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SUBDURAL HAEMATOMAS AND EFFUSIONS 
IN INFANCY 

IT is now twenty-five years since INGRAHAM and MAT SON^ described and analysed their 
experience of 98 cases of subdural haematoma in infancy. This paper should still be re-read, 
for it was the first useful map of a hitherto largely unexplored territory. It led to the 
recognition of subdural effusions and haematomas in numbers which the authors had 
themselves shown to be proportional to the diligence with which the conditions were sought. 
They are common and carry a high morbidity, including mental retardation which, though 
not always preventable, is the price of inadequate treatment. 

As might be expected, trauma is a frequent cause. The proportion of traumatic cases 
varies in different series, partly because the history of trauma is difficult to obtain and 
partly from variability in the sources of patients in different clinics. There was a history 
of trauma in more than half the cases in the original Boston series, and in over 40 per cent 
of those reported by TILL? last year. It is useful to refer to those containing gross blood 
or with a red-cell count of over a million per cubic millimetre as haematomas and those 
with fewer red cells as effusions. Birth trauma accounts for many of the cases, but most 
infants have major or minor injuries which are often forgotten or suppressed. Subdural 
haematomas are a frequent finding in the ‘battered baby syndrome’. Debilitated children 
are specially liable to haemorrhages, and of course they may accompany a bleeding 
diathesis. An infective history may be traced in about half the cases in some clinics but in 
as few as 5 per cent in others. Subdural effusions are particularly common after influenza1 
meningitis, and it is possible that some of these are ultimately absorbed spontaneously, 
for they seldom contain large amounts of blood. Apart from the traumatic and infective 
cases there are many in which no cause can be identified, and these conditions should 
therefore always be considered in infants who fail to thrive without apparent reason. 

Persistent vomiting and convulsions are the two most frequent presenting symptoms and 
were found by RUSSELL~ and TILL’ in 60 to 70 per cent of their two series. The convulsions 
may be focal or generalised or limited to simple staring attacks. It might be expected that 
the fontanelle would always be tense, but this was the case in only 46 per cent of the infants 
reported by  TILL.^ Increased tension is more likely to be found in the presence of a 
haematoma. Enlargement of the head is present in less than half the patients, so that the 
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absence of these two factors may lead the physician to diagnose an extracranial cause of 
vomiting and often to forget the possibility of a subdural collection of fluid altogether. It is 
equally important to remember that a child with a large head need not necessarily be 
hydrocephalic. TILL pointed out that retinal and subhyaloid haemorrhages are extremely 
rare in infancy except in subdural haematomas. He found haemorrhages in the fundi of 
nearly half of his series and stressed the importance of retinoscopy in the diagnosis of the 
condition. Other neurological symptoms and signs occur in sufficient variety to reduce their 
usefulness as diagnostic criteria. 

The blood may come from the pial veins or the bridging veins between the brain and 
sinuses, or from tears in the dura itself. Membranes surround the effusion or haematoma 
and are probably formed during the second week. The inner membrane is usually thin and 
transparent and often closely adherent to the brain. The outer membrane may be a milli- 
metre or two thick, or much thicker still in very chronic cases in which it may calcify. The 
membranes are formed by proliferation of fibroblasts which ultimately surround fluid 
containing a large amount of protein. As time passes the membrane becomes more highly 
organised and the fluid in the sac may increase without further bleeding as a result of 
osmosis. The lesions are usually bilateral. The nature of the fluid varies according to the 
amount of blood it contains and the stage of breakdown of the contents of the sac. A 
typical haematoma will change from a mixture of red blood and cerebrospinal fluid to a 
fluid ranging from light yellow to bluish green in colour. Some effusions of infective origin 
may be colourless from the first, but always have a raised protein content. INGRAHAM and 
MATSON' regarded the membranes as an encasing constriction which prevented enlargement 
of the brain and led to cortical atrophy. Thick membranes probably restrict brain growth, 
but there is some doubt if thin ones do. Atrophy may be attributable to other causes than 
the membranes.s 

Diagnosis is made by a subdural tap. The hair should be shaved from both sides of the 
head over a wide field and strict asepsis must be observed. Having raised a small wheal in 
the skin, a short lumbar puncture needle with its stilette is inserted through the coronal 
suture (usually lateral to the fontanelle) at a point in line with the pupils. By inserting the 
needle obliquely, and then passing it through the suture at  right angles, leakage is dis- 
couraged. Penetration of the dura can be felt and the subdural space entered. Fluid is 
allowed to drip from the needle and should never be aspirated. Even in normal circum- 
stances, a few drops of CSF may be obtained, but the protein is never raised. If a haematoma 
or effusion is entered, not more than 15 ml. of fluid should be removed from each side. 
Further taps may then be made on alternate sides once or even twice daily. The frequency 
and number of taps is governed by the amount of fluid obtained. Fluid should be saved 
and cultured on each occasion. Confusion sometimes arises when a needle is inserted into 
grossly enlarged ventricles. As with most intracranial procedures, inexpert tapping or inter- 
pretation can cause harm, and repeated taps or further investigations are best carried out 
in a hospital with neurological facilities. A lumbar puncture should also be done a t  the 
time of the initial diagnosis to exclude a co-existing subarachnoid haemorrhage. During 
the period in which subdural taps are being done, the child's fluid and electrolyte balance 
must be carefully regulated and any nutritional deficiency or anaemia made good. In many 
cases repeated tapping will be followed by the gradual disappearance of the fluid in a week 
or two. INCRAHAM and MAT SON^. recommend making a burr hole to ascertain if mem- 
branes are present. If a firm membrane is found, they recommend a lateral craniotomy to 
remove the outer and inner layers over as wide an area as possible. Besides allowing 
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unimpeded brain growth and preventing further accumulation of fluid, an exploratory burr 
hole and subsequent craniotomy also permit any remaining blood-clot or fibrin to be 
evacuated. The same procedure is recommended if fluid persists in the subdural space after 
repeated taps. Unfortunately, the further accumulation of fluid is not always prevented. 
A recent investigation by RABE and others3 into the results of treatment suggests that, if 
post-operative diagnostic taps are carried out subdural fluid will often be found after 
operation for removal of the membranes. This is hardly surprising, as some trauma to the 
arachnoid is inevitable, but there is a considerable difference between the high-protein 
fluid of a haematoma or effusion of infective origin and escaped CSF. Difficulties arise when 
the haematoma is extensive and the membranes can only be removed from a small pro- 
portion of the whole, because of the inaccessibility of the subtemporal medial aspects 
and poles of the hemispheres; the inner membrane may also be so closely adherent to the 
brain that it cannot be removed without damaging the cerebral cortex. The findings of 
RABE et al. are instructive. From their series of 62 cases, 24 infective and 16 traumatic in 
origin, they concluded that the outcome was not affected by the amount of fluid removed 
by tapping, whether or not this was followed by removal of the membranes; neither was 
it affected by the time the fluid had been present or the extent of the membranes. The most 
important factor influencing the prognosis was the antecedent event leading to the accumu- 
lation of fluid. Thus, complete recovery took place in 52 per cent of the traumatic cases 
and in 80 per cent of the infective ones. This might be further interpreted to mean that the 
prognosis is better with an effusion than with a haematoma. They concluded further that 
for subacute or chronic collections of subdural fluid no one form of therapy was superior 
to another. The validity of this is questionable, since some of the patients in whom the 
subdural membranes were removed were undoubtedly those in whom the effusion had 
persisted after repeated subdural taps. RANSOHOFF~ and TILL' recommended that, instead 
of removing the membranes, persistent collections of fluid should be shunted into the 
pleural space, and the tubes subsequently removed when no longer needed. This idea 
deserves further study; it is a relatively minor operation, and blood-transfusion is not 
required. However, longer experience is necessary for its evaluation and to determine the 
cases for which it is most suitable. 

For the present, it seems wise to carry out subdural taps in the hope that the fluid will 
disappear and not to proceed further if it does so. If the fluid persists, burr holes should be 
made to determine the nature of the membranes, and unless they are very thin a craniotomy 
should be carried out for their removal. A further subdural tap should be done a week 
later to check the efficacy of the treatment. Craniotomy may be done on both sides, but 
at least ten days should separate the operations. Care should be taken to make good any 
blood lost. If a shunt is preferred, a tube leading directly into the pleural space is better 
than a valve with a tube entering the bloodstream, which may fail on account of the high 
protein content of the fluid. 

In the twenty-five years since the publication of the paper by INGRAHAM and MAT SON^ 
considerable progress has been made in the recognition of these conditions, which are 
now universally regarded as a source of preventable disability. However, the treatment has 
changed very little, and the paper by RABE and his co-workers3 should stimulate further 
thought regarding the prevention of subdural effusions in patients with influenza1 meningitis 
and other infective disorders. PETER H. SCHURR 
Neurosurgical Unit, The Maudsley Hospital, 
DeCrespigny Park, London, S.E.5. 
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USE OF DIPHENYLHYDANTOIN IN EPILEPSY TREATMENT 
THE efficacy of drugs given to control the frequency of epileptic seizures is limited. One 
of the limitations is set by the development of toxic side-effects and another may be 
inadequate dosage. Treatment is therefore only likely to be successful within certain levels 
of drug concentration in the body. The most effective therapeutic level of diphenylhydantoin 
is said to lie between 10 and 15 pg. per millilitre, although toxic effects may be demon- 
strable at the upper end of this range.’ The average dose of the drug, 300 mg. per day, or 
about 4 mg. of diphenylhydantoin per kg. bodyweight, produces blood levels of unmeta- 
bolised drug of about 3 pg. per ml. or a little higher.5> However, even at this dosage 
some patients develop evidence of toxicity. This may be due to a number of factors, includ- 
ing liver disease3 and a genetically determined enzymatic defect.* Usually patients can 
maintain a balance between intake and output of the drug, and an important step in its 
metabolism is the parahydroxylation of one of the phenol groups in the molecule, an 
enzymatic reaction which occurs in the liver. The patients described by KUTT et aL4 seemed 
to have a genetically determined limited ability to increase the enzymatic activity to para- 
hydoxylate diphenylhydantoin, resulting in the accumulation of unmetabolised drug. 

Serious reactions to diphenylhydantoin therapy, which include hepatic necrosis, blood 
dyscrasias and lymphadenopathy, are rare. Neurological complications are commoner and 
the occurrence of these in childhood has recently been reviewed by PASTEL and CRICHTON.~ 
Early manifestations include nystagmus, blurred vision, diplopia and dizziness. Many of 
the children have had severe ataxia for a long time before admission to hospital and in 
some cases this was asymmetrical or intermittent. Mild ataxia is easily missed in young 
children, and their falling is attributed to minor seizures the dose of anti-epileptic drugs 
may be increased. Mental symptoms, particularly drowsiness and disturbances of behaviour 
are common, and misbehaviour may well not be recognised as a symptom of drug intoxica- 
tion.’ Certain types of epilepsy, particularly petit ma1 and myoclonic seizures, may become 
worse on treatment with diphenylhydantoin; and in acute poisoning may lead to tonic 
brain stem seizures.2 

The ataxia may not always be reversible after stopping the drug and cerebellar lesions 
have been recorded in these cases at autopsy.2 Other neurological symptoms and signs of 
intoxication are dilation of the pupils and fluctuation in their size, diminished tendon 
reflexes and incontinence of urine. In patients with diphenylhydantoin intoxication the 
EEG is characterised by an increase of generalised slow-wave activity, which gradually 
disappears on stopping the drug. 

There are various methods of estimating the serum levels of diphenylhydantoin and 
barbiturates. Ultraviolet spectrophotometry may be used,” and a method has been described 
by SVENSMARK and KRISTENSONe using 1 to 2 ml. of serum. Thin-layer chromatographylO 
is an alternative method which has the advantage of not being upset by other drugs. 
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