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Annotations

Intervention after birth asphyxia

Despite improvements in fetal monitoring and
neonatal resuscitation, every district general hos-
pital has a number of full term infants every year
who suffer from the effects of severe lack of oxygen
before or during delivery. Approximately six per
1000 full term infants develop hypoxic-ischaemic
encephalopathy and one per 1000 will die or survive
with severe neurological disability.1 In Great
Britain, 300-400 children per year survive birth
asphyxia with serious brain damage.

Paediatricians have vigorously tried to improve
standards of neonatal resuscitation in the delivery
ward but have found hypoxic-ischaemic encephalo-
pathy a difficult problem to treat. A common
attitude is that the damage has been done before
arrival in the neonatal intensive care unit and
treatment is too late to repair neural cell death. The
prognosis has seemed so hopeless in some cases that
withdrawal of intensive care has seemed the kindest
solution.2 Are we being too negative about the
encephalopathy? This annotation discusses the
emerging evidence that management after initial
resuscitation may influence neurological outcome.

Hypoxic-ischaemic encephalopathy

After resuscitation a proportion of infants become
neurologically abnormal during the next 48 hours.
This encephalopathy can be clinically classified into:
mild (irritability, poor sucking, and hypotonia),
moderate (convulsions, lethargy, and appreciably
abnormal tone), and severe (comatose with pro-
longed seizures and respiratory failure).3 Out of 24
infants with moderate encephalopathy, one died and
five survived with severe handicap. Out of 21 with
severe encephalopathy, 13 died and three survived
with severe handicap. Of the infants with mild
encephalopathy, only one became handicapped and
this child had a congenital myopathy.

Convulsions

Generalised tonic-clonic convulsions should be
treated as they tend to interfere with respiration and
raise intracranial pressure. We start treatment with
phenobarbitone 20 mg/kg intravenously as a loading
dose.4 If convulsions continue, paraldehyde 3 ml/kg/
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hour of a 5% solution is given intravenously until
the seizures stop.5 Continued seizures are treated
with phenytoin 20 mg/kg and diazepam 0-3 mg/kg
intravenously.

Postasphyxial seizures can be very resistant to
treatment and intravenous clonazepam, lignocaine,
chlormethiazole, and sodium valproate can be
considered in such cases. Whether one should treat
a comatose, ventilated baby who is having subtle
seizures or purely electrical seizures is arguable.
Neonatal seizures deplete the brain of high energy
substrates and interfere with brain cell division6 but
large doses of anticonvulsants may have adverse
effects: particularly respiratory and circulatory
depression. It used to be thought that high dose
barbiturate might have a protective effect after
hypoxia by reducing cerebral metabolic require-
ments. A trial of thiopentone in severely asphyxiated
infants, however, gave no evidence of benefit.
Indeed hypotension was a troublesome side effect of
thiopentone.7

Control of raised intracranial pressure

The brain commonly reacts to severe hypoxia by
developing oedema over a period of 24-48 hours.
The skull is able to accommodate some degree of
brain swelling by squeezing cerebrospinal fluid out
of the cranium. Moreover, neonates can tolerate
some further brain swelling without the pressure
rising because of the unfused sutures and the open
fontanelles. Severe cerebral oedema can exceed the
cranial compliance, however, and cause the pressure
to rise above the normal upper limit of 6 mm Hg
(0-80 kPa).8 We have used the same subarachnoid
pressure catheter technique as Levene et a19 to
monitor intracranial pressure in asphyxiated
neonates and have confirmed their findings that
raised pressure in some infants can be temporarily
lowered by intravenous mannitol, that sustained
intracranial hypertension (>15 mm Hg (2-00 kPa))
resistant to treatment has a very bad prognosis, and
that some infants can have severe encephalopathy
and bad outcome without raising intracranial
pressure above 10 mm Hg (1-33 kPa).9
We have extensively investigated non-invasive

measurement of intracranial pressure via the fon-
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tanelle and have found it too inaccurate for clinical
decision making.10 Although we have had no
complications from subarachnoid catheterisation in
25 cases, the technique is highly invasive and has the
potential to cause meningitis. No study has yet
shown that invasive intracranial pressure monitoring
and mannitol treatment improves later outcome.
Dexamethasone has been used for certain types of

cerebral oedema associated with tumour or abscess.
There is no evidence, however, that it gives benefit
after birth asphyxia."

Hyperventilation to produce hypocapnoea has
been used to reduce raised intracranial pressure in
adults. However, this effect is achieved by reducing
cerebral blood flow which seems undesirable.

Circulatory support

Neonates are generally not good at raising arterial
pressure in response to raised intracranial pressure
(Cushing response) and the combination of low
arterial pressure and raised intracranial pressure is
particularly devastating. We have not found any
normal survivors from a cerebral perfusion pressure
(mean arterial pressure-intracranial pressure)
below 20 mm Hg (2.67 kPa).
Hypovolaemia may be associated with asphyxia

because of shunting of blood from the vasocon-
stricted fetus to the placenta, from blood loss, or
from hypoxic capillaries leaking plasma into the
interstitial space. Peripheral vasoconstriction, mean
arterial pressure below 40 mm Hg (5-33 kPa), and
metabolic acidosis are suggestive of hypovolaemia.
Colloid at 10 to 20 ml/kg should be given intra-
venously and larger volumes may be necessary.
Myocardial ischaemia may also occur with reduced
cardiac output. This diagnosis would be suggested
by finding cardiomegaly on chest radiography and
ischaemic ST changes on electrocardiography. If
arterial pressure remains low despite volume re-
placement, a dopamine infusion should be started
after any remaining metabolic acidosis has been
corrected with sodium bicarbonate. The dopamine
infusion can start at 5 rig/kg/minute but should be
increased to 10, 15, or 20 Rg/kg/minute if mean
arterial pressure does not reach 40 mm Hg (5-33
kPa).'2

Cerebral protection

Studies of hypoxia in experimental animals have
indicated that processes continuing for some hours
after a hypoxic insult has ceased can bring about
further cerebral damage. These mechanisms include
a prolonged fall in cerebral blood flow (the no
reflow phenomenon),'3 calcium loading of mito-

chondria activating phospholipase,14 release of
oxygen free radicals,1 and excitatory amino acids
such as glutamate.16 Steen et al showed that the
calcium channel blocker nimodipine improved
survival when given after complete cerebral
ischaemia in primates.17 Thiringer et al carried out a
randomised trial of oxygen free radical scavengers
(methionine, mannitol, and magnesium sulphate)
and the calcium channel blocker lidoflazine in lambs
subjected to acute umbilical cord occlusion.'8 She
found that the lambs treated within 5 minutes of
resuscitation retained cerebral blood flow better
than controls. The treated lambs also had better
somatosensory evoked potentials and cerebral
cortical function. There are no published studies on
glutamate antagonists, free radical scavengers, or
calcium channel blockers in human neonates.

Prognosis

Nelson and Ellenberg found that an Apgar score of
<4 at 20 minutes gave a 57% chance of cerebral
palsy in survivors. 19 Steiner and Nelligan found that
all full term infants who failed to establish respira-
tion by 30 minutes subsequently had spastic quadri-
plegia and mental retardation.20 It has been a
common practice to discontinue further resuscita-
tion if there is no respiratory effort after 30 minutes.
Infants with severe encephalopathy who have persis-
tently raised intracranial pressure (>15 mm Hg
(2-00 kPa)) resistant to mannitol also have an
extremely poor outlook. In the future, electro-
encephalography, cerebral blood velocity by
Doppler, and phosphorus magnetic resonance
spectroscopy may help to give us an accurate
prognosis at an early stage. Asphyxiated infants who
are assessed very early to have a bad prognosis are
the ones who should be considered for therapeutic
trials of cerebral protection.
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