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FOETAL DISTRESS EQUALS FOETAL ACIDOSIS

Paul Desjardins, M.D.
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Our main concern as obstetricians has always been
to decrease maternal and perinatal mortality. Foetal distress
is an obscure term requiring further research towards estab-
lishment of a precise definition. The progress in physiology
and pathophysiology favours a biochemical definition of foetal
distress as being a metabolic or respiratory acidosis.

Acidosis in the foetus may be determined by scalp:
sampling and measurement of blood gases.

By routine use of this technique in obstetrical
units, it is hoped that the stillbirth rate will be decreased,
the apgar score at birth will be increased, and mental
retardatign with or without neurological deficit will also be
dgcreased.

Other areas of research will blossom from the

availability of the foetus for study, such as the physiology

of the foetal pancreas.
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INTRODUC TTON

If one looks at the evolution of obstetrics in our
modern era it becomes easy to see how obstetrical practice
was aimed primarily at maternal survival in the years up to
1955. The great progress that has been made in obstetrics
is reflected by a tenfold decrease in maternal mortality
due, for the most part, to the organization of blood banks,
the practice of cross-matching and having blood available at
all times during labour and at the time of delivery, and to
the development of anaesthesia and the perfectioning of
anaesthesiological techniques aimed at the safety of both
mother and foetus. Antibiotics have also played an important
role in almost eliminating puerperal sepsis, a great killer
of the past.

These factors plus the antenatal care the obstetrician
has been giving his patients, the early diagnosis of toxaemia,
its prevention by diet, watchfulness for other maternal diseases,
and hospitalization at or near term has brought maternal
mortality down froﬁ 6 per 1,000 births to 0.6 per 1,000 births.

Figure l(l) illustrates this trend over North America.
In Canada, in good obstetrical clinics accepting all forms of

complications, the figures may vary from O to 0.3 per 1,000
births.
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After having succeeded in“diminiéhing maternal

mortallty the obstetrlclan then turned toward the perlnatal

mortallty on whlch he is stlll worklng today.
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Tt should be noted that in 1966 and 1967 unexplained
stillbirths rose to a high of 19 out of‘hé and h2’re$§éctivelyf
Attempting io understand and decrease'théystilibirth and peri-~
natal mortality raﬁes has brought about é'veny clbse’link?
between the'obstetrician and the paediatrician. ,This link has
been established through two sub-specialities."In obstetrics
has been born the'subdivision of‘foétal phyéiology and in
paediatrics has been born_ﬁhevspeciality of nednatology. The
dividing}line between ﬁhese.two is thinvahd'prbbably.cahnot
always be identified. | o

The foetal physiologist is faced with thé major
problem of the availability of his subject for study. The
foetus, until recently, has been a mysterious being floating
weightlessly in his amniotic space. Attempﬂs to reach the
foetus for study have encountered great difficulty, sometimes
even failure, giving rise to many indirect studies on amniotic
fluid and audible foeta; heart tones as a reflection of foetal
well-being. Many great research men turned toward animal
experimentation because of the difficulty of studying the human
foetus directly.

This great difficulty is reflected in the context of
discussing perinatal mortality and stillbirth rate with the
definition of foetal distress. Clinicians have difficulty in
correlating foetal distress in utero with stillbirths and
neonatal deaths. It has beén stressed that early diagnosis of
foetal distress and its correction will eliminate or at least

decrease perinatal mortality and morbidity. But what exactly
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is foetal distress? This term is defined in most textbooks as
~a condition manifested by tachycérdia 6r5bradydardia,Aand
irregular foetalkheart rate‘scmetimes aécampaniedvby paésage
of meconium - bﬁt what exactly is foetal distress? This is
somefhing that still doés not remain clear today. The
definition is loose, inaccurate, clinical in nature, and '
completely without measurement of the trﬁe status of the foetus
in utero. _ |
At a conference on Pfenatal'Physiopathdlogy Adamson
reported a study correlating the incidéﬁce of neurological
defects at one year of age with birth welght and the apgar
(2,3, 4 5,6, 7).
score at one minute of age. This is a very
interesting study and for an apgar at one minute of age of
0 to 3 for a birth weight of 2,000 grams or less the incidence
of neurological defects at age one year i§.20.8%. It is obvious
that some type of foetal distress will cause permanent neuro-—
logical defects and if the foetal distress could be diagnosed
early during labour or during delivery perhaps the incidence of
neurological defects could be decreased. Figure 5'illu$trates

the apgar scoring method.

Evaluation of a Newborn Infant

SIGN 0 1 2
HEART SLOW
RATE - ABSENT (BELOW 100) OVER 100
RESPIRATORY SLOW GOOD
EFFCRT ABSENT IRREGULAR CRYING
MUSCLE TONE FLACCID SCOME FLEXTON OF ACTIVE

' EXTREMITIES MOTTION
REFLEX NO
IRRITABILITY RESPONSE GRIMACE CRY
COLOUR PALE BODY PINK COMPLETELY

BLUE EXTREMITIES BLUE PINK




(1)
(2)
(3)
(4)
(5)
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The plan'fof this thesis includes:-

Some specific éspects of‘foetal'physiologyt
A method of4investigation,_ '
Material énd technique.

Results obtained.

A conclusion with a tentative definition of

foetal distress and an outlook for the future.‘
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SPECIFIC ASPECTS OF FOETAL DISTRESS

:Wé have already seen that severe neurological deficiti
at one_year of age cbrrelatéd with,birth ﬁeights and apgar _
scores‘and the unexplained fise ih'stiilbirths has orought about
a specific interest in foetal physiology.

The fact that asphyxié neonatorum is élways accom-
panied by acidosis is a well recognizéd correlation in our neo-
nate‘nurseries and emerging recogniﬁion for the foetus in utefo.f

It becomes eVideht that ﬁhe¥e-is a hecessary production
of energy in utero for foetal»éurvival, deve1§pment, and metab-
olism. A study has been reported sdeing that the transformation
of enérgy in utero is equal té 100 jqules per mg, per minute, 1
joule equals 10 million.ergs - 1 erg is a unit of force that can
move a body 1 centimeter against the forée of 1 dyne and 1 dyne
is a unit of force which, when acting continuously on a mass of
1 gram, will impart to it an abcelefation of 1 centimeter. Thué
at term a normal foetus weighing 3,400 grams will require 340
miliion joules per minute for its necessary production and trans-
formation of energy. This energy requirement is a sine qua non
to survivai itself.

Energy in the foetus is provided mainly by the aerobic
metabolism of glucose. Oxygen deprivation is coﬁpensated for by
anaerobic glycolysis of the large stores of glycogen in the foetus,
principally in hisiliver and muscles. These will enable the foetus

or the newborn infant to survive relatively long pericds of anoxia

but are a poor source of energy. Furthermore, during anaerobic
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glycolysis the foetus will produce somewhere in the neighbour-

hood of a surplus 10,000 hydrogen ions. Therefore, any
condition producing deprivation of energy will affect the

concentration of hydrogen ion and the acid base status.

Glycogen

Hefose - phosphate
Triose —ph05phat'e . 2 mol ATP/
Phlospho—pyruvm acid 1mol glucose
Pyruvic acid===Lactic acid

energy

anaerob.

Ciﬁric acid cycle

biolog. oxidat.
[

COZ\HZO 38 mo ATP/1 mol glucose

energy

In other words, the change in hydrogen ion is equal to
energy availability to the foetus. A search was then conducted
for a measurement of some sort which would be simple, accurate,
inexpensive, and fast. To determine this energy availability pH

represents all of the above criteria. Saling in 196/ described

aerob.
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a technique for obtention of foetal blood from the séalp and
measurement of pH to determine foetal acidosis. (references 8-17).
-In Figure 6 above the relationship of 19 to 1 moles of
ATP in aerobic versus anaerobic states, and the production of
carbon dioxide and water veréus the production of lactic acid, is
worth noting.
The importance of energy availability by glycolysis in
the presence of oxygen has stimulated a multitude of studies.

- (18)
Eastman has described the “WEverest In Utero® syndrome and has

(1)
explained how the foetus compensates for this situation. Assali
has proven how the foetal cardiac output is greater than adult
cardiac output and in Figure 7 the hemoglobin dissociation curves

of foetal and maternal blood give us another explanation on how

the foetus compensates.,
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It should be noted that at a p02 of 20 millimeters of

mercury the foetal hemoglobin saturation will be greater than
the maternal hémoglobin saturation. At the same pO2 of 20
millimeteré of mercury Figufe 8 illustrates how the oxygen
saturation will vary according to the pH of the foetus. The

lower the pH the lower is the oxygen éaturation.
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This brings about a chain reaction from hypoxia to anoxia,
to diminution of energy availability, anaerobic glycolysis, over-~

production of hydrogen ions, accumulation of lactic acid, acidosis,
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18 - 30).
One other method of compensation is available to the
foetus in utero in the presénce of deprivation of oxygen. This

is illustrated in Figure 9 which is a simplified drawing of

foetal circulation under normal conditions.
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and finally to a diminution of oxygen saturation. (See references
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In a situation of oxygen deprivation, the foetus
compensates by pooling his resources. He does this by

decreasing circulation to areas such as the limbs and the

lungs and eventually, as the situation worsens, to the bowel.

This is accomplished by vasoconstriction, producing hyper-

peristalsis and an expulsion of meconium.. (See Figure 10).

Expulsion of meconium is a kind of foetal distress and should

attract the cliniciants attention.

B CONSTRICTOR

MECONIUM
EXPULSION

W aosasere,

(31, 32, 33, 34, 35, 36)
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Acidosis in the foetus can be metabolic when lactic acid,

the end product of anaerobic glycolysis, accumulates. Or, in an
acute type of anoxia where there has been insufficient time for
the metabolic acidosis to develop, carbon dioxide may rapidly
accumulate and a reSpiratOry'acidosis ensue. This is typically
seen in cases of umbilical cord compression. A ;6mbination of
both types of acidosis may be present in more gradual hypoxia,
for example, that due to a failing placenta where a combined
respiratory and metabolic acidosis is usually present. The
various types may be distinguished by equilibration at a high pO2

at 40 millimeters of pCOp. This is illustrated in Figure 11.

act pH
resp otacidosis—I{7-:32
)

et e e st e e o e
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A normal foetus with normal biochemical and acid base

components may change, for instance, to a case of acute cord

compression producing an acute respiratory acidosis, illustrated
by an increase in pCOp, a decrease in p0O3, a decrease in pH and a
very slight increase in lac£ic acid. If the situation is not
remedied quickly the next step is a secondary metabolic acidosis
illustrated by a high production of lﬁétic acid, a slight lowering
of pCOs, a continuous loﬁering of pOy, and a gradual fall in pH.
This is illustrated in Figure 12. Thus, conditions producing
acidosis may vary from a chronic foetal distress such as that
which eﬁists in foetal malnutrition producing metabolic acidosis
to an acute foetal distress such as that produced by cord
compression giving rise to respiratory acidosis and eventually to
a combined acidosis and we must differentiate among the different

(37, 38, 39, 40, 41)
types to determine energy availability.

: METABOLIC
NORMAL RESPIRATORY o ACIDOSIS
i VALUES ACIDOSIS (EXAMPLE)
; (EXAMPLE) ‘
i 12MEQUIL.
‘ PO, 28mmHg
pH QU. 40 7-38
pH ACT. 7-38 | 16 mmHg
88 mmiig
! PCO, 4SmmHg
LACTIC ACID [imequi /e i o e e S mmHg
ANAEROBIC
DISTRESS GLYCOLOSIS
COMMENCES
COMPARISON OF FETAL BLOOD GASE
pH_VALUES AND LACTIC ACID
890
- 6-85
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MATERIALS AND METHODS

The importance, accuracy, and reliability of uterine
monitoring with regard to pfessure and contractilitj during
labour has been well established by Caldeyro-Barcia. The same
comments can be made for foétal heart rate monitoring during
labour, its variations and interpretation™as deseribed by Hon.

In recent years the value of scalp vein sampling as described by
Saling et al has gained world recognition. During the spring of
1967 Caldeyro-Barcia reported the fusion of both techniques in
the assessment of both foetus and mother during labour. This
present paper will deal only with the scalp sampling aspects of |
our method of investigation.

The following background data is given for the under-
standing of our Tocology Unit where the work was carried out. Our
Unit is adjacent to our Case Room and is fully equipped for the care
of the preghant woman and her newborn éhild. Furthermore we have
added the equipment for scalp vein sampling and determination of
acid base balance in the foetus. Patients were first selected for
the purpose of setting standard curves of acid base balance for the
foetus in utero and at the same time to gain control data for uterine
monitoring. They were therefore selected from three groups: 1) normal
pregnant women from the Obstetrical Clinic at term and readily
inducible, who were then admitted fér elective induction; 2) similar
patients already admitted to the Antepartum Wards; and 3) women
already in spontaneous labour in the Case Room. In this manner we
have produced what we feel are normal curves from which further work

can be done and further conclusions drawn.
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TECHNIQUES

Preferably our patients were chosen either in the
Clinic or cn the Antepartum Ward at which point a placento
gram was done té exclude patients with anterior location of
the placenta. The patient was then scheduled for elective
induction in our Tocology Suite the following morning. Prior
to coming to our Tocology Unit the patient was given an enema,
a minor prep, and was not given breakfast. She was then moved
into our Tocology Unit where administration of an elaborate
cocktail containing Demerol, Largactil, and glucose and water
was set up intravenously with a steédy and slow diffusion rate
measured with a Harvard pump. A foetal electrode was then
inserted into the foetal buttock using an amniocentesis approach
and this served to record foetal heart rate at all times. This
was fed into one channel of our six channel tocometer and was
integrated to éive us a foetal heart rate reading. Two mancmeters
were then introduced into the amniotic cavity, again using an
amniocentesis approach, and these were hooked up to two channels
of our tocometer. A Syntocinon drip was then administered intra-
venously, again using a Harvard pump, starting at 1 or 2 milliunits
of Syntocinon and rising as necessary to establish good contractions
in the neighbzurhood of about 8 to 16 millijunits. As soon as labour
became well established and the patient had dilated her cervix to
somewhere around 4 centimeters she was put in stirrups, in the

lithotomy position, an artifical rupture of membranes was carried
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out at the same time as a first scalp sampling (&s will be
described below), and an epidural anaesthesia wes initiated.
Disinfection of the skin was carried out with Germamedica and
the patient was appropriately draped.

A vaginal examination was then performed to determine
cervical dilatation and the level of the presenting part at
which point the correct size of amniosccpe was inserted through

vhe external os of the cervix to lean against the presenting

part. The amnioscope is illustrated in Figure 13.




- 20 -

An appropriate light source with a Rheostat was then attached

2 to the amnioscope. The foetal scalp was then dried with a
cotton swab and sprayed with ethyl chloride to produce a
hyperemic effect. The scalp was then dried once again and a
thin layer of white petrolatum jelly applied. An incision was
made using the Queen Charlotte{s Hospital modification(hl) of
Saling's technique with a Wilkinsont's Sword blade. A drop of
blood collecting at the site of the incision was removed
anaerobically either through polyethylene or glass capillary
tubing. Figure 14 shows this stage in cross-section with the
foetal scalp on the right, the cervix dilating in front of it,
the amnioscope inithe vagina, and the light source attached to
the amnioscope. The incision has already been made and the
forceps carrying the capillary tube is introduced to the drop

of blood for collection.

ANTERIOR
CERVICAL

CARRYING
FORCEPS WITH
CAPILLARY TUBE
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The specimen is then analyzed. Care must be taken at
this point to ascertain that the scalp bleeding has ceased; the
- recommended technique is to apply pressure with a cotton swab to
the site of the incision on the foetal scalp for approximately
five minutes or until bleeding has completely ceased.

We started off with polyethylene tubing and since then
have changed over to glass capillary tubing. Preparation is as
follows: Forty centimeter lengths of polyethylene tubing are
prepared by disinfecting them in a solution of Germamedica and
then rinsing them in sterile distilled water. The tubes are
then heparinized with 2,000 USP units per millimeter of Heparih,
after the tubes have dried by gravitational methods. Each tube
is then individually packaged and sterilization is done by gas
autoclaving. Glass capillaries of 0.7 to 1.0 millimeter bores are
prepared by washing 35 centimeter lengths in concentrated sulphuric
acid and then rinsing them in sterile distilled water. The tubes
are then dried at 120 degrees centigrade. Each tube is filled with
a solution of Heparin again with 2,000 USP units per millimeter and
dried at 120 degrees centigrade for about 10 days. Three sterile
steel mixing wires are placed in each tube to mix the blood before
analysis - the tubes are then packaged at five per pack since some
of the tubes become blocked by crystals of Heparin and cannot be
used.

Determination of the acid base balance was done with
an Astrup apparatus at 38 degrees centigrade. pO2 was measured

in duplicate with a direct reading electrode on a total sample of
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50 microliters of blood, repeatable with an error of plus or
minus 1.0 millimeter of mercury. An oxygen free solution of
borax containing sodium sulphate was used as the zero standard.
Oxygen and nitrous gas mixtures with water saturated with
oxygen were used as positive standafds against barocmetric
pressure in millimeters of mercury with an accuracy of 0.05%.
pCO> was measured with a direct reading electrode using 3
C020o gas mixtures as standard against barometric pressure
with an accuracy of 0.05%. The pCOs was measured in duplicate
indirectly with the equiiibration technique émploying the
Astrup Micro Tonometer using the low and the medium of the

above-mentioned 60202 gas mixtures as standard.

The pH determination required 25 microliters of
bloed with an accuracy of plus or minus 0,005 pH units after
standardizing against radiometer (Copenhagen) phosphate
buffers at pH 6.840 and pH 7.381 at 38 degrees centigrade.

On no occasion was tonometered blood used for the actual
calibration of the electrodes. The acid base status of all
blocd samples taken was obtained by plotting actual blood

pH and tonometered blood pH¥s on a Siggaard-Andersen Nomogram

(42, 43)
as is illustrated in Figure 15.
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Such sampling was usually carried out during the first
and second stages of labour, then on umbilical vein and artery,
and at one-half hour of life on the newborn child by heel prick,
so that essentially five determinations were done in each case.

A total of 24 patients were examined in this manner.
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RESULTS

The results are shown graphically in Figure 16.

Variation in pH was from a low value of 7.260 to a high value
of 7.410 with a mean value of 7.346 during the first ét.age of
labour. During the second stage of labour our mean value is
7.317 with a low value of 7.200 and a high value of 7.420. In
the umbilical vein our mean value is 7.360 with a Alow value of
7.315 and a high value of 7.440. In umbilical artery our mean
value is 7.294 with a low value of 7.240 and a high value of
7.370. The heel prick samples had a mean value of 7.330, a low

value of 7.290 and a high value of 7.350.

Act pH i
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In looking at p02 in millimeters of mercury in the
first stage of labour our mean was established at 22.4 milli-
meters of mercury with a low of 19 and a iligh of 29. 1In the
second stage of labour our mean value was 24.8 millimeters of
mercury with a low of 13 and a high of 31. In umbilical vein
our mean value was 34.3 millimeters of mercury with a low of
28 and a high of 44. In umbilical artery our mean value was
23.4 millimeters of mercury with a low of 13 and a high of 34.
In heel prick our mean value was 47.3 with a low of 46 and a

high of 48.5. These values are shown in Figure 17.

p02( mm Hg)
A

50
404
30-

20+

10

Max
Mean
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In looking at our results for pCOs determinations in
the first stage of labour our mean value was 41.5 millimeters
of mercury with a low of 30.5 and a high of 59.0. In the second
stage of labour our mean value is 40.4 millimeters of'mercury
with a low of 27 and a high of 52. In umbilical vein our mean
value is 37.5 millimeters of mercury with a low of 29 and a
high of 45.5. 1In umbilical artery our mean is h2;3 millimeters
of mercury with a low of 31.5 and a high of 61.5. In heel prick
determination our mean value is 46.0 millimeters of mercury with
a low of 42 and a high of 50. This again is illustrated in

Figure 18,

pCO, (mm Hg )

A
504
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Mean
301 : .
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We then correlated measurements of pH with cervical
dilatation and we put together cervical dilatations of 3-5,
6~7, and 8-10 and found that our mean value for dilatation
3-5 centimeters was 7.332 with a low of 7.260 and a high of
7.360. At dilatation 6~7 centimeters our mean value was
7.363 with a low of 7.320 and a2 high of 7.410. At dilatation
8~10 centimeters our mean value was 7.334 with a low value of
7.200 and a high value of 7.420. This is again illustrated

in Figure 19.
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It should be noted that no serious injury is caused
to the foetal scalp. Figure 20 shows the area on the foetal
scalp where three scalp samp;ings were performed. These usually
heal within 24 hours of life and are not recognized by the sharp

(8)
eye of the examining mother.

In looking over our results it becomes evident that

the pH is lower in the second stage than it is in the first
stage, that the pH is lower in umbilical artery than it is in
umbilical vein and that it tends to come back to normal in the

heel prick sample.




'I‘he values for pOg a.re practlcally :Ldentical in the '

'_ f::.rst and second stages but, a.s expected the p02 1s much lower

it ‘111 the umb:.l:.cal artery tha.n :Lt is in- the umb:.ls.cal ve:.n and, .
il.'aga:.n as "pected, 3.t is much h:.gher in the heel pr:.ck sample..;.- '
‘ 'Correlatlng pH W:Lth cemcal dllatat:.on we f:.nd that pH rlses
- dur:mg the f:.rst part of labour up to 6—7 centlmeters and then
‘f‘ 'decreases sllghtly to J.ts or:.ga.nal value at 8-10 centimeters of
| cerv:.cal d:.latatlon. | All bables had a.pga.r scores oi‘ 8-10 at one .""Z‘b :

~minute of age. .

It is our content:.on that these curves represent normal :
values for a foetus in. utero a.nd are w:Lthm the ra.nge of world— :

wide a.ccepted- values.
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' CONGLUSION .

Foetal.distress'equals foetal acidosis; Bydtheiquion‘f:¢
of two technlques, i.e., uterlne monltorlng, foetal heart mon-f”
1tor1ng and scalp veln sampllng in the assessment of both foetuS'f
and mother durlng 1abour, Caldeyro-Barcla showed that 1f the p02:

‘drops to below 18 m. Hg., late deceleratlon w1ll appear 1n the o %
foetal heart rate and at the same time the pH w1ll drop to 7 20 t =
or below, so that foetal dlstress can be equated wlth foetal ‘.:tt :

- (bley h5, h6 lﬂ, LS)
acidosis and also w1th foetal hypoxia and foetal anoxla.. W_-

It 1s our thlnklng that all these proven technlques
should be carrled a step further in- the assessment of mother o
and foetus at rlsk in an. effort to further reduce maternal o u ‘, -
mortality and perlnatal mortallty and to gain more 1nsight 1nto
the normal and abnormal uterlne dystoclas. ,Since ;t_ls the
privilege of our decade to penetrate the 1nnerisanctum of the
‘foetus at the same time some knowledge of foetal physiology and

hys1opathology will certalnly be uncovered. | ! ‘

It is felt that these technlques in routlne obstetrlcal
practice will eventually succeed in dlmlnlshlng-neurologloal |
deficits, will increase the apgar scofe at birth, will decrease
the stillbirth rate and will decrease the Gaesareau section
rate or will succeed in justifying intervention by Caesarean

section.



. OUTLOOK 'TO'THE FUTURE--‘ o

The technlque and its use for detectlon and/or dlagn°513rtff;7:~‘fﬂy

of foetal dlstress 1s just one aspect of 1ts usefulness. It gIvesi;ﬁ
o us food for thought 81nce it represents the avallablllty of the |
lfoetus to the foetal phy31ologlst by maklng unknown materzal now
| acce551ble 1n a relatlvely easy fashlon. The technlque has ”mvu
already been used by‘Wbod 1n elucldatlng the phy81ology of the

foetal pancreas, the 1nsu11n response of the foetus to over-e'"'

loadlng of the mother by 1ntravenous glucose, and the response ;fﬁfﬁm'

of the(foetal pancreas to 1nJect10n of glucagon 1nto the foetal
49 :

scalp. It has been used 1n certaln centres in erythro »
blood avallable for cross-matchlng prior to birth. ThlS of'course;
is of very 1imited;use'and does'not-necessarily represent‘s world;”’
wide consensus; | |
One last appllcatlon for thls technlque whlch cames to

mind is that recent work has shown the 1mportance of human
placental lactogen determinations in assessing chronlc foetal
distress or metabolic acidosis.‘ Thevbsrrier-fron piacenta to
mother and from plecenta to foetus has not been well determined;.
Possibly this barrier can.be side-stepped by simultaneous maternal
and foetal sampling for HPL determinations. |

. The technique is now easily available. Its applicaiion

in any specific area requires only a researchert's interest.
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