change of initial flow. o
Closed circles and tri- g cwmct
angles represent values "o
before and during
changes in maternal pH,
respectively. Solid lines
indicate pH changes pro-
duced by respiratory al-

emia and acidemia,
and broken lines, by
metabolic alkalemia. See
text and table 2.

MATERNAL pH, AND Peo: 807
7.9 per cent/0.1 pH unit change). There was
no significant difference (P> 0.20) in the
magnitude of the changes in flow during ma-9
ternal respiratory and metabolic alkalemia and 5
respiratory acidemia. <)
The decrease in oxygen supply to the fetus§
during maternal alkalemia was calculated from =
the average changes in umbilical blood flow$
and oxygen content of the umbilical veinz
blood. A 0.1 pH unit increase in maternal ar-2
terial blood resulted in a decrease of more
than 10 per cent in oxygen supply to the fetus >
with respiratory alkalemia and a decrease ofZ:
more than 15 per cent with metabolic alka-§
lemia.
(d) Mechanical Effect of Hypercentilationg
Per Se. Hyperventilation without hypocapnia 3
produced, in all four experiments, no signifi-S
cant changes in umbilical and fetal carotid Po, &
or umbilical blood flow. However, when ma-g
ternal hypocapnia (average decrease, 30.4 mm.S
o

of mercury) and respiratory alkalemia (aver-S
age increase, 0.33 pH unit) were induced with-g
out changes in the level of ventilation, a reduc-&
tion in fetal carotid Py, (average, 5.4 mm. ofg
mercury), umbilical vein Py, (average, 10.0§
mm. of mercury) and umbilical flow (average,G
15.4 per cent) were observed.

e

ey
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etal lamb of prolong

maternal  hyperventilag
tion. See text.

-~ MATERNAL ARTERIAL
—— FETAL CAROTD
- - UMBILICAL VENOUS

) 30 60 %0 120

DURATION OF MATERNAL HYPERVENTILATION

(e) Changes in Blood Pressure and Heart
Rate. Although the average changes were
small, there was a significant (P <0.05) de-
crease in matemal and fetal mean arterial
blood pressures (BP) during respiratory alka-
lemia (98 to 94 and 33 to 50 mm. of mercury,
respectively). During metabolic alkalemia
there was no significant change in BP in the
ewe or fetus. There was a slight but signifi-
cant (P <0.05) increase (97 to 101 mm. of
mercury) in maternal BP with respiratory
acidemia while no significant difference was
observed in the fetus. There was no signifi-
cant average change in maternal and fetal
heart rate during these experiments.

(f) Changes Resulting from Prolonged Ma-
ternal Hyperventilation. Figure 6 shows the
experiment in which the effects on the fetus
of prolonged hyperventilation were studied.
During maternal alkalemia produced by hy-

—
150 (L1.) 210 min.

/,26919/168/G/82/4pd-8jone/ABojoIsaysaue/W

perventilation, there was a progressive de8
crease in umbilical vein Po, and umbili

flow which resulted in a significant decreasés
in fetal carotid Po,. The fetal carotid Peog
was decreased initially (respiratory alkalemia N
and then gradually returned to, but did nofS
exceed, the control level while the umbilicab
vein Pg, remained low. As 2 result of fetal
alkalemia, umbilical vein Sq, did not decrease
significantly at first because of the shift to the
left of the oxyhemoglobin dissociation curve;
However, as hyperventilation and respiratory;
alkalemia of the mother were continued, thé
fetus developed severe hypoxia (carotid Po,
11-13 mm. of mercury), metabolic acidosis
(pH >7.0) with lactic acidemia (195 mg.
100 ml of blood versus the control value 05
19), and signs of distress as evidenced byl
restlessness, arrhythmias, gasping and the pasg
sage of meconium. Throughout this experi®

qIPEF9E0
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ment, the matemnal Pag, was maintained be-
tween 167 and 227 mm. of mercury. There
was no significant change in the BP of the
ewe or fetus.

Discussion

The data obtained in the present study are
from the anesthetized ewe and its exteriorized
fetus. Under these circumstances, the pla-
cental circulation may differ from that of the
normal pregnant state. However, blood gases
and umbilical blood flow appeared unimpaired
when the control values were compared to
values from unanesthetized, apparently undis-
turbed pregnant ewes and their fetal lambs
reported by Meschia et alt%**  Actually the
present control values for fetal Po, are con-
siderably higher than those reported by other
authors.2% 13 This is primarily due to ade-
quate control of maternal ventilation and pH
rather than to the relatively high maternal Po,
since the latter has been shown to have a
limited effect.2t In previous reports, various
combinations of maternal hypoxemia, hyper-
and hypoventilation have usually been present
and, as indicated by the present data, fetal
and placental physiology has undoubtedly
been disturbed.

The results of the present experiments show
that changes in fetal Py, corrclate positively
with changes in matermal Pagcog, and nega-
tively with changes in maternal arterial pH
during alterations in maternal respiration re-
gardless of the initial Pgo, and pH. The data
further indicate that these changes are the
combined result of changes in maternal-fetal
oxygen transfer within the placenta and
changes in fetal-placental blood flow. Since
fetal P, decreased during matemal metabolic
alkalemia regardless of changes in maternal
Pacg,, it appears that under these circum-
stances the findings are primarily the result
of variations in maternal pH rather than Paco,
per se.

These changes in fetal Po, associated with
alterations in maternal pH were not due to
the deterioration of the exteriorized fetus since
the alteration in fetal Po, was readily reversi-
ble when the maternal pH change was re-
versed. Furthermore, in all 6 controlled ex-
periments included in an earlier report,® blood
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gas tensions, pH and lactic acid concentrations
in the exteriorized fetal lambs were unchanged
for at least 3 to 3% hours when the maternal
respiration was maintained within normal lim-
its. This indicates that the severe fetal as-
phyxia observed during prolonged maternal
hyperventilation was primarily the result of
alkalemia of the ewe rather than of deteri-
oration.

Facrors Waicn INFLUENCE FETaL Pg,
AND Sg,

Acute changes in the oxygen supply through
the umbilical vein to the fetus may result from
variations in the oxygen tension and content
of maternal arterial blood ¥ and alterations
in uterine blood flow, diffusion across the pla-
cental membranes, shunting of blood on either
the maternal or fetal side of the placenta, or
umbilical blood flow.
in pH on the oxyhemoglobin dissociation curve S
(the Bohr effect) may also influence fetal g’
Po, and So,. Since, in the present study, ma- &
temmal Pag, was controlled, the findings must
be based on other factors. Likewise, the ra-
pidity and reversibility of the changes sug-
gest that an alteration in diffusion across the
placental membranes is not an important fac-
tor in these experiments.

(1) The pH Effect on the Oxyhemoglobin
Dissociation Curve. Maternal alkalemia in-
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oxygen (with the shift to the left of the oxy-
hemoglobin dissociation curve) and this would
decrease the amount of oxygen released atg
the capillary level from hemoglobin. Oxygen &
available for the fetus would thus be de- 8
creased, unless there was an accompanying,g
reduction in tissue Pg,, and might account for 3
a part of the observed changes in fetal Po, 1
and Syp,. 3
In the present study, acute respiratory alka- &
lemia of the ewe was associated with an in-g
crease in fetal pH due to hypocapnia. The§
fetal oxyhemoglobin dissociation curve wnsg’
therefore shifted to the left and thus the de->
crease in umbilical vein So. was limited. On &
the other hand, metabolic alkalemia of the®
ewe was associated with a decrease in fetal
pH and hence the decrease in umbilical vein N
So, Was greater than observed with comparable

¥50000/22691.9/168/5/8Z/4pd-8J0
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changes in matemal pH due to respiratory
alkalemia (cf. table 2).

(2) Uterine Blood Flow. Changes in the
uterine blood flow alter placental perfusion
and, in turn, affect fetal Py, and So,. Uterine
blood flow may be influenced indirectly as a
result of alternations in maternal cardiac out-
put and directly by the changes in uterine or
maternal-placental vascular resistance.

The mechanical effect of different levels of
IPPB on maternal hemodynamics or uterine
blood flow cannot explain the findings of the
present study since maternal hyperventilation
without an increase in pH did not result in
significant changes in fetal Po,. This conclu-
sion is at varance with that of Morishima et
al.35; the discrepancy appears to be due, at
least in part, to the failure of these authors
to separate adequately the mechanical effect
from that of changes in maternal pH. It is
possible, however, that an extreme degree of
hyperventilation with IPPB may result in a
reduction in cardiac output and uterine blood
flow.

The influence on uterine blood flow or even
cardiac output of hypocapnia or alkalemia is
not well established.1¢.3%:18  The study of
Andersen and Mouritzen ** suggests that so-
dium bicarbonate infusions do not decrease
and may indeed increase cardiac output. It
therefore seems unlikely that fetal hypoxemia
associated with maternal alkalemia results from
a reduction of maternal cardiac output. In
the present study, changes in maternal cardiac
output appear to have been small as judged
by blood pressure and heart rate but were not
directly measured.

Acute maternal acidemia may be associated
with increased cardiac output,® but there
have been conflicting results reported concem-
ing the effect on the uterine blood flow of
maternal hypercapnia.®-=*  Further studies
are needed to see if uterine vascular resistance
indeed varies with changes in pH during
pregnancy.

(3) Intraplacental Factors. A change in
maternal and/or fetal placental vascular resist-
ance, whether in the larger vessels or at the
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i oogt:
capnia dilates fetal placental arteries and
veins as well as cotyledonary vessels. Bge ¢
has demonstrated, in the villous circulation ofS
the human placenta, that shunts exist which3
decrease during asphyxia, presumably as a3
result of acidosis and/or hypoxia; alkalemia$
might produce the opposite effect. In sheep,&
intraplacental shunting has also been demon-§
strated by Metcalfe ¢t al.* and Campbell ctz
al13 but without reference to the mntemnE
pH as a controlling factor. Additional studiesd
in our laboratory ¢ show a direct correlation:
between maternal arterial pH and the mater-Z
nal arterial-umbilical vein Pco, gradient and3
these data support the concept that an in-g
crease in maternal pH may be associated withs
an increase in intraplacental shunting. If such§
changes in shunting do occur, they could ac-g
count for some of the observed changes 1nm
fetal Po..
An understanding of the mechanism by—
which changes in maternal pH affect umbilical®
vein Pg, and umbilical blood flow requxresm
further investigation. Fetal p].:ccnlnl vascu-3
lar e may be influenced by variations?
in maternal placental pH per se or by the sec-5
ondary changes in umbilical blood pH. Them
latter mechanism might explain the effect of"‘
respiratory alkalemia and acidemia since pnr—
allel changes exist between matemal and fetal
pH. This mechanism, however, could notgo
exphiin the effect of maternal metabolic a]La-\:
lemia because, under these circumstances, fcl.llo
pH is decreased rather than increased. Tlms,cc:1
factors other than changes in fetal pH musty
be considered. Variations in intraplacentaly
Po., in part the result of the Bohr effect, may\,
be one of the factors. @
Present studies show that umbilical vein Po»o
is more profoundly affected per unit geS
in pH by maternal respiratory alkalemia thanm
by metabolic alkalemia; respiratory :1c|d¢:mm!3
produced an even smaller change. These dxf—-
ferent responses might be in part due to lhe<
different ranges of maternal pH for the three‘:
types of study. If, however, these findings areZ
secondary to differences in intracellular pH ofS
the tissue responsible for changes in vasculare

i and shunting, they would be con%

lIs"gesey,

SaY.

pre-capillary level, might be iated with
varying degrees of shunting. Panigel ** dem-
onstrated in the human placenta that hyper-

sistent with the findings of Adler et al '-'7-‘-‘5—
and Robin *® who showed that, in acute ex§
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periments, the cell membrane is more resistant
to extracellular acidosis than to alkalosis, and
that intracellular pH is more readily influenced
by extracellular respiratory alkalosis than by
metabolic alkalosis. The critical factor affect-
ing fetal P, could therefore be the changes
in maternal pH alone rather than any com-
bined effect of pH and Pgg,-

CLINICAL SIGNTFICANCE

Transfer of blood gases in the syndesmo-
chorial placenta of sheep may differ from that
of the hemo-chorial placenta of humans. The
similarities between the present findings in
sheep and observations in humans, however,
suggest that conclusions based on these ex-
periments may be applicable to pregnant
women.

As previously analyzed,! the data of Wulf *
from unanesthetized women and their fetuses
delivered vaginally showed a direct correla-
tion between maternal Pacg, and umbilical
vein Pop,. This correlation existed in spite of
the fact that blood samples were taken from
the umbilical cords at the time of delivery
when fetal blood gas values were undoubtedly
influenced by the events of labor and delivery.

Moya et al® studied maternal pH and um-
bilical Sp, in humans at the time of delivery.
Using their data plus the nomogram of Hel-
legers -and Schruefer,” the values for umbili-
cal vein Py, were estimated and are shown in
table 3. During “mild hyperventilation” (ma-
ternal pH = 7.60), umbilical vein Po, was
already decreased while So, did not change
because of the elevation of the fetal pH and
the resulting shift to the left of the oxyhemo-
globin dissociation curve. When the maternal
hyperventilation was more severe (average
pH, 7.67), marked hypoxia and acidosis of
the fetus was found in both cases in spite of
otherwise normal pregnancies and deliveries.

Saling 3% 33 showed in his study of arteri-
alized capillary blood obtained from the scalp
of the fetus that inhalation of oxygen by the
mother did not significantly increase, and
sometimes decreased, the fetal S, and was
accompanied by fetal acidosis. He suggested
that maternal hypoventilation with oxygen
administration might be one cause of the ob-
served fetal hypoxia. In some of his cases,
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Taste 3. The Mean Umbilical Vein pH, So: and
Po-* Values Corresponding to Varying Levels
of Ventilation in Parturient Women
Based on data of Moya et al.?

|w]

o

H

=1

Group 1 | m | w g

Q

N 28 [18 |12 2 8
Maternal pH 742| 7.52| 760 7.67 T
Unmbilical vein pH 720| 7.35| 7.38| 710 3
Umbilical vein So 58.3 |59 585 (145 =
Umbilical vein Pos* |27 |25 {17 9 g
>

7]

QO

N

* Estimated from pH and So- using the nomogram
of Hellegers and Schruefer.® .
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however, there was an associated decrease in g
maternal and fetal Pgg, and, in these cases, D
fetal hypoxia may best be explained by ma- g
ternal hyperventilation.

Respiratory alkalemia induced by hyper-
ventilation occurs relatively commonly in &
women during parturition as a result of pain,
apprehension and andety3% 35 It is observed O
with improperly conducted natural childbirth§
and, in at least one series, progressed to tetany o
in a significant number of mothers.*® Hyper-&
ventilation is also induced intentionally 3352
or unintentionally > during anesthesia for de-
livery. In addition, when fetal distress is sus-
pected, the mother is frequently hyperventi- 5
lated with oxygen-enriched air in an attempt=3
to increase the oxygen supply to the fetus.

From the clinical point of view, it appears, @
on the basis of published data from humans§
and in light of the present data from sheep,§
that hyperventilation (with alkalemia) withQ
or without supplemental oxygen significantly &
reduces, rather than improves, the fetal Po. o
and So, and thus should be avoided. On%
the other hand, hypercapnia (respiratory aci-
demia) increases fetal Py, and So, but the3
application of this information to the clinic:llg

o
3
Y]
=1

yise

68/G/82
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060.

situation requires further investigation since§
any additional effects are unknown. -
Q.

Summary g

«Q

The effect on the fetus of changes in ma-§
ternal Pco, and pH were studied in 22 ewes—
and their exteriorized fetuses while maternal>
Po, was controlled. »

Maternal hyperventilation without chnng&!:f
in Pgo, and pH had no significant effect ony;
fetal carotid Pp,. When maternal hyperventi—§

0 }Sal
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lation was associated with hypocapnia and
respiratory alkalemia, there was a consistent
decrease in fetal Py, and So,.

Maternal metabolic alkalemia with intra-
venous sodium bicarbonate infusion invariably
resulted in decreased fetal Po, and So, irre-
spective of changes in Pgo, indicating that,
under these circumstances, maternal pH,
rather than Pcg,, was the principal factor in-
fluencing fetal Po..

Maternal hypercapnia and respiratory aci-
demia were associated with a significant in-
crease in fatal Po, and So.-

The data furthermore indicated that the
changes in fetal Pg, were produced by vari-
ations in both oxygen transfer within the pla-
centa and umbilical blood How.

In all short-term studies, these changes were
readily reversible.

Prolonged maternal hyperventilation associ-
ated with alkalemia resulted in severe fetal
hypoxia, metabolic acidosis and fetal distress.

1t is postulated that the changes in fetal
Py, associated with variations in matemnal pH
are primarily the result of alterations in the
placental vascular e and intraplacental
shunting. The Bohr effect on the transfer of
oxygen from maternal to fetal blood is an
additional factor.

Data from parturient women and their
fetuses indicate that there is a similar rela-
tionship between maternal pH and fetal Py,
and that this is of clinical importance.
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Drugs

CNS AND RELAXANTS The effects of d-tubocurarine and decamethonium on
the central nervous system were studied in cats. Effects at the spinal and supra-
spinal levels independent of the peripheral neuromuscular activities were noted. In
general d-tubocurarine facilitated somatic reflex responses (knee jerks and others)
while decamethonium inhibited these responses. Intrathecal injection and topical
application had similar effects. D tagonized the central effects of
d-tubocurarine suggesting a common site of action. The excitatory action of d-tubo-
curarine suggesting a common site of action. The excitatory action of d-tubocurarine
may be due to inhibition of a cholinergic synapse involved in inhibition of a motor
neurone response; i.e., it facilitates by inhibiting an inhibitory response. (Bhargava,
K. P., and Srivastaca, R. K.: Effects of d-Tub ine and D honium on the
Central Integration of Somatic Refle Brit. ]. Pharmacol. 28: 328 (Dcc.) 1966.)
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