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To improve interpretation of intracranial computed tomographic findings in vivo, 
postmortem computed tomography was correlated directly with autopsy findings in 
105 specimens of human stillborn and live-birth infants, ranging in age from gestational 
week 13 to postnatal month 18. This study identifies the typical computed tomographic 
appearance of intradural and other hemorrhages, attempts to correlate the type of 
hemorrhage with brain maturity, and documents that postmortem computed tomogra­
phy is useful to the neuropathologist as a supplementary method complementing the 
traditional postmortem examination. 

In recent years, computed tomography (CT) and sonography of newborns have 
greatly improved our understanding of neonatal intracranial hemorrhage [1-
10). New insights into in vivo morphology combined with large follow-up studies 
[11-15] have made it possible to predict the survivor 's outcome. Although quality 
control of a morphologic diagnostic procedure such as CT depends ultimately on 
pathologic confirmation of its accuracy, there has been very little direct correla­
tion of CT and postmortem pathology [16-20). 

Postmortem CT provides a unique method of assessing the reliability of CT for 
detecting and characterizing intracranial pathology. It has specific advantages: 
(1) CT findings and pathology can be directly corre lated because there is no 
progression of pathology in the highly variable interval between the last in vivo 
CT study and the postmortem examination . (2) CT provides immediate information 
about the state of the brain at postmortem, unlike the traditional study, which 
requires delay for proper brain fixation prior to cutting. (3) If autopsy is refused , 
CT can be used to determine intracranial changes in the individual case and add 
to information about these changes in the patient population. (4) If autopsy is 
handicapped by advanced maceration , sufficient information about brain mor­
phology can still be expected from CT. (5) Information gained by postmortem CT 
can influence the way in which the pathologic specimen is examined . By com­
paring axial CT cuts with horizontal brain sections, for example, the pathologist 
benefits in discovering small details like subependymal hematomas, or in marking 
off areas with slight density deviations on CT. (6) The space-occupying effect of 
intracranial hemorrhage or ventricu lar distention can on ly be evaluated if the 
cranial vault is still undamaged. Moreover, it is known that the actual size of 
cerebrospinal fluid (CSF) spaces is altered by formalin-fi xat ion of the brain (21). 
On the other hand , appreciable differences in the ventricular volume between in 
vivo and postmortem CT studies occurs only after the onset of auto lysis. 

Since 1980, CT has been performed after fetal or postnatal death in all infants 
before autopsy in the Department of Neuroradiology , University Hospital, Mai nz. 
We have tried to delineate some aspects of intracranial hemorrhage by comparing 
postmortem CT and autopsy. Preliminary results have been reported (22). 



28 LUDWIG ET AL. AJNR :4, Jan./ Feb. 1983 

TABLE 1: Age Distribution and Type of Hemorrhage of Fetuses and Infants Examined by Postmortem CT and Autopsy 

Type of Hemorrhage: Birth Status 

13-19 

All infants: 
Stillborn ...... . . ..... . 16 
Died after birth at: 

:s1 week 0 
2-4 weeks ........ 0 
5 weeks-1 8 months 0 

Totals 16 

Intra-, sub-, or epidural: 
Stillborn .... ... . . 2 (2) 
Died after birth at: 

:s1 week ... . . ... 0 
2-4 weeks 0 
5 weeks-1 8 months .... .. . .. 0 

Totals 2 (2) 

Primary subarach noid : 
Stillborn 1 (1) 
Died after birth at: 

:s1 week .......... . .. .... .. .. . 0 
2-4 weeks ............... 0 
5 weeks-1 8 months .... . ... 0 

Totals 1 (1) 

Intracerebral: 
Stillborn 4 (4) 
Died after birth at: 

:s1 week 0 
2-4 weeks ......... .... 0 
5 weeks-1 8 months 0 

Totals ......... . ... . . ... 4 (4) 

Intraventricular: 
Stillborn ..... .. . .. . . ......... .. 2 (2) 
Died after birth at: 

:s1 week 0 
2-4 weeks ........... .. . .. 0 
5 weeks-1 8 months ....... . .. . . .. 0 

Totals 2 (2) 

Materials and Methods 

One hundred twenty-five stillborn and deceased live-birth infants 
(premature or not) were examined by postmortem CT. Subsequent 
autopsy was refused in eight cases and prevented by maceration in 
six. Anencephaly was encountered six times. The CT and autopsy 
findings of the other 105 fetuses and infants form the study material. 
For this study , gestational age was calculated from the first day of 
the last menstrual period. 

The age of the fetuses and infants ranged from 13 gestational 
weeks in stillborn infants to 18 postnatal months (table 1). Eighty­
four of the neonates were immature (up to 37 weeks gestation) 

while 2 1 were mature, reflecting the higher mortality in immaturity. 
Fifty-two were stillborn ; 28 were born live but died in their first week 
of life; and 13 were born live and died between postnatal weeks 2 
and 4 . Another 12 infants formed an inhomogeneous group with 
varying survival times of 5 weeks to 18 months after birth. 

The primary causes of death varied with the ages of the fetuses 
and infants and were not considered in this study . 

Cranial CT was performed on an EMI 1010 CT scanner as soon 
as possible after stillbirth or death . The head was completely 
examined with paired, 5 mm axial slices parallel to the orbitomeatal 

No. Infanls (No. Recognized by CT) 

Gestational Age in Weeks 

Immature Mature Totals 

20-24 25- 29 30- 3 7 38-41 

15 5 12 4 52 

1 8 12 7 28 
0 3 7 3 13 
0 2 3 7 12 

16 18 34 21 105 

9 (6) 4 (3) 7 (5) 2 (2) 24 (18) 

1 (1) 4 (2) 7 (3) 3 (1) 15 (7) 
0 1 (1) 4 (3) 0 5 (4) 
0 1 (1) 0 2 (1) 3 (2) 

10(7) 10(7) 18 (11) 7 (4) 47 (31) 

4 (0) 1 (0) 6 (4) 1 (1) 13 (6) 

0 1 (1) 4 (3) 3 (3) 8 (7) 

0 0 1 (0) 0 1 (0) 
0 1 (1) 1 (0) 2 (1) 4 (2) 

4 (0) 3 (2) 12 (7) 6 (5) 26 (15) 

4 (3) 2 (1) 1 (0) 0 11 (8) 

0 5 (3) 5 (5) 1 (1) 11 (9) 
0 3 (2) 3 (1) 2 (1) 8 (4) 
0 1 (1) 1 (0) 2 (1) 4 (2) 

4 (3) 11 (7) 10 (6) 5 (3) 34 (23) 

5 (5) 3 (3) 0 0 10 (10) 

0 4 (4) 4 (4) 0 8 (8) 
0 3 (3) 2 (2) 1 (1) 6 (6) 
0 1 (1) 0 0 (1) 

5 (5) 11 (11) 6 (6) 1 (1) 25 (25) 

lines. At a;Jtopsy, the brain was removed as a whole, together with 
parts of the falx and tentorium, and was fixed by suspension in a 
4% buffered formalin solution for 5 days or more before dissection. 
It was generally sliced into horizontal sections before selecting 

tissue samples for histology. 

Results 

Four main sites of intracranial hemorrhage were distin­
guished : (1) intradural, subdural, or epidural, (2) subarach­
noid, (3) intracerebral, and (4) intraventricular. Table 1 lists 
the different types of hemorrhage as found at autopsy and 
(in parentheses) as detected by CT. 

Intradural, Subdural, or Epidural Hemorrhage 

Postmortem pathology: Intradural hemorrhage into the 
connective tissue of fal x, venous sinus wall, or tentorium 
was encountered commonly at autopsy (47 / 105 = 45%). 
Such bleeds were frequently associated with primary sub-
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arachnoid hemorrhage (17 / 47) and intracerebral hemato­
mas (20 / 47). Intradural hematomas were documented in 
17 of the 25 cases with intraventricular hemorrhage, a 
striking concurrence. The incidence of isolated intradural 
hemorrhage not associated with other types of intracranial 
hemorrhage was lower (14 / 105 = 13%). 

Most often, intradural bleeds remained as one or several 
well defined foci (fig. 1). Sometimes, they occurred as larger 
layers of bleeding (fig. 2). Less often, these hematomas also 
involved the subdural space (10 / 47) or the epidural space 
(3 /47) (fig . 2). Intradural bleeds occurred as often in still­
born (24 / 52 = 46%) as in live-birth infants (considered as 
a single group) (23 / 53 = 43%). However, a lower frequency 
of intradural bleeding was found in live-birth infants who 
survived longer. The incidence in immature fetuses and 

Fig. 1.-lntradural hemorrhage, premature neonate, 32 weeks , birth 
weight 1,830 g. Death at 2d day of life from complicated delivery and 
perinatal asphyxia. CT: circumscribed hyperdensity in interhemispheric fis­
sure. Autopsy: broad intradural hematoma of falx (lateral view). 

Fig . 2.-lntra-, sub-, and epidural 
hemorrhage, premature neonate, 31 
weeks, birth weight 1,500 g. Death at 
1 sl day of life from consumption coagu­
lopathy after complicated delivery with 
rupture of liver. CT: hyperdensity in the 
interhemispheric fissure and over adja­
cent convex ity. Autopsy: massive intra-, 
sub-, and epidural hemorrhage (lateral 
view). Histology: intradural hematoma in 
wall of superior sag ittal sinus (top), lu­
men of sinus (middle) , unaffected con­
tralateral sinus wall (bottom ). 

immature infants (40 / 84 = 48%) was somewhat higher 
than in the mature infants (7 / 21 = 33%). 

Postmortem CT: Most (31 / 47) bleeds observed at post­
mortem could be correlated with hyperdense structures in 
the interhemispheric fissure or tentorial region. In the ab­
sence of other intracranial hemorrhage , intradural hemor­
rhage could be recognized in 12 of the 14 cases, depending 
on the size of the hematomas. However, intradural hemor­
rhages could not always be identified with certainty by CT 
alone. Small subdural or epidural hematomas near the fal x 
or tentorium could not be differentiated from intradural he­
matomas by CT. Antemortem thrombosis of the superior 
saggittal sinus, occurring once in a preterm neonate of 29 
weeks gestation, also mimicked the CT appearance of intra­
dural bleed . In four cases, postmortem clots in bridging 
veins , sinuses, or deep veins partly or completely mimicked 
intradural hemorrhage. Because the interhemispheric space 
is hyperdense in subarachnoid hemorrhage (fig. 3) as well 
as in intradural hemorrhage, in 12 cases with subarachnoid 
bleed , the additional intradural hematomas in the same 
region could be detected only at autopsy. 

Subarachnoid Hemorrhage 
Postmortem pathology: Primary subarachnoid hemor­

rhage from leptomeningeal vessels or bridging veins did not 
occur more often in any particular patient group. Con­
versely, nearly all intraventricular hemorrhages (24 / 25) 
were accompanied by some bleeding into the subarachnoid 
spaces that can be assumed to be (at least partially) sec­
ondary to the initial filling of the ventricles (figs. 4 and 9). 

Postmortem CT: Subarachnoid hemorrhage located within 
the sylvian fissures or the cisterna magna was usually 
easily detectable (fig . 4), but subarachnoid hemorrhage 
overlying the convexity was usually overlooked. CT diag­
nosis of subarachnoid hemorrhage was easier in immature 
specimens because of the greater width of the external CSF 
spaces surrounding the brain parenchyma (fig. 4). 

Intracerebral Hemorrhage 

Postmortem pathology: Intracerebral hematomas were 
encountered more often in deceased live-birth infants (23 / 
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Fig. 3. - Subarachnoid hemorrh age, neonate born at term , birth weight 
3 ,460 g. Death at 1 st day of li fe from perin atal asphyxia and hya line mem­
brane disease. CT: broad hyperdensity in whole interhemispheric fissure. 
Autopsy (not shown): prim ary subarachnoid hemorrh age. 

53 = 43%) than in stillborn infants (11 / 52 = 21 %), and 
occurred somewhat more often in immature (29 / 84 = 35%) 
than in mature infants (5 / 21 = 24%). Eighteen of the 
intracerebral hematomas were located subependymally (fig . 
5) , and seven of the intracerebral hematomas were located 
in the cortex or the subcorti cal region . In nine cases, sub­
ependymal hemorrhage coexisted with intracerebral hema­
tomas at other sites in the brain parenchyma. Twenty-four 
of the 34 intracerebral bleeds were assoc iated with intra­
ventricular hemorrhage (figs. 4 and 9) . One hematoma in 

Fig. 5.-lntracerebral hemorrhage, premature neonate, 33 weeks, birth 
we ight 1,420 g. Death at 7th day from respiratory insufficiency caused by 
cardiac failure. CT: left temporooccipital paraventricular hematoma. Autopsy: 
subependymal hematoma without intraventricular hemorrhage. 

Fig . 4 .- Subarachnoid , intracere­
bral, and intraventricular hemorrhage, 
stillborn infant , 24 weeks, birth weight 
860 g. Interrupti on after radioiodine 
treatment in early pregnancy. CT: para­
and intraventricular hemorrh age, hyper­
density in right sylvian fissure and retro­
cerebellar subarachnoid space. Au­
topsy: subependymal and intraventricu­
lar hemorrhage, secondary subarach­
noid hemorrhage. 

the thalamus was an isolated lesion without any other de­
tectable bleeding site. IntracerebeJlar hematomas were 
found in only two cases, both preterm neonates of 29 and 
3 2 weeks, both with multifocal paraventricular hemor­
rhages. 

Postmortem CT: CT and autopsy findings agreed in 23 of 
the 34 cases of intracerebral hemorrhage . Small subepen­
dymal bleeds could be distinguished from the germinal 
matri x as slightly denser spots in some cases (fig . 6) and 
occasionally were localized at autopsy only with the aid of 
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Fig . 6.-lntracerebral hemor­
rhage, stillborn infant, 19 weeks, 
birth weight 300 g . Death from pla­
cental insufficiency. eT: focal para­
ventricular hyperdensity (46-48 
Hounsfield units [H) with in less hy­
perdense (33- 36 H) germinal matri x 
of left frontal region . (Autopsy: [not 
shown): subependymal hematoma 
without intraventricular hemor­
rhage. ) Physiologically large ventri­
cles surrounded by matri x not clearly 
demonstrated because attenuation 
difference between eSF and imma­
ture white matter is too small at this 
age. 

Fig . 7. -Subarachnoid, intracerebral, and intraventricular hemorrhage, 
hemorrhagic infarction , premature neonate, 36 weeks , birth weight 1,700 g. 
Death at 8th day from hyaline membrane disease and pneumonia. eT: 
subarachnoid, para-, and intraventricular hemorrhage. In left temporoocc ipi­
tal region, large intracerebral hemorrhage with central hypodense area 
(arrow). Autopsy: subependymal and intraventricular hemorrhage, secondary 
subarachnoid bleed. Left temporooccipital hemorrhagic infarction communi­
cating with occipital horn. 

CT. However, distinction of hemorrhage from normal ger­
minal matri x may be extremely difficult. Most of the 11 min 
hematomas that were overlooked were located in the phys­
iologically hyperdense germinal matrix of the immature 
brain. Conversely, in two cases, the opacities of the germinal 
matrix above the head of the caudate nucleus were misdi­
agnosed as subependymal hematomas. Less often , hyper­
densities within or outside the periventricular region repre­
sented hemorrhagic infarcts (fig . 7). 

Intraventricular Hemorrhage 

Postmortem pathology: Intraventricular hemorrhage was 
rare in those specimens of mature stillborn infants or de-

Fig. 8. - Subependymal and intraventricular hemor­
rh age, premature neonate, 27 weeks, birth weight 620 g. 
Death at 4th day from perinatal asphyx ia caused by im­
maturity . CT: small left temporoocc ipital paraventricular 
hematoma , slight intraventricular hemorrh age in occipital 
horns. Autopsy: small subependymal hematoma. Rupture 
of ependyma, but no detectable intraven tricular hemor­
rhage. 

ceased live-birth infants (1 / 21 = 5%). During immaturity , 
intraventricular hemorrhage occurred more often in the 
group of live-birth infants (14/36 = 39%) than in the sti ll­
born infants (10 / 48 = 21 %). Of the 25 intraventricular 
hemorrhages, 21 were assoc iated with subependymal he­
matomas mostly communicating with the ventricles. In two 
stillborn infants at 20 and 28 weeks with small intraventric­
ular bleeds, no associated intracerebral hemorrhage cou ld 
be detected. One of these also showed hemorrhage in the 
choroid plexus that might be considered the bleeding 
source. 

Postmortem cr: Intraventricular hemorrhage was de­
tected by CT in all cases , sometimes as a small sediment of 
blood in the occipital horns (fig . 8). The amount of blood 
within the ventricles and the degree of ventric ular dilatation 
cou ld be calcu lated better by CT (figs. 4 and 9-11). The 
precise site of ependymal rupture and bleeding site were 
identified better by pathologic examination. In two cases, 
the CT findings of minimal intraventricular hemorrhage could 
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Fig . 1 a.-Hydrocephalus after intracranial hemorrhage, premature neo­
nate, 29 weeks, birth weigh t 1,510 g. Death at 25th day from hyaline 
membrane disease. cr: enlargement of ventricu lar system, periventricular 
lucency, slight deformation of right frontal horn. Autopsy: posthemorrhagic 
hydrocephalus after intraventricular and secondary subarachnoid hemor­
rhage, partly resorbed right frontal intracerebral hematoma communicating 
with ventric le. 

not be verified at autopsy, presumably because the blood­
stained CSF was lost in removing the brain . However, the 
existence of prior intraventricular hemorrhage could be sug­
gested by ependymal defects at the margin of paraventric­
ular hematomas (fig . 8) . 

The subependymal germinal matrix, which forms bilateral 
hyperdense layers beside the lateral ventricles in the im­
mature brain, can be confused with intraventricular hemor­
rhage (fig. 12). However, the slight differences in density 
between germinal matri x and hemorrhage or the more lateral 
distribution of the matri x permitted correct diagnosis in all 
cases. 

Discussion 

A prior study of in vivo CT examinations of full-term 
neonates [7] documented the presence of hyperdense struc­
tures in the interhemispheric fissure and in the region of the 
tentorium cerebelli. These structures could be seen as iso­
lated findings in 27 (18%) of 150 neonates and in 58% of 
neonates with other types of intracranial hemorrhage. The 
question of whether these findings actually represent (1) 
suspected intradural or subd ural bleeds, (2) physiologic 

Fig . 9.-lntraventricular, periventric­
ular, and subarachnoid hemorrhage , 
premature neonate, 29 weeks, birth 
weight 11 50 g. Death at 33d day of life 
from hyaline membrane disease, renal 
insuffic iency, and enterocolitis. cr: mas­
sive intraventricular hemorrhage with 
several paraventricular hematomas, 
subarachnoid hemorrhage. Autopsy: 
subependymal and large intracerebral 
hematomas without and with communi­
cation with ventricular system (latter 
partly representing bleeding source, 
partly caused by bursting of vent ricles), 
intraventricular hemorrhage with tam­
ponade of ventric les, secondary sub­
arachnoid hemorrhage. 

structures (e.g., the sinuses or the fal x), or (3) similarly 
appearing interhemispheric and juxtatentorial subarachnoid 
hemorrhage [20,23-27] remained unresolved in most cases 
because of the low mortality in the examined group. On the 
basis of the present study, we conclude that comparable 
changes in postmortem CT scans nearly always proved to 
be hemorrhages at autopsy and that most of such inter­
hemispheric and juxtatentorial hemorrhages proved to be 
located intradurally. 

Intradural bleeds in the fal x or the tentorium may appear 
isolated , disseminated, or confluent. Their preferred areas 
are the wall or the surroundings of the superior sagittal 
sinus. Intradural hemorrhage is usually considered traumatic 
[28-30]. The high incidence in the immature group (48%) 
might be consistent with this hypothesis, because, in pre­
term delivery, the infantile skull is compressed and deformed 
considerably within the rigid cervix [31]. Moreover, the 
connective tissue of the immature falx is looser and more 
vulnerable than in full-term neonates. 

On the other hand, hematomas with histopathologically 
proven cellular reaction of the surrounding tissue cannot 
result from birth trauma in babies dying during or soon after 
delivery. Indeed, we have seen these bleeds in some fetuses 
who died in utero a few days before the onset of labor. In 
such cases, the intradural hemorrhage may be related to 
intrauterine asphyxia. We have also detected intradural 
hematomas in association with most intraventricular bleeds, 
which are regarded as being predominantly hypoxic in origin 
[30 , 32-36]. The possibility that many of the intradural 
hematomas are of hypoxic origin has been discussed by 
Friede [28]. 

In agreement with Friede [28], we do not think that the 
intradural bleeds per se are of clinical significance. Even 
large confluent hematomas (fig . 1) did not have a thickness 
more than 2-3 mm and, thus, did barely develop any sig­
nificant space-occupying effect onto the brain . However, 
intradural hemorrhage may indicate prior mechanical or 
ischemic injury to the brain. In accord with this concept, our 
earli er study [7] demonstrated few neurologic signs in most 
full-term neonates with hyperdense structures believed to 
be intradural bleeds, who otherwise had normal CT scans. 
This group had a good prognosis in radiologic as well as 
c linical follow-up examinations [1 2], consistent with the fact 
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Fig. 11 .-Hydrocephalus after intra­
cranial hemorrhage , premature neonate, 
31 weeks, birth weight 1300 g. Death at 
36th day from perinatal sepsis and se­
vere posthemorrhagic hydrocephalus. 
CT: enlargement of ventricu lar system, 
periventricu lar lucency, and more dis­
tinct right frontal hypodensity. Autopsy: 
posthemorrhag ic hydrocephalus after 
recurrent intraventricular and subarach­
noid hemorrhage, large right frontal 
bleeding cavity communicating with ven­
tricle . 

that within a few months after birth, organized hematomas 
or pigmentation in falx or tentorium can be found only 
sporadically [28]. 

In contrast to intradural hemorrhage, subdural hemato­
mas in the neonatal period have received wide recognition 
and have been reported in large autopsy series [36-38] and 
CT studies [17, 39]. Subdural hemorrhage may result from 
mechanical injuries, for example, tearing of bridging veins 
or lacerations of tentorium, falx, or large venous channels 
[29, 31, 40, 41]. In our series, however, we never observed 
tentorial or falcine lacerations. We group the subdural he­
matomas with the intradural bleeds because they seemed 
to be part of a primary multicentric hemorrhage in the falcine 
or tentorial area. They did not appear to result from rupture 
of substantial intradural hematomas into the subdural space. 

The high frequency of tentorial or falcine lacerations and 
of subdural hematomas in some older autopsy studies [29, 
40, 41] may be explained partly by confusion with intradural 
bleeds or asphyxial hemorrhage and partly by interim im­
provement in obstetrical management [28, 31]' Recently , 
Friede [28] found very few dural lacerations in his autopsies. 
Larroche [38] reviewed 700 autopsies and detected sub­
dural bleeds in 18% of term and 11 % of preterm infants who 
died . The incidence of subdural hematomas in our postmor­
tem examinations was 10 (9.5%) of 105. 

Diffuse primary subarachnoid hemorrhage (not secondary 
spread from intraventricular bleed by leakage through the 
foramina of the fourth ventricle) is usually regarded as 
hypoxic in orig in [38]. Traumatic rupture of bridging veins 
within the subarachnoid space may be another source of 
subarachnoid hemorrhage [31 , 42]. Subarachnoid bleed 
located only over the convexity may be caused by con­
sumptive coagulopathy [43]. 

We detected subarachnoid hemorrhage in fetuses and 
infants of varying degrees of maturity and viability (table 1). 
Radiologically, the hemorrhage has been detected most 
easily in the sylvian fissures by CT. Localized subarachnoid 
bleeds over the temporal or occipital lobes or along the 
basal cerebellar surfaces were frequently observed at au­
topsy but proved to be difficult to differentiate from the 
adjacent skull radiologically and, thus , were mostly over­
looked by CT. 

The incidence and primary locus of intracerebral hema­
toma varies with the degree of brain maturity [17 , 31 ]. The 
periventricular germinal matri x is the typical bleeding site of 
spontaneous hypoxic hemorrhage in the immature brain (fig. 
13) [35 , 44-46]. The matri x is an infrequent site of hemor­
rhage in full-term neonates [7, 1 7 , 47]. Subependymal 
bleeds develop most often within the first days of life [48, 
49]. They are the main source of intraventricular hemor­
rhage (which was also most common in the immature neo­
nates in our postmortem study) . The choroid plexus ap­
peared to be the primary source of intraventricular hemor­
rhage [50] in on ly one immature stillborn infant. Infreq uently, 
paraventricular hematomas with mu ltilocular distribution 
have been caused by bursting of the ventricular walls after 
tamponade of the ventricles (fig . 9) [1, 51]' Large hemor­
rhagic cavities that arise during resorption of paraventricular 
hematomas may be overlooked by CT when their content is 
still isodense with brain (fig. 10). Such cavities become 
visible when they achieve their final hypodensity (fig. 11). 

Infarctions with secondary development of hemorrhage 
within the necrotic tissue [52] were found in or distant from 
the periventri cular reg ion. They were always combined with 
other intracerebral or intraventricular bleeds . By CT alone, 
hemorrhagic infarctions could not be distinguished from 
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Fig. 12.-Developmenl of perivent ricu lar germinal matrix, sti llborn in fants 
at 14-37 weeks without para- or intraventricular hemorrhage. Symmetri c 
hyperdense layers surrounding lateral ven tric les decrease in thi ckness and 
attenuati on up to 27 weeks and cannot be detected in still born s at 32- 37 
weeks. 

Fig . 13. -Hematoma in germinal matri x, premature neonate, 32 weeks, 
birth weight 1,800 g, death at 2d day of life. Histologic section of subepen­
dymal hematoma communicating with ventric le (left) , normal matri x tissue 
with congested vessels (middle ), and cerebral parenchyma (right). 

Fig. 14.-Normal germinal mat rix, stillborn infant, 19 weeks, birth weight 
340 g, death from amnioniti s. cr: norm al paraventricular hyperdensity of 
germin al layer. Histology: normal appearance of ependyma (top ), germinal 
mat rix (middle ), and brain parenchyma (bo ttom) . 

hematomas unless their hyperdensities were accompanied 
by low-density areas. The latter had , however, to be located 
not only at the margin of the bleed (in distinction from a 
partially resorbed hematoma) (fig. 7) . 

In evaluating the CT scans of immature brains, the phys­
iological hyperdensity of the subependymal germinal layer, 
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or matrix, must be considered [16, 20, 22 , 53]. Histologi­
cally, the matrix tissue is characterized by tightly packed 
immature cells, a picture sometimes resemb ling lymphoid 
tissue. The density of cells, rather than the marked vascu­
larity of this area is reponsible for the hyperdensity observed 
by CT (figs. 13 and 14). 

The germinal matrix completely surrounds the lateral ven­
tricles up to the 30 weeks gestation (fig . 12). It is most 
prominent along the thalamocaudate groove and above the 
head of the caudate nucleus [28, 38]. 

On CT, the symmetric juxtaventricular matri x may be 
mistaken for hemorrhage within the lateral ventricles . An­
other explanation for this erroneous diagnosis results from 
difficulties in outlining the ventricles. The physiologically 
large ventricular cavities of the immature brain decrease 
gradually during the intrauterine development until they are 
slitlike in most term neonates and may be overlooked on 
CT. Moreover, the outlines of the ventricles are poorly 
defined because the attenuation difference between the 
CSF and the low cell density of the adjacent frontal and 
temporooccipital white matter is still small in the immature 
brain [20, 28]. 

The matri x tissue persists as scattered paraventricular 
islands during the last weeks of gestation and sometimes 
even in full-term neonates . If these focal residues of the 
matri x between the caudate nucleus and the thalamus are 
large enough to be detected by CT, they are easily confused 
with subependymal hematomas. On the other hand, if the 
early linear or the late focal paraventricular hyperdense 
pattern is slightly asymmetric in shape or in attenuation on 
CT (fig . 6) , subependymal hemorrhage should be suspected 
[16, 22]. 
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