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Clinical NMR Imaging of the 
Brain in Children: 
Normal and Neurologic Disease 

The results of initial clinical nuclear magnetic resonance imaging of the brain in eight 
normal and 52 children with a wide variety of neurologic diseases were reviewed. The 
high level of gray-white matter contrast available with inversion-recovery sequences 
provided a basis for visualizing normal myelina!jOP 'W well as delays or deficits in this ... 
process. The appearances seen In cases of parenchymal hemorrhage, cerebral infarc
tion , and porencephalic cysts are described. Ventricular enlargement was readily 

identified and marejgal edema Wile dllmgQ§WHrS with SPin-echo sesuepceg. Abnor
malities were sleen in cereb ra l palsy , congenital malformations, Hallervorden-Spatz 
disease, aminoaciduria , and meningitis . Space-occupying lesions were idenbhed by 4 

virtue of their increased relaxation times and mass effects. Nuclear magnetic resonance 
imaging has considerable potential in pediatric neuroradiologic practice, in some 
conditions supplying information not available by computed tomography or sonogra
phy . 

In earli er reports, we com mented on the potential of nuc lear mag neti c reso
nance (NMR) for imaging of the brain in children [1, 2]. The high leve l of gray
white matter contrast avail ab le with inversion-recovery (IR) sequences provides 
a basis for visualization of the norm al process of myelination in infancy. Studies 
of adu lts have also shown that NMR imag ing is sensi ti ve to a variety of pathologi c 
changes, inc luding hemorrh age, infarct ion , edema, and neoplasti c change, whi ch 
are important in pediatric practice [1 ,3-1 3]. Unli ke computed tomography (CT), 
no hazard is associated with NMR imaging, and , unlike sonog raphy, its appli ca
tion in c hildren is not limited by the closure of the fontanelles. We have now 
completed NMR examinations of eight normal c hildren and 52 patients up to 13 
years of age with a variety of neurologic diseases. The normal appearances and 
results of these c linical studies are presented. 

Subjects and Methods 

App roval for this study was obtained from the Research Ethics Committee o f the Royal 
Postgrad uate Med ica l School and informed consent was obtained from a parent o r guard ian 
before examination o f each child. The examinations were performed in accord ance with 
gu idelines provided by the National Radiolog ica l Pro tec tion Board [14] . 

The eight normal children (two boys, six girls) were aged 36 weeks post menstru al age 
(PMA) (a 3 1 week infant examined at 5 weeks postn atal age) to 10 years; one of th ese 
children was examined twice. The 52 patients (28 boys, 24 girl s) were aged 32 weeks 
PMA (29 weeks gestation examined at 3 weeks postnatal age) to 13 years . Their c li nica l 
d iagnoses are summari zed in table 1 . Ten of these child ren had fo ll ow-up examinations. 
The ages o f children under 2 years were correc ted for prematurit y or postmaturity by 
subtrac ting or adding th e length o f the preg nancy from 40 weeks to the patien t 's chrono
logic age . 

No preparation was used in some neonates , but o th ers and older child ren unt il the age 
of 4 years were sedated w ith oral ch loral hyd rate (75-100 mg / kg) or oral trimepraz ine (6-
8 mg / kg) 30-60 min before examination. 
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TABLE 1: Clinical Diagnoses in Children Undergoing NMR of 
t he Brain 

Diagnosis 

Perinatal problems: 
Intraventricular hemorrhage 
Postint raventricular hemorrh age 
Posthemorrhagic ventricular dilatation 
Ischemic anoxic encephalopath y 

Subtotal 

Congeni ta l anomalies: 
Spina bifida with suspected Arnold-Chiari 

malfo rmation 
Aqueduc l stenosis 
Semilobar holoprosencephaly 

Sublotal 

Venlr icular d il atation of unknown etiology 

Metabolic abnormalities: 
Aminoaciduria 
Congenital hypothyroidism 
Hypern atremia 
Fanconi disease 

Subotal 

Infec tious diseases: 
Probable rubella embryopath y 
Meningitis 
Fungal abscess 

Subtotal 

Trauma: nonaccidental injury 

Motor, neuromuscular, and muscular disorders: 
Fami lial spastic parapleg ia 
Spinomuscular atrophy 
Hallervorden-Spatz d isease 
Congenilal muscular dystrophy 
Congenital muscular dystrophy (Fukuyama 

type) 
Cerebral palsy 
Abnormal musc le tone pattern 

Subtotal 

Benign tumors: 
Epidermoid 
Hamartoma 

Subtotal 

Malignant tumors: 
Poorly d ifferen tiated fi brosarcoma 
Intrinsic brain stem tumor 

Subtotal 

Degenerati ve disorders : 
Neurodegenerati ve d isorder 
Global retardation 

Subtotal 

Miscellaneous 

Normal subjec ts 

Total 

No. Patients 

3 
2 
8 
6 

19 

3 

4 

1 
1 

3 

1 
2 

1 
2 
2 

10 

2 

2 

3 

4 

3 

8 

60 

The duration of the examination was 45-1 10 min and involved 
up to 14 individual slices. A surface respiratory monitor was used 
in most children and an esophageal stethoscope was used to 
mon itor heart rate in some neonatal patients . Care was taken to 
ensure that in fan ts did not become cold during the examination. 

The NMR scanner used in this study has been described [13, 

TABLE 2: NMR Pulse Sequences 

Scanning Sequence 

Satu ration-recovery: 
SR,ooo 

Inversion-recovery: 
IR '4oo(400 
IR ,aoo(6oo 
IR24oo(aoo 

Spin-echo: 
SE ,04o(20 
SE,oao(4o 
SE" 2o(60 
SE" 6o(ao 
SE ' 24o( ' 20 

Duration of Scan 
T( msec) 

Cycle (msec) 

1000 

1400 400 
1800 600 
2400 800 

1040 20 
1080 40 
1120 60 
11 60 80 
1240 120 

TABLE 3: Dependence of NMR Image Pixel Values on p, T" 
and T 2 with Different Pulse Sequences 

Image Parameters 
Pulse Sequence 

p T, T, 

Saturation-
recovery Proportional to Reduced if 

p' T, is long 
Inversion-

recovery Proportional to p Decreases 
as T , in-
c reases' 

Spin-echo Proportional to p Reduced if Inc reases as 
T , is long T2 in-

c reases' 

• Indica tes princ ipal image parameter for the pulse sequence. 

15]. It is based on a cryomagnet operating at 0 .15 T that induces 
a net proton magnetization in the long axis of the patient. Oscillating 
magnetic fi eld pulses are used to perturb thi s magnetization. Its 
relaxation back to th e original magnitude and direc tion produces 
an elec trica l signal in a receiver co il that su rrounds the patient 's 
head. Additional g radient magnetic fi elds are used to spatially 
encode the detected signal. Image reconstruction is performed by 
Fourier transformation and projec tion reconstru ction or by two
dimensional Fourier transfo rmation. 

Saturation-recovery (SR) , IR , and spin-echo (SE) pulse se
quences were used in this study (table 2). IR sequences with T = 

600 msec were applied in neonates and infants up to 5 years of 
age and IR sequences with T = 400 msec were used for older 
children. The pulse sequences produced images wi th varying de

pendence on proton density (p ), T, and T 2 (table 3). Increased 
magnetic fi eld grad ients were used in neonates and younger chil
dren in order to increase the size of th e image. 

All neonatal pat ients also had c ranial sonog raphic examinations 
with an ATL Mark III sector scanner with a rotatin g 3 .5, 5, or 7 MHz 
transduce'r. Fifteen of the children also had computed tomographic 

. (CT) scans, with a Siemens Somatom 2 whole-body scanner oper

ating at 125 kVp and 230 mAs in 10 patients, an EMI CT 10 10 
head scanner in four patients, and an Elscint Exel-905 CT scanner 
in one patient. Contrast-enhanced CT was used in all cases of 
suspected mass lesions but not in a patient w ith muscular disease 
and another w ith probable ischemic damage. 

Results 

No adverse effects were noted during the course of the 
examinati ons. A central art ifact consist ing of a black and 
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Fig . 1 .-Norm al SR, ooo scans with 
increasing age at ventricula r level. A . 
Infant born at 31 weeks gestation ex
amined at 5 weeks postnatal age (36 
weeks PMA). Ventric les identifi ed as we ll 
as normal long T , areas in periventricular 
white matter . B . Full-t erm infant at 2 
weeks postnatal age (42 weeks PMA). 
Long T , in perivent ricu lar reg ion less 
prominenl. C. Infan t born at 3 1 weeks 
gestation examined at 6 months post
natal age (57 weeks PMA). Long T , in 
periventricular region no longer identi
fied . Cen tral artifact in each image. 

white dot was present in many images , and streaks were 
produced at the margins of some images as a result of 
movement. Ventriculoatrial shunts produced image defects 
in their immediate vicinity. 

Normal Appearances 

Saturation-recovery (SR) sequences. SR sequences re
flect changes in proton density with some dependence on 
T,. The brain appears relatively featureless , except that in 
an infant of 31 weeks gestation examined at 5 weeks of age 
(36 weeks PMA) and in one full-term infant examined at 2 
weeks of age (42 weeks PMA), long T, (dark) areas were 
seen in the periventricular regions (figs. 1 A and 1 B). The 36 
week infant had a transient period of hypotonia shortly after 
birth lasting a few days, but was normal by 5 weeks post
natal age. The long T, in the periventricular regions was not 
seen in an infant of 31 weeks gestational age and examined 
at 6 months (57 weeks PMA) (fig. 1 C) or in older children. 
The appearance is similar to that seen with CT where low
attenuation areas are seen in the corresponding positions . 

Inversion-recovery (lR) sequences. Long T, areas were 
seen in the periventricular regions with IR scans. These 
were more marked than those seen with SR scans. IR 
images were notable for the high level of contrast betw~ 

g ray and white matter. Little or no white matter was seen in 
the neonate of 36 weeks PMA (fig . 2A), but white matter 
was evident within the posterior internal capsule and thalami 
of the infant of 42 weeks PMA (fig. 2B). In an infant born at 
31 weeks gestation and examined at 6 months, white matter 
was present in the posterior internal capsule and thai a
mooccipital radiation (fig . 2C). In a full-term infant examined 
at 20 months the forceps minor, forceps major, and internal 
and external capsules were myelinated and white matter 
was evident in both hemispheres (fig. 20). At 5 years more 
extensive myelination was seen (fig . 2E), and at 9 years the 
level of myelination approached that of adults (fig. 2F). The 
T, of brain in infants was longer than that in older ch ildren 
(table 4). 

Spin-echo (SE) sequences. The ventricular system was 
defined but little or no gray-white 
w jth..SE)QaQ !4Q scans ... ' he darK (long I ,} area eVident WI !1'i 

SR and IR scans was not seen in the periventricular region 

with this sequence (fig. 3), although with the SE, , 60 / BO se
quence a slightly lighter (long T 2) area was seen in the 
periventricular region of the infant of 42 weeks PMA. 

Abnormal Appearances 

Intracranial hemorrhage. A parenchymal hemorrhage ad
jacent to the right lateral ventricle in an infant of 32 weeks 
gestation examined at 3 weeks postnatal age demonstrated 
a rim of high proton density on SR 1QOO scans. A short T, rim 
and long T, center were seen on IR' BoO/ 600 scans, and a long 
T 2 region was seen on SE scans (fig . 4). A small subepen
dymal hemorrhage with short T, was identified on the left. 
Ventricular dilatation was present as were areas believed to 
represent infarction in the right frontal and left occipital 
lobes. Repeat scanning 5 weeks later demonstrated reso
lution of the hemorrhages and decrease in the ventricular 
size, but persistence of the infarcts (figs. 4D-4F). A left 
subependymal hemorrhage was also identified as an area 
of short T, in an infant of 33 weeks gestation examined at 
4 weeks postnatal age. 

Infarction. Infarcts in the right frontal and left occipital 
lobes were identified in the infant with parenchymal hemor
rhage described above (fig. 4). These were characterized 
by their long T, on IR' BOO / 600, IR24oo/Boo, and SR woo scans. A 
third area of long T, was also identified in the left frontal 
lobe on the initial scan. This had resolved on the scan 5 
weeks later and may have represented edema superim
posed on the normal prolonged T , seen in the periventricular 
areas in the normal infant at 36 weeks PMA. 

Porencephalic cyst. A porencephalic cyst was identi fi ed 
adjacent to the dilated frontal horn of the right lateral ven
tricle in an infant examined at 1 year of age who was born 
at 29 weeks gestation and who had suffered an intraventric
ular hemorrhage with parenchymal extension in the neonatal 
period. 

Ventricular enlargement. Enlargement of the ventri c ular 
system was identified in 15 patients. The diagnoses in these 
cases were previous intraventricular hemorrhage (eight 
cases), aqueduct stenos is (one), ischemic anoxic enceph
alopathy (one), neurodegenerative disorder (one), multiple 
cystic periventricular leukomalac ia (one), congenital mus
cular dystrophy (Fukuyama type) (one), aminoaciduria 
(one), and unknown (one). 
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TABLE 4: Mean T, of Periventricular Regions and Temporal 
Lobes 

Temporal 
Perivenlricular Region 

Age lobes 
Anterior Posterior 

(mseel 
(msec) (mseel 

Unmyelinated reg ion: 
36 weeks 1000 1230 1340 
42 weeks 970 1120 1060 

6 months 750 780 630 
Myelinated reg ion: 

20 months 530 390 350 
9 years 440 300 310 

Edema at the margin of the ventricular system was noted 
in five pati ents. Thi s was seen as areas of prolonged T2 
surrounding the enlarged ventri c les on the SE scans. In one 
of these pati ents, a repeat NMR scan after ventriculoatrial 
shunt placement showed reduction in the ventricular size 
and the degree of marginal edema (fig . 5) . 

Deficient or delayed myelination. White-matter develop
ment and myelination are well demonstrated with IR ,800/S00 

-and IR, 4oo/4oo images. Delays or defi c its in myelination were 
diagnosed by comparison with the age-matched normal 

c 

F 

A 

Fig. 2.-Norm al IR scans with in
creasing age. A. IR ' BO0/ 600 scan in 36 
week PMA infan t at same level as in fig. 
1 A. Note prolonged T , in periventricular 
areas. B , IR 'BOO/ 600 scan in normal 42 
week PMA infant in fig. 1 B. Early myeli
nation in posterior limb of internal cap
sule and thalami. Long T , in periventric
ular region less prominent. C , IR 'BOO/600 
scan in normal 57 week PMA infant in 
fig. 1 C. Extension of myelination into 
thalamooccipital rad iation . D. IR 'B00/ 600 
scan. Normal 20-month-old infant. 
Further extension o f myelination. E, 
IR " oo/'oo scan . Norm al 5-year-old girl. 
Further myelination . F, IR " oo / ' oo scan. 
Normal 9-year-o ld. Further myelination , 
but not yet at adult level. 

B 

Fig . 3 .-Norm al SE,oBo/ ' o scans. A . Normal infant born at 3 1 weeks 
gestation and examined at 5 weeks postnatal age (36 weeks PMA). Relatively 
featureless. B. Normal 57 week PMA infant. 

controls. When the infants were premature the chronologic 
age was corrected for prematurity . 

Delayed or deficient myelination was recognized in four 
patients with previous intraventricular hemorrhage and in a 
single patient each with cerebral palsy, neurodegenerative 
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Fig. 4. -lntracerebral hematoma and 
infarction. Infant born at 32 weeks ges
tati on and examined at 3 weeks post
natal age (35 weeks PMA). A, SRlOoo; B , 
IR ,BoO/600 ; C, SEII60/ BO. Right intracere
bral hematoma with high proton density 
(A), short T, rim and long T, center (B), 
and long T 2 (C). Note associated hydro
cephalus, left subependymal hemor
rhage, and right frontal and left occipital 
infarcts (l ong T ,) (B). D-F , 5 weeks later . 
0 , SR,ooo; E, IR ,BOO/ 600; F, SE, 160/BO. He
matoma has now reso lved. Infarcts per
sist . 

A 

D 

disorder, aqueduct stenosis , and probable rubella embry
opathy. Ventricular dilatation was also present in three of 
these patients (two with intraventricular hemorrhage (fig . 6) 

and the other with aqueduct stenosis) . 
In one child born at 29 weeks gestation and examined at 

14 months postnatal age with a diagnosis of posthemor
rhagic hydrocephalus , delayed or deficient myelination was 
demonstrated when the ventriculoperitoneal shunt was mal
functioning (fig . 7). The shunt was replaced at this time with 
a ventriculoatrial shunt, and repeat scanning 12 months 
later when the shunt was functioning satisfactorily revealed 
myelination within the normal limits , as well as a significant 
decrease in ventricular size. Loss of gray-white contrast and 
an increase in T, and T 2 were seen at the anterolateral angle 
of the left lateral ventricle , probably indicating infarc tion . At 
this stage the child was at the expected level of clin ical 
development for her age apart from a mild right paresis (figs. 
7C and 70). 

Another patient born at 30 weeks gestation and examined 
at 15 months postnatal age (12 % months PM A) had a 
diagnosis of shunted posthemorrhagic hydrocephalus with 
global retardation . Myelination appeared normal, the ventri 
cles were enlarged , and mild periventricular edema was 
present (fig . 8A). A repeat scan 11 months later (at 23 '12 
months PMA) revealed deficient myelination in addition to 

B c 

E F 

ventricular enlargement (fig . 8B). At thi s time , the child 
demonstrated developmental delay and was behaving at 
about a 13 month level. 

Ischemic anoxic encephalopathy. Five pati ents with thi s 
diagnosis were scanned. Three of these infants were full
term and were scanned at 1-2 weeks postnatal age. Two of 
these infants demonstrated a long T, in the periventricular 
regions on IR ' Boo/ 6oo scans that was more extensive than in 
the normal control (fig . 9) . Long T 2 areas were seen in the 
periventricular regions on SE11 60/BO and SE' 240/ 120 scans 
and were more prominent than the areas of long T 2 identified 
on the SE11 60/BO scan in the normal 42 week PMA baby . 

Two pati ents with ischemic anox ic encephalopathy in the 
neonatal period were scanned at 4 and 5 months postnatal 
age, respectively. The 4-month-old pati ent had a normal 
scan . The NMR scan in the 5-month-old pati ent who had 
suffered encephalopathy at 4 months of age demonstrated 
dilated ventricles with more extensive areas of long T 2 on 
SE 'OBO/40 surrounding the ventric les and extending into the 
white matter. 

Multicystic periventricular leukomalacia. An infant born at 
31 weeks gestation was scanned at 9 weeks postnatal age . 
He had suffered two peri ods of asphyx ia, one at birth from 
which he apparently recovered and another at 5 weeks 
postnatal age. Sonog raphic studies were normal until 9 
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A B 

c D 
Fig. 5. -Posthemorrhag ic hydrocephatu s. Infant born at 29 weeks ges

tation, examined at 10 months postnatal age. A , tR 'BOO/SOO ; B, SE" 20/ so. 
Ventricu lar dilatat ion (A) . Marginal edema seen as long T 2 surrounding dilated 
ventric les. C and D, After ventricu loatrial shunt placement. C, IR ,BOO/ SOO; D, 
SE,1 20/S0. Shunt artifact, reduced ventricular size, less periventricular edema, 
and expansion of subarachnoid spaces now identified . Myelination norm al. 

Fig. 6. -Posthemorrh ag ic hydro
cephalus at age 30 mon ths. IR ISOOI 
sao. Delayed myelination recognized 
as well as ventricular dilatati on and 
shunt artifact. (Cf. myelinati on with 
fig. 20 .) 

weeks of age, when multicysti c iesions adjacent to the 
ventric les were demonstrated. An NMR scan at this time 
revealed grossly abnormal appearances with increased pro
ton density adjacent to the lateral ventric les on SR woo scans. 
IR ,80o/ 6oo scans revealed areas with prolonged T, adjacent 

A B 

c D 
Fig. 7. -Posthemorrhag ic hydrocephalus and right hemiparesis. Child 

born at 29 weeks gestation , examined at 14 months postnatal age. A, tR 'BOOI 
sao; B, SE" SO/BO. Delayed mye linati on. Ventricular dilatati on and shunt artifact 
(A) and marginal edema (B) . C and D, 12 months later. C, IR ,sool soo at high 
ventricular level. D, IR 'BOOI SOO at supraventricular level. Reduced ventricular 
size. Mye lination has advanced . Loss of gray-white contrast and increased 
T I at anterolateral angle of left lateral ventricle ex tending superiorly (arrows ). 

to the mildly enlarged lateral ventricles (fig . 10). A CT scan 
2 weeks after the NMR scan demonstrated moderately 
enlarged lateral ventricles, with adjacent low-attenuation 
zones. A repeat NMR scan at 8 months postnatal age 
displayed ventricular enlargement, possibly as a result of 
the cysts coalescing with the ventricular system. 

Congenital malformations. A female patient with semilobar 
holoprosencephaly born at 35 weeks gestation was exam
ined at 3 weeks postnatal age and again at 11 months 
postnatal age , and an increase in myelination was seen in 
the second scan (fig . 11). 

Cerebral palsy of unknown etiology. A 6'I2-month-old pa
tient with spastic diplegia demonstrated delayed or deficient 
myelination. In addition , SE,,6o/80 scans demonstrated long 
T2 areas in the anterior periventricular regions (fig . 12). 

Muscular dystrophy. A 4-year-old patient with congenital 
muscular dystrophy demonstrated extensive low attenuation 
within the white matter on CT similar to that described in 
leukodystrophy. Extensive dark (long T,) areas were iden
tified on IR1 80o/6oo scans and more extensive light (long T 2) 
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Fig . 8.- Shunted posthemorrhagic hydrocephalus. Child born at 30 weeks 
gestation and examined at 15 months postnatal age (12 '12 months PM A) . A, 
tR 'BOO/600' Ventricular enlargement and normal myelination. B, 11 months 
later (2 3'12 months PMA). IR 'Boo/ 6oo demonstrat ing persistent ventricular en
largement. Myelination has advanced slightly, but is now delayed (cl. fig. 20). 

A 8 
Fig . 9.-lschemic anox ic encephalopathy. A , Term in fant examined at 2 

weeks postnatal age (42 weeks PMA). A, IR ,Boo/600. Long T, in periventricular 
areas, wh ich is a little more extensive than norm al, and early myelinat ion . B, 
SE,2,0/ 120. Long T2 in periventricular reg ion is more pronounced than normal 
2-week-old. (Cf. figs. 26 and 3A, respectively.) 

Fig. 10. - Multicystic periventricular 
leukomalacia in infant born at 31 weeks 
gestat ion and examined at 9 weeks post
natal age. A, CT scan. Ventricular dila
tation and perivent ricular low attenua
tion. SR,ooo (B) and IR 'Boo/600 (C). Dark 
(long T,) areas adjacent to dilated lateral 
ventric les. 

A 

A 8 

c o 
Fig. 11 .-Semilobar holoprosencephaly in in fant born at 35 weeks ges

tation and examined at 3 weeks postnatal age. A , IR 'Boo 600: B, SE ,oBo/4o. 
Long T , in periventricular areas as we ll as earl y myelination in posterior limb 
of internal capsule. Transverse (C) and sagittal (D) IR ' Boo 600 scans 11 months 
later . Note progress of myelinati on and abnorm al ven tricular configuration . 

8 c 
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areas were present on SE11 S0/80 scans (fig. 13). A 4-year
old girl with congenital muscular dystrophy (Fukuyama type) 
also showed abnormal white matter with dark (long T,) areas 
within white matter on IR,800/S00 scans. Patchy light (long T2) 
areas within the white matter were identified on SE1080/40 
scans. 

Subdural effusion . An 8-month-o ld baby who had suffered 
nonacc idental injury demonstrated bilateral subdural effu
sions in the frontal and anterior parietal zones. The effusions 
were identified as long T, areas on IR ,800/S00 scans and long 
T2 areas on SE, 240/ 120 images. 

Abscess. A 1 3-year-old girl with aplastic anemia and bone 
marrow transplant developed a probable fungal abscess. 
Initial IR ' 400/ 400 scans revealed a large area with variable 
long T, in the left occipital lobe and a smaller area with long 
T 1 in the right occipital lobe. Gray-white matter contrast was 
lost in the abnormal areas. Transverse and sag ittal 
SE ,080/40 images clearly delineated the area of abnormality 
in the left occipital lobe (figs. 14A and 148); it stopped 
abruptly at the parietooccipital junction and mainly repre
sented edema. Within this region was an irregular rounded 
focus of lower T 2 representing the abscess itself. CT showed 
a lett occ ipital contrast-enhanc ing space-occupying lesion . 
Histology confirmed an abscess and probable hyphae, al
though culture was negative. Repeat IR, 400/4oo and SE,080/40 

c 

Fig. 12.-Cerebral palsy at 6 '/2 
months postnatal age. IR ,soo/6oo (A) and 
SE,160/S0 (B and C) at mid and high ven
tricular levels. Delayed myelination (A) 
and long T 2 areas in anterior periventric
ular regions (arrows, B and C). 

Fig . 13.-4-year-0Id with congenital 
muscular dystrophy. A, CT scan. B, 
IR ,soo/6oo. Long T, areas in white matter. 
C, SEII 60/ ISO. More extensive long T2 in 
white matter. 

scans 3 months after drainage of the abscess (figs. 1 4C and 
14D) demonstrated a much smaller area of long T, and T2 
in the left occipital lobe with loss of gray-white matter 
contrast. Abnormalities in the right occipital lobe had almost 
completely resolved. 

Ex trinsic tumors. An epidermoid tumor was identitied by 
CT in the suprasellar region of a 12-year-old girl (fig. 15). 
Ventricular size was normal. IR,400/400 images revealed the 
tumor to be well circumscribed with short T, values consist
ent with a high lipid content. SE,080/40 sagittal and coronal 
scans demonstrated long T 2 values ot the tumor , as well as 
its relation to the brainstem. The interior extension ot the 
tumor was not apparent on CT. 

A posterior tossa tumor identified on CT in a 9-month-old 
girl was studied by NMR. IR, 800/S00 and IR ,400/400 images 
identified the lesion by its central inhomogeneous long T, 
values. SElOS0/40 and SE11 S0/S0 images in the transverse and 
sagittal planes clearly identified the lesion to arise extrinsi
cally anterior to the brainstem, causing posterior displace
ment and compression of the brainstem (fig . 16). T2 values 
for the tumor were inhomogeneous but slightly increased 
relative to the brainstem. A hypothalamic hamartoma ex
tending into the posterior fossa was tound at surgery. 

Intrinsic tumors. A poorly differentiated fibrosarcoma (fig . 
17) in an 8'12 year-old girl was scanned. CT had identitied 
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Fig . 14.- Cerebral abscess in 13-year-old before drainage. Transverse 

(A) and sagittal (B) SE ' OBO/ 40 scans before drainage. Extensive long T2 in left 
occ ipital lobe (A) represents edema which stops abruptly at parietoocc ipital 
junction (B) . An area o f lower T 2 within edema represents abscess cavity. C 
and D, After drainage. Almost complete resolution of left occipital T2 changes. 

an enhanc ing right parietal mass lesion . IR' 400/400 images 
demonstrated a similar mass with an increased T, . SE" 60/ BO 
scans displayed the tumor with extensive surrounding 
edema. Internal structure was identified within the tumor 
and sagittal and coronal NMR scans showed more extensive 
change than did CT. 

Fig. 15.-Epidermoid tumor. A , Con
trast-enhanced CT scan. B , IR 1400 1'00 . C, 
Sagittal SEIOBO/40. 

A 

An intrinsic brainstem tumor in a 12-year-old pati ent that 
showed displacement of the fourth ventric le on CT was 
scanned (fig. 18A). IR ' 400/400 images demonstrated an intrin
sic lesion with long T, involving the brainstem and ri ght 
cerebell ar peduncle and hemisphere, consistent with the 
mass effect shown on CT. SE" 60/BO demonstrated long T 2 
values within the tumor (figs. 18B and 18C) . 

Miscellaneous abnormal scans. A 6-year-old pati ent with 
Hallervorden-Spatz disease was scanned . IR ,4oo/ .00 images 
demonstrated increased T, regions in the lenticular nucleus . 
Areas of long T 2 within the basal ganglia were identified on 
SE11 60/BO images (fig . 19). 

In a 3-month-old infant with aminoac iduria, ventricular 
di latation was demonstrated . Increased T2 areas were seen 
in the periventricular regions with SE11 60/ BO scans. However, 
SE' 240/ ' 20 scans demonstrated more generali zed inc reased 
T 2 values within the hemispheric white matter suggestive of 
cerebral edema. 

In a 4-year-old girl with Fanconi disease, areas of long T2 
in the periventricular regions were noted but of uncertain 
sign ificance . 

The scans in an infant with meningitis who was born at 3 2 
weeks gestation and examined at 3 weeks postnatal age 
showed linear areas of long T, extending from the frontal to 
occipital region on IR' BOO/600 images . The changes were 
unusual in configuration and more extensive than the normal 
long T, areas in the periventricular regions seen in the 36-
week-old normal child. The sign ificance of this finding is 
uncertain, but the distribution was suggestive of watershed 
infarction . 

A 12-year-old girl with a low-attenuation lesion with as
sociated calcification in the right posterior parietal region on 
CT was also studied . An IR'4oo/4oo scan demonstrated a 
lesion in the expected location with long T, and associated 
mass effect. Repeat CT 2 months later without interval 
treatment demonstrated considerable resolution of this le
sion, the nature of which remains uncertain . 

A right temporoparietal mass lesion in a 17 -month-old boy 
demonstrated short T, values on IR' Boo/ 6oo images and nor
mal T 2 values on SE 'OBO/40 images suggesting a lipid-con
taining lesion . This was associated with d ilatation and dis
placement of the temporal horn of the right lateral ventric le. 

B c 
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Fig . 17.-Fibrosarcoma. A, Contrast-enhanced CT scan. B, IR ,4oo/4oo 

NMR scan. Mass displays long T, and internal structure. Transverse (C) and 
coronal (D) SE,160/80 NMR scans show extensive surrounding edema. 

On the basis of the NMR findings, a diagnosis of probable 
lipoma or hamartoma was made. Surgery was not per
formed . 

Abnormal appearance on NMR scans was seen in an 
infant girl born at 35 weeks gestation who was studied at 2 
weeks and at 4 months postnatal age . The findings remain 

c 

Fig. 16. -Hypothalamic hamartoma 
extending into posterior fossa. A, Con
trast-enhanced CT scan. Transverse (B) 
and sagitla l (C) SE, oeo/ eo NMR scans. 
Extrinsic lesion causes posteri or dis
placement of brainstem. 

of uncertain significance. The IR ' 8oo/GOO scan demonstrated 
extensive areas of long T, beyond that normally expected 
at 36 weeks. In addition, short T, and T2 areas were present 
in the basal ganglia. CT demonstrated extensive low atten
uation throughout both hemispheres with slight peripheral 
sparing. The lateral and third ventricles were not identified. 
Areas of increased attenuation in the basal ganglia were 
noted and posterior fossa structures were spared (fig . 20). 

Miscellaneous patients with normal NMR findings. Intra
ventricular hemorrhage in an infant born at 29 weeks ges
tation and examined by NMR at 2 weeks postnatal age was 
not identified . The scans may have been made at the incor
rect level or too late in the evolution of the hemorrhage. An 
infant born at 31 weeks gestation and examined at 6 months 
postnatal age who had suffered a small germinal layer 
hemorrhage in the neonatal period also had a normal follow
up scan . An infant who had ischemic anoxic encephalopathy 
associated with a choroid plexus hemorrhage in the neonatal 
period was scanned at 4 months postnatal age and had a 
normal NMR scan . A normal scan was obtained in a full 
term infant examined at 6 weeks with congenital hypothy
roidism . NMR was performed in a 12-year-old girl with 
hypernatremia to exclude a hypothalamic tumor, but none 
was detected . A 4-year-old with spina bifida was scanned 
to exclude an Arnold-Chiari malformation, and it was not 
demonstrated . 

Normal scans were also recorded in a floppy infant born 
at 32 weeks gestation and examined at 2 weeks postnatal 
age, a full-term infant boy with cerebral palsy examined at 
7 weeks, a 10-month-old infant boy with congenital mus
cular dystrophy, an infant girl with abnormal tone pattern 
who was born at 28 weeks gestation and examined at 15 
months postnatal age, a 14-month-old boy with global re
tardation, a 26-month-old girl with a neurodegenerative 
disorder, and a 34-month-old boy with spinomuscular atro
phy. 

Discussion 

The normal appearance on an NMR scan depends on the 
age of the patient and on the pulse sequence used . SR and 
IR scans demonstrate long T, areas in the periventricular 
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Fig. 18 .-lntrinsic brainstem lumor. 
A, Contrasl-enhanced CT scan. Fourlh 
ventricle displaced. IR 1400 / 400 (8) and 
SEII GO/BO (C) NMR scans. Inc reased T , 
and T, in pons and right ce rebellum . 

A B 

A 

Fig . 19.- 6-year-o ld child with Hallervorden-Spatz disease. Dark (long T I) 
region s (A , IR ,.oo/ "oo) and ligh l (long T, ) areas (8, SE "GO/BO) in basa l ganglia. 

region in neonates resolving before 6 months. This finding 
corresponds to the areas of low attenuation described on 
CT in this age group [16-19]. The water content of the 
brain, which ranges from 90% in the 10-34 week fetus to 
72% in a child of 2 years, falls during development, while 
the lipid content rises [20-22]. The high water content of 
the neonatal brain is consistent with the finding of an in
creased T, in this age group. 

The process of normal brain development has been stud
ied extensively in vitro [20-26]. Maturation follows an or
derly sequence. The extent of gyral maturation , frontal 
occipital length, and degree of myelination are reliable in
dices of gestational age. Myelination begins in midgestation 
with a rapid initial phase and continues into the second 
decade [20-26] (fig . 21). It begins in the ventral roots of the 
spinal cord and proceeds cephalad. Myelination can be 
seen with the naked eye in the posterior internal capsule at 
36 weeks gestation . The optic radiation undergoes myeli
nation soon afterward and continues into the fourth post
natal month . 

The normal infants in this study showed evidence of 
myelination in the posterior internal capsule at 2 weeks, in 

B c 

the occipitothalamic radiation at 6 months, and in the cere
bral commissures and elsewhere in the hemisphere at 20 
months corresponding close ly to that described at postmor
tem. All infants who had follow-up scans showed an increase 
in myelination . More work will be required to determine the 
degree of variability of white-matter development at any 
age, but NMR allows physiologic myelination to be observed 
in vivo for the fi rst time. 

Intracranial hemorrhage is a major problem in the peri
natal period [19 ,22,27]. The subependymal germinal matri x 
zone, which is the most common site of neonatal intracranial 
hemorrhage, is prominent until 32-34 weeks gestation and 
subsequently regresses so it is almost gone by term [22]. 
Subependymal hemorrhage may rupture into the ventricular 
system or extend peripherally into the brain resulting in 
intraventricular or intracerebral hemorrhage. 

Subependymal hemorrhage is seen on IR scans as a short 
T, area adjacent to the lateral ventricle , and intracerebral 
hemorrhage demonstrates a characteristic appearance of 
an increased proton density, short T, rim with a central long 
T, on IR scans , and increased T2 on SE scans. The long T, 
center is thought to represent central liquefact ion . 

The perinatal hypoxic-ischemic lesions constitute another 
major pediatric neurologic problem [22, 28]. NMR findings 
in neonates with ischemic anoxic encephalopathy suggest 
more extensive long T, and long T 2 areas in the periventric
ular region on SE images than seen in the normal controls, 
but this finding is by no means certain. Much more extensive 
work involving detailed comparison with normal controls will 
be necessary in order to be certain of the significance of 
these finding s. 

Hypoxic-ischemic lesions include periventricular leuko
malacia with necrosis of the periventricular white matter at 
the superolateral angles of the lateral ventricles. Th is lesion 
occurs in prematures, as this area is the " watershed zone " 
between the central and peripheral circulation . Cavitation 
and thinning of the periventri cular white matter may occur 
with associated widening of the lateral ventricles . Neurologic 
sequelae include spastic diplegia [22 , 28]. 

CT has been used extensively to study neonatal ischemic 
anoxic encephalopathy hypoxic-ischemic lesions [16 , 18, 
19 , 27 , 29-39]. Flodmark et al. [19] compared CT and 
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Fig . 21.-Cyc les of mye lination. (Adapted from [24].) 

autopsy findings in infants who had suffered perinatal as
phyxia and found good correlation between the CT diag
noses of supratentorial intracranial hemorrhage and cere
bral edema and autopsy findings . Correlation between hy
podense brain areas on CT and ischemic lesions at autopsy 
was poor. They believed the hypodense areas may be 
normal in the immature neonate, but they could also repre
sent evidence of hypox ic brain damage. In a later study 
[27], they believed that decreased brain attenuation is nor
mal in immature neonates, but it is pathologic in mature 
neonates, probably after 34-35 weeks. 

Ventricular dilatation and porencephalic cysts are easily 
identified on NMR on SA and IR scans. Areas of long T2 in 
the periventricular areas indicate marginal edema second
ary to transependymal flow of cerebrospinal fluid . This find
ing suggests acute rather than chronic hydrocephalus and 
may be seen with shunt malfunctions. It may regress with 
successful treatment. Marginal edema is not seen on son
ography, although ventricular size is easily assessed and 
may be associated with periventricular lucency on CT 
[40- 4 2]. 

Delayed or deficient myelination is determined on NMA 

c 

Fig. 20. -Abnormal NMR scans in 
infant born at 35 weeks gestation and 
examined at 2 weeks postnatal age (37 
weeks PMA). A, CT scan. Extensive low 
attenuation throughout cerebral hemi
spheres wi th increased attenuation in 
basal ganglia. Long T , throughout ce re
bral hemispheres with short T , (B , 

IR 'Boo/50o) and short T2 (c , SE"60/BO) in 
basal ganglia. 

by comparison with myelination on IA scans in normal 
controls . Myelination continues until well after birth and 
during this phase is vulnerable to various abnormal condi
tions including malnutrition, inborn errors of metabolism, 
and rubella [22-26]. As a consequence, there is abnormal 
rate of myelination or abnormal myelin structure, and the 
subsequent evolution depends on the age and stage at 
which the original abnormality occurred . 

The NMR findings suggest that decreased myelination is 
primarily due to a delay rather than a deficit in myelination. 
All patients who were scanned twice demonstrated in
creased myelination on the later scan. The clinical correla
tion of delays or deficits in myelination requires further 
study. 

About half the patients with delayed or deficient myelina
tion had dilated ventricles . The diagnosis of delayed myeli
nation in these patients must be made cautiously, especially 
if there is associated marginal edema, which increases the 
T, of periventricular white matter, resulting in reduced gray
white matter contrast. In addition, periventricular white mat
ter is compressed , making assessment of myelination more 
difficult. 

The patient with probable rubella embryopathy was 
scanned at 17 months and demonstrated delay or deficit in 
myelination. Pathologic studies reveal that intrauterine ru
bella causes delayed myelination not visible until the age of 
3 months and involving systems that myelinate later [22]. 
Delayed or deficient myelination is not evident on CT scans 
or sonograms and can only be demonstrated in vivo with 
NMR. 

Two of the patients with congenital muscular dystrophy 
had grossly abnormal appearances of white matter T, and 
T 2 on the IR and SE scans. The appearance of the abnormal 
white matter in one of these patients was suggestive of 
leukodystrophy. Prominent white matter low attenuation on 
CT has been described in congenital muscular dystrophy 
and myopathy [43-46]. White-matter disease, which resem
bles spongiform degeneration, has been shown histologi
cally in Kearns-Sayre (oculocranial somatic neuromuscular) 
synd rome [47 , 48]. 

Intracranial tumors are relatively common during child-
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hood, so their accurate diagnosis is important. The adven.t 
of CT scanning has led to earlier diagnosis of brain tumors 
in children [49], and the relatively high proportion of tumors 
in the posterior fossa has been noted [50-52]. Difficulties in 
distinguishing intrinsic and extrinsic lesions of the posterior 
fossa have been discussed, and the occasional subtle find
ings in brainstem gliomas on CT have been recognized [53, 
54]. 

The epidermoid tumor in the suprasel lar region demon
strated short T, values on IR scans indicating lipid content . 
This is an area where CT may have difficulty in making the 
diagnosis, as tumors may appear isodense with cerebrospi
nal fluid in the suprasellar cistern [55, 56]. 

Several miscellaneous conditions were included in which 
the significance of the NMR findings was uncertain. A child 
with aminoaciduria demonstrated prolonged hemispheric T 2 

suggestive of cerebral edema. A patient with Hallervorden
Spatz syndrome, a condition associated with increased iron
containing pigment in the globus pallid us and substantia 
nigra, demonstrated a long T, region in the lenticular nu
cleus on IR scans and an area of long T 2 in the basal ganglia 
on SE scans. Associated nerve cell loss and demyelination 
may occur, and it is possible that the long T 2 areas represent 
foci of demyelination, but further study is required. 

The patient born at 35 weeks gestation and examined at 
2 weeks and 4 months postnatal age demonstrated exten
sive areas of prolonged T, on IR scans, as well as short T, 
and T2 in the basal ganglia on IR and SE scans. Posterior 
fossa structures were spared. CT confirmed low attenuation 
throughout the hemispheric white matter but increased at
tenuation in the basal ganglia. These findings are possibly 
a result of extensive infarction with hemorrhage in the basal 
ganglia, as recently reported by Kotagal et al. [57]. 

NMR is the only imaging method that demonstrates mye
lination and allows recognition of delays or deficits. NMR 
can provide useful information in hemorrhagic and ischemic 
lesions in the newborn infant and may complement sonog
raphy especially in long-term follow-up studies. Hydroceph
alus and marginal edema are readily identified on SE scans. 

NMR is comparable to CT in demonstrating space-occu
pying lesions and has advantages over CT in posterior fossa 
problems. Sagittal and coronal images are especially valu
able in demonstrating midline and deep-seated lesions. The 
variety of pulse sequences and imaging planes provides 
helpful add itional information not available on CT. 

Disadvantages of NMR include its cost, poor demonstra
tion of calcification, and slow scanning time, although mul
tiple-slice techniques have recently reduced scanning time 
[58]. Of particular interest is the recent development of 'a 
resistive magnet-based NMR machine designed specifically 
for pediatric use and incorporating a number of ingenious 
features [59,60]. Clinical trials with this machine are awaited 
with considerab le interest. 

ACKNOWLEDGMENT 

We thank the Department of Health and Social Security for 
generous help and acknowledge the particular contribution of Gor
don Higson and John Williams. 

REFERENCES 

1. Bydder GM , Steiner RE , Young IR, et al. Clinical NMR imaging 
of the brain: 140 cases. AJNR 1982;3: 459-48 0, AJR 
1982;139 : 215-236 

2. Levene MI , Whitelaw A, Dubowitz V, et al. Nuc lear magnetic 
resonance imaging of the brain in children . Br Med J 
1982;285 : 774-776 

3. Hawkes RC, Holland GN , Moore WS, Worthington BS. Nuc lear 
magnetic resonance (NMR) tomography of the brain: a prelim
inary c lin ical assessment with demonstration of pathology. J 
Comput Assist Tomogr 1980;4 : 577 -586 

4. Mallard J. The noes have it! Do they? Br J Radiol 
1981 ;54:831-849 

5. Luiten AL, Locher PR, van Uijen C, van Dijk P, den Boef J. 
Clinical results of NMR imaging. In : Witcofski RL, Karstaedt N, 
Partain CL, eds . NMR imaging. Win ston-Salem: Bowman Gray 
School of Medicine, 1982 : 65-71 

6. Alfidi RJ , Haaga JR, EI Yousef SJ, et al. Preliminary experi
mental results in humans and animals with a superconduc ting 
whole-body magnetic resonance scanner. Radiology 
1982;143: 175-181 

7. Bailes DR , Young IR, Thomas DJ , Straughan K, Bydder GM , 
Steiner RE . NMR imaging of the brain using spin-echo se
quences. Clin Radio/1982;33 : 395-41 4 

8. Weinstein MA, Modic MT, Starnes DL, Pavlicek W, Gall agher 
J, Duchesneau PM . Nuclear magnetic resonance: compari son 
of inversion-recovery , saturation-recovery and usefulness of 
T, measurements of the brain in tumors (abstr). In : Scientific 
program, Society of Magnetic Resonance in Medicine. Boston: 
Society of Magnetic Resonance in Medic ine , 1982 : 152 

9 . Crooks LE, Mills CM, Davis PL, et al. Visualization of cerebral 
and vascular ab'normalities by NMR imaging : the effect of 
imaging parameters on contrast. Radiology 1982; 144 : 8 4 3 -
852 

10. Zeitler E, Schuierer G. NMR c linical results: Nuremburg . In : 
Partain CL, James AE , Rollo FD, Price RR, ed s. Nuclear 
magnetic resonance (NMR) imaging . Philadephia: Saunders, 
1983 : 267 -275 

11. Buonanno FS, Pykett IL , Burt CT, et al. NMR clini cal results: 
Massachusetts General Hospital. In: Partain CL , James AE , 
Rollo FD, Price RR, eds. Nuclear magnetic resonance (NMR) 
imaging. Philadelphia: Saunders , 1983 : 207 -23 0 

12. Huk W, Loeffler W. NMR clinical results : Erlangen. In : Partain 
CL, James AE , Rollo FD, Price RR eds . Nuclear magnetic 
Resonance (NMR) imaging. Philadelphia : Saunders, 
1983:276-294 

13. Bydder GM , Steiner RE , Thomas DJ , Marshall J, Gilderdale 
DJ , Young IR. NMR imaging of th e posterior fossa: 50 cases. 
Clin Radiol 1983;34 : 1 73 -1 78 

14 . National Radiological Protection Board . Exposure to nuclear 
magnetic resonance clinical imaging . Harwell , Oxon , England: 
National Radiological Protection Board, 1980 

15. Young IR, Hall AS, Pallis CA, Legg NJ , Bydder GM, Steiner 
RE. Nuclear magnetic resonance imaging of the brain in mul
tiple scleros is. Lancet 1981;2 : 1 063 -1 066 

16. Di Chiro GT. Features of premature and full-term brain: th e 
problematic borderline between normali ty and pathology re
lated to perinatal hypoxic injury . J Comput Assis t Tomogr. 
1980;4 :43 4 

17 . Brant-Zawadzki M , Enzmann DR . Using computed tomography 
of the brain to correlate low white-matter attenuation with earl y 
gestational age in neonates. Radiology 1981 ; 139: 1 05-1 08 

18. Picard L, Claud on M, Roland J , et al. Cerebral computed 



1026 JOHNSON ET AL. AJ NR:4, Sep. / Oct. 1983 

tomography in premature infants with an attempt at stag ing 
developmental featu res. J Comput Assist Tomogr 
1980;4 : 435-444 

19. Flodmark 0, Becker LE , Harwood-N ash DC, Fitzhardinge PH, 
Fitz CR, Chuang SH. Correlation between computed tomogra
phy and autopsy in premature and full-term neonates that have 
suffered perinatal asphyx ia. Radiology 1980;137: 93-103 

20. Dobbing J, Sands J. Quantat ive g rowth and developm ent of 
human brain . Arch Dis Child 1973;48: 757 - 767 

2 1. Dobbings J. The later development of th e brain and its vulner
ability. In: Davis JA, Dobbing J, eds. Scientific founda tions of 
pedia trics. London: William Heinemann Med ical Books, 
1981 :744-759 

22. Larroche JC. Developmental pa thology of the neonate. Am
sterdam: Excepta Medica, 1977 : 269 - 276, 283 - 294 , 3 19 -
444 

23. Lucas Keene MF, Hewer EE. Some observat ions on myelina
tion in the human nervous system. J Ana t 1931 ;6: 1-1 3 

24. Yakolev PI , Lecours AR. The myelogenetic cyc les of reg ional 
matu ration in th e brain. In: Minkowski A, ed . Regiona l devel
opment of the brain in early life. Oxford: Blackwell Sc ientif ic 
Publica tions, 1967: 3-69 

25. Smith JF. Central nervous system. In : Berry CL, ed. Pediatric 
Pa thology. Berlin : Springer-Verlag, 1981 : 147 -1 48 

26. Davison AN, Peters A. Myelination. Sprin gfi eld, IL: Thomas, 
1970 : 162 -1 82 

27. Flodmark 0, Fitz CR, Harwood-Nash DC. CT diagnosis and 
short-term prognosis of intracranial hemorrhage and hypox ic / 
ischemic brain damage in neonates. J Comput Assis t Tomogr 
1980;4: 775-787 

28. Volpe JJ. Perinatal hypoxic-ischemic brain injury. Pediatr Clin 
of North Am 1976;23:383- 397 

29. Pevsner PH , Garc ia-Bunnel R, Leeds N, Fink lestein M . Sub
ependymal and intraventricular hemorrhages in neonates: earl y 
diagnosis by computer tomography. Radiology 1976; 
11 9: 111-11 4 

30. Burstein J , Papile L, Burstein R. Subependymal germinal matri x 
and intraventri cular hemorrhage in premature in fants: diagno
sis by CT. AJR 1977 ;128:97 1-976 

3 1. Rumack CM , McDonald MM , O' Meara OP, Sanders BB, Ru
dikoff JC. CT detection and course of intracranial hemorrhage 
in premature infants. AJR 1978;13 1 : 493-497 

32. Di Chiro G, Arimi tsu T, Pellock JM, Landers RD. Periventricular 
leukomalacia related to neonatal recognition by computed 
tomography. J Comput Assist Tomogr 1978;2 : 352-354 

33. Burstein J , Papile L, Burstein R. Intraventricular hemorrhage 
and hydrocephalus in premature newborns: a prospective 
study with CT. AJR 1979 ;132:63 1-635 

34. Lee BCP, Grassi AE , Schechner S, Auld PAM . Neonatal intra
ventr icular hemorrhage: a seri al computed tomography study. 
J Comput Assist Tomogr 1979;3: 483- 490 

35. Schrumpf JD, Schring S, Killpack S, Brady JP, Hirata I, Med
nick JP. Correlation of early neurolog ic outcome and CT f ind
ings in neonatal brain hypox ia and inju ry. J Comput Assist 
Tomogr 1980;4: 445-450 

36. Hi rabayashi H, Ki tahara T , Hishida T. Computed tomograph y 
in per inatal hypoxic and hypog lycemic encephalopath y with 
emphasis on follow-up stud ies. J Comput Assist Tomogr 
1980;4 : 451-456 

37. Magilner AD , Werth eimer IS. Pre liminary resul ts of a computed 
tomography study of the neonatal brain hypoxia-ischemia. J 
Comput Assist Tomogr 1980;4:457-463 

38. Flodmark 0 , Scott G, Harwood-Nash DC. Clinical sign ificance 
of ven tricu lomegaly in children who suffe red perinatal asphyx ia 
with or w ithout intracranial hemorrhage: an 18-month follow
up study. J Comput Assist Tomogr 1981;5: 663-673 

39. Fitzhard inge PH , Flodmark 0, Ashby S. The prog nostic va lue 
of computed tomography of the brain in asphyx iated premature 
in fants. J Pediatr 1982; 100: 476- 48 1 

40. Naidich TP , Epstein F, Lin e JP, Kricheff II , Hochwald GM . 
Evaluation of ped iatric hydrocephalus by computed tomogra
phy. Radiology 1976;119: 337 - 345 

4 1. Di Chiro G, Arimitsu T, Brooks RA , et al. Computed tomograph y 
profil es of peri ventri cular hypodensity in hydrocephalus and 
leukoencephalopath y. Radiology 1979;130 : 661 -666 

42. Mori K, Handa H, Murata J, Yoshihisa N. Periventricular lu
cency in computed tomography of hydrocephalus and cerebral 
atrophy. J Comput Assis t Tomogr 1980;4 : 204-209 

43. Kendall BE, Claveri a LE , Qui roga W. CAT in leukodystrophy 
and neuronal degeneration. In : Du Boulay GH , Moseley IF, 
eds . The first European seminar on computer ized axial tomog
raphy in c linica l p ractice. Heidelberg: Springer, 1977 : 1 9 1-
202 

44. Heinz ER , Drayer BP, Haenggeli CA, Painter MJ, Crumrine P. 
Computed tomography in white matter di sease. Radiology 
1979;1 30 : 37 1-378 

45. Kendall BE. Symmetrical white matter low attenuation in chil
dren. In : X-tract NO.7. Amsterdam: Excerpta Medica, 1979 : 3-
14 

46 . Gobernardo JM , Gimeno A . Change in cerebral white matter in 
a case of congenital muscular dystrophy. Pediatr Radio l 
1982;12 :201 -203 

4 7. Seigel RS, Seeger JF, Gabrielsen TO , Allen RJ . Computed 
tomography in oculocranio somati c disease (K earns-Sayre 
syndrome). Neuroradiology 1979; 130: 159 -1 64 

48. Betteronin i I, Engel WK, Di Chiro G, Dalakas M . Leukoence
phalopathy with mitochondrial abnormalities demonstrated by 
computed tomgraphy. Arch Neuro /1979 ;35 :463-467 

49. Tadmor R, Harwood-Nash DC, Scotti G, et al. Intracranial 
neoplasm s in children: the effects of computed tomography on 
age distribution. Radiology 1982;145 : 371-373 

50. Kingsley DPA, Kendall BE. Th e CT scanner in posterior fossa 
tumors of childhood. Br J Radio/1979 ;52: 769-776 

51. Zimmerman RA, Bilaniuk L T, Bruno L, Rosenstock J. Com
puted tomography of cerebellar astrocytoma. AJR 1978; 
139:929-933 

52. Bilaniuk L T , Zimmerman RA, Littman P, Gallow E, Rorke LB, 
Bruce DA, Schut L. Computed tomography of brain stem 
gliomas in children. Radiology 1980; 134 : 89-95 

53. Naidich TP . Infratentorial masses. In : Norman 0 , Korobkin M. 
Newton TH, eds. Computed tomography 1977. San Franc isco, 
University o f California, 1977: 231-242 

54. Miller EM , Newton TH . Extra-axial posterior fossa lesions 
stimulating in tra-axial lesions on computed tomography. Ra
diology 1978;127 : 675-679 

55 . Fawcitt HRA, Isherwood I. Radiodiagnosis of intrac ranial pearl y 
tumors with particular reference to the value of computed 
tomography. Neuroradiology 1976;11 :235-242 

56. Mikhael M, Mattar AG . Intracranial pearl y tumors: the ro le of 
computed tomography, ang iog raphy and pneumoence phalog
raphy. J Comp ut Assis t Tomogr 1978;2: 421-429 

57. Kotagal S, Tore SS, Kotagal P. Archer CR . Symmetric bith al
amic and striatal hemorrh age following perinatal hypoxia in a 
term infant. J Comput Assist tomogr 1983;7: 353- 355 

58. Crooks LE , Ortendahl DA, Kaufman L, et al. Clinica l effi c iency 
of nuc lear magnetic resonance imag ing. Radiology 
1983;146 : 123-128 

59. Hoult 01. Rotat ing f rame zeugmatog raphy. Philos Trans R Soc 
Lond [B ioI] 1980;289: 543-547 

60. Houl t 01. NMR imag ing at the National Institute of Health : a 
versatile electromagnet. J Comput Assist Tomogr 1981 ; 
5:291-292 


