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Using the anterior fontanelle as an acoustic window, high resolution gray .scale 
sonography brain scans with mobile apparatus were obtained in 35 premature infants. 
The sonographic technique provided accurate assessment of ventricular size and 
detected the subependymal germinal matrix and intraventricular hemorrhages. Ventric
ular size measurements correlated closely with computed tomographic (CT) determi
nations (r = 0.83-0.92) in 29 infants. Sonography imaged the hemorrhages as areas of 
increased echogenicity with mass effect located characteristically in the region of the 
caudate nucleus. The size of the hemorrhages could be grossly estimated, but the full 
extent of hemorrhages was better delineated by CT. Sonography seemed superior in 
detecting small hemorrhages that were isodense with surrounding brain on CT. Despite 
its advantages of benignancy, accuracy, ease of examination, and cost, our sonography 
technique had limitations. False-negative sonograms occurred when the hemorrhage 
was located only in the posterior aspects of the ventricular system . Small hemorrhages 
in the caudate could be missed by either CT or sonography because of sampling error. 
Recognition of other disease processes was limited with sonography. The sonographic 
brain scan is a good initial test for high risk premature infants suspected of having 
subependymal germinal matrix and intraventricular hemorrhages. If the sonogram is 
negative or not typical for subependymal germinal matrix and intraventricular hemor
rhages, CT is indicated. 

Intracranial hemorrhage is recognized as a significant factor in mortality of 
premature infants. Although major advances in respiratory support and infection 
control have resulted in greater survival among these infants, improvements have 
also resulted in a significant shift in neonatal pathology. In 1972 , only 25% of 
neonatal deaths were assoc iated with intracranial hemorrhage; in 1978, this 
figure was 65% [1-3]. 

Computed tomog raphic (CT) brain scans permit accurate and noninvasive 
detection of subependymal germinal matri x and intraventri cul ar hemorrh age in 
premature infants as well as assessment of possible seque lae such as hydro
cephalus and porencephaly [4-6]. Because the accuracy of CT exceeds that of 
c linical examination in detecting such hemorrhages, the reported inc idence of 
such hemorrhages has increased dramatically [5-8]. In premature infants weigh
ing less than 1,500 g, the incidence by CT is 43%-70% [7,8]. Unfortunate ly, the 
widespread and seri al use of CT scanning for detection of hemorrhage and its 
sequelae is logi sti call y limited in these fragile infants because of di fficu lties in 
transport , sedation , temperature maintenance, and respiratory support . The risk 
of repeated exposure to ionizing radiation must also be considered. 

Sonography has been useful in determining ventricular size in both term infants 
and young chi ldren [9 - 13]. We report the use of a mobile sonography unit with 
a high resolution probe for measu ring ventricular size and detecting subepen
dymal germinal matri x and intraventricular hemorrhages in premature infants. 

Subjects and Methods 

An orbita l sonography unit was adapted for use with premature infants. The linear array, 
high frequency (7 .2 MHz) probe produces a real time, rectangular 3 x 6 cm image that 
can be frozen for photographing with a standard Polaroid camera . The ax ial reso lution is 
0.2-0.3 mm . The lateral resolut ion is 2 mm at less than 2 em (near field) and 4-5 mm at 6 
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Fig. 1.-A, Sonog raphic scanning 
plane. Anteri or fontan elle is acoustic 
w indow. B, Vent ri cu lar measurements 
in coronal plane at level o f caudate 
nucleus. (More posterior ventricular 
span measurement at level of body is 
not diagrammed.) ;= -'-~ 
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cm from the probe. The small size of the probe permits examination 
of the infan t through the portholes of the isolette in the newborn 
intensive care unit without sedation . 

Th ere were 82 sonog raphic examinat ions performed in 35 pre
mature infants with birth weights of 690-3,600 g. Sonograms were 
prospectively compared with 3 7 ax ial CT scans in 29 of these 
premature infants . Six infants did not have CT correlation . Almost 
all sonograms were obtained immed iately after CT. In a few patients, 
the sonog ram was obtained a few hours before CT. In none of the 
pat ients was the interval between CT and sonography more than 
12 hr. 

The sonographic technique consisted of coronal and sag ittal 
views of the lateral ventric les using the anterior fontane lle as an 
acousti c window. The standard sonog raphic examination consisted 
of near-coronal sections passing through the head of the caudate 
nuc lei and the bodies of the lateral ventric les (fig . 1). These near 
coronal sections were positioned about 60° -70° to the Reid base 
line (fig. 1). Sag ittal scans of th e frontal horn and trigone were 
obtained of both lateral ventricles . Selec ted images were record ed 
on Polaroid film for analysis and comparison with CT scans (EM I 
model 1005, 160 x 160 matri x, 80 sec scan time). Although th e 
plane of examination differed between CT (25° to the Reid base 
line) and sonography (60° - 70° to the Reid base line), four similar 
measurements of ventricular size were obtained [14] (fig . 1): (A) 
maximum span of the frontal horns; (A ,) width of frontal horn at th e 
level o f th e caudate nucleus; (B) intercaudate distance; and (C) 
span of the bodies of the lateral ventric les. 

Measurements were made on Polaroid prints for both sonograms 
and CT scans. The corre lation coefficient (r) was calculated for 
each of the four ventricular measurements [1 5]. 

Results 

CT and Sonographic Correlation of Ventricular Size 

There were 36 ventricu lar size determinations evaluated 
in 26 premature infants by both CT and sonography, re
gard less of the presence or absence of intracranial pathol
ogy. The correlati on coeffi c ient for each ventri cular mea
surement was high (range, 0.83-0.92). (table 1). 

- -

-= 

TABLE 1: Correlation of Ventricular Measurements by CT and 
Sonography 

Parameter No . Pat ients 

A 28 0.90 
A, 28 0 .83 
B 27 0 .83 
C 24 0 .92 

Note.- A = maximum span of the frontal horns; A, = width of frontal horn at level of 
caudate nucleus: B = inlercaudale distance: C = span of bodies of lateral ventric les; and 
r = correlat ion coeff ic ient. 

Normal Ventricular Size by Sonography 

Sonograms in 15 premature infants without clinical evi
dence suggestive of subependymal germinal matrix and 
intraventricular hemorrhages were used to determine the 
range of normal according to birth weight. In nine of these 
15 infants , CT demonstrated no intracranial pathology; six 
infants had only sonograms but they were se lected because 
of their lack of clinical problems. With increasing birth 
weight, each measurement of ventricular size increased 
incrementally (table 2). Because the width of the ventricles 
in these small infants often approached the limit of resolution 
on the CT image , accurate measurement of small ventricles 
was often difficult on CT, whereas sonography permitted 
measurements of the frontal horns, some on ly 1-2 mm wide. 
The frontal horns in very small infants were often difficult to 
identify , but the real-time capability and perserverance of 
the examiner allowed identification of difficult to detect 
slitlike ventric les (fig . 2). A cavum septum pellucidum ap
peared to be a relative ly common, normal finding in prema
ture infants on both CT and sonography (fig . 2). 

Abnormal Ventric ular Size by Sonography 

Six infants with abnormally enlarged ventricles were stud
ied by both CT and sonography (fig . 3) . Sonograms and CT 
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TABLE 2: Sonographic Ventricular Measurements by Birth Weight in Normal Premature Infants 

Birth Weight (g) No. Patients 
Ventricular Measurements, mm (Mean + SEM ) 

A A, B C 

500-1 ,000 2 15 ± 0.6 .7 ± 0.7 4 .7 ± 0.7 16 ± 0.3 
1 ,000-1 ,500 7 19 ± 0.6 2 .5 ± 0 .2 5.4 ± 0 .3 19 ± 0.8 
1,500+ 6 22 ± 1.7 2.3 ± 0 .5 7.5 ± 1.5 21 ± 1 .2 

Note. A - maximum span of the frontal horns: Al = width o f fronta l horn al level of caudate nucleus: B = intercaudate distance: 
and C = span of bodies of lateral ventricles. 

Fig . 2.-Normal ventricular size, aboul 3 1 
weeks geslal ion, 1,240 g. A and B, Coronal 
sonograms Ihrough corpus callosus (arrow) 
and frontal horn s (arrows ). Rec tangular , ane
choic struc ture in mid line represents cavum 
septum pe lluc idum (open arrow) . Vent ri cles 
are sometimes small and difficult to image. 
Anechoic slit between parallel lines of echoes 
represents left frontal horn , about 1 mm wide 
(arrows). C, Axial CT scan. Norm al ventricular 
size. Midline struc ture between front horn s 
represents cavum septum pellucidum (normal 
in premature infants). Frontal horns not dis
cern ed on CT. Decreased density in left pari
etal occ ipital region is shading artifact. (Ven
tricular size on sonograms measured by scale 
at lefL) 

scans correlated closely. Actual measurement of ventricular 
size was often unnecessary because abnormal en largement 
was readily apparent. In one patient, serial sonograms ac
curately mon itored ventricular size changes while serial 
lumbar punctures were performed to reduce hydrocephalus. 

Detection of Hemorrhage 

The normal coronal and sagittal sonogram exhibited 
dense echoes above and below the corpus callosum and on 
the f loor of the third and lateral ventricles (fig. 2) . The 
ventricle itself is anechoic and the region of the germinal 
matrix and caudate nuc leus is hypoechoic (fig. 4) . Some 
echoes are produced by the choroid ' plexus as it traverses 
the foramen of Monro. The spatial resolution of the sono
gram allows visualization of interhemispheric cortical su lci 
(figs. 1 and 4) and pu lsating intracerebral vessels . 

Recent hemorrhage, both parenchymal and intraventric
ular, is characterized by increased echogenicity. Subepen
dymal hemorrhage characteristically produces intense 
echoes in the region of the head of the caudate nucleus with 
compression of the ipsilateral frontal horn (figs. 5 and 6). 
Sonography in 11 of the 13 infants with subependymal 
germinal matri x hemorrhages examined by both CT and 
sonography demonstrated bright echoes in the region of the 
caudate nucleus that correlated closely with the site of 
hemorrhage seen at CT (figs. 5 and 6). Compression of the 
frontal horn was associated with these echoes in eight 
infants. Intraventricular blood clot attached to the choroid 
plexus was detected in only one infant by both CT and 
sonography . 

There were two fa lse-positive and two false-negative son
ograms in our series. One false-negative scan was produced 
by a germinal matri x hemorrhage that did not involve the 
head of the caudate nucleus (fig. 7). The hemorrhage was 
limited to the posterior body and occipital horn of the latera l 
ventricle, areas not imag ed by our technique. The other 
false-negative sonogram was in a patient who had punc tate 
densities in both caudate nuc lei on the CT scan; the sono
gram revealed no abnormal echoes. Thi s examination prob
ab ly represented a sampling error in the selection of image 
planes . One false-positive sonogram revealed echoes in 
both caudate nuclei but without a mass effect. Norm al 
structures in this patient were also highly echogen ic , a 
finding as yet unexplained. The second possible false-pos
itive sonogram revealed a unilateral dense echogenic area 
of 4 x 4 mm in the caudate nuc leus with an associated 
mass effect. The comparable CT scan did not reveal a dense 
les ion indicative of hemorrhage. The reg ion in question was 
unfortunately poorly imaged on CT and may have fallen 
between adjacent scans [16 , 17]. In this patient CT could 
well have been a fal se-negative examination . 

Discussion 

Although the overall neonatal mortality rates for premature 
infants has decreased markedly in the past 20 years , the 
relative importance of subependymal hemorrhag e as a 
cause of death has increased dramati cally . Furthermore, 
improving medical management of the premature infant can 
be expected to inc rease the number of survivors of subep-
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Fig . 4 .-Normal venlricu lar size, 32 weeks gestation, 2,020 g. A , Coronal 

sonogram. Normal ven tricular size (2 mm wide) at level of frontal horns 
(arrow). Dense midl ine echoes above ventric les represent interhemispheric 
fissure and cortical sulc i. Echoes at bottom of image represent temporal 
horns and structu res in basal cisterns. Vessels readily iden tified by pulsations 
with this real-t ime system . B, Axial CT scan. Normal ventricu lar size without 
apparent cavum septum pelluc idum. Resolution of ventricular size better with 
sonography. (Ventricular size on sonog ram measured by scale at left .) 

endymal germinal matri x hemorrhages. Evaluation of the 
hemorrhage itself and its sequelae requires a reliable , ac
curate, and safe diagnostic method. At present, CT is the 
most accurate, but transport problems, sedation , and tem
perature maintenance, and the risk of ionizing radiation limit 
the use of CT in routine assessment of these fragile infants. 

The use of sonography to examine the intraCranial cavity 
is not new and, in fact, is preferable for infants who have a 
poorly mineralized calvarium. To penetrate the skull , lower 
frequency sound beams (3 .5 MHz) have been used , but 
such beams limit spatial resolution . Our approach uses the 
anterior fontanelle as an acoustic window for a high fre
quency probe (7.2 MHz) that provides excellent spatial 
resolution . The interpretation of anatomic landmarks and 
pathologic changes was not difficult and was aided by 
pulsation of vessels displayed in the real-time mode. 

The coronal plane through the caudate nuclei was the 
single most important image permitting both reproducible 
ventricular size determination and optimal visualization of 
subependymal germinal matrix hemorrhages. Ventricular 
size was accurately depicted , correlating closely with the 

o 

Fig. 3. - Abnormal ven
tricular size: enlarged ven
tricles and Arnold-Chiari II 
malformation. A and B, 
Coronal sonograms. Well 
delineated large frontal 
horns (I), third ventric le (3), 
and bodies of lateral ven
tricles (b) . Midline echoes 
at foram en of Monro rep
resent choroid plexus (A) . 
C, Sag ittal view . Trigone of 
lateral ventric le (I) . D, Axial 
CT scan confirmed sono
graphic find ings of marked 
ventricular enlargement. 
(Ventricular size on sono
grams measured by scale 
at left .) 

concurrent CT scan and previous measurements in the 
literature [16]. Ventricular size in premature infants in
creased incrementally with increasing gestational age. 

Recent hemorrhages were highly echogenic and charac
teristically located in the caudate nucleus and lateral ven
tricular wall. A mass effect on the adjacent frontal horn or 
cavum septum pellucidum was characteristically present 
and it provided confirmatory evidence in very small hemor
rhages. Normal echoes emanating from the floor of the 
lateral ventricle were readily distinguishable from hemor
rhage by their location , intensity, and configuration. 

Although sonography accurately identified subependymal 
hemorrhages involving the caudate nucleus, it did have 
limitations. Large hemorrhages were easi ly detected, but 
small lesions were susceptible to sampling errors, i.e. the 
selection of scanning planes that miss the lesion . There 
were two false-negative sonograms. In one patient this was 
due to the very small size of the lesion and in the other 
because of the far posterior location of the hemorrhage. 
Hemorrhages located posteriorly in the trigone region infre
quently occur in premature infants of less than 28 weeks 
gestation; however, these would be difficult to detect with 
our sonographic technique [6]. Although the CT scan is 
considered standard for diagnosis of subependymal ger
minal matri x hemorrhage, it also may suffer from sampling 
errors with small hemorrhages. In our series, one false
positive sonogram may actually represent a false-negative 
CT scan . In this infant, abnormal echoes in the caudate 
nucleus were small but quite typical on the sonogram for a 
small hemorrhage with a mass effect. A sampling error may 
have occurred on CT because the hemorrhage fell in an 
area between adjacent scans, an area where small lesions 
can be missed [16 , 17]. In one infant the hemorrhage was 
easier to detect by sonography because it was small and 
nearly isodense on the CT scan . The incidence of germinal 
matri x hemorrhages may actually be much higher than pre
viously suspected in view of the number of small and subtle 
hemorrhages in our patients that were difficult to detect 
even on the CT scan . 

Our sonographic technique is well suited for the diagnosis 
of germinal matri x hemorrhage in premature infants, but its 
other diagnostic potential is somewhat more restricted . Be
sides posterior germinal matri x hemorrhages, the various 
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Fig . 5. - Subependymal hemorrhage, 26 weeks gestation , 980 g. A, Corona l sonogram. Highly echogenic lesion (open arrow) in right caudate nucleus 

compresses right frontal horn and cavum septum pellucidum . Right frontal horn was 2 mm wide where not compressed . Left frontal horn more difficult to 
vIsualize (closed arrows). AXIal CT scans veri fied presence of small subependymal germinal matrix hemorrh age on right (C , arrow) extending into occipital horn 
(B) . (Ventricular sIze on sonogram measured by scale at lefl.) 

A 8 c D 

Fig . 6.- Subependymal hemorrhage, 26 weeks gestati on, 790 g (twin of infant in fig. 5). A and B, Highly echogenic mass lesions (open arrows) in both 
caudate nuc lei (A Slightly anterior to B). C and D, Axial CT scans. Bilateral subependymal germin al mat ri x hemorrhages in caudate nuc lei. Extent of hemorrhage 
best characterized by CT. (Ventricular size on sonogram measured by sca le at left .) 

other types of intracranial pathology seen in infants cou ld 
not be diagnosed using sonography alone, although a mass 
effect on the ventricular system would be evident. Ventric
ular enlargement is easily detected by sonography, but the 
status of the posterior fossa and fourth ventricle cannot be 
determined and, thus, other causes of hydrocephalus would 
be difficult to diagnose. 

A brain sonogram with mobile apparatus is indicated as 
the first diagnostic imaging test in any premature infant 
whose clinical deterioration is either typical of subependy
mal germinal matrix and intraventricular hemorrhages or 
remains unexplained . Using our technique, if the sonogram 
is negative, a CT scan should be performed because some
thing other than subependymal germinal matrix and intra
ventricular hemorrhages may be responsible. If the sono
gram is abnormal but not typical of subependymal germinal 
matrix and intraventricular hemorrhages, CT must be per
formed. This can occur when blood refluxes into the ven
tricular system from a subarachnoid hemorrhage or cere
bellar hemorrhage; however, the latter occurs primarily in 
term infants. Cerebral mass lesions (including hematomas) 
can cause deformity and displacement of the ventricular 

system, but the findings will be atypical for subependymal 
germinal matri x and intraventricular hemorrhages . If son
ography demonstrates typical findings of subependymal 
germinal matri x and intraventricu lar hemorrhages, one can 
be confident of the diagnos is, but CT could still be indicated 
if it is important to determine the entire extent of hemor
rhage. The , sonogram provides enough information to 
roughly estimate the hemorrhage size and, thus, the need 
of CT for further delineation . If hydrocephalus is detected 
by sonography, the diagnosis is a confident one . The occip
ital horns in infants usually enlarge to a greater extent than 
the rest of the ventricular system. Nevertheless, the lesser 
degree of en largement of the frontal horns is coincident with 
occipital horn enlargement and our techn ique is very sen
sitive to changes in frontal horn size. 

It would not be unreasonable to perform this bedside 
examination on high-risk infants (less than 1,500 g), despite 
the lack of obvious clinical findings . Diagnosis of subepen
dymal germinal matri x and intraventricu lar hemorrhages on 
clinical c riteria alone can be quite unreliable [5]. As a 
sceening test, sonography could identify infants at higher 
risk for developing complications of subependymal germinal 
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Fig . 7.-False-negal ive sonogram, 3 1 weeks geslalion , 1,4 10 g . A, Coronal sonogram. No evidence of hemorrhage at level of caudale nuclei. Venlricular 

size wilhin normallimils. B and C , Axial CT scans. Small posteri or subependymal inlravenlricular hemorrhage on righl. (Venlricular size on sonogram measured 
by sca le al left .) 

matri x and intraventricular hemorrh ages than would other
wise be possible. Treatment for hydrocephalus could be 
instituted more efficiently, since it would be detected at an 
earlier stage. Treatment such as repeated lumbar punctures 
could be monitored c losely and tailored to ventricular size. 

The brain sonog ram in premature infants provides valua
ble and accurate information and represents a valuable 
adj unct to CT. The non invasive and benign nature of son
ography results in ' an excellent test for detecting subepen
dymal germinal matrix and intraventricular hemorrhages and 
hydrocephalus . The mobility of the devi ce permits exami
nation without the difficulties of transfer, sedation , temper
atu re maintenance, or respiratory support. Finally , the tech
nique is of relatively low cost . We believe sonography will 
become a standard examination in the care of the premature 
infant. 
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