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Spontaneous intracranial hemorrhage is the most common central nervous system 
abnormality in premature infants. In this report the cranial sonographic and pathologic 
findings of 25 autopsied premature infants are correlated. The presence and size of 
subependymal , intraventricular, and intraparenchymal hemorrhage were well docu
mented by sonography. Cerebellar, choroid plexus, and cortical hemorrhage, though 
less frequent, were also recognized. There was good correlation as to the presence 
and degree of hydrocephalus. Prominent subarachnoid spaces on sonography corre
lated poorly with subarachnoid hemorrhage at autopsy and may be a normal variant in 
the premature infant. Anoxic brain damage was not diagnosed early by sonography 
unless associated with hemorrhage, but diffuse brain atrophy with hydrocephalus ex 
vacuo was detected by sonography. 

Spontaneous intracranial hemorrhage is a phenomenon that occurs in prema
ture infants [1-3] and , according to Leech and Kohnen [3] , is the most common 
central nervous system abnormality in neonatal autopsies. l:he incidence at 
autopsy in premature infants has been found to be 56% -71 %. The hemorrhage 
usually originates in the subependymal germinal matri x and may extend into the 
ventricles and the parenchyma. 

Until recently, hemorrhage was recognized by clinical methods or c ran ial 
computed tomography (CT). In the last several years, B-mode sonog raphy has 
proven useful and accurate for evaluating hydrocephalus and other abnormali ties 
of the infant brain [4-14]. Recent articles have reported the demonstration of 
intracranial hemorrhage by sonography and reported good correlation with CT 
[15-23]. We report the sonographic and patholog ic correl ation on 25 premature 
infants examined at our institution during the past 3 years. 

Materials and Methods 

During the period from April 1978 to December 1980, 28 neonates who underwent 
c ranial sonography subsequently died and were autopsied. The sonograms and autopsy 
results of these infants were retrospectively reviewed to determine the corre lat ion of the 
location and size of intracranial hemorrhage and presence and deg ree of hydrocephalus. 
Other abnormalities of th e brain were also noted. Three patients had either technica lly 
inadeq uate sonographic or path olog ic examinat ions and were exc luded , reducing the stu dy 
group to 25 patients . A sonogram was performed wi thin 24 hr of death in 12 patients, 
inc lud ing all of those who died during the first week of life, and 10 of the 13 who died 
during the first 11 days. Four patients had sonograms within 3 days of death, four within 6 
days of death . The remaining five pat ients d ied 9 days to 1 month after the last sonogram, 
but these were infants who d ied later at 3 weeks to 9 months of age. 

Sonography was performed with a mechanical sector real-t ime scanner (A TL) or a 
con tact scanner (80L Digital, Picker) and a 5.0 or 3.5 MHz transducer. Our sonographic 
technique for evaluating the infant head has been described in detai l elsewhere [11 , 24]. 

Infant brains were removed at autopsy, fixed for several weeks in neu tral buffered 
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TABLE 1: Sensitivity, Specificity, and Accuracy of Sonography 

Site of Hemorrhage Accuracy ' Sensitivity "j" Specificily+ 
False False 

Positive Negative 

Intrac ranial 24 / 25 (96) 20 / 21 (95) 4 / 4 (100) 0 1 
Subependymal 23 / 25 (92) 16/ 18 (89) 7/7 (100) 0 2 
Intraparenchymal 24 / 25 (96) 6 / 6 (100) 18/ 19 (94) 1 0 
Intraventricu lar 22 / 25 (88) 15 / 18 (83) 7/7 (100) 0 3 

Hydrocephalus . 22 / 25 (88) 14 / 14(100) 8 / 11 (73) 3 0 
Subarachnoid 15/ 25 (60) 3 / 6 (50) 12 / 19 (63) 7 3 

NOlc.- Numbers in parentheses are percentages . 
. Accuracy = (true positives + true negatives) / (true positives + true negatives + false negatives + false positives) 
t SenSilivity = true positives/ (true positives + false negatives). 
t Specificity co true negalives / (true negatives + false positives). 

formalin , and examined using a conventional coronal sect ioning 
technique. The sections were made at 1 cm intervals. 

Results 

Sonography demonstrated intracranial hemorrhage at 
some site in 20 of 21 infants , an accuracy of 96%. The one 
false-negative patient had blood only in the fourth ventricle, 
and the site of origin of the hemorrhage was not identified 
at autopsy. The exact localization of the hemorrhage, how
ever, was not always possible by sonography. In the sub
ependymal hemorrhage group (18 infants), intraventricular 
hemorrhage was recognized by sonog raphy but the sub
ependymal component was not detected in two cases. Intra
ventricular hemorrhage (18 cases) was detected when ech
ogenic clot was present in the ventricles and / or when the 
ventricles were moderately to markedly dilated. In the three 
false negatives in this group, the ventricles were not dilated 
and there was minimal blood in the ventricles . Intraparen
chymal hemorrhage (six cases) was accurately identified 
except for one false-positive patient who had peri ventricular 
gliosis at autopsy which may have been due to previous 
hemorrhage but could have been due to other etio logies. 
There was good correlation as to the presence and degree 
of hydrocephalus (14 cases) . The three false positives had 
slightly prominent ventricles on sonography and were nor
mal on pathology; we learned that the normal ventricles vary 
from sl its to small fluid-fil led structures . Prominen t sub
arachnoid spaces were common on early sonograms, but 
this finding correlated poorly with the presence of subarach
noid hemorrhage over the cerebrum at autopsy (si x cases). 

Two patients had cerebellar hemorrhage at autopsy; one 
with a large cerebell ar hemorrhage was diagnosed by son
ography. Choroid plexus hemorrhage and cortical hemor
rhage were present in one patient each and both were 
recognized by sonography. Anoxic brain damage with per
iventricular leukomalacia was not diagnosable early by son
ography unless associated with hemorrhage. Di ffuse brain 
atrophy with hydrocephalus ex vacuo , a late manifestation 
of ano ic brai n damage, was detected by sonography. Table 
1 summarizes the correlations. 

Discussion 

Spontaneous intracranial hemorrhage in premature in
fants usually originates in the subependymal germinal matrix 

overlying the head and body of the caudate nucleus lateral 
to the caudothalamic groove (fig. 1) and sometimes in the 
choroid plexus (fig. 2) . The germinal matri x is a highly 
vascular tissue and is a source of neuroblasts early in 
gestation which migrate peripherally during development of 
the fetal brain to form parts of the cerebral cortex, basal 
ganglia, and other structures. It is largest at 24-32 weeks 
of gestation , then diminishes, and is virtually absent in the 
full-term infant [26). The vulnerability to subependymal hem
orrhage disappears as the spongy matrix tissue involutes. 

There are numerous theories of pathogenesis of subep
endymal hemorrhage, including infarction due to thrombosis 
of the deep cerebral veins, increased venous pressure, 
increased arterial pressure, and increased subependymal 
capillary pressure causing rupture of these fragile vessels 
[27-29). Hypoxia, pulmonary disease, acidosis, pneumo
thorax, administration of excess sodium bicarbonate, and 
coagulation defects are among the factors that have been 
associated with subependymal and intraventricular hemor
rhage . 

The hemorrhage can remain isolated in the subependymal 
germinal matrix or may rupture through the ependymal lin ing 
into the ventricular system. Hydrocephalus may result from 
obstruction of the cerebrospinal fluid pathway by c lot , in
flammatory ependymitis, or basilar arachnoidit is. 

Although subependymal hemorrhage usually conforms to 
the distribution of the residual germinal matrix , substantial 
hemorrhage in the periventricular cerebral white matter of
ten coexists. This devastating lesion may result from direct 
extension from the germinal matrix, but may also be related 
to reentry of an intraventricular hemorrhage through dam
aged ependyma into the white matter or by secondary 
hemorrhage into foci of ischemic necrosis of white matter. 
The latter, termed periventricular leukomalacia (fig. 1 C), is 
distinguished pathologically from subependymal hemor
rhage on the basis of its bland infarctlike histology , its 
physical independence of germinal matrix , and its clinical 
association with shock, sepsis, and congenital heart disease 
[3~ , 31). In fact, periventricular leukomalacia cannot be 
diagnosed by sonography unless hemorrhage is superim
posed or until enough time lapses for cavitation to ensue. 
The term we have chosen, intraparenchymal hemorrhage, 
is noncommital with respect to these issues. 

The patients in this study demonstrated a broad spectrum 
of severity of intracranial hemorrhage and other abnormali
ties . Subependymal germinal matrix hemorrhage is seen on 



AJNR:3 , May / June 1982 SONOGRAPHY j PATHOLOGY OF INTRACRANIAL HEMORRHAGE 311 

A B 

Fig . 1.-Subependymal hemorrhage: 1,320 g, 31-week-gestation infanl 
with respiratory distress syndrome, severe pu lmonary interstitial emphysema, 
and patent duclus arteriosus. Coronal (A) and parasagittal (8 ) sonograms on 
day 4 of life. Bilateral small echogenic areas in reg ion of head of caudate 

Fig . 2.-Choroid plexus hemorrhage: 925 g, 32-
week-gestal ion infant with pneumothorax, patent duc
Ius arteriosus, and massive pulmonary hemorrhage . 
Righi (A) and left (8 ) parasag itta l sonograms on day 
11 of life. Prominent, more echogenic, righl choroid 
plexus (arrow) compared to left (open arrow) Ihoughl 
to represent choroid plexus hemorrhage. Brain sec
l ion confirmed . 

A 

sonography as increased echogenicity in the wall of the 
lateral ventricle, usually in the region of the caudate nucleus, 
which forms the inferolateral wall of the lateral ventric le from 
the frontal horn to the base of the temporal horn (fig. 1). 
Normally the caudate nuc leus has medium-level echoes 
similar to those of the surrounding brain parenchyma. A 
normally highly echogenic structure, the choroid plexus, is 
also seen in the floor of the latera l ventr icle and should not 
be confused with a subependymal hemorrhage. The choroid 
plexus is a sharply marginated structure and extends pos
teriorly from the foramen of Monro. The echogenic area in 
the head of the caudate nucleus anterior to the foramen of 
Monro that is a frequent site of subependymal hemorrhage 
should not be mistaken for choroid plexus. Uncommonly, 
the choroid plexus can also be a source of hemorrhage, and 
in such cases appears enlarged, irregular in outline, and 
more echogenic than normal (fig. 2). 

The recognition of intraventricular extension of the hem-

c 
nucleus representing subependymal hemorrhage (arrows ). Venlri cles normal 
size. C, Brain section. Bilaleral subependymal hemorrhage (arrows ). Peri
ventricular necrosis (arrowheads) not delecled by sonography 6 days bclore 
dealh . (Reprinted Irom [25).) 

B 

orrhage can be made when echogenic clot is seen within 
the ventricle, forming a clot-fluid level or a cast of the 
ventricle (figs. 3-7). Since the thin ependymal lining of the 
ventricle is not identifiable by sonography, it is sometimes 
impossible to differentiate an intraventricular clot attached 
to the wall of the ventricle from a large subependymal c lot. 
In our experience, enlargement of the ventricles by anechoic 
fluid also indicates intraventricular hemorrhage with blood 
diluted with cerebrospinal fluid, 

Extension of the hematoma into the parenchyma is seen 
as a continuation of this echogenic area into the adjacent 
cerebral hemisphere , internal capsule, and basal ganglia 
(figs. 5 and 7) . Over a several-week period, the echogenic 
intraparenchymal hemorrhage becomes partially anechoic 
with eventual cavitation of that part of the brain (fig , 7) , 

The ventricles in the normal infant are slitlike or contain a 
small amount of anechoic fluid, as in our three false positives 
in the hydrocephalus group. Their angles are sharp and 
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Fig . 3. - Subependymal hemorrhage, inlraventricular hemorrhage; mild 
hydrocephalus, subarachnoid hemorrh age: 1 ,500 g , 30-week-gestation in
fant with vertebral, anorec tal, tracheoesophageal , and renal anomalies, res
piratory distress, and seizures. Coronal (A) and parasagittal (B) sonograms 
on day 8 of life. Bilateral small subependymal hemorrh ages (arrowheads ) in 
reg ion o f head o f caudate nuc leus. Mi ld ventricular dilatati on and echogenic 

A B 

D E 

Fig . 4 .- Subependymal hemorrh age, in traventricular hemorrhage; mas
sive hydrocephalus: 1,400 g, 32-week-gestation in fant with history of birth 
asphyx ia. Inc reasing head size and drop in hematocrit noted at age 10 days. 
Coronal (A), ri ght parasag itt al (B), and ax ial (C) sonograms on day 13 o f li fe. 
Large hematoma (H) on right with marked pan hydrocephalus. LV = lateral 
ventricle; V3 = third ventric le; V4 = fourth ventricle. Coronal (0 ) and right 

c 
material within third ventric le (V3) represents intraventricular extension . LV 
= lateral ventric le. C, Brain sec tion 3 days after last sonographic examination. 
Intraventricular hemorrhage with bilateral asymmetrical subependymal hem
orrhage (arrowheads ) and subarachnoid hemorrhage (arrows ). (Reprinted 
from [25].) 

c 

F 

parasagittal (E) sonog rams 1 week later. Partial liquificati on of hematoma 
(anechoic areas). Patient died of ventriculitis 2 months later. F, Brain secti on. 
Massive pan hydrocephalus and residual hematoma (arrowheads ) in right 
caudate nuc leus and thalamus. (A, 0 , and F reprinted from [24 ]; C, B, and E 
reprinted from [25].) 
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Fig. 5. - Subependymal hemorrh age, intraventri cular hemorrhage, hydro·· 

cephal us, intraparenchymal hemorrhage: 1,11 0 g, 28-week-gestation infant 
with severe resp iratory distress, pulmonary interst itial emphysema, conges
tive heart failure, and seizures. A, Coronal sonogram on day 3 o f li fe. Right 
subependymal and intraparenchymal hemorrhage (H). Right lateral ventric le 
not seen and could be filled by hematoma. B, Coronal sonogram 1 week 

A B 

D E 
Fig. 6. - Subependymal hemorrh age, intraven tri cular hemorrh age, hydro

cephalus, subarachnoid hemorrhage: 1 ,440 g, 32-week-gestation infant with 
respiratory distress, diffuse intravascular coag ulopathy, metabolic acidosis, 
and patent ductus arteriosus. Coronal (A) and parasagittal (B and C) sono
grams on day 4 of li fe. Bilateral hemorrhage (H) in reg ion of caudate nucleus 
and within dilated lateral (LV) and third ventri c les (V3). Coronal (D) and 

c 
later. Hematoma on right moderately larger and forms cast of rig ht lateral 
ventric le. Echogenic materi al within third ventricle (V3) represents blood . Left 
latera l ventric le (LV) moderate ly enlarged . C, Brain section 9 days after last 
sonog raphy. Bilateral subependymal hemorrh age, asymmetrical int raventric
ular hemorrhage, and mufti ple foc i of in traparenchymal extension (arrow
heads ). 

c 

F 
parasag ittal (E) sonog rams 2 weeks later. Ventricles moderate ly increased 
with liquifying blood clots (arrowheads ). LV,b = body of lateral ventric le; LV,t 
= temporal horn of lateral ventricle. F, Brain section same day as last 
sonog raphy. Moderate hydrocephalus with blood c lots in lateral ventricles 
(white arows) and old subarachnoid hemorrhage (curved arrow). Bilateral 
infarction in globus pallid us (black arrows). 
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there is some variation in size, possibly related to the infant' s 
state of hydration. Enlargement of the ventricles beyond the 
normal was seen and usually correlated with intraventricular 
hemorrhage in small premature infants. Early dilatation of 
the ventricles is best seen on coronal and parasagittal views 
and we found the posterior parts of the lateral ventricles 
(atria and occipi tal horns) most sensitive for diagnosing 
ventricular en largement. 

The sonographic appearance of intracranial hemorrhage 
varies accord ing to the age of the hemorrhage, much as a 
hematoma in other locations in the body [32]. Initi al exami
nations demonstrating the hemorrhage showed an area of 
increased dense echoes. At 2-3 weeks the hematoma be
came anechoic in its central part indicating liquifaction of 
the clot which eventuall y resolved after about 2- 3 months. 
This cou ld be seen with intraventricu lar clots as well as large 
subependymal and intraparenchymal hematomas. Cavita
tion of the brain resulted from large intraparenchymal he
matomas (fig. 5). Hemorrhage in other parts of the brain, 
such as the cerebellum and cortex (fig. 8), were demon
strated. 

A prominent extraaxial or subarachnoid space was com
monly present on initial sonographic examinations (figs. 7 
and 9). This was seen as separation of the brain from the 

c 
Fig. 7. - Subependymal hemorrhage, intra- · 

ventricu lar hemorrhage, hydrocephalus, intra
parenchymal hemorrhage, subarachnoid hem
orrhage: 940 g, 26-week-gestation infan t with 
respiratory distress, patent ductus arteriosus, 
bronchopulmonary dysplasia, and seizures. 
Coronal (A) and left parasagittal (B) sonograms 
on day 2 o f life. Large left subependymal hem
orrhage (H) extends to parenchyma of brain. 
Normal ventric les. Sylvian fissures (arrowheads) 
slightly prominen t. C, Coronal sonog ram 19 
days later . Parti al Iiquification of hematoma (H) 
with moderate enlargement of left ventric le (LV). 
D, Left parasag ittal sonog ram 1 week later. 
Marked en larg ement of left lateral ventric le with 
parenchymal cavitation (arrow) and larg e blood 
clot (H). E, Brain section 4 days after last son
ography. Ventricular dilatation and organ izing 
c lot in left latera l ven tri cle (white arrowheads) in 
continuity with caudate nuc leus necrosis. Multi
ple microabscesses, component of terminal 
Candida sepsis (black arrowheads); subarach
noid hemorrhage. 

bony calvarium over the parietal and temporal region and a 
prominent sylvian fissure. This space disappeared on later 
examinations and correlated poorly with the presence of 
subarachnoid hemorrhage over the cerebrum at autopsy. 
Prominent subarachnoid spaces have been described on 
CT in premature infants [33] and are thought to be a normal 
variant in premature infants. 

Ischemic brain damage, consisting of periventricular and 
corti cal areas of necrosis or of selective neuronal injury , 
was seen at autopsy in several of our patients. This was not 
recognized by sonography, probably because of the small 
size and non hemorrhag ic character of the lesions resulting 
in echogenicity similar to that of the adjacent brain. One 
instance of acute hemorrhagic infarct ion in the superficial 
cerebral cortex and one case of late manifestation of is
chemic brain damage, diffuse brain atrophy with hydroceph
alus ex vacuo , were diagnosed by sonography. In the latter 
case, the sonographic findings consisted of enlarged ven
tricles with normal ventricular angles and a prominent inter
hemispheric fissure and extraaxial spaces. The clinical find
ing of decreasing or stationary head size confirmed the 
diagnosis . 

The c linical diagnosis of intracran ial hemorrhage in pre
mature infants is based on changes in muscular tone and 
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Fig . 8. - Cortical hemorrhage: 700 g, 27-week-gestation infant with res
piratory dist ress, patent duc tus arteriosus, episodes of bradycardia, and drop 
in hematocrit. Coronal (A) and right parasag ittal (B) sonograms on day 14 o f 
life. Subependymal hemorrhage (H) extends into brain parenchyma on ri ght. 

A B 

Fig . 9. - Subarachnoid hemorrh age: 1,440 g, 32-week-gestation infant 
with respiratory distress, diffuse intravascular coag ulation, patent ductus 
arteriosus, and metabolic ac idosis. Coronal (A) , parasag ittal (B) , and ax ial 
(C) sonog rams on day 1 of li fe. Prominent subarachnoid space (arrows). CSP 

activity, seizures, increas ing head circumference , bu lging 
anterior fontanelle , hypotension, greater than 10% drop in 
hematocrit , and blood or elevated protein content in the 
cerebrospinal fluid . Hydrocephalus is diagnosed by a bu lg
ing anterior fontanelle, abnormally increasing head circum
ference, and transillumination of the head. Prospective stud
ies of intracranial hemorrhage using CT have shown that 
c linical methods of diagnosis are inaccurate and underesti
mate its inc idence [34-37]. In several studies, cranial com
puted tomography has been shown to be accurate in diag
nosing intracranial hemorrhage in premature infants [35-
41]. 

A recent report has shown transfontanelle real-time son-

c 
Lateral ventric les slightly enlarged . Small echogen ic area in right temporal 
lobe represents co rti ca l hemorrh age (CH). C, Brain sec tion 18 days after last 
sonography. Dilated ven tri cles. Right latera l ventricle con tains clot (arrow). 
Hemorrhag ic in farct in right temporal lobe (arrowheads). 

c 
= cavum septi pel luc idi. Patient subsequent ly developed subependymal and 
in traventricu lar hemorrhage. Brain section showed subependymal hemor
rhage, intraventricular hemorrhage, and subarachnoid hemorrhage. (Re
printed from [25].) 

ography to be as accurate as CT and more accurate at 7-
10 days when hemorrhage may be isodense on CT [19]. 
The true sensit ivity and spec ific ity of an imaging method 
can be determined by comparing the resu lts of the studies 
performed shortly before death with the finding s at autopsy. 
Pape et al. [15] reported that the hemorrhage seen on 
sonog raphy corresponded closely with the degree of intra
ventricular hemorrhage demonstrated at necropsy in four 
infants. Mack et al. [42] reported good corre lation between 
sonography and autopsy findings in 12 patients. The evo
lution of intracerebral hemorrhage in a canine model by 
sonography, CT , and neuropathology has been described 
[43]. Our resu lts agree with these stud ies and support the 
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conc lusion that the diagnosis of intracranial hemorrhage , 
excep t for subarachnoid hemorrhage, can be accurately 
made by sonography. 

Sonography has several advantages over CT for diagnos
ing intracranial hemorrhage . It does not use ionizing radia
tion and it is noninvasive. The examinations can be per
formed with portable equipment in the newborn intensive 
care unit and sedation is not necessary. This is important 
when dealing with a small , unstable infant when transpor
tation is difficu lt and dangerous, espec ially when mechani
cal ventilation is needed. Also, sonographic equipment and 
examinations are lower in cost than CT. 

Our study shows good sonographic-pathologic correla
tion on the presence and size of subependymal, intraven
tricu lar, and intraparenchymal hemorrhage. There was good 
correlation as to the presence and degree of hydrocephalus. 
The normal ventricles were found to vary from slits to small 
fluid-filled structures. Prominent subarachnoid spaces on 
sonography correl ated poorly with subarachnoid hemor
rhage and may be a normal variant in the premature infant. 
Anoxic brain damage was not diagnosed early by sonogra
phy unless assoc iated with hemorrhage. Diffuse brain atro
phy with hydrocephalus ex vacuo was detected by sonog
raphy . 
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