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presumptuous. The never-ending progression of new drugs
and techniques changes anaesthetic practice almost overnight.
Over the years, since the use of analgesics became wide-
spread, one can trace an evolution that seems to point to-
wards greater dependence upon nitrous oxide and less upon
the analgesic. There is always the possibility that new
methods will enable us to measure the effects of the anal-
gesics during anaesthesia more accurately than hitherto. We
will then have a more exact knowledge of what part the
analgesic really plays, whether one drug is preferable to
another, or even whether these drugs ought to be discarded
altogether.

Summary
The ability to use nitrous-oxide-oxygen as a safe

general anaesthetic was increased with the introduction
of thiopentone. The advent of curare further widened
the scope of nitrous oxide anaesthesia. Too much reli-
ance upon thiopentone supplementation led to frequent
complications, while too much reliance on curare to
maintain immobility led to patient-awareness during an
otherwise inadequate anaesthetic.

Pethidine was originally used to increase the depth
of nitrous-oxide-oxygen anaesthesia. Investigations of
pethidine as a supplement to nitrous oxide revealed many
advantages associated with its use. Other narcotic anal-
gesics such as levorphanol, alphaprodine, and keto-
bemidone were soon investigated as supplements.
Throughout these investigations the great shortcoming

has been the lack of any clear-cut criterion for the assess-
ment of analgesia during general anaesthesia. Such
clinically measurable values as the mg. / minute thio-
pentone requirements, the reaction time, and the dura-
tion of post-operative analgesia have been 'used both
to measure and to compare the efficacy of analgesic
supplements. They give valuable but incomplete infor-
mation in this direction.
Many narcotic analgesics have been used successfully

as supplements to nitrous oxide anaesthesia. Only when
more precise methods for measuring the effects of these
supplements during anaesthesia are found, however, will
we have an idea of their proper role in anaesthesia,
whether one drug is preferable to another, or whether
they need be used at all.

I gratefully acknowledge the assistance and encouragement of
Professor W. W. Mushin during the preparation of this review.
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This paper compares the average systolic blood pressure
at birth of groups of infants differing in various respects.
It also describes the course of the pressure during the
first few months of life.

Method and Material
The systolic blood pressure was estimated by palpating

the brachial artery below an inflatable cuff. The cuff was
2.5 cm. wide, as recommended by Robinow et al. (1939).
The artery was palpated in the antecubital fossa-this is
more reliable than palpation of the radial artery. The
average of two or three readings, taken with the child quiet,
was recorded. Pressures were measured within an hour of
birth and often much sooner. Further measurements were
made on the first, third, and ninth days after delivery, at
3 and 6 weeks, and at 3 and 6 months.
Most of the neonatal pressures were measured by one

observer, and the later pressures by the other, but there
were frequent opportunities for cross-checking. There was
always good agreement.

Initially, all cases in which one of us could record the
pressure within an hour of delivery were included. Later
only abnormal cases were studied. For analysis the infants
were divided into groups as described in the results. The
groups are mutually exclusive.

Results
Unless otherwise stated, the figures quoted are the mean

of all the readings in a group, and significance has been
calculated by the t test.

Normal Deliveries
No Anoxia.-There were 54 normal pregnancies and spon-

taneous deliveries in the series. The mean systolic pressure
rose slowly from 69 mm. Hg at birth to 93 mm. Hg at 6
months; the rise was most rapid during the first month
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(Fig. I, Table I). The results were analysed to determine

what effect drugs given to the mother during labour had
on the neonatal blood pressure; the administration of mor-

phine, pethidine, and barbiturates was without influence
upon the values obtained.
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FIG. 1.-Mean arterial blood pressures at birth and during the
first few months of life. (Normal infants.)

TABLE I.-Normals (54 Babies)

Mean Systolic S.D.Age ~~Pressure (mm. Hg) SD

Birth 69 6
1 day 70 5
3 days 72 6
9 .. . 73 6
3 weeks 77 5

6.... 78 3
3 months 86 5
6 ,, 93 5

TABLE II.-Neonatal Asphyxia (14 Babies)

Age Mean Systolic S.D. PPressure (mm. Hg)

Birth .. 53 3 0 001
I day .. 62 4 0 001
3 days .. 65 4 0 001
9 ., .. 68 5 0-01
3 weeks .. 74 5 -

6 ,, .. 80 7 -

3 months .. 83 6 -

6.. . 90 4 -

Foetal Anoxia.-There were 14 cases of anoxia which were
classified as " white asphyxia." In each case one of us was
present at the delivery and measured the blood pressure as
soon as possible. All these cases were either of spontaneous
or of forceps delivery. Table II shows that the mean systolic
pressure-53 mm. Hg at birth-is lower than in normal
babies at birth, the difference, P>0.001, being highly signifi-
cant. It is also shown that this pressure remained significantly,
lower than normal until discharge, but was within the
normal range by 6 weeks. One of the infants included in
this series, with a mean systolic pressure of 50 mm. Hg, died
soon after birth.

Abnormal De!iveries
Breech.-The blood pressure was measured in six breech

deliveries only; one of these was also premature, and died
on the econd day. The mean systolic pressure at birth
fell in tlS lower range of the value for normal deliveries,
but was normal within three to five days.

Forcep.s.-In this group there were cases of both " low"
and " medium," but none of " high," forceps delivery.

Taking the whole group, the mean systolic pressure at birth
was 65 mm. Hg, which is not significantly lower than that
of babies born spontaneously. The systolic pressure in these
cases remained slightly but not significantly lower than
normal until the third week.
Caesarean Section.-In these cases the mean systolic pres-

sure at birth was 58 mm. Hg, significantly lower than in
normals. In most of them the infant was, to all appear-

ances, in good condition and there was no correlation be-
tween the blood pressure and the time taken for respiration
to be established. The pressure rose during the first day,
but tended to remain lower than in spontaneous deliveries
for three months; the difference, however, was not signi-
ficant after three weeks. The caesarean sections were done
for a variety of reasons, the majority being elective.

Abnormal Pregnancy
Pre-eclamptic Toxaemia.-The criterion for inclusion in

this group was that two of the following signs must be
present in the mother: oedema, albuminuria, or blood
pressure of 140/90 mm. Hg or more. None of the babies
in this group were included in any of the other groups, and
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FIG. 2.-Neonatal systolic pressure in relation to birth weight.
(Premature infants.)

the deliveries were both normal and abnormal. The mean

systolic pressure of all babies born of toxaemic mothers was

62 mm. Hg, significantly lower than that found in the
normal neonate. If, however, the method of delivery is
taken into account and the blood pressure in each
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Premature Infants
This group contains all infants under 52 lb. (2.5 kg.) birth

weight, irrespective of the expected date of delivery. The
systolic pressures that were recorded ranged from 35 to
70 mm. Hg, with a mean of 54. The lower end of the
range was recorded in two infants who survived only three
days, and it should also be noted that one infant with a
pressure of 50 mm. Hg died on the first day. As shown
in Figs. 2 and 3 the systolic pressure at birth was related to
birth weight but not to maturity.
The premature infants attained values not significantly

different from those of full-time infants by the third month,
and the highest pressure recorded in any infant, 105 mm.
Hg, at 6 months was in a prematurely born infant with a
pressure of 50 mm. Hg at birth.

Twins
There were four sets of twins in this series. Where one

was anoxic it had the lower blood pressure; for instance,
in one set of twins the first baby born did not breathe for
five minutes and had a blood pressure 25 mm. Hg below
its sibling, who breathed spontaneously at once.

Discussion
The method of palpation which has been used to measure

the mean systolic pressure of the newborn is simple and
reliable and gives readily reproducible values suitable for
comparison. Woodbury, Hamilton, and Robinow (1938)
found that there was a close correlation in infants between
the mean systolic pressure measured by an intra-arterial
needle in the umbilical artery and by palpation of the
brachial artery only when a 2.5-cm. cuff was used. The
method also compares well with the flush method, recently
assessed by Reinhold and Pym (1955), Sullivan and
Kobayashi (1955), and Forfar and Kibel (1956), but is some-
what easier.
The systolic pressures in this series are higher than those

stated by most previous investigators, but are similar to
those found by Robinow et al. (1939), whose values ranged
from 60 to 80 mm. Hg, and by Schaffer (1955), who used
an impedance plethysmograph to record pulsation distal to
an occlusion cuff 4 cm. wide; his values for systolic pres-
sure ranged from 52 to 102 mm. Hg, but nowhere does he
state at what time after birth the measurements were
made.
The low readings obtained before the simultaneous com-

parison of the cuff method with direct intra-arterial punc-
ture by Woodbury et al. were probably due to the wide cuff
used, for a width of at least 4 cm. was the standard size
for babies under 1 year of age (White House Conference,
1932). Balard (1912) using a Pachon oscillometer, found
values of 55/35, and Reis and Chaloupka (1923), using a
6-cm. cuff and palpation, found values of 43 mm. Hg (range
32-58) on the first day, rising to 78 mm. (52-94) by the
tenth day.
The effect of the different conditions prevailing at birth

upon the neonatal blood pressure was studied by Reis and
Chaloupka and by Bowman (1933). The former included
in their series three toxaemic pregnancies, and found that
this condition had no effect on the systolic pressure of the
newborn; this is in agreement with our own findings and
those of Brasch (1949). Reis and Chaloupka also concluded
that the more trauma to which the head was exposed-
that is, the higher the forceps applied-and the larger the
head, the higher would the blood pressure be. In two
caesarean sections no effect on the blood pressure was
noted, but there is no record at what interval after delivery
these recordings were made. Bowman found in " cerebral "

babies that the pressure was higher than normal, and was
lowered by lumbar puncture. We were uncertain what was
meant by this term, but if those cases emitting a " cerebral"
cry are indicated, then in our series a lower systolic pressure
than normal was found.

Summary
Palpation of the brachial artery below a 2.5-cm.

inflatable cuff was used to measure the neonatal systolic
blood pressure. The normal mean systolic pressure at
birth was found to be 69 mm. Hg, rising to 93 mm. Hg
at 6 months. Foetal anoxia and abnormal forms of
delivery such as caesarean section caused a significant
lowering of systolic pressure at birth ; the blood pressure
of these babies recovered to normal levels within a few
days. Drugs given to the mother before delivery and
pre-eclamptic toxaemia had no effect on the neonatal
systolic pressure at birth. The systolic pressure of
premature babies was lower than that of full-term
infants and was related to weight.

Our thanks are due to Dr. J. Forest Smith and Mr. A. J.
Wrigley for allowing us to make these observations on their
cases; to Sisters Gale and Harris and the midwives and nursing
staff of Mary Ward for their kind help and co-operation; and to
Professor Henry Barcroft for his encouragement and facilities.
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With the reduction of infant mortality and of deaths
from intercurrent infections in early childhood, many
children are surviving with severe congenital deformities
of a degree which has not hitherto formed a major
clinical or social problem. The medical profession and
the educational world are now fully aware of the needs
of the cerebral palsy group, but surprisingly little atten-
tion has been paid to those afflicted with paraplegia in
minor or major degree, from interference with the spinal
cord. These for the most part are infants with spina
bifida, usually but not always with a meningeal hernia.
There are some with compression lesions of the cord
due to severe deformity of the vertebral column and a
few with permanent damage from birth injury or
infective myelitis.

This paper is concerned primarily with the spina
bifida palsies (Fig. 1). In the general run of surgical
practice there are two distinct groups. The one is occult,
said to be very common and alternately blamed and
exonerated as a cause of wet beds in the lives.of other-
wise innocent children. Careful examination of some
of these occult cases exposes a neurological abnormality.
In some, micturition symptoms arise at or after
adolescence owing to the development of uterus or
prostate.
The second group is cystic. Where the cyst is a simple

meningocele there is sometimes no cord or nerve


