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rib, lateral to the attachment of the arcuate liga-
ment of the diaphragm. The dissection must,
therefore, be below the diaphragm and behind the
peritoneum. Dissection upwards and forwards in
this position must lead to the subphrenic space.
This method can also be used on the left side for
the approach to a posterior subphrenic abscess on
that side.

Anterior subphrenic abscesses are approached
by means of subcostal incisions which will lead
directly to the abscess cavity extra-peritoneally, as
adhesions will have walled off the abscess from the
free peritoneal cavity below.
The importance of carrying out drainage by an

extra-serous approach is shown by Ochsner and
Graves. They found that the mortality of sub-
phrenic abscesses drained by an approach which
did not contaminate any serous cavity was about
21 per cent., while in those drained trans-pleurally
the mortality was 39 per cent. and in those drained
trans-peritoneally it was 35 per cent.

Summary
I. The anatomy of the subphrenic region has

been described.
2. The aetiology of subphrenic infection has

been discussed; most cases follow intra-abdominal
suppuration.

3. The diagnosis has been considered. The

condition will only be diagnosed early if the sur-
geon is continually on the look-out for its presence.
There is no single method of diagnosis although
the radiological findings are of great help.

4. The course of the disease and its main com-
plications have been described. It is to be noted that
about 70 per cent. of cases will resolve on their
own without going on to suppuration.

5. The use of antibiotics in the treatment of the
infection has been described, together with the
methods of drainage of the abscesses. The im-
portance of an extra-serous approach to the
abscess is stressed and the method through the
bed of the resected I2th rib is described.
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RESUSCITATION OF THE NEWBORN
By IAN DONALD, M.B.E., M.D., B.A., M.R.C.O.G.

Reader, Institute of Obstetrics and Gynaecology, University of London

At no time is a baby likely to be as near death as
it is within the first 15 minutes of extra-uterine life.
The first few breaths demand a well co-ordinated
effort to produce the necessary pressures to open
up the lung alveoli. Experimental attempts to
inflate collapsed lung artificially usually require
pressures of over 40 cm. of water at first. After
the lung has once been expanded, lower pressures
will succeed in keeping the alveoli open.

For a child to be equal to this effort it must be
fit enough to react adequately to the stimuli which
the birth process inflicts. The stimuli are of two
sorts. Firstly, there are those from skin and
joints which crowd in upon the baby's conscious-
ness. Secondly, these are reinforced by the
physiological anoxia of delivery. In animals the

foetus often falls on to its snout and this provides
a very powerful stimulus to respiration.
The carotid sinus, too, plays an important part

in respiration as a receptor organ for stimuli, both
pressor or chemical, and it is known that breathing
is markedly depressed following sinus denervation
in experimental animals. An accumulation of
carbon dioxide will thus stimulate the carotid
sinus, but only where it is functionally capable of
reacting. Previous anoxia may diminish the
response, especially in cases of prematurity and
cerebral compression.
Aetiology of Neonatal Asphyxia

In extreme prematurity, alveolar development
may not be sufficiently far advanced to sustain
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respiration. Also, in less extreme cases, the
immature respiratory centre may be relatively
insensitive, while the effect of raised intracranial
pressure or the presence of drugs and anaesthetics
is also more pronounced. Anoxia of sufficient
degree depresses the respiratory centre in all
cases, but particularly in that of the premature
infant.
No respiratory centre can function unless an

adequate circulation of oxygenated blood is able
to reach it. In a case of foetal shock following
a difficult delivery these very necessary conditions
may not obtain. Lastly, and very commonly,
there may be some mechanical factor such as
blockage of the respiratory passages by the
aspiration of foreign material.

In brief, failure to breath is usually attributable
to one of three types of cause: firstly, a depressed
respiratory centre; secondly, a defective blood
circulation to it; and, thirdly, blockage of the air
passages. The seeds of neonatal asphyxia are
often sown before delivery. The placenta may
become separated in ante-partum haemorrhage;
moreover, where the placenta is praevia, there is
the additional risk of compression by the present-
ing part during labour and therefore a further
reduction in effective placental blood flow. Pre-
eclamptic toxaemia and, above all, eclampsia are
common causes of foetal asphyxia, either due to
diffuse placental infarction or to spasm of the
blood vessels supplying the placental site which
is now known to occur in these conditions. Pro-
longed labour, especially with the membranes
ruptured, increases foetal anoxia and during
uterine contractions in labour the amount of
oxygen transfer across the placental site is greatly
reduced. Less commonly, circulation in the
umbilical cord may be hampered by accidents
which mechanically compress it.
Any precipitate fall in maternal blood pressure

will produce anoxia in the foetus before delivery
and maternal asphyxia, for example, during
induction of anaesthesia, will inevitably asphyxiate
the baby. The signs of foetal distress during
labour are usually those of foetal anoxia and they
often presage a correspondingly greater degree of
difficulty in resuscitation at birth.
The choice of analgesic drugs during labour is

largely determined by the likely effect that they
will have upon the baby's readiness to breathe.
Morphia and its derivatives are notorious offenders
in this respect and should not be used in any case
in which delivery is likely to occur within the next
four hours; in the case of premature delivery
this period should be much longer. To the
premature foetus morphia is nothing less than
poison. The barbiturates to some extent are also
liable to contribute to neonatal respiratory depres-

sion, and paraldehyde is still one of the safest
drugs to use.

All the general anaesthetics carry the risk of
respiratory depression in the child, but the risk
is largely proportional to the depth of anaesthesia
achieved. The administration of nitrous oxide is
so often accompanied by a reduced intake of
oxygen that it should not be used in estab-
lished foetal distress, except in the hands of an
anaesthetist giving pure oxygen at the same time.

Causes of Asphyxia in the Baby after Birth
The aspiration of mucus, meconium or blood

should always be thought of first. The stomach
is likely to provide another source of mucus,
especially in cases delivered by Caesarean section.
This is regurgitated and often inhaled and the
practice of gastric aspiration of mucus is a sound
one.
A raised intracranial pressure depresses the

respiratory centre directly. This may be caused
by intracranial bleeding or the venous engorge-
ment which accompanies asphyxia. Cerebral
oedema acts likewise.

Congenital abnormalities such as laryngeal
atresia are rare and will not be considered further.
Venous engorgement is the inevitable and

immediate effect of asphyxia, especially in the
brain, although the process is generalized through-
out the body. Capillary haemorrhages then occur
as a result. In addition, arteriolar constriction
further reduces circulation. The vasomotor
centres, too, suffer from the effects of asphyxia
and are readily depressed so that the clinical signs
of shock appear. Another result of anoxia is the
accumulation of cerebrospinal fluid in excess.
This is even more likely to occur after Caesarean
section and with premature infants. The resulting
pressure from it is therefore likely to increase the
child's respiratory embarrassment. Anoxia is
thus followed by vasomotor and respiratory depres-
sion which, in their turn, cause further anoxia.
A vicious circle is established and within a short
time irreversible changes set in.

Clinical Aspects
The old division of asphyxia into cases of' blue

and white' is now outmoded. It would be more
appropriate to refer to the latter as foetal shock
which, in fact, it is. The difference in colour is
due to the difference in the state of the peripheral
circulation and blue coloration of the skin simply
denotes that there is still a sound peripheral blood
flow.
The earliest signs of asphyxia are a full and

powerful heartbeat which is slower than usual, a
mechanism which to some extent conserves
oxygen. When peripheral circulation fails, the
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colour of the child turns grey and muscle tone is
lost, the anal sphincter becomes toneless, the
tongue falls backwards and the jaw is relaxed.
The vocal chords lie separated in the paralyzed
position; this at least facilitates intubation. Any
respiratory attempts which may be made are
very feeble, shallow and punctuated occasionally
by gasps.
As a rule the changes which appear, especially

in the central nervous system, cannot be reversed
after 10 to 15 minutes of foetal shock (white
asphyxia) and the longer it takes to oxygenate the
baby and restore its circulation the greater will be
the damage. When intracranial haemorrhage is
the cause of the child's reluctance to breathe,
vasomator tone is poor from the beginning and no
livid or blue stage is evident. The outlook here is
less favourable.

Treatment of Neonatal Asphyxia
Four conditions must be satisfied:
i. Patent air passages.
2. Availability of a suitable atmosphere.
3. Adequate respiratory movements to make

use of this atmosphere.
4. A reasonably good blood circulation to revive

the vital centres witli oxygenated blood.

Airway Clearance
This is the first step. Whenever possible, and

before the first gasp is taken, the mouth, pharynx
and nostrils should be cleared of mucus, etc., by
suction. This should take priority to the usual
wiping of the eyelids. The traditional mucus
catheter is an unsatisfactory instrument, because
one has to blow down it to clear it. This is a septic
procedure.' In hospital practice it is possible to
provide mechanically operated suckers, of which
the simplest and most readily available is one
operated from a water suction pump attached to
a tap. It is not necessary for the suction pressure
to exceed 2 or 3 in. of mercury. After dividing
the cord, the child should be placed, turned
slightly on one side, in a head downwards position
in a warmed tray or cot with a slope of 20°. A tray
in which the head flap can be lowered is useful,
because intubation, should it become necessary,
can then be carried out without unduly disturbing
the child.

If no signs of spontaneous respiration appear
within three minutes of birth the glottis should
be cleared of mucus with the help of an infant's
laryngoscope. This alone may suffice, but if the
glottic reflex is absent the trachea should be
intubated forthwith with a small; curved, soft
rubber tube about 3 in. long. If the child is well
enough to resent this manoeuvre there is no need
for it, but, in the cases in which it is indicated,

the child is so toneless that no difficulty should
be met in carrying it out gently and quickly.

After aspirating any mucus which may be
present in the trachea, intermittent positive
pressure of oxygen (25 cm. of water) may be
applied through the tube by means of a manually
operated bag or some such device. Although the
alveoli are not likely to be inflated by such low
pressures at least the bronchial tree is flooded with
oxygen which is readily absorbed and should the
child take a breath spontaneously it cannot fail
to benefit immediately.

It i3 a pity that obstetricians are often unskilled
in intubation of the newborn. In good hands the
procedure is harmless and is often live-saving.
Extreme degrees of head downwards tilt, or worse,
dangling the child by its ankles for a prolonged
period, only serve to discourage inspiration due
to the weight of the liver upon the diaphragm
and, furthermore, the cerebral veins become still
further engorged.

Intermittent tongue traction has often been
preached a; a method of artificial respiration by
evoking a reflex of doubtful anatomical authen-
ticity. The main point in drawing the tongue
forwards is to improve the pharyngeal airway.
This objective can be achieved more simply and
with less trauma by using a small-sized airway.

Another simple and much-used method of
supplying oxygen to the baby is to pass a fine
rubber catheter into the nasopharynx through
one of the nostrils. It is safe but inefficient.
Above all, whatever measure is taken, gentleness

of handling is essential. The child's inability to
respond to the stimuli of its own birth is due to
its shocked condition. Further stimulation by
direct methods is therefore both harmful and
unneces3ary and the sooner the child can be left
in peace in a warm cot and a warm oxygen
atmosphere the better.

Atmosphere
The child's greatest need is for oxygen. While

in a state of asphyxia it already has more than
enough carbon dioxide and it is therefore useless
to supply it with more. Once respiration has
become established the concentration of oxygen
should be reduced to a level at which the colour
remains satisfactory; from now on the adminis-
tration of up to 5 per cent. carbon dioxide in a
mixture will not do any harm and may encourage
alveolar expansion.
The prolonged use of pure oxygen is to be

deplored and concentrations of more than 50 to
60 per cent. are unnecessary. In time the child
should be weaned off these concentrations gradu-
ally over a few days and not simply removed
suddenly to breathe ordinary air. It is now
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believed that it is these sudden changes in the
concentration of oxygen breathed which are
mainly responsible for the development of retro-
lent Tfibroplasia in premature infants.

Aspiration of Gastric Contents
In the normal process of vaginal delivery the

pressures applied to the trunk of the baby help to
express mucus and swallowed fluid from the
stomach, but in the case of the baby delivered by
Caesarean section this does not obtain and the
quantity of fluid in the stomach may be as much
as seven times as great. Regurgitation of this
mucus either produces laryngeal spasm with
resulting cyanotic atta6ks should the glottic reflex
be present or, in its absence, inhalation of foreign
matter may occur. This phenomenon may be
one of the reasons why babies delivered by
Caesarean section more frequently encounter
respiratory difficulties and it is possible that
anaesthetists in the past have been unjustly blamed.
It is often worthwhile passing a small rubber
catheter down the oesophagus to remove the
gastric contents by suction, particularly in pre-
mature infants. The vigorous baby, of course,
needs no such treatment and is perfectly capable
of dealing with any regurgitated material.

Drug Stimulation in Resuscitation
The two drugs in common use are alpha-

lobeline, which is said to lower the threshold of
the respiratory centre, and Nikethamide. The
effects of both are only transient and are often
followed by further respiratory depression. Lobe-
line has to be given intravenously and can be
milked up the umbilical vein. The dose is I/2o
gr. In the past its usefulness has been greatly
over-rated.

Coramine or Nikethamide is drastic and may
actually be harmful, but in the baby that is nar-
cotised from morphia or some such drug it is very
often useful. Intracardiac injection of adrenaline
constitutes no more than a coup de grdce and it is
most unlikely that any good will come of it.

Synthetic vitamin K preparations are often
injected, but there can be no reason for thinking
that they could in any way control intracranial
bleeding which is either traumatic or asphyxial,
and vitamin K has no rational place in the
treatment of shock.

Artificial Respiration
The older and traditional methods of Sylvester

and Bird have now been abandoned. For one
thing they involve exposure and handling of the
child, which are most undesirable. These methods
relied upon the elastic recoil of the thoracic cage
after compression, but since these babies are in

a shocked condition and therefore toneless no
such recoil is likely to occur. For the same reason
intermittent squeezing of the chest with the
fingers is not only useless but mischievous.
Mouth-to-mouth insufflation looks as though

it will take a long time to die out. Most of the air
so insufflated, of course, finds its way into the
stomach and there can be few more certain ways
of introducing infection into the air passages of
the newborn.

Intratracheal insufflation with intermittent pres-
sures of oxygen of 25 to 35 cm. of water is at least
efficient, but the margin of safety is narrow.
Pressures below 30 cm. of water are unlikely to
inflate the alveoli and higher pressures may rup-
ture them and produce emphysema. Under this
treatment the chest will often appear to expand,
but this is more due to the distention of the
bronchial tree than to alveolar expansion. It is
doubtful whether the alveoli can be safely and
permanently opened up by this method and only
spontaneous inspiratory efforts are likely to achieve
this. The benefit of endotracheal oxygen is not
questioned, for oxygen is undoubtedly absorbed
from the bronchial mucous membrane and at
least an efficient airway is guaranteed.

Rocking Methods of Artificial Respiration
The advantage of Eve's method is that cir-

culation is first improved by increasing venous
return to the heart, particularly from the head.
The respiratory centre is not likely to recover
however much oxygen is blown into the baby's
lungs until circulation is restored so that it can
receive a supply of well-oxygenated blood. By
using the weight of the liver and the abdominal
viscera as the pumping mechanism at least the
physiological state is maintained whereby the
movement of inspiration is accompanied by a
reduced intrathoracic pressure and therefore
increased venous return.
The method also has the advantage that it is

perfectly simple. The baby's body is held across
the chest of the operator who sways from side to
side through an arc of 40 to 70°, about ten times
a minute. The disadvantage is that it is difficult
to administer oxygen at the same time. The
Roberts-Talley rocker is a foolproof piece of
apparatus which operates on this principle (Fig. i).
It is driven by the same supply of oxygen as

supplies the baby. In it the baby can be easily
intubated should it be necessary and positive
pressures of oxygen can be delivered through the
endotracheal tube synchronously with the descent
of the diaphragm. Warmth is supplied by hot-
water cans underneath the tray and a few minutes
of this mechanical rocking will often witness a
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remarkable improvement in the condition of a
shocked baby.
Phrenic Nerve Stimulator

This works on the lines of the Sarnoff apparatus
and has been introduced by Cross. An electrical
stimulus is applied on either or both sides of the
neck over the point of stimulation of the phrenic
nerve at about 20-second intervals. In babies it
is often difficult to select the exact point of
application of the electrodes and other muscles
supplied by the upper part of the brachial plexus
are often stimulated; however, their contraction
aids rather than hinders chest expansion. To
judge from adult experience this is not comfort-
able. Obviously this treatment should be used
almost at once after birth before irreversible
damage has been caused to the central nervous
system by anoxia.

Positive Pressure Oxygen Air Lock
Bloxsom's apparatus is now much in vogue in

the United States. The whole child is subjected

FIG. i.-The Roberts-Talley resuscitator.

to positive pressures, usually of oxygen, alternating
between i and 3 lb. per sq. in. The pressures
are rhythmically varied to simulate the inter-
mittent pressures which the child undergoes
during the process of natural delivery. It is to
be noted, however, that there is no differential
pressure supplied either to the air passages, the
thoracic cage or the child as a whole and it is
therefore not easy to see why such generalized
pressure should increase foetal oxygenation. How-
ever, it is claimed such rhythmic pressures are
beneficial, that oxygen absorption through the
skin is increased and that the 'expansion of
gases' promotes bronchial drainage. The use of
the apparatus in some American centres has been
accompanied by a substantial reduction in foetal
mortality, but this reduction is more or less
universal in most modem centres throughout
the world, where a variety of up-to-date methods
are used.

Gastric Administration of Oxygen
Oxygen in the newborn is very rapidly absorbed

from the stomach and intestinal tract. This well-
known phenomenon has been made use of in
Scandinavia where Akerren and Furstenberg have
devised a double catheter through which oxygen
is bubbled into the stomach via one limb and the
excess gas is allowed to escape through the other,
thereby preventing over-distension. A simpler
method is to trickle oxygen very gently into the
stomach through a fine polythene tube whose
small calibre prevents the risk of over-distension.
Many of us in England have now had some
experience of the method and can testify to its
immense value. It does nothing, of course, to
expand lungs, but will often keep a baby suf-
ficiently oxygenated to give it time to recover
from the shock of delivery. (Yllpo 1935).
Prophylaxis

Considering the many hazards that occur in
the process of being born and the loss of foetal
life which is still unnecessarily high, it is only
natural to enquire into the possibilities of pro-
phylaxis against neonatal asphyxia. There is,
however, no specific measure. Good ante-natal
supervision should reduce the incidence of dys-
tocia, should practically eliminate eclampsia and
play at least some part in reducing the risks of
prematurity. Foetal distress should be noted
early and acted upon. The judicious use of
drugs, timely episiotomy where indicated and the
more skilful use of the obstetric forceps will all
help to reduce these hazards.

Late Prognosis
How much permanent damage is caused by
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asphyxia at birth is still much debated. While it
is certain that prolonged anoxia can do nothing
but harm to the central nervous system and is
likely to be responsible for many of the grosser
handicaps of later life, it is not yet possible to
relate the child's intellectual capacity to the
amount of oxygen deprivation which it may have
suffered at birth. Schreiber, in analyzing 9oo
mental defectives, traced evidence of birth asphyxia
in 70 per cent. This is a sobering thought. In
resuscitating the newborn one is not only, for
the time being, a trustee for the child's life but
also for its intellectual future.

Summary
The following is a useful guide to the resus-

citative procedures in modern use and the order
in which they may be applied:

I. Clear the airways by suction.
2. Lay the child head downwards on a slope of

about 20° in a warm cot or some such
apparatus as the Roberts-Talley rocker.

3. Supply oxygen either by tent or by mask.

4. If the child is limp insert an airway to pre-
vent the tongue from blocking the
pharynx. In the absence of a suitable
airway draw the tongue forwards with
a tongue forceps.

5. If there is no improvement within two or
three minutes start the rocker in motion.

6. If this does not produce any benefit within
a further two minutes intubate under
direct vision. When white asphyxia is
pronounced from the moment of birth it
is often wiser to intubate at once.

7. If intubation is not feasible, or in cases of
gross prematurity which stand intubation
rather badly, pass a fine polythene tube
into the stomach and supply a fine trickle
of oxygen.

8., Aspirate mucus from the stomach particularly
in premature babies and in cases that are
apnoeic after Caesarean section.

9. If all these measures are unavailing, and
particularly in the narcotized infant,
inject Nikethamide or Coramine o.2z to'
0.5 ml. intravenously.

More harm than good is done by injudicious
over-treatment and a shocked baby's dwindling
chances of spontaneous recovery may be thereby
wrecked. Three guiding principles must always
be observed, namely warmth, oxygen and minimal
handling.
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MEDICAL
PNEUMATICS

LIMITED

Manufacturers of the Oxygen Rocking
Resuscitator, the Aberdeen Oxygen
Incubator, Oxygen Therapy Apparatus,

Anaesthetic Apparatus, etc.

Full details on request
28 THAYER STREET, LONDON, W.1

Telephone:lWelbeck 3216
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