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THE RELATIVELY high operative mortality of subdural hema-
tomas in infants as compared with adults offers a challenging

problem to pediatricians and neurologic surgeons. In the hope of gain-
ing a clearer understanding of subdural hematomas and effusions in
infants, it is our purpose to present in this publication an etiologic and
clinical pathologic analysis of 55 cases and to show the importance
of maintaining an adequate fluid and protein balance as an adjunct to
the surgical treatment of this disorder.

REVIEW OF THE LITERATURE

For a rather common condition, subdural hematomas in infants
are infrequently reported in the literature. As early as 1877, Hugue-
nin 1 reported that 2.7 per cent of all cases of subdural pachymeningitis
(this is the old term for subdural hematoma) observed at autopsy were

in children under 1 year of age. However, it was not until about fifty
years later that the literature began to contain reports on the clinical
picture and management. Other than the large series of 98 cases recorded
by Ingraham and Matson (1944) 2 and of 28 by Statten (1948),3
each of the remaining few reports contains less than a dozen cases.
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Cranial trauma, whether it be natal or postnatal, has long been
considered one of the main causes for subdural hematoma in infancy
and may produce an acutely or chronically ill patient. It is well known
that the chronic subdural hematoma, xanthochromic subdural effusion
or hygroma may be the result of a minor or insignificant head injury.
Such insignificant trauma may well take place during an apparently
normal delivery.

The effusions and hematomas are often described as occurring
in undernourished infants. Ingraham and Maison stressed this obser¬
vation by reporting that one third of their patients came from a poor
economic environment. Previously, Ingraham and Heyl ( 19394
stated that this condition occurs more frequently in undernourished
children but that in the majority of instances there is a history of
trauma. Rosenberg ° had never seen this condition occur in a healthy,
normally developed breast-fed child. These infants often do appear
pale and undernourished, but Naffziger and Brown ü were of the opin¬
ion, as we are, that this is the result rather than the cause. The
amount of protein and fluid lost in the subdural space is remarkable.
Scurvy (Sutherland,7 Ingraham and Matson

-

and Ford8), purpura
and congenital syphilis s have also been mentioned as possible etiologk'
factors. Extracranial infection, especially from the ear, has been asso¬

ciated with subdural effusion in infants (Ingraham and Matson 2 and
Penfield9). Penfield 10 attempted to induce a fluid exúdate beneath
the dura in dogs by various inflammatory and infectious agents placed
on the dura, and little, if any, increase in the subdural fluid was obtained.
He reported that the subdural space in dogs contains clear yellow
fluid which is distinct from the cerebrospinal fluid.

The great majority of subdural hematomas and effusions are situated
over the cerebrum, but Coblentz " reported an encysted subdural

4. Ingraham, F. D., and Heyl, H. L.: Subdural Hematoma in Infancy and
Childhood, J. A. M. A. 112:198-204 (Jan. 21) 1939.

5. Rosenberg, O.: Die Pachymeningitis haemorrhagica interna im Kindes-
alter. Ergebn. d. inn. Med. u. Kinderh. 20:549-638, 1921.

6. Naffziger, H. C., and Brown, H. A.: Chronic Subdural Hematoma in
Infants, S. Clin. North America 14:1465-1483, 1934.

7. Sutherland, G. A.: On H\l=ae\matoma of the Dura Mater Associated with
Scurvy in Children, Brain 17:27-36, 1894.

8. Ford, F. R.: Diseases of the Nervous System in Infancy, Childhood and
Adolescence, ed. 2, Springfield, Ill., Charles C Thomas, Publisher, 1946, pp. 918-922.

9. Penfield, W. G.: Subdural Effusion and Internal Hydrocephalus, Am. J.
Dis. Child. 26:383-390 (Oct.) 1923.

10. Penfield, W. G.: The Cranial Subdural Space, Anat. Rec. 28:173-175,
1924.

11. Coblentz, R. G.: Cerebellar Subdural Haematoma in Infants Two Weeks
Old with Secondary Hydrocephalus, Surgery 8:771-776, 1940.
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hematoma overlying the cerebellum in a 2 week old infant and stated
that the literature revealed only 4 such cases. Bloody subdural effusion
was observed in the posterior fossa in one of our cases.

The treatment has varied from subdural aspiration, followed by a

low mortality rate and high incidence of mental retardation by Sher¬
wood,12 and craniotomies, followed by a high mortality rate and low
incidence of mental retardation by Peet and Kahn,13 to a combination
of aspirations, trepanation and craniotomy by Ingraham and Matson.-
These last authors have outlined a satisfactory treatment based on

sound physiologic understanding of the infant.
The patients show a heterogeneous symptomatology, varying from an

infant who is not doing well to one with convulsions, hydrocephalus or

focal neurologic signs.
For the sake of clarity, we prefer to use the term hematoma in

instances when a blood clot was seen within the subdural effusion and
the term xanthochromic effusion, in those when the color of the fluid
varied from yellow to orange brown. The xanthochromia is merely the
result of breakdown products of blood. None of the infants reported in
this series had colorless subdural effusions.

ETIOLOGIC AND SYMPTOMATOLOGIC ANALYSIS

In approximately the last twelve years subdural hematomas or

xanthochromic subdural effusions were shown to be present in 55
infants treated in the Montreal Neurological Institute. We have classi¬
fied these patients under four etiologic headings, namely, definite birth
injuries, probable birth injuries, postnatal head injuries and unclassified
causes. With this etiologic classification, the symptomatology and
clinical pathologic changes present striking characteristic features within
each group and, to some extent, govern the general plan of management.

1. Group of Definite Birth Injuries.—The basis for this etiologic
group of 10 patients was direct pathologic evidence of cranial birth
trauma, as shown by skull fractures in 6 infants and tentorial tears
in 3 others.14 The remaining 5 day old infant had frank subdural
bleeding without skull fracture and without evidence of hemorrhagic
disease of the newborn. The patients presented histories of difficult
labor, instrumental delivery and symptoms referable since birth. At
the time of admission to the hospital their average age was 1 to 5 days,
while 1 patient was 21 days old.

12. Sherwood, D.: Chronic Subdural Hematoma in Infants, Am. J. Dis.
Child. 39:980-1021 (May) 1930.

13. Peet, M. M., and Kahn, E. A.: Subdural Hematoma in Infants, J. A. M. A.
98:1851-1856 (May 28) 1932.

14. Tentorial tears were observed at autopsy.
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Chase15 most convincingly pointed out the relationship between
tentorial splits and subdural hemorrhage in infants. In 145 autopsies
on babies under 4 weeks of age, 50 showed intracranial hemorrhage
of which 32 also presented splitting of the tentorium cerebelli. He
stated that subdural hemorrhage with splitting of the fibers of the
tentorium cerebelli is indisputable evidence of intracranial trauma. He
stated his belief that stretching and tearing of tributaries of the great
vein of Galen during the process of molding and consequent raising
of the vertex of the fetal skull during labor were responsible for
supratentorial hemorrhage. Obviously, operative manipulation increases
this possibility. The effect of the forces of stress and strain on the
fetal head during its passage through the birth canal is well recognized
(Beneke,16 Warwick,17 Holland,18 Ehrenfest19 and Greenwood 20). Hol¬
land showed that the pressure exerted on the fetal head in one diameter
results in a shortening in that diameter and a compensatory increase
in some other diameter. Therefore it is felt that the causative factor
of trauma in our 10 infants is quite definitely established.

These newly born infants presented a uniform clinical picture.
After a difficult labor and delivery, they were admitted to the neuro-
surgical service with the classification of an acute head injury. Spasticity
was the most prevalent physical finding on admission to the hospital.
Four infants had tense fontanels, while the clinical picture of hydro¬
cephalus was seen only in the 21 day old patient. This is what might
be expected, as hydrocephalus takes time to develop. Seizures, focal
and generalized, abnormal neurologic findings, such as pupillary signsand extraocular paresis, and respiratory difficulties each occurred in
about one third of the babies. Opisthotonos was observed in only 3
of the 10 infants, but statistically it was of greater incidence in this
group than in the other three etiologic groups.

15. Chase, W. H. : An Anatomical Study of Subdural Haemorrhage Associ-
ated with Tentorial Splitting in the Newborn, Surg., Gynec. & Obst. 51:31-41,
1930.

16. Beneke, R. : Ueber Tentoriumzerreissungen bei der Geburt, sowie die
Bedeutung der Duraspannung f\l=u"\rchronische Gehirnerkrankungen, M\l=u"\nchen.med.
Wchnschr. 57:2125-2127, 1910.

17. Warwick, M.: Necropsy Findings in New-Born Infants, Am. J. Dis.
Child. 21:488-499 (May) 1921.

18. Holland, E. J.: Cranial Stress in the F\l=oe\tusDuring Labour and the
Effects of Excessive Stress on the Intracranial Contents, with an Analysis of
Eighty-One Cases of Torn Tentorium Cerebelli and Subdural Haemorrhage, J.
Obst. & Gyn\l=ae\c.Brit. Emp. 29:549-571, 1922.

19. Ehrenfest, H.: The Causation of Intracranial Hemorrhages in the New\x=req-\
Born, Am. J. Dis. Child. 26:503-514 (Dec.) 1923.

20. Greenwood, W. O.: Moulding of the F\l=oe\talHead and Its Consequences, J.
Obst. & Gyn\l=ae\c.Brit. Emp. 31:611-621, 1924.
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Treatment was administered shortly after admission to the hospital,
consisting of elevation of depressed fractures, trepanation and drainage
or craniotomy and evacuation of fluid. Six infants died either immedi-
ately after the operation or during the first postoperative day, yielding
an alarming operative mortality rate of 60 per cent. Of the 4 infants
who survived operation, 2 were treated by trepanation and drainage
and 2 by craniotomy.

A striking observation in these infants was the high (90 per cent)
incidence of bloody subdural fluid. In only 1 instance was clotted
blood seen. The single case of xanthochromic effusion was that of the
3 week old infant who was brought to hospital because of an enlarged
head, and roentgenograms of the skull revealed a linear fracture. In
contrast to the other groups of patients, no subdural membrane was

found. In 1 instance the bloody subdural effusion was seen in the
posterior fossa. Bilateral effusions were observed in 8 patients.

The observations at autopsy were most significant in explaining
the high mortality rate. Diffuse subdural and subarachnoid hemor¬
rhages were seen in 2 babies, pericardial and pleural hemorrhages in
another 2 babies and tentorial hemorrhages in 3. One baby's condi¬
tion was diagnosed as hemorrhagic disease of the newborn.

A nine and ten year follow-up study on 2 survivors treated by
trepanation revealed normally developed children who have done well
in school and at home and have no abnormal neurologic signs. Only
1 infant who underwent craniotomy was able to be followed and at
1 year of age presented a mentally and physically retarded child with
seizures.

2. Group of Probable Birth Injuries.—The etiologic classification
of probable birth injuries was established because 26 patients presented
only indirect but most suggestive evidence of an intracranial birth
injury. These children differed from the previous group in that they
were admitted to the hospital at an older age and as chronically ill
patients. The ages ranged from 13 days to 14 months, with an average
of 5.34 months.

Fourteen patients presented a history of a difficult labor and instru¬
mental delivery ; 11 presented signs and symptoms recognizable since
birth and 3 were born prematurely. It is interesting to note that 20
per cent of these patients were born as a twin. The trauma that can

be created at birth by a difficult labor or instrumental delivery has
already been mentioned.

The fact that the symptomatology of some of the infants in this
group had been present since birth would most likely indicate that they
had sustained a cerebral injury at birth, in spite of the absence of a

history of a difficult labor or delivery. Naffziger and Brown ß reported
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that there was usually lacking a definite history of trauma in chronic
subdural hematomas in infants but that it seemed possible that the
molding of the head and movements of the bone along the suture line
might be sufficient to produce a tear of the pial veins.

Chase 15 stated that prematurity is the most important predisposing
factor in intracranial hemorrhage, as well as tentorial splitting in the
infant. He showed the fibrous connective tissue of the premature infant
to be immature, thereby indicating increased friability and vascularity
of the tentorium, whereas in the full term infant the tentorium is rela¬
tively avascular. Therefore it was felt that the causative factor of
trauma in the production of subdural effusion in these 26 infants was

indirectly established.
These infants were admitted to the hospital as chronically ill patients.

The great majority were brought to the hospital because of an enlarged
head. On examination all infants in this group had hydrocephalus.
The second major reason for hospitalization was seizures. Sixteen
infants had a history of convulsions as part of their present illness.

Five patients exhibited spasticity and 2 opisthotonos. One half of
the patients had a history of taking their feedings poorly before coming
to the hospital. Seven infants (26 per cent of this group) had a

history of respiratory difficulties which usually occurred during only
the first week of life.

Other abnormal neurologic findings consisted of hyperactive deep
tendon reflexes and absent abdominal reflexes in 3 patients ; a slight
hemiparesis in 1 of these; a paresis of the extraocular muscles in 4;
facial paresis in 1, and unequal pupils and a constant nystagmus in
another. Two infants had a history of transient hemiparesis after
birth. These 11 infants had bilateral effusions. Therefore, the abnormal
neurologic findings were of no localizing value. Six infants had evi¬
dence of extracranial infection, which was an otitis media, either during
the onset of their present illness or on admission.

The operative treatment consisted of subdural taps, trepanation
with or without drainage and, when necessary, craniotomy.

Bilateral subdural effusions were observed in 19 patients and uni¬
lateral effusions in 7. In those with bilateral effusions, the character of
the subdural fluid—that is, bloody or xanthochromic—was the same on

both sides with the exception of 1. In other instances in which the treat¬
ment was carried out by means of repeated subdural taps, it was not
uncommon to see the bloody fluid become xanthochromic within less
than a month.

Xanthochromic fluid was found on admission in 18 infants, of whom
14 had bilateral effusions and 4 unilateral effusions. Bloody fluid
was obtained in 8 patients, of whom 5 had bilateral effusions and 3
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the unilateral type. The protein value of the xanthochromic fluid
ranged from 148 to 3,390 mg. per hundred cubic centimeters. In
some instances the bloody subdural fluid had a protein value com¬

parable to that of blood—around 6,000 mg. per hundred cubic centi¬
meters. The significance of these high protein values will be discussed
in the following section.

Blood clots were seen within the effusion in only 4 patients. Sub¬
dural membranes were observed in 24 instances in 15 patients, of which
9 in 5 patients were encapsulated bloody effusions.

The spinal fluid from 7 infants was clear and colorless and con¬

tained a normal amount of protein. Two patients had yellow spinal
fluid with an elevated protein value, and the 15 day old infant had
bloody fluid.

Five infants died following operation, yielding an operative mor¬

tality of 19.2 per cent (2 of immediate postoperative shock; 1 of
generalized cerebral damage; 1 of purulent pericarditis, and 1 of status

epilepticus). One patient in this group with a bilateral bloody effusion
died during his stay in the hospital but was not included as an opera¬
tive mortality because the cause of death was a subdural abscess which
was found on entry to the hospital.

Fourteen infants have been followed for periods of six months to
six years. Seven have had normal development after operation (1
following subdural taps, 4 following trepanation and drainage and 2
following craniotomy and drainage), with no enlargement of the head
or abnormal neurologic signs. Seven infants seen at six to thirty
months after operation (2 after subdural taps, 4 after trepanation21
and drainage and 1 after craniotomy) showed mental retardation and
some neurologic deficit.

3. Groups with Postnatal Head Injuries.—The third group of the
etiologic classification of subdural effusions is comprised of patients
whose complaints definitely followed a severe postnatal head injury.
The 9 patients in this group were reported to be in good health before
their accident. Their ages ranged from 2 months to 30 months, with
an average of almost 14 months. Six were admitted to the hospital
in a state of unconsciousness shortly after their accident. The other
3 patients were brought to the hospital in a conscious condition two to
six weeks after a definite head injury. Therefore the etiologic factor
of postnatal trauma seems most definite in this group.

They presented much the same clinical picture as an adult would
following a severe head injury. Hemiparesis, reflex changes, spasticity,

21. One of these infants had subdural empyema postoperatively, was seen 1
year after operation and showed decided mental retardation.
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respiratory difficulties, restlessness, unconsciousness, shock and a his¬
tory of a recent head injury were the prédominent observations. Their
general condition was acute, and the treatment for shock was instituted
on admission.

Six unconscious infants underwent operation soon after being
admitted to the hospital (trepanation and drainage in 3 and craniotomy
and drainage in 3). In all instances the subdural fluid was bloody,
and blood clots were discovered in 5 infants. Two effusions were

bilateral and 4 were unilateral. One infant received a lumbar puncture
on admission which revealed the spinal fluid to be bloody and under
increased pressure. These 6 infants died within twelve hours after
operation. The autopsy observations revealed, in addition to the known
subdural and subarachnoid hemorrhages and skull fractures, laceration
of the brain.

The other 3 patients in this group came to the hospital two to six
weeks after their head injury as chronically ill infants. Their com¬

plaints definitely followed their head injury, as evidenced by a history
of unconsciousness in 2 and a skull fracture in the third. This last
child began to have focal cortical seizures and feeding difficulties a
week after its accident.

One infant was seen two years after treatment by trepanation,
presenting no evidence of mental retardation and only a slight hemi¬
paresis.

Therefore, in this group with postnatal head injuries, 3 infants
had roentgenographic evidence of a skull fracture, 8 had bloody effusions
of which 2 were bilateral and 1 had bilateral xanthochromic effusion.
The operative mortality was 77.7 per cent. Thus it seems that the
clinical pathologic observations in this group of infants are quite similar
to those seen in the adult with acute subdural hematoma.

4. Unclassified Group.—These 10 infants with subdural effusions
are grouped as unclassified because there was no history of a difficult
labor, instrumental delivery, prematurity, symptomatology since birth
or postnatal head injury. The ages at the time of admission to the
hospital ranged from 2 to 24 months, with an average age of 12.5
months. These infants were brought to the hospital as chronically ill
patients and represent 17.8 per cent of this series. Perhaps the reason
for the existence of this etiologic group is the lack of pertinent facts
obtained in the history from the parents. Ingraham and Matson :;

stressed the point that these histories are often inadequate and incom¬
plete. The comparison of signs and symptoms and clinical pathologic
changes in this group of patients and those in the group with probable
birth injuries and postnatal head injuries reveals many striking sim¬
ilarities—some so striking that with a more adequate historv there
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might not have been an unclassified group. There was no roentgeno¬
graphic evidence of vitamin deficiency, nor were blood dyscrasias
noted from hématologie smears. Ford8 stated the average age for
the onset of appearance of scurvy is 4 to 18 months.

On admission to the hospital these infants, with the exception of
1, presented much the same clinical picture as did the patients with
the probable birth injury or the chronically ill infants with the post¬
natal injury. Eight of the group were brought to the hospital either
because of an enlarged head or because of seizures. Hydrocephalus,
seizures and paresis were the most prevalent signs. Three infants
had papilledema, a symptom observed in only 1 other in the entire
series (a child in the group with postnatal head injuries). This is
the only group in which opisthotonos was not observed. Six infants
had extracranial infection ( otitis media, 4 ; pneumonia, 1 ; meningitis, 1 )
coincident with the onset of their seizures or paresis. The onset of
the symptoms, as far as could be ascertained from the histories, ranged
from two days to sixteen months before admission to the hospital,
with an average of six months.

The treatment consisted of subdural taps, trepanation and drainage
and craniotomy.

Bilateral subdural effusions were seen in 7 infants. Bloody fluid
was observed in 2 patients. Protein values of 525 to 4,120 mg. per
hundred cubic centimeters were reported on the subdural fluid of 2
patients. A subdural membrane was found in 4 patients. Five infants
had one or more lumbar punctures performed, and in all instances but
one the fluid was clear and colorless with normal protein values.
The one abnormal spinal fluid contained 48 mg. of total protein per
hundred cubic centimeters.

Two patients died after operation of shock, yielding an operative
mortality of 20 per cent. In 1 who died on the first postoperative
day, continous closed drainage of the subdural space was instituted,
and it was thought the large amount of fluid lost in this manner was

responsible for his death.
Therefore, even though no history could be obtained referable to a

head injury, either natal or postnatal, these infants presented a clinical
picture similar to that of the infants with chronic subdural effusion
as a result of pro' able birth injury or of postnatal head injury seen
weeks after the original trauma.

Four patients were followed for one to three years. Three showed
no evidence of mental retardation ( 1 after subdural aspiration, 1
after trepanation and 1 after craniotomy). The one who underwent
only subdural aspiration did have a minimal residual hemiparesis and
died three years later of congenital heart disease. The fourth infant
was mentally and physically retarded one year after subdural aspirations.
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DIAGNOSIS

1. Clinical Picture.—Any infant with hydrocephalus or seizures
should be suspected of having a subdural effusion. When the infant's
state of consciousness is disturbed and there are abnormal neurologic
findings present following a recent head injury, whether it is natal or

postnatal, the diagnosis of subdural effusion becomes more obvious.
Other than the characteristic symptoms and physical signs already given,
some of these patients also exhibited vomiting, malaise, hyperthermia
and drowsiness ; but these findings were not sufficient to be of statistical
value in the diagnosis of subdural effusion.

2. Subdural Puncture.—The only positive method of diagnosing a
subdural effusion without direct visualization is by subdural puncture.
In most instances these punctures should be made at the lateral angles
of the anterior fontanel. In order to minimize subsequent leakage of
subdural fluid through the skin, a short, sharp, bevelled no. 18 lumbar
puncture needle should be inserted obliquely from layer to layer, finally
puncturing the dura. As supratentorial subdural hemorrhage may arise
from tearing of tributaries of the great vein of Galen, puncture pos¬
teriorly through the lamboid suture may be desirable in some of the
very young infants. The anterior fontanel, however, appears to be the
most practical site for puncture in the average child. If colored fluid
is not immediately obtained, aspiration should not be carried out because
cortex is so easily aspirated in such circumstances. Slowly dripping
clear fluid generally indicates that the point of the needle is in the
subarachnoid space. If a high degree of internal hydrocephalus is
present, the needle may have entered the ventricle, as the cortex is
extremely thin in such patients.

The presence of bloody fluid is indication of recent hemorrhage,
while xanthochromic fluid is evidence of old hemorrhage. The xantho-
chromia is due to bilirubin or like pigment derived from heme, which
is a breakdown product of blood. Protein determinations of this fluid
should be carried out, with the amount removed noted. These figures
give an index of the actual amount of protein lost and thereby guide
one in the systemic administration of protein and fluid, as will be dis¬
cussed in the following section. Bloody collections contained as much
as 6,000 mg. of total protein per hundred cubic centimeters and
xanthochromic fluids as much as 3,000 mg. It is remarkable that in
the face of the high protein content of the subdural fluid the sub¬
arachnoid fluid may retain a normal value of protein unless taken shortly
after a head injury, when the value might be elevated.

3. Roentgenologic Examination.—Roentgenograms of the skull may-
reveal evidence of a fracture or separation of the suture lines, depend¬
ing on the circumstances.
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4. Pneumography.—In the case of the hydrocéphalie infant, pneu-
mography is of special value in the diagnosis of the degree and type
of hydrocephalus and of the existence of subdural effusion (figs. 1, 2
and 3). It is useful after an operative procedure in order to estimate
the amount, if any, of residue in the subdural space, to determine a

shift of midline structures or to follow the degree of ventricular dilata¬
tion or cerebral atrophy (fig. 4). If ventricular dilatation and increased
pressure exist, ventriculography by way of the anterior fontanel is the

Fig. 1.—Air and fluid levels seen in the subdural space caused by subdural
replacement of oxygen. A, brow down lateral view, showing in addition displace¬
ment of the brain away from the inner table of the skull. B, brow up lateral
view. C, anteroposterior projection with right side dependent.

method of choice. If the infant is small, it is inadvisable to do a

ventricular puncture because of the possibility of producing unnecessary
damage to the brain. An encephalogram is difficult to make and may
be dangerous if an abnormal increase in intracranial pressure exists.
However, it may be justifiable when brain pressure is not high in order
to determine the amount of residual displacement or in diagnosis in
a complicated case. Roentgenograms of the skull and oxygen studies
are then of value for obvious reasons.
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Fig. 2.—Unilateral subdural effusion causing shift of the midline structures,
with downward displacement and a smooth filling defect of the right lateral
ventricle. Note shifting of subdural oxygen in brow up and brow down views.
A, brow up view; B, brow down view; C, anteroposterior view, and D, postero-
anterior view.

Fig. 3.—Bilateral subdural effusions in 2 patients. Posteroanterior views
showing displacement of the cerebral cortex from the inner table of the skull on
both sides. There is no shift of the midline structures.
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In order to gain a greater appreciation of the pneumographic find¬
ings in these patients, perhaps a few statements in regard to hydro¬
cephalus will help.

The term internal hydrocephalus merely denotes a condition set

up as a result of a block to the intracranial circulation of cerebrospinal
fluid. Such a block may occur within the ventricular system, resulting
in a noncommunicating type of internal hydrocephalus. However, if

Fig. 4.—Preoperative and postoperative roentgenograms taken three months
apart. A and  are preoperative brow up and brow down views, showing sub¬
dural air and fluid in change of position and asymmetric dilatation of the lateral
ventricles. C and D are postoperative brow up and brow down views showing
dilatation and asymmetry of the lateral ventricles. The silver clips outline the
bone flap.

the subarachnoid space is blocked, a communicating variety of internal
hydrocephalus occurs.

A subdural effusion may be classified under the general term

hydrocephalus, which merely signifies a condition of excessive fluid
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within the cranial cavity. Since subdural fluid is trapped outside the
channel of the cerebrospinal fluid circulation proper, it may be described
as an external type of hydrocephalus, which is generally agreed to be
a poor term, a condition which has been rather ill defined in the
literature. A loculation of fluid in the subarachnoid space separated
from the cerebrospinal fluid circulation probably could also be so

designated.
When a subdural accumulation is present, it is usually widespread.

It causes a compression of the surface of the hemisphere and may
obliterate the local subarachnoid channels. If sufficient reduction of
the cerebrospinal fluid pathway results, a secondary internal hydro¬
cephalus of the communicating variety arises. Thus, progressive
enlargement of the head and pressure symptoms are apparent over

and above that which may occur as a result of the presence of the new

volume in the subdural space, which also behaves as an expanding
lesion. If the intracranial pressure is very high, some tendency to
herniation at the incisura tentorii may take place. This may cause

venous congestion and obliteration of the surrounding subarachnoid
space and possibly a narrowing of the aqueduct of Sylvius, thus giving
rise to a further degree of hydrocephalus.

In long-standing cases the volume within the subdural space may
remain relatively unaltered. The brain and the circulation of the
cerebrospinal fluid may adjust to the new conditions. The intracranial
pressure gradually may become and remain normal, unless a physio¬
logic or pathologic stress or strain occurs at a later date.

There is apparently no characteristic feature in the encephalogram
for subdural effusion in infants, unless perhaps a fluid level seen in
the subdural space when positioning the head for the brow up and
brow down films (figs. 1 and 4a and ii) ora displacement of the brain
away from the inner table of the skull, e. g., figures la and 3.

If the effusion is unilateral or greater on one side than on the
other, there will be seen a shift of the midline structures away from
the side of the lesion. In a unilateral effusion, one may see, in addi¬
tion to the aforementioned signs, a smooth filling defect in the ven¬

tricular system (fig. 2). The pneumographic findings of bilateral
effusion of almost equal size present a communicating hydrocephalus
with no shift of the midline structures and displacement away from
the inner table (fig. 3).

5. Electroencephalography. — Electroencephalography may be of
interest but is not necessary in the diagnosis. As a rule, the patients
are too young for its satisfactory employment.
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TREATMENT

A. Surgical Methods of Treatment.—1. Subdural Aspiration: The
simplest method of treatment is aspiration of the subdural space as
described under the section on diagnosis. No anesthetization is nec¬

essary. However, aspiration generally has to be repeated, which unfor¬
tunately means that an intermittent emptying and filling process is
going on. This results in loss of fluid and protein as described in
the following section. Furthermore, if a well formed inner membrane
is present, this will still prevent expansion of the brain and obliteration
of the subdural space. Sherwood12 reported on 9 patients who were
all treated by subdural puncture and aspiration of the fluid. His
mortality rate was quite low, but his incidence of mental retardation
was high. However, subdural taps do have an important place in the
treatment of subdural effusions. Ingraham and Matson 2 carried out
subdural taps daily, alternating sides for about one to two weeks, remov¬

ing small amounts each day and, in the meanwhile, building up the
patient's general condition for further procedures as trepanation and
craniotomy. We believe that subdural taps can be used as the treat¬
ment in the acute subdural hemorrhage in which the blood to be
aspirated from the subdural space is fresh and unclotted. This is
especially true in the newborn infant. Occasionally, a single aspiration
is sufficient. When these infants are trephined, usually no membrane
is found. After a week or so of aspirations, an encephalogram may
be carried out in order to see whether or not the brain has expanded
and the dead space been obliterated.

2. Trepanation : Trepanation of the skull with the patient under
general anesthesia is indicated if the brain has not expanded and the
pressure remains elevated and, most important of all, for identification
of subdural membranes under direct vision. If no membranes are

found, the subdural space may be drained for one to five days, during
which time strict asepis must be maintained in order to avoid infection.
This should give a more even evacuation of fluid than is obtained by
intermittent aspiration and in the absence of an inner membrane may
be alone successful. If an inner membrane is found, the wound is
closed with or without drainage and the patient is prepared for a

craniotomy within a week. More recently, we have preferred to com¬

plete the craniotomy (ostéoplastie or free) on the same day after
verification of membranes, using the burr opening as the point of
origin of the craniotomy. The inner membrane cannot be adequately
disrupted through such a small exposure to effect satisfactory expansion
of the brain. The frontal and occipital pole can be visualized through
the midparietal flap. A thin transparent membrane may easily be
overlooked.
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3. Craniotomy : Ostéoplastie craniotomy and removal of the mem¬

branous sac have to be classified as a major procedure. It has been
expressed by Ingraham and Matson2 that the best results may be
obtained by preliminary subdural punctures followed by trepanation
and, finally, by ostéoplastie craniotomy with removal or disintegration
of the membrane. However, they remove the membrane only to a

point just beyond the edge of the bone flap. This regimen seems to
be a safe over-all method of treatment and has given most excellent
results in their hands. Peet and Kahn 13 reported a mortality rate
of more than 50 per cent in 9 infants following craniotomy but a low
incidence of mental retardation. We wish to emphasize, however, that
it is essential to remove the whole of the inner membrane, which may-
extend from the frontal to the occipital poles. This removal can be

Fig. 5.—Photograph showing a thin subdural membrane at operation. Note
the large space between the dura and brain. This membrane extended from the
tip of the frontal pole to the occipital pole.

done through the same opening. Without the removal of the inner
membrane, certain portions of the brain will not be able to expand
(fig. 5).

Craniotomy and removal of membranes in infants are attended with
considerable shock because of the sudden evacuation of the dead space
which will fill up with protein-containing fluid if the brain does not

expand rapidly to collapse the defect. Naffziger and Brown 6 stated
that these infants poorly tolerated the release of large quantities of
subdural fluid. It is not unusual to see an infant become ashen gray
following the aspiration of 50 cc. of fluid.

In an attempt to aid the expanding brain and effect closure of
the dead space, we occasionally inject at the close of the operative
exposure a limited quantity of a modified Ringer's solution through
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the lumbar subarachnoid space. The pressure is raised sufficiently in
the ventricles, generally more than in the subarachnoid space, so that
the subdural space collapses. Ventricular injections, of course, can

be used to build up the pressure, but frequently the fluid will leak
through the needle tract, and we prefer to avoid punctures through the
hemisphere unless absolutely necessary. Sometimes the injected mate¬
rial escapes via the subarachnoid space and is only partly effectual.
Convulsions will occur if the expansion is carried out too rapidly.
Oxygen was first used for this purpose by Cone 22 but was replaced by
modified Ringer's solution because of the less irritating effect on the
subarachnoid lining. If the dead space is small or if the brain is seen

to be expanding satisfactorily, the lumbar injections are not necessary.
In infants the relief of intracranial presure causes the suture lines

to collapse and the intracranial space is immediately- reduced. The
inner membrane must be removed, otherwise the brain cannot expand
and it remains permanently constricted. It is this feature which is
responsible in most instances for the mental retardation seen in these
infants years later. The brain does not have a chance to grow because
of the restricting effects of this inner membrane.

One baby was treated by repeated aspirations but finally died in a

state of inanition. Intracranial pressure had not been high. Fluid and
protein intake had been adequate. At autopsy it was seen that heavy
membranes covering the entire brain had obviously kept it from expand¬
ing. The actual cause of death was not discovered. However, it seemed
to be related in any case to the general inability of the brain to expand
as a result of a dense inner membrane wholly enveloping the brain,
including the base. Thus, the question arises whether its failure to gain
weight was due to central causes. The question of fluid and protein
loss as a result of repeated subdural punctures will be discussed under
the section on fluid and protein balance.

4. Continuous Closed Drainage: One of us (A. R. E.) has
employed a system of continuous closed drainage in the treatment of
subdural effusion without inner membrane (fig. 6). Though this
procedure is effectual in collapsing the subdural space, we consider it
a dangerous method. The subdural space is emptied by continuous
slow drainage and provides through constantly controlled negative pres¬
sure the possibility of fairly rapid closure of the subdural space, espe¬
cially in stubborn cases. The disadvantages and dangers, however, are

many. The drainage must not be too rapid, for the great loss of fluid
and protein must be cared for simultaneously. Epileptic attacks may
be precipitated by the rather rapid expansion of the brain. Strict

22. Cone, W. V. : Personal communication to the authors.
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asepsis must be maintained during the continuous drainage, for infec¬
tion is a real danger. The continuous drainage should be made to run

slow enough that the relative obliteration of the subdural space will
gradually occur and be maintained by the normal physiologic adjust¬
ments. The advantage of the method is that it will collapse the space
rapidly and avoid the intermittent emptying, filling and shifting of the
brain by frequent subdural punctures.

B. Supportive Measures in Treatment.—We believe that the failure
to understand and maintain adequate fluid and protein balance in infants
with subdural effusions is greatly responsible for the high operative
mortality experienced by many neurologic surgeons. The protein lost
in the subdural space is considerable. The values range from 300 to

Fig. 6.—System of continuous closed drainage.

6,000 mg. per hundred cubic centimeters. The effect of this lost protein
is twofold—it no longer can be utilized for body needs, and it attracts
extracellular fluid from outside the subdural space. Therefore, an

infant whose nutritional reserves are so limited during the first few
years of life is slowly losing protein and fluid which are not provided
by a normal diet.

Protein values of 3,000 to 6,000 mg. per hundred cubic centimeters
are usually demonstrated for the bloody effusions. The xanthochromic
subdural effusion, which contains from 300 to 3,000 mg. of total pro¬
tein, is the result of the degenerated breakdown products of a bloody
subdural effusion or hematoma. When blood is present in an abnormal
habitat, such as the subdural space, it begins to undergo degeneration.
One of its main breakdown products is bilirubin, which is derived
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from the heme fraction of hemoglobin. It is bilirubin, or a bilirubin-
like pigment, that is responsible for the xanthochromia.

It is well known that subdural effusions may increase in size during
the months following the original injury. An adequate explanation for
this was offered by Gardner,23 who placed blood in a cellophane® sac

surrounded by cerebrospinal fluid. The sac increased in weight, and
he felt this indicated that the neomembrane is permeable to fluid but
not to protein molecules, and that an osmotic imbalance exists in favor
of the contents of the cyst. Zollinger and Gross 2i were of the opinion
that the blood within the subdural hematoma slowly breaks down
within a few months; the disintegration of blood increases the osmotic
pressure, and the blood is diluted. This seems most reasonable, as

degenerated blood per se contains 15 to 20 Gm. of total protein per
hundred cubic centimeters (Jackson25), while usually only several
grams per hundred cubic centimeters are present in the chronic hema¬
toma or xanthrochromic effusion. The progression of symptoms and
findings indicates enlargement of the subdural contents due to attraction
of extracellular fluid as a result of osmosis. However, in some instances
a curious situation has been observed by us in that the protein content
itself of fluid from repeated aspirations increased rather than decreased
or remained more or less constant. This suggests the possibility that
molecules of serum protein are added by way of exudation through
vessel walls. These observations do not necessarily contradict Gardner's
hypothesis, but it does seem possible that neomembranes may not be
completely impermeable to protein molecules. Nevertheless, the osmotic
pressure is still greater within the sac.

Dandy 26 and Wycis,27 in discussing hygromas in adults, attributed
colorless and xanthochromic subdural collections to a ball-valve-like
opening in the arachnoid. If the hygromas were due merely to stagnant
collections of cerebrospinal fluid, one would hardly expect to find such
high protein values. It is conceded, of course, that collections of non¬

pigmented fluid in the subdural space may so result, but none of the
present cases is of this type.

23. Gardner, W. J.: Traumatic Subdural Hematoma, with Particular Refer-
ence to the Latent Interval, Arch. Neurol. & Psychiat. 27:847-858 (April) 1932.

24. Zollinger, R., and Gross, R. E.: Traumatic Subdural Hematoma :

Explanation of Late Onset of Pressure Symptoms, J. A. M. A. 103:245-249
(July 28) 1934.

25. Jackson, I. J.: Aseptic Meningitis Due to Blood and Its Breakdown
Products: An Experimental and Clinical Study, Thesis, McGill University, no.

380006, 1947, p. 29.
26. Dandy, W. E.: The Brain, in Lewis, D.: The Practice of Surgery,

Hagerstown, Md., W. F. Prior Company, Inc., 1948, vol. 12, chap. 1, p. 291.
27. Wycis, H. T.: Subdural Hygroma: A Report of Seven Cases, J. Neuro-

surg. 2:340-357, 1945.
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The large amounts of protein and fluids lost in the subdural space
and their importance in the management of these infants are shown in
the following 2 cases.

Case 1.—An infant, 6 months of age (table 1), weighing 13 pounds (5,897 Gm.),
received thirteen subdural aspirations. Quantity of fluid withdrawn each time
ranged from 80 to 200 cc. The protein content of each specimen of fluid was

from 376 to 1,480 mg. per hundred cubic centimeters. This patient lost approxi¬
mately 1 Gm. of protein with each aspiration, which amounts to roughly 5 per
cent of his daily protein needs. The actual fluid lost with each aspiration was

10 to 20 per cent of his daily requirements. Without the aid of intravenously
administered glucose in isotonic sodium chloride solution and distilled water,
plasma and blood this infant obviously would not have survived his procedures
(subdural aspirations and craniotomy). He was unable to take the much needed
extra fluids and proteins by mouth but could care for his normal requirements by

Table 1.—Loss of Protein Through Subdural Aspirations in Infant (Case 1)
Six Months of Age *

Date

12/ 3.
12/ 7.
12/15.
12/18.
12/19.
12/21.
12/22.
1/ 7.
1/ 8.

Amount oí
Subdural

Fluid Aspirated,
Cc.

325
145
200
120
160
100
240
170
150

Total
Protein of

Aspirated Fluid,
Mg. per 100 Cc.

376
1,324

972
738

1,324
1,480

628
742
800

Actual Amount of
Protein Lost

Through Aspiration,
Gm.

1.212
1,920
1.944
0.885
2.118
1.480
1.508
1,261
1.200

* This patient lost approximately 5 per cent of his daily protein requirements through the
ïubdura aspirations.

oral feedings. At the time of his last aspiration, his blood proteins were reported
to be 7.40 Gm. per hundred cubic centimeters.

Case 2.—An infant who entered the hospital at the age of 3 months (table 2),
weighing 9Y pounds (4,309 Gm.), underwent twenty-two subdural aspirations.
The daily amount of fluid withdrawn ranged from 40 to 100 cc. and the quantity
of protein with each aspiration was 580 to 2,940 mg. per hundred cubic centimeters.
With each aspiration, this infant lost approximately 5 per cent of her daily protein
requirments and 10 to 20 per cent of her daily fluid requirements. Following these
punctures and two bilateral trepanations, the patient became edematous about the
face and extremities and cyanotic (due to pulmonary edema). The red blood
count, hemoglobin concentration and blood protein values were low. The edema
was observed on the fifth day of continuous subdural drainage following the last
trepanation. Glucose infusions were therefore discontinued, and immediate blood
transfusions and plasma intravenously were administered. Under such therapy,
the edema disappeared and a normal protein and fluid status was established.

In most instances, the quantity of fluid aspirated did not represent
the entire amount of fluid present in the subdural space. If the entire
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amount of fluid were aspirated from the subdural space, it would
probably exceed the 10 to 20 per cent of the daily need. This slow but
gradual loss of fluid and protein into the subdural space is one reason
for the pale and undernourished-appearing infant.

The nutritional problem becomes most acute when the infant, in
addition to losing protein and fluids in the subdural space, presents
feeding difficulties. Many of these patients are able to take by mouth
the normal diet for their age but are not able to take the large amounts
of protein needed under these abnormal circumstances. The easiest,

Table 2.—Loss of Protein Through Subdural Aspirations in Infant (Case 2)
Three Months of Age *

11/30..
12/ 1..
12/ 3..
12/ 5.
12/18..
12/22.
12/28..
1/ 2.
1/ 9.
1/13.
1/15..
1/17.
1/19.
1/20.
1/21.
1/23.
1/25.
1/26.
1/27.

Amount of
Subdural

Fluid Aspirated,
Cc.

50
50
80

150
100
150
90
45
90

.65
68
95

105
40
65
70
62
20
60

Total
Protein of

Aspirated Fluid,
Mg. per 100 Cc.

Actual Amount of
Protein Lost

Through Aspiration,
Gm.

2,940
1,380

2.35
2.07

1,140
1,140

960
790

1,020
580

1,740
980
800
920

1,140
1,280

0.513
1.026
0.627
0.530
0.969
0.609
0.696
0.637
0.560
0.560
0.228
0.768

* This patient lost approximately 5 per cent of her daily protein requirements through
subdural aspiration. Shortly after the last aspiration, continuous drainage was instituted:
the patient then became edematous. Intravenous administration of protein quickly restored
her normal protein-fluid balance.

quickest and most efficient method of restoring the lost protein is by
intravenous means. We have shown in 1 patient what can happen
when only the fluid balance is cared for and the proteins neglected.
Therefore, when caring for these chronically ill infants, blood plasma or

commercially prepared protein solutions for intravenous use should be
administered during the preoperative and postoperative periods. The
small daily blood transfusions of 10 cc. per pound (0.5 Kg.) have been
helpful in quickly restoring their nutritional balance. Frequent high
caloric and high protein feedings by stomach tube are advantageous
after the acute period has passed.

When the subdural hematomas and effusions are removed by means

of craniotomy, blood should be given during the operation and in the

Association ATIDE 
Centre de Documentation ARIANE



early postoperative period, even though the surgeon believes that there
has been little loss of blood as a result of the 'procedure. The sudden
removal of a large quantity of blood and fluid from the subdural space
at the time of operation is often sufficient to cause shock.

Lü 50

Unclassified
I n juries Injuries Injurie»

Fig. 7.—The incidence of the four etiologic groups among 55 cases of subdural
effusions and hematoma.

Définit« Probo ble Posinolo!
Birth Birth Head Unclassified

Injuries Injuries Injuries

Fig. 8.—Average age on admission to the hospital of children
etiologic groups of subdural effusions and hematoma.

in the four

SUMMARY AND CONCLUSIONS

Fifty-five consecutive cases of subdural effusion and hematoma in
infants are analyzed and subdivided into four groups, namely, definite
birth injuries, postnatal head injuries and an unclassified group (fig. 7).
The average age incidence is shown in figure 8. Cranial trauma, either
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natal (36 cases) or postnatal (9 cases), was the greatest causative
agent. The stress and strain on the fetal head during molding is the
greatest factor in the production of trauma. Thus, what appears to
be a normal labor and delivery may be sufficient to cause intracranial
damage.

.,.., E3.

Il I   

Fig. 9.—Symptomatology and physical findings in 55 cases of subdural effusion
and hematoma. The columns above the names of the symptoms or findings represent
total in each etiologic group, while the columns (solid black) below the title
represent the total per finding among the 55 cases.

(¿2 Definii« Birth Injury Eg PostnOtol Head Injur

\YÍ] Probable Birth Injury [V<| Unclassified

Bloody Subdurol Xanthochromic Blloterol
Effusion Subdurol Effusion Effusion

HI
Uni lot eral

Effusion
Blood Clot Isrnbron«

I  I
Fig. 10.—Pathologic changes in SS cases of subdural effusions and hematoma.

The columns above the names of the changes represent the total in each etiologic
group, while the columns below (solid black) represent the total changes among
55 cases.

The symptomatology (fig. 9) and pathologic changes (fig. 10) offer
striking characteristic features under each etiologic heading but vary
when all cases are grouped together. Nevertheless, an infant with
hydrocephalus, seizures or focal neurologic signs deserves consideration.
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Subdural puncture is the only method of making an accurate diag¬
nosis. Pneumography in early diagnosis offers the advantage of out¬
lining the extent of the effusion and differentiating from other causes

of hydrocephalus and seizures, while in the postoperative period it is
helpful in determining whether the subdural space is obliterated.

The surgical treatment consists of emptying the subdural space and
completely removing the membranes when they are present. The acute
subdural hematoma, as in the group with definite birth injuries, is best
treated by aspiration, for no membrane is usually present at this early
stage. The chronic subdural effusion, as in the group of probable birth
injuries and the unclassified group, is most satisfactorily treated, after
confirmation of diagnosis by subdural tap, by trepanation for identifica¬
tion of membranes and, if their presence is confirmed, by early com¬

plete removal of the inner membrane. It is in these groups that
membranes are commonly found. We believe that the complete removal
of the inner membrane is most important, for it is this structure that
prevents normal expansion of the brain. Since these membranes are

apt to cover the whole hemisphere, a portion remaining over one pole
will restrict its expansion and thereby increase the potentiality toward
mental retardation.

Careful attention to the fluid and protein balance in the management
of these infants will aid greatly in reducing the operative mortality.
We are recording that the actual amount of protein and fluid lost in the
subdural space may be 5 and 10 per cent, respectively, of the daily
requirements of the infant. The protein lost in the subdural space and
no longer utilizable for body needs is one reason these infants appear
so pale and undernourished when seen by the physician.

In conclusion, it may be stated that the responsibility for the manage¬
ment of this disorder lies within the scope of three medical specialities :

the first with the obstetrician in prevention ; the second with the
pediatrician in early diagnosis, and the third with the neurosurgeon
in treatment.

Prof. W. Penfield and Dr. W. V. Cone gave permission for the use of their
cases in this review.

3801 University Street (2).
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