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The literature on cerebral hemorrhage of the new-born concerns

itself mainly with the size, source and mechanism of the hemorrhage,
with but little attention to the reaction of the meninges and the brain.
It was the latter phase of the condition that formed the basis for our

investigations. In order to evaluate our work properly, we studied the
brain and meninges grossly and microscopically. We also studied the
question of the relation of atelectasis to intracranial hemorrhage.
Special attention was paid to the occurrence of cerebral hemorrhage in
three infants delivered by cesarean section.

LITERATURE

No attempt is made to review the literature on cerebral hemorrhage
of the new-born in detail. The recent monograph of Ford 1 and the
papers by Warwick

2

and Ylpp\l=o"\3 give the more important references
on the subject. Only papers dealing directly with the phase of the
subject studied by us will be referred to.

Kaufmann4 described the possibilities which might bring about
intracranial hemorrhage in the new-born, but did not mention the histo¬
logie appearance of the meninges. Karsner/' in describing birth hemor¬
rhage, did not mention the reaction of the meninges. Adami and
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Nicholls 6 did not give any details as to possible changes of the men¬

inges. Clein 7 described the microscopic changes which, according to
him, give the typical microscopic picture of cerebral hemorrhage as

follows :

Underneath the arachnoid and in the pia a considerable amount of blood was

found. Both layers of the pia were thickened as the result of the proliferation of
large mononuclear cells, many of which contained phagocytic blood pigment. The
capillaries of the pia were greatly dilated, but there was no hemorrhage immedi¬
ately under the pia itself. The brain tissue was normal in appearance.

Chase,8 recently, in a study of subdural hemorrhage associated with
tentorial splitting in the new-born, described the histologie differences
between the tentorium of a prematurely born infant and that of a full-
term infant. However, he did not mention ihe histologie changes follow¬
ing the hemorrhage.

MATERIAL AND METHODS

Our series comprised forty-five new-born infants, twenty-five males and twenty
females, in whom intracranial hemorrhage was found at necropsy. Two were still¬
born, five were full-term and the rest were prematurely born. The age at death
in the forty-three infants varied from 2 hours to 21 days.

In five cases the delivery was by forceps and in forty cases the birth was

spontaneous. The three additional infants who were delivered by cesarean sec¬

tion will be discussed separately.
The cause of prematurity could not always be ascertained. In five cases the

Wassermann test of the blood in either the father or the mother or both was posi¬
tive. There were six twins, which fact may explain the prematurity in these.
Arterial hypertension in the mother was the most likely cause in five more cases.

In the twenty-nine remaining infants, no probable cause could be suggested.
During the same time in which the reported forty-five cases were observed,

eighty-four other new-born infants came to autopsy who did not reveal intracranial
hemorrhage, and these observations were used as controls.

Practically all the prematurely born infants in our series had attacks of inter¬
mittent cyanosis. Most of them were jaundiced, had a weak cry and were flaccid.
Only one of them had twitchings.

The full-term babies had twitchings, moaned and had rigid extremities. Only
one of the five had attacks of cyanosis.

In all the cases in which a lumbar puncture was done the fluid was either bloody
or xanthochromic.

In all the examinations the brain was cut in situ, horizontally, in continuation
with the circular section used for opening the skull as suggested by Kaufmann.4
The upper portion of the cerebrum was then removed carefully from the dura,
leaving the dura and the falx intact. The lower portion of the cerebrum was cut
off from the cerebellum in the region of the brain stem and separated from the
cerebellum so as not to injure the tentorium. This was done for the purpose of

6. Adami, J. G., and Nicholls, A. G.: Principles of Pathology, Philadelphia,
Lea & Febiger, 1909, vol. 2.

7. Clein, N. W. : Premature Infants, Am. J. Dis. Child. 37:751 (April) 1929.
8. Chase, W. H.: An Anatomical Study of Subdural Hemorrhage Associated

with Tentorial Splitting in the New-Born, Surg., Gynec. & Obst. 50:31, 1930.
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studying possible tears in the falx and tentorium and to rule out artefacts. Por¬
tions of the meninges and the brain from the region of the hemorrhage and also
from other parts of the brain and meninges were hardened in a diluted solution of
formaldehyde (1:10) and embedded in paraffin. The sections were stained with
hematoxylin and eosin, with iron-hematoxylin and according to the van Gieson
method for connective tissue. Mallory's glia stain was used in several instances.
Frozen sections were cut occasionally, and were stained with sudan III.

RESULTS

The results are summarized in the accompanying tables.
Location of Hemorrhage.—In nineteen instances, the hemorrhage

was confined to an area over the convexity of the brain ; in ten the
hemorrhage was found only in the region of the cerebellum and pons.
Sixteen examinations showed a more or less diffuse hemorrhage. In
fifteen instances a hemoventricle was found. A tear in the falx could
be demonstrated four times. Tears in the tentorium were found in
six other autopsies, and in one there was a tear in the wall of the
longitudinal sinus.

Hemorrhage was always found in the subarachnoid space. In several
instances the hemorrhage also was present in the subdural (epiarach-
noid) space. It consisted of partly clotted, partly liquid blood which
had adapted itself to the limited space and had formed, in most instances,
thin layers of clotted blood. The blood clots in all the cases could be
removed easily, leaving a smooth and glistening surface. In no instance
was there evidence of early organization. The subarachnoid vessels
were markedly hyperemic. In a large series of cases the subarachnoid
space also showed extensive edema. The brain itself revealed a marked
hyperemia in portions close to the hemorrhage. In only one of the
forty-five autopsies was an extension of the hemorrhage into the brain
tissue recognizable with the naked eye.

The three infants delivered by cesarean section were prematurely
born and died at the ages of 3 hours, 4 hours and 9 days respectively.
All three infants had a diffuse subdural (epiarachnoid) and subarach¬
noid hemorrhage extending over both hemispheres and also over the
cerebellum. The hemorrhage over the latter area was especially marked
in the second case, which also showed a slight extension of the hem¬
orrhage into the adjacent cortical tissues. There was no sign of sub¬
cutaneous hemorrhage or evidence of caput succedaneum in any of the
three cases.

Histologie Examination.—The histologie changes of the meninges in
our cases were strikingly slight. None of the sections revealed a

beginning organization of the hematoma. Even in the older infants
no evidence was found of sprouting of vessels or beginning proliferation
of connective tissues. The sections showed many red blood corpuscles,
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reddish-brown pigment granules and serum in the subarachnoid space.
Occasionally, a few polymorphonuclear leukocytes, lymphocytes and
endothelial cells could be made out. Some of the latter contained pig¬
ment granules. All the blood vessels in the subarachnoid space were

markedly hyperemic. Some of the fields showed a varying amount of
an edema-like material. The lining cells of the arachnoid and dura
mater presented no changes.

The sections taken from the gray and white matter of the brain in
the region of the subarachnoid hemorrhage showed many distended
vessels, which were filled with red blood corpuscles. These were more

pronounced in the cerebellum. Three brains also revealed the extrava¬
sation of red blood corpuscles in areas surrounding hyperemic blood
vessels. In only one of these three cases was there a more severe hem¬
orrhage into the brain itself. The sections in this case revealed the
presence of red blood corpuscles within the brain and a slight destruc¬
tion of brain tissue, but did not disclose a noticeable reaction in the
surrounding tissue.

Table 2.—Location of Intracranial Hemorrhage in Forty-Five Cases

Location of Hemorrhage Number oí Cases
Convexity of thebrain. 19
Around cerebellum and pons.

.

10
Diffuse. 16

Thirty-nine cases showed a partial atelectasis of the lung. In seven

of these cases the atelectasis was extensive. In only two cases was it
complete. Seven cases revealed a bronchopneumonia.

COMMENT

The outstanding result of the study of our material is the almost
complete lack of evidence of any reaction of the meninges due to hem¬
orrhage. Some of the sections showed a few endothelial cells carrying
blood pigment. In some instances there were found occasional lympho¬
cytes and polymorphonuclear leukocytes, but none of the sections
revealed any evidence of early organization, even though some of the
infants remained alive for several weeks. The histologie picture was

the same in full-term and in prematurely born infants. We believe that
the lack of meningeal reaction might be explained by the possibility
that the hemorrhage was in the stage of absorption rather than in the
stage of organization.

It might be mentioned in this connection that Hatschek,9 in a recent
communication, reported the absence of organization in some cephalo-

9. Hatschek, O.: Zur Histologie des Kephalh\l=a"\matoms,Beitr. z. path. Anat.
u. z. allg. Path. 82:268, 1929.
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hematomas. He maintained that it depends on the presence of serum

surrounding the hematoma whether or not organization occurs. In case

the hematoma is surrounded by serum, organization does not occur, but
the hematoma in time will be surrounded by a connective tissue capsule.
If, however, serum is not present, the hematoma will be organized and
finally be replaced by connective tissue. The same conditions prevail in
external and internal (epidural) cephalohematoma. In all our material,
serum and edema were noted surrounding the areas of hemorrhage.
This may account for the lack of organization. On the other hand,

Fig. 1.—Subarachnoid hemorrhage in the region of the cerebellum in a patient
who died six days after birth. Note the presence of red cells and the absence of
other cellular elements. Iron-hematoxylin-eosin ; X 80.

none of the cases showed an attempt at encapsulation of the hemorrhage.
The dura and arachnoidea apparently do not respond with the formation
of a capsule as readily as do other structures.

The lack of meningeal reaction in our series may explain why com¬

paratively few children later in life manifest any effects from cerebral
hemorrhage occurring at birth. A combined study of necropsies, clinical
histories and changes in the cerebrospinal fluid indicates that this condi¬
tion occurs not infrequently in the new-born, but not always with gross
symptoms. It is difficult to reconcile the apparent frequency of the
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occurrence of this lesion with the infrequency of symptoms in both early
and later life. The following comment will illustrate our point.

During the same time in which the forty-five cases reported here were

studied, eighty-four other new-born infants who came to autopsy did
not reveal any evidence of intracranial hemorrhage. Therefore, of the
one hundred and twenty-nine infants, forty-five or 37.5 per cent showed
intracranial hemorrhage. Hess, Chamberlain and Lundeen10 found
intracranial hemorrhage in eighty of the two hundred and three prema¬
turely born infants who came to autopsy, or in 39.4 per cent. It should

Fig. 2.—Section of the subarachnoid space and brain in a patient who died five
days after birth. Note the large amount of red cells and the absence of any note¬
worthy reaction. Iron-hematoxylin-eosin ; X 160.

be taken into consideration that the patients of the authors mentioned,
as well as most of our patients, were premature infants.

Necropsy statistics alone, however, cannot be taken as criteria as to
the frequency of intracranial hemorrhage, because the number of infants
with intracranial hemorrhage who remain alive is not taken into con¬

sideration, nor are clinical symptoms alone always diagnostic of intra-

10. Hess, J. H.; Chamberlain, I. M., and Lundeen, E. C. : Premature Infants:
Report of 761 Consecutive Cases, Pennsylvania M. J. 33:429, 1930.
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cranial hemorrhage. It is well known that children suffering from
meningeal hemorrhages may not show any immediate clinical symptoms,
and late manifestations may be due to changes in the brain other than
cerebral hemorrhage. Up to the present date, the changes in the cere¬

brospinal fluid in cerebral hemorrhage are also not characteristic enough
to allow the making of an absolute diagnosis of intracranial hemorrhage,
although such a diagnosis might be inferred from an examination of the
fluid. According to Sharpe and Maclaire,11 who consider a bloody cere¬

brospinal fluid an indication of cerebral hemorrhage, the incidence of
cerebral hemorrhage is 9 per cent of all new-born infants. However, if
xanthochromia or a yellow discoloration of cerebrospinal fluid is taken
as evidence of meningeal hemorrhage of the new-born as is stated by
Fleming and Morton 12 and by Kutscher,13 the incidence of intracranial
hemorrhage in some form is very high, as xanthochromia was found
frequently in the series of cases studied by Levinson, Greengard and
Lifvendahl14 and by Glaser.15

Enough evidence has been presented in the literature quoted to indi¬
cate that intracranial hemorrhage in the new-born (both full-term and
premature) is not an uncommon occurrence and may be present in
9 per cent of all new-born infants (Sharpe and Maclaire11). Even
though this condition cannot always be diagnosed with certainty during
life, many times there is no doubt as to the diagnosis. Some of these
infants not only survive but develop into normal children. Fleming and
Morton, for instance, stated that many infants with severe injury to
the head at birth made perfect recoveries and showed no sequelae. They
further mentioned that in thirty-three instances of intracranial hemor¬
rhage, when the children were seen again after a year or later, only five
had mental or physical defects, and it was not at all clear whether these
defects were the result of intracranial hemorrhage or of other causes.

The question naturally arises as to why more children do not have
symptoms which can be traced back to a cerebral hemorrhage occurring
at birth. Since we have not found any noteworthy reaction of the
meninges in our series, it seems likely that in many instances of intra¬
cranial hemorrhage the hematoma is completely absorbed without leaving
any residue. If, however, organization of the hematoma with subsequent

11. Sharpe, W., and Maclaire, A. S.: Intracranial Hemorrhage in the New\x=req-\
Born, J. A. M. A. 86:332 (Jan. 30) 1926; Am. J. Obst. & Gynec. 9:432, 1925.

12. Fleming, G. B., and Morton, E. D.: Meningeal Hemorrhage in the New\x=req-\
Born, Arch. Dis. Childhood 5:361, 1930.

13. Kutscher, G. W., Jr.: Cistern Puncture in Infants, Am. J. Dis. Child. 42:
1428 (Dec.) 1931.

14. Levinson, A.; Greengard, J., and Lifvendahl, R. I.: Cerebrospinal Fluid in
the New-Born, Am. J. Dis. Child. 32:208 (Aug.) 1926.

15. Glaser, J.: Cerebrospinal Fluid of Premature Infants, Am. J. Dis. Child.
36:195 (Aug.) 1928.
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fibrous replacement occurred, it would make it difficult to understand
why only a few children show lesions afterward which can be inter¬
preted with certainty as the direct result of an intracranial hemorrhage
occurring, apparently, during delivery.

The three cases of intracranial hemorrhage which were found at
autopsy in new-born infants delivered by cesarean section are especially
noteworthy from the standpoint of their etiology because trauma could
be ruled out in these cases as the causative agent. There was no evi¬
dence of syphilis in the mothers of these three infants. No forceps were

used. The hemorrhage was not multiple in the meninges or brain nor

was there a complete atelectasis in any of these cases, which possibly
could have explained the hemorrhage on the basis of asphyxia. No
petechiae were found in other serous membranes which might have been
caused by a blood dyscrasia, although one of the cases showed petechial
hemorrhages in the thymus and the lungs. All three infants, however,
were prematurely born. Two of them also were deeply jaundiced. The
cesarean section was performed because of toxemia of the mother
during pregnancy.

We believe that toxemia of pregnancy was either the chief or the
contributory factor in the causation of the intracranial hemorrhage in
these three infants delivered by cesarean section. Whether these cases

belong in the group showing hemorrhage in utero before labor, as

described by Cotard, Gibb and Osier,16 or whether the hemorrhage was

produced during labor as a result of the difference between intra-uterine
and extra-uterine atmospheric pressure, we cannot say. It might be men¬

tioned in this connection that among the eighty-four infants who came

to autopsy during the same time as those in the series studied, there
were three infants who also were delivered by cesarean section. None
of these revealed any intracranial hemorrhage.

As mentioned previously, one of the reasons for studying the cases

reported here was to see whether or not any relationship could be
demonstrated between intracranial hemorrhage and atelectasis. Most of
our necropsies revealed partial atelectasis. The lungs of a few infants
in which atelectasis could not be detected were the seat of a broncho-
pneumonia. It is, of course, possible that in these cases atelectasis pre¬
ceded the bronchopneumonia. Most of the eighty-four new-born infants
who came under our observation during the time in which the cases

reported were encountered and who did not have any intracranial hem¬
orrhage also had some degree of atelectasis. Three of our cases of
intracranial hemorrhage showed neither atelectasis nor evidence of pneu¬
monia. In this series, therefore, we could not find any relation between
atelectasis and intracranial hemorrhage.

16. Cotard, Gibb and Osler, quoted by Ford.1
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SUMMARY

1. In forty-five cases of intracranial hemorrhage in the new-born
there was a striking lack of cellular reaction in the meninges.

2. We believe that the small number of clinically evidenced compli¬
cations of intracranial hemorrhage in children who survive can be
explained by the absorption of the hematoma without organization and
without the formation of a fibrous scar.

3. Three instances of intracranial hemorrhage in our series occurred
in premature infants delivered by cesarean section, indicating that
trauma was not the principal cause of intracranial hemorrhage. In these
infants, maternal toxemia seemed a possible contributory cause of the
hemorrhage.

4. There was no relationship between intracranial hemorrhage and
atelectasis in our series.
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