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diaiely a foetal pH below- 7 20 in the first stage is reported.
While this is being done there is sufficient time to collect a
second foetal blood sample, to confirm the first result.

Foetal acidaemia resulting from a primary acidaemia in the
mother has not been investigated in this study, as there is little
evidence to suggest that this additional knowledge is a major
factor in influencing clinical decisions. Beard (1969a), in a study
on foetal pH just before delivery, when maternal acidaemia is
likely to be most marked, found that the incidence of foetal
acidaemia originating in the mother was in the region of
10%.
Some authors (Prystowsky, 1967; Seligman, 1968)

have questioned whether acid-base and blood gas values
of scalp blood resemble values in arterial blood of the foetus.
The reliability of pH determinations made by clinicians has
also been questioned. Both these points have raised the possi-
bility that unwise clinical decisions may be made as a conse-
quence of false-positive or false-negative values. The clinical
results during the period of this survey and in the preceding
three years, when foetal blood sampling was in use (Beard,
1968a), have been reassuring in this respect. It might be antici-
pated that a significant number of false-positive pH results
would lead to an increase in the number of operative deliveries
during labour. In fact the reverse occurred, and during the
period of the survey only 12 caesarean sections were performed
for foetal distress as compared with 24 during a similar period
in 1964. Undoubtedly a small number of babies are born with
a low Apgar score when the pH of the foetal blood sample and
umbilical cord blood is within normal limits. It is not possible
to state whether such an outcome can be considered a " false "-
negative result or not. However, in our experience, with the
single exception of a case of intrauterine infection, on no occa-

sion was clinical foetal distress followed by a stillbirth provided
the foetal pH remained within normal limits.

We are grateful to Sister Seldon, the labour ward superintendent,
and her colleagues, without whose co-operation this survey would
not have been possible. We are also grateful to Miss Susan Lister
for her valuable assistance in compiling the results of this survey.
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Foetal Blood Sampling in the Regional Hospital
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Summary: Several difficulties arise in the introduction
of foetal blood sampling in a regional hospital.

Ideally there should be a unit sufficient to provide con-
tinuous registrar cover (anaesthetic cover and medical
cover) of the labour suite. In our hospital duties have
been reallocated in an attempt to attain this standard.
Both consultant and registrar staff must take adequate
study leave to understand the principle and practice of
blood sampling. Regular lectures and demonstrations
must be given to nursing and resident staff. The cost of
the initial equipment is abut £1,000.4

Foetal blood sampling has been employed in the unit
since January 1968. Its principal use has been the
assessment of "foetal distress." Except for one case no
low pH value has been found in a "high risk" patient
unless the foetus showed signs of clinical distress.

* Registrar, Windsor and Slough Obstetric Unit, Uipton Hospital, Slough.
t Consultant, Windsor and 'Slough Obstetric Unit, Upton Hospital,

Slough.
,* The Radiometer pH Electrode meter and water-bath alone can now be

purchased for about £180. The total cost with instruments is
therefore £350.

Introduction

James et al. (1958) pointed out that neonatal acid-base measure-
ments were reliable criteria in assessing the degree of asphyxia.
Saling (1962) described the technique of foetal blood sampling
and used the pH value obtained as a guide to the well-being
of the foetus during labour.
The introduction of foetal blood sampling into the regional

hospital has many difficulties. This paper describes these
problems and assesses the value of this technique, which has
been in use in this unit since January 1968.

Materials and Methods

Unit and Staff.-The Windsor and Slough Obstetrics Unit
is a new unit converted from the old general hospital; it con-
tains 60 obstetric and 20 gynaecological beds. The obstetric
labour suite has an admission suite, three progress rooms, and
three modern labour theatres. A trolley bay has been converted
into a clinical laboratory, and this is immediately adjacent to
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the progress rooms. The staff of the obstetric department com-
prises two consultants, two registrars (whose resident duties
alternate, but who also have responsibility to other gynaeco-
logical departments), and three resident senior house officers,
one of whom is solely responsible for the labour suite at any
given time. There is a resident anaesthetist (S.H.O. grade),
whose first responsibility is to the obstetric unit; when off
duty his work is covered from another hospital within the
group. The unit was opened in October 1967, and deals with
an average of 160 deliveries a month, 10% being unbooked
emergency admissions from the district and a local general-
practitioner maternity unit. About 10% of the patients are

immigrants from India or Pakistan.
Equipment.-The equipment for taking foetal blood has been

described (Morris and Beard, 1965 ; Morris, 1968). Three sets
of instruments were obtained initially ; each of these is auto-
claved in a large box. The sterile instruments are laid out on
the top of a trolley, on the bottom of which are a battery for
the light source, high vacuum grease, magnet and needles, and
the heparinized capillary tubes. Currently a fibre opic light
source is available, and with one set of instruments the cost is
about £150. In this unit three sets are adequate, and only
occasionally, when demand has been excessive and the autoclave
is unavailable, has it been necessary to sterilize the instruments
in aqueous chlorhexidine solution. The obstetric unit shares
with the premature baby unit a Radiometer type AME I pH
meter and microelectrode machine with a water thermostat
system. The initial high cost of this (£735) was shared between
two departments.

Clinical Groups

The initiation of foetal blood sampling at Windsor was first
attempted in the early part of 1967, but no serious attempt to
institute this as a standard procedure was made before the
opening of the new unit in October 1967, and the method
became established only in March 1968. Since then 71 patients
have been sampled. At first the number was small, but about
10% of patients delivered in the last few months have been
sampled. These patients were in two main groups (Beard,
1968).
Group I " Foetal Distress " (53 cases).-Those showing

foetal distress clinically: (1) meconium, (2) irregular foetal
heart rate, (3) persistent bradycardia less than 120 beats/minute,
and (4) persistent tachycardia greater than 160 beats/minute.
Group II The "At-risk" Foetus (16 cases).-Those with a

higher than normal risk to the foetus of intrauterine hypoxia
and no clinical signs of foetal distress. (All high-risk-cases
with signs of foetal distress are included in group I.) (1) post-
maturity, 14 days over term, (2) maternal age of 35 years or

more, (3) moderate or severe pre-eclamptic toxaemia, (4) pro-
longed labour (24 hours or more), (5) accidental ante-partum
haemorrhage, (6) diabetes mellitus, (7) "small-for-dates"
syndrome.
Two patients with rhesus isoimmunization were also sampled

so that the paediatric department could be warned in advance
of any haemolytic state in the foetus. These cases are not
discussed further.

It has been suggested by Beard et al. (1967) that the critical
pH is around 7 2. At the outset it was decided to accept pH
studies alone, as an indication of foetal distress, rather than
combined pH and base-deficit measurements, so as to facilitate
the introduction of the method into an otherwise inexperienced
unit. We have acted on the supposition that the critical pH
level was 7-2, delivery being expedited if the level was below
this.
Most patients had only one sample taken, but if signs of

foetal distress continued or labour was prolonged further
samples were taken as necesary. If a pH of between 7-2 and
7 25 was recorded, then the sample was repeated immediately.

Results

Table I summarizes the 53 cases of clinical foetal distress,
including 34 high-risk patients. No fixed ruling was made on
the duration of foetal heart abnormalities before sampling foetal
blood. Each case was judged by the overall clinical picture.

TABLE I.-Foetal Distress

Total
pH

>7-21 <7-20 Normal

Delivery

Forceps C.s.

Meconium alone .. 25 24 1 21 4 0
Meconium+F.H.R. 120 5 1 4 2 0 3
Meconiism-+F.H.R. 160 8 5 3 5 2 1
Meconium + Irreg. F.H.R. 1 1 0 0 1 0
F.H.R. 120 .. 5 5 0 5 0 0
F.H.R. 160 .. 4 3 1 2 1 1
Irreg. F.H.R. 5 3 2 2 1 2

Total .53 42 11 37 9 7

F.H.R. = Foetal heart rate. C.S. = Caesarean section.

These findings confirm established clinical views. Meconium-
staining of the liquor alone is not commonly associated with a
low pH, only one case occurring in 25. Where the passage of
meconium was associated with foetal heart abnormality there
were an equal number of cases with low or normal pH values.
Finally, in cases with foetal heart abnormality alone, three out
of 14 cases had low pH values. Only 11 out of 53 cases

showing clinical foetal distress had low pH values. Six were
delivered by caesarean section, three with forceps, and two
spontaneously.
One patient had a fresh stillborn foetus, following a pro-

longed labour and a difficult forceps extraction under general
anaesthesia. The blood sample had been taken at 3 cm. dilata-
tion, when there were clinical signs of distress and the pH was
7-26. This case occurred early in our study, and through in-
experience the sample was not repeated before delivery 12 hours
later. Had repetition been carried out the stillbirth might have
been avoided.

Table II shows 16 " high-risk " patients with no clinical
foetal distress. In this group one (Case 9) had a low pH
value and was delivered by forceps. This patient had severe

oligohydramnios; the baby weighed 4 lb. 13 oz. (2,185 g.) at
41 weeks' gestation. Since no liquor drained during labour the
thick meconium covering the foetus was not noticed before
delivery. This sole sign of foetal distress was therefore con-
cealed. Apart from this case, all high-risk patients with low
pH values showed signs of foetal distress clinically before
sampling.

TABLE II.-High Risk-No Foetal Distress

Indication

1.
2.
3.
4.
5.

6.
7.
8.
9.

10.
11.

12.
13.
14.
15.
16.

T + 17 ..

T+21 ..

T+ 14 ..

T+14..
T + 14 ..

Age 35..

Prolonged labour

Small for dates
Pre-eclampsia..

Accidental A.P.H.
.4.2

,. ..

Age 42 ...

Other
Factors

-I

A.P.H.
Pre-eclampsia
High head

T+5
I _

Disproportion

T+5
T+4
T+O
Age 35
Age 37
T+10

Lowest Dlvr
pH

7-30
7-32

7-37

7732
7732
7726
7.34

7728
7705
7732
7727
7.33

7730
7723
7.37

7-38

Normal
,,

Forceps
Normal

L.S.C.S.
Forceps

Normal
,,

,,

,,1
,,.

,,

Apgar
1/5 Mii.

8/10
9/10
10/10
9/10
8/10
3/10
10/10
9/10
1/4
8/10
10/10
10/10
9/10
10/10
10/10
8/10

A.P.H. =Ante-partum haemorrhage. L.S.C.S. = Lower segment caesarean section.
T = Term.

There were 50high-risk patients in all; 34 developed foetal
distress and are included in Table I-;eight had low pH values.
No increase in perinatal morbidity occurred during this

study ; in particular, there were no cases of excess foetal haemor-
rhage or scalp infection.
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Discussion

Foetal blood sampling is said (1) to reduce the perinatal
mortality rate, and (2) to reduce unnecessary interference in
labour (in particular, caesarean section) by separating true
foetal distress from clinical foetal distress (Saling, 1962 ; Beard,
1968).
The combined perinatal mortality rate and caesarean section

rates for the two units in 1966-7 were respectively 38-9/1,000
and 88%.

In this unit to date our current caesarean section rate is 6-5 %
and the perinatal mortality rate 26/1,000 (corrected by excluding
unbooked patients-18/1,000). Nevertheless, with a recently
modernized and reorganized unit the comparison of figures is of
no statistical value in so far as it relates to foetal blood sampling.
The value in this unit has therefore been assessed by study of
the two groups of cases sampled, and, more particularly, of the
individual cases.
Group I.-Only 16 of the 53 cases with clinical foetal distress

were delivered operatively-nine because of low pH values and
seven for other obstetric reasons. Two low pH babies were
delivered normally. The Apgar scores (Table III) confirmed
the need for operative intervention. It is believed that if we
had acted on clinical signs alone a further 22 cases would have
been delivered operatively--nipe of them by caesarean section.
Of the remaining 42 cases with normal pH values 36 had an
Apgar score at birth of 6 or more, three scored 5 or more, and
of the remaining three one was the stillbirth mentioned above.

TABLE III.-Low pH

Lo ertv~ical Apgar Other
Indication Lowest Dilata- Delivery 1/5M. Fators

pH tion 1_ Fao

1. Meconium .. 7-16 5 cm. Forceps 3/7 P.E.T.
2. Meconium F.H.R. 160. 7-15 Full Normal 6/10
3. Meconium F.H.R. 168 .. 7-20 ,, L.S.C.S. 2/10 Brow.

4. Meconium F.H.R. 160 .. 7-17 ,, Forceps 3/9
5. Meconium F.H.R. 120-60 7-07 5 cm. L.S.C.S. 2/10 Age 37
6. Meconium F.H.R. 100 . . 6-99 5 cm. L.S.C.S. 3/6 Age 41
7. Meconiufl F.H.R. 140-80 7-20 5 cm. Normal 5/10 7*27 at

6 cm.

8. Meconium F.H.R. 80 .. 7-20 5 cm. L.S.C.S. 5/10
9. Irregular F.H.R. 180-60 7-17 5cm. L.S.C.S. 2/10 T+ 17
10. Irregular F.H.R. 160 .. 7-15 Full Forceps 4/10 Age 42
11. Rapid F.H.R. 160-170.. 7-16 5cm. L.S.C.S. 3/10
12. Small for dates .. .. 705 Full Forceps 1/4 T + 14

P.E.T. = Pre-eclamptic toxaemia.

Group II.-Of 16 patients sampled in only one was delivery
expedited because of a low pH value (Case 12, Table III). It is
believed that the introduction of foetal blood sampling for the
management of foetal distress is justified in this unit, as it
differentiates true foetal distress from clinical distress and has
almost certainly, in the period described, prevented unnecessary
caesarean sections.
During a three-month test period 85% of patients with foetal

distress were sampled, and those who were missed were usually
multigravidae in late first stage or in second stage of labour.
In the high-risk group, however, only 70% of patients had
samples performed. We are convinced of the value of blood
sampling where there are clinical signs of distress, though it
is not certain whether severe acidosis can occur without any
clinical signs.

Foetal blood sampling as a means of assessing foetal well-
being in labour is a considerable departure from established
practice, and its introduction presents a number of problems.
These may be considered under three headings-the training
of staff, the reorganization of the unit, and cost.

Training of Staff

Undoubtedly the most important factor in establishing the
above scheme is the training of staff. The consultants must be
convinced of its value and be familiar with the technique.

Several attempts were made to introduce this method, but it
became established only after one of the registrars had been
given two weeks' study leave to work in the unit on the project
alone.

Thereafter, training the resident staff was not difficult, though
house officers were allowed to carry out foetal blood sampling
only after adequate supervision. The technique has been filmed
and is already used in the instruction of medical and nursing
staff.' A list of indications for sampling has been circulated,
as success of the method depends on recognizing and acting on
these indications. The nursing staff very readily adapted them-
selves to this method. It is important, however, that they
should be given regular lectures and demonstrations.
The problems of taking foetal blood are perhaps more diffi-

cult than the taking of pH readings; nevertheless, the Astrup
Radiometer is a delicate and expensive piece of equipment. We
have not had the full-time services of a laboratory technician,
as this unit is separated from the main hospital, though in the
early days he did give demonstrations and instruction in the
use of the Astrup Radiometer. He now services the machine
every two weeks. Daily responsibility for the care of the
Astrup machine is in the hands of the registrar on duty. It
is important to emphasize that for trouble-free running the
chambers must be cleansed after each sample. If the machine
is then kept in readiness it is possible to take a sample and
measure pH in less than 15 minutes. The anxiety expressed
(Seligman, 1968) about the accuracy of blood pH determina-
tions has not been confirmed, perhaps because the Astrup in
this unit is now used four or five times weekly.

Organization

It was fortunate that in this unit reorganization was being
undertaken at the same time as foetal blood sampling was intro-
duced. For routine blood sampling to be successful there must
be continuous cover of the labour ward by house staff, and a
registrar must be readily available. This we were able to achieve
by reallocation of duties. In addition, to obtain maximum
benefit, resident anaesthetic cover must be available for a full
24 hours, since by allowing a low pH to be the principle for
intervention delivery will be urgent. There is no doubt that
this constitutes a problem in many departments. Unfortunately,
resident anaesthetic cover is at present incomplete. It is most
important that to avoid delay the equipment should be sited
adjacent to the labour suite.

Cost

The initial cost of equipment of the radiometer pH machine
and blood sampling sets is in the region of £1,000.9 Despite
the current shortage of finance, this outlay is justified.

We are grateful to Sister Broome and Sister Miller, the superin-
tendent and deputy superintendent midwives, without whose co-
operation the introduction of this method would not have been
possible. We are also grateful to Mr. Richard Beard, of Queen
Charlotte's Hospital, for his encouragement and help in our early
endeavours.
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'This film may be borrowed on request or copies purchased from the
Photographic Department of Wexham Perk Hospital, Slough, Bucks.

2 The foetal blood sampling sets can be obtained from Rocket of London,
190 West End Lane, London N.W.6. The Radiometer can be ob-
tained from V. A. Howe wnd Co. Ltd., 46 Penbridge Rowd London
W.11.
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