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Eight children with clinical and radiologic abnormalities consistent with periventricular 
leukomalacia were investigated with MR imaging of the brain that employed both 
inversion-recovery and T2-weighted spin-echo imaging sequences. The more precise 
delineation of white and gray matter on inversion-recovery images as compared with 
CT allows a detailed demonstration of the anatomic features of periventricular leuko
malacia; specifically, a reduced quantity of white matter in the periventricular region 
and centrum semiovale and, in more severe cases, cavitated infarcts that replace the 
immediate periventricular white matter. The T2-weighted spin-echo and short inversion 
time inversion-recovery images demonstrated abnormally increased signal in white 
matter that appeared normal on CT scans and only minimally abnormal on conventional 
inversion-recovery images. These abnormalities most probably represent white matter 
gliosis that extends beyond the immediate periventricular regions. 

MR recognition of cerebral white matter abnormalities associated with periventricular 
leukomalacia may confirm the clinical suspicion of this diagnosis in children with spastic 
diplegia or quadriplegia. 

Recent advances in perinatal care have improved the survival rate of premature 
infants, resulting in greater awareness of perinatal cerebral injury and neurologic 
sequelae. Cerebral injury may result from intraventricular hemorrhage, which occurs 
in 35-50% of premature infants [1, 2], and from hypoxic-ischemic cerebral insults 
[3-9]. Of these two principal mechanisms of injury, the hypoxic-ischemic paren
chymal injury is considered to be most significant and is most commonly associated 
with long-term sequelae. In the preterm infant, hypoxic-ischemic insult often results 
in periventricular leukomalacia (PVL), a specific pattern of injury with infarctions in 
the periventricular brain tissue [10-12]. 

Although neurosonography may demonstrate lesions consistent with PVL during 
the first weeks of life [8, 13-18], the reliability of this technique in the diagnosis of 
PVL has recently been questioned [19] . The sensitivity and specificity of this 
imaging technique have yet to be established. No study exists in which findings on 
neonatal neurosonography have been correlated with clinical outcome in an unse
lected group of children who have been observed long enough to establish the true 
incidence of spastic diplegia/quadriplegia likely to have been caused by PVL. 
Although the clinical correlate between perinatal injury and subsequent motor 
handicap may be quite clear in prematurely born children with a severe motor 
handicap, it is not uncommon that mild or moderate forms of spastic diplegia 
remain undiagnosed during the first 6 to 8 months of life, thus making the perinatal 
cause of the handicap less obvious. This may be particularly true if neurosonog
raphy during the neonatal period was reported as normal or if the injury happened 
during fetal life. The availability of MR is increasing, and it is quite likely that MR 
will be the preferred imaging method in the investigation of such a child, thus 
making it important for the neuroradiologist to recognize the changes of PVL as 
they appear on MR, even in older children and in the absence of a typical history. 
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The purpose of this study is to describe the abnormalities 
observed on MR in children with the confirmed diagnosis of 
PVL. 

during late infancy. Two of the eight children had had intraventricular 
hemorrhage associated with intraparenchymal hemorrhage in the 
neonatal period. The patients were studied at a mean age of 5 years 
(range, 1-13 years). 

Materials and Methods 

The study population comprised eight children selected according 
to the following criteria: (1) motor abnormalities consistent with PVL, 
that is, spastic diplegia or quadriplegia; (2) gestational age less than 
35 weeks; and (3) characteristic abnormalities of PVL on CT scans 

MR imaging was performed on superconducting and, in one case, 
resistive 0.15-T systems: All scans were obtained by using a contig
uous 10-mm multislice technique. Both inversion recovery (IR) and 
spin-echo (SE) sequences were used to obtain images predominantly 

• PickFlr International, Highland Heights, OH. 
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Fig. 1.- 2V2-year-old boy with mild, symmetric spastic diplegia. 
A, ConventionallR image, 1650/400/40, in axial plane at level of lateral ventricles demonstrates normal 

ventricular size despite reduction of periventricular white matter adjacent to trigone. 
B, Higher-level image shows normal amount of white matter in centrum semiovale. Irregular, poorly 

defined areas of decreased signal are seen deep in the white matter. 
C, Coronal image with the same pulse sequence shows well-defined areas of decreased signal 

immediately adjacent to dorsolateral aspects of lateral ventricles (arrows). 
D, T2-weighted SE image, 2058/40, in the same plane and location as C demonstrates high intenSity in 

these areas. Note that the area of abnormal signal extends deep into white matter that appears normal in 
C. 

E, The signal intensity is further accentuated on this long TR sequence, 3000/130. 
F and G, Axial CT images in planes corresponding to A and B, respectively. Note normal attenuation in 

centrum semiovale on G shown to be abnormal in MR images B-E. 

F 

G 
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in the coronal planes but also in transaxial sections. Seven of the 
patients were scanned with conventional (long TI) IR sequences using 
the parameters of 1650/400/40/4 (TRfTlfTE/excitations) or 2450/ 
400/40. Dual-echo coronal T2-weighted SE sequences, 2058/40, 
120/2 (TR/first-echo TE, second-echo TE/excitations) or 2450/40, 
120/2, were obtained in six patients, and one patient was examined 
with a multiple-echo long TR sequence (3000/26, 52, 104, 130, 156). 
Two patients were scanned with short TI IR (STIR) using 1183/100/ 
40 or 1400/100/40. Single-echo T1-weighted SE sequences, 600/ 
22, and T2-weighted SE sequences, 2000/60, were performed in an 
additional patient. Sedation was used as required (oral chloralhydrate 
50 mg/kg). The MR examinations were approved by the Ethics 
Committee at the University of British Columbia and informed consent 
was obtained from the parents. 

CT scans were performed with a GE CTfT 8800 scanner. Thin 
sections (5 mm) were obtained of the level of the lateral ventricles 
and viewed with a narrow window-width (60 H). 

Results 

Abnormalities on conventional IR scans were similar to 
those described previously on CT [20] and MR [21 , 22]. The 
principal abnormality was reduction in the amount of periven-

Fig. 2.-21!2-year-old girl with moderately se
vere, symmetric spastic diplegia. 

A, The end result from the periventricular in
farction is demonstrated in this conventional IR 
image, 1650/400/40, in the axial plane, which 
shows a reduced amount of white matter in the 
centrum semiovale. Note the prominent, deep 
cortical sulci in close association with the ven
tricles (arrows). 

8 , ConventionallR image, 1650/400/40, in the 
coronal plane shows the same finding as in Fig. 
1C but in a more anterior location. 

C, Corresponding second-echo T2-weighted 
SE image, 2058/120, shows the high signal in
tensity within a more extensive area. 

D, Axial CT slice in a plane comparable to A. 
Note reduced amount of white matter with prom
inence of some of the same sulci as in A. 

A 

c 

tricular white matter. With mild radiologic abnormality (two 
cases), this reduction of white matter, seen on both axial and 
coronallR scans, was limited to the peritrigonal region . These 
patients had no or limited reduction of white matter in the 
centrum semiovale and the ventricular size was normal. As a 
consequence of this white matter loss, prominent sulci were 
identified adjacent to the trigone of the lateral ventricles and 
were proved on coronal IR scans to represent dilatation of 
the most posterior aspect of the sylvian fissure. Small , well 
defined lesions of reduced signal on IR scans and high inten
sity on T2-weighted SE and STIR scans were observed in 
the white matter immediately adjacent to the dorsolateral 
aspects of the lateral ventricles. This finding, best seen on 
coronal images, was present in all patients irrespective of age 
or severity of damage (Fig . 1). 

With more severe radiologic involvement (five cases), there 
was evidence of reduction in the quantity of white matter in 
the centrum semiovale, indicating damage to the corona 
radiata. In addition there was more marked reduction of 
periventricular white matter. The deep portions of the sylvian 
fissures were prominent, and there was ventriculomegaly 
involving principally the occipital horns. The gray matter deep 

B 
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within the sylvian fissure directly abutted and indented the 
ventricular wall or was separated from the ependyma by a 
minimal amount of white matter, resulting in an irregular 
ventricular outline and dilatation of the trigone (Figs. 2-5). The 
trigonal dilatation was most prominent in patients with pro
found cortical visual impairment (Fig. 3). More anterior coronal 
images demonstrated small, discrete areas of decreased sig
nal in periventricular regions adjacent to the angles of the 
lateral ventricles. These lesions were visualized better on 
coronal than on axial MR images (Fig. 2). 

One patient with PVL was severely affected clinically and 
had almost complete absence of white matter as shown on 
IR images. The periventricular white matter was replaced by 
cysts, some of which had been incorporated into the lateral 
ventricles, producing marked ventriculomegaly. As in the less 
severely affected patients with more moderate damage, the 
ventricular outline was irregular. Minimal amounts of white 

matter remained in the centrum semiovale. The gray matter 
deep within the sylvian fissure and the parietal lobes abutted 
the ventricles directly (Fig. 4). 

Although the structural abnormalities on conventional IR 
images corresponded closely to those observed on CT scans 
[20], MR scans, particularly in the coronal plane, provided 
better anatomic resolution. The areas of decreased signal at 
the superior lateral margins of the lateral ventricles in patients 
with mild or moderate abnormalities had no correlate on CT 
scans, which demonstrated normal attenuation of white mat
ter in these regions (Fig. 5). 

Abnormally increased signal arising from white matter was 
observed on T2-weighted SE images in six of the seven 
patients with mild or moderate PVL. The increased signal 
corresponded in part to the areas of low signal on IR images 
but extended beyond the periventricular white matter. This 
increased white matter signal was observed principally in the 

Fig. 3.-A, ConventionallR image, 1650/400/40, in the axial plane of 6-year-old girl who had only mild spastic diplegia but was cortically blind. Note 
the disproportionate dilatation of the occipital horns with almost complete absence of white matter in the occipital lobes. 

B, Coronal image, 2450/400/40, shows how the cortical sulci extend down to the ventricular wall with very little remaining white matter. 
C, Axial CT scan in a plane similar to A shows that the appearance of the ventricles and periventricular white matter correlates very well with the 

findings in A. 

Fig. 4.-A and B, Conventional IR images, 
2450/400/40, of 5-year-old boy with severe 
quadriplegia, which was more severe on the left 
side of the body, and cortical blindness show an 
almost complete absence of all periventricular 
white matter and subsequent marked ventricular 
dilatation. Note the larger right ventricle with a 
more irregular dorsolateral aspect, indicating 
more severe involvement on the right side. 
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Fig. 5.-A, CT scan of 9-year-old boy with 
moderate to severe quadriplegia shows virtually 
complete absence of peritrigonal white matter, 
with less severe loss of white matter anteriorly. 
The ventricles are moderately dilated. Note su
perficial "cystic" structures (arrows) in cortical 
tissue, and normal appearance of white matter 
deep in the frontal lobes. 

S, Corresponding T2-weighted SE image, 
2450/40, shows abnormal signal intensity in 
frontal white matter (arrows), tissue that had a 
normal CT appearance in A. 

C, ConventionallR image, 1650/400/40, in the 
coronal plane demonstrates clearly that the 
"cystic" structures in the cortex represent wid
ening of the deep parts of the sylvian fissure 
(arrows). Note the square shape of the dorsolat
eral aspects of the left ventricle (arrowhead), 
indicating that cavitated peri ventricular infarcts 
have become incorporated into the ventricle. The 
injury is less prominent on the right side, where 
the ventricle has maintained a more normal 
shape and more periventricular white matter with 
normal signal intensity remains. The child had 
an asymmetric quadriplegia, which was more 
severe in the right leg and arm. 

D, A more anterior image in the same se
quence shows a part of the periventricular cavi- A 
tated infarct on the left side, which has main
tained the thin wall separating it from the ventri
cle (arrow). 

c 

occipital lobes and extended into regions that appeared nor
mal on CT and conventionallR images. The signal character
istics of these lesions differed from that of CSF by showing a 
high intensity on first-echo SE images. These lesions were 
also well shown by STIR because of the high tissue contrast 
with respect to normal white matter. White matter located 
more superficially (i.e., subcortically) and deep within the 
centrum semiovale demonstrated a normal appearance (Figs. 
1 and 2). 

In all cases, there was good correlation between clinical 
observations and the anatomic location of MR and CT abnor
malities. In patients with asymmetric motor involvement, the 
MR and CT abnormalities corresponded to the clinical obser
vations. 

Discussion 

Peri ventricular leukomalacia results from hypoxic-ischemic 
injury to watershed zones of arterial supply in the peri vent ric
ular white matter of the immature brain [10-12, 23]. These 

B 

o 

watershed zones are most prominent in the posterior periven
tricular white matter at the trigone of the lateral ventricles and 
in white matter adjacent to the foramina of Monro [10-12] . 
Additional injury may result from parenchymal hemorrhage in 
association with ischemic lesions, a finding that has been 
reported in approximately 25% of cases in an autopsy study. 
This likely represents spontaneous hemorrhage into reper
fused periventricular ischemic areas; that is, hemorrhagic 
infarction [23]. The anatomic location of PVL determines the 
characteristic neurologic sequelae observed in many survi
vors of low birth weight. Thus, lesions may affect either the 
geniculocalcarine tract and cause visual impairment or the 
corticospinal tracts in the corona radiata and damage the 
motor fibers, which control the function of lower limbs and 
trunk. Consequently, the classical neurologic sequelae of PVL 
include spastic diplegia or quadriplegia, and cortical blindness 
with relative preservation of cognitive functions, except in 
severe cases. In severe cases, the cerebral injury is more 
diffuse and results in multiple neurologic handicaps [10, 11 ]. 

Histopathologically, periventricular leukomalacia begins as 
coagulation necrosis with subsequent macrophage activity 
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and cavitation [10]. The cavitated infarcts are located princi
pally at the dorsolateral margins and at the trigone of the 
ventricles. The cysts may collapse, resulting in scarring with 
gliosis associated with significant reduction in the quantity of 
white matter in periventricular regions and in the centrum 
semiovale. With severe PVL, the cavities may replace most 
of the periventricular white matter. The ependymal separation 
between the ventricles and the cavitated infarcts may com
pletely or partially break down, and the cavitated infarcts 
become incorporated into the ventricles. This process ex
plains in part the characteristic ventriculomegaly with irregular 
ventricular outline. 

Radiologic imaging techniques may play an important role 
in the confirmation of the diagnosis of PVL by demonstrating 
evidence of injury to periventricular white matter. Although 
neurosonography is useful, its limitations are probably signif
icant but not well studied [8, 14-19]. CT is of less value 
during the neonatal period [2, 24] but can demonstrate pa
thognomonic abnormalities of PVL in later infancy and child
hood [15, 17, 20]. The clinical diagnosis of PVL in such a 
child may be confirmed by CT scanning, which demonstrates 
specific diagnostic features of PVL, including (1) ventriculo
megaly with irregular outline of body and trigone of lateral 
ventricles; (2) reduced amounts of peri ventricular white matter 
at the trigone and, in more severe cases, the entire centrum 
semiovale; and (3) deep and prominent sulci with subcortical 
gray matter abutting the ventricles directly without interposed 
white matter [20]. These abnormalities were identified on all 
CT scans performed in close temporal relationship to the MR 
scans in our study. 

MR imaging has been used in a limited fashion for the study 
of neonatal cerebral injury [8, 21, 25-30]. Although limited 
data are available regarding the appearance of PVL on MR 
during the neonatal period [22], the role of MR for the diag
nosis of PVL in early infancy has not been defined clearly. 
Furthermore, there are no published reports describing the 
appearance of this lesion on MR imaging in older children. 
MR studies of infants with sonographic evidence of PVL 
during the neonatal period showed decreased signal in peri
ventricular white matter on conventionallR images [27, 31]. 
Serial MR examinations showed development of an irregular 
outline of dilated lateral ventricles and delayed myelination. 
The decreased intensity of periventricular signal relates most 
probably to loss of white matter associated with infarction 
and cyst formation. The delayed myelination reported by 
others [21 , 31] relates to ischemic destruction of unmyeli
nated axons in the immature brain and thus to reduced 
formation of myelin . The location of these abnormalities in 
early infancy correlated well with the distribution of cysts, 
reduced white matter, and the resultant prominence of deep 
portions of cortical sulci and sylvian fissures during later 
childhood in our patients. Although delayed myelination of the 
periventricular brain tissue may be observed during early 
infancy, it is unlikely to persist into later childhood . Thus, the 
abnormalities observed in older children most probably rep
resent permanent loss of tissue with gliosis. 

Several studies have reported more superficial cystic cavi
ties located at some distance from the ventricles in gray 
matter [26 , 27 , 31]. In our patients, conventional IR images 

in the coronal plane demonstrate clearly that these "cystic" 
structures represent widened sulci deep within the sylvian 
fissures. Loss of periventriuclar white matter results in wid
ening of sulci such that they become visible on axial CT or 
MR scans. Owing to the effect of volume averaging, the 
continuity of these sulci with the sylvian fissure may not be 
immediately apparent in the axial plane (Fig. 5). 

The areas of high intensity in white matter extending su
perficially beyond the periventricular region seen well on T2-
weighted SE and STIR images (Fig. 6) but not on CT scans, 
most probably represent areas of gliosis with scarring extend
ing further into central white matter within gyri (Fig. 7). Al
though described by pathologists [10, 11], these lesions, 
characteristic of PVL, have not previously been recognized 
by any radiologic imaging technique. These changes are 
probably similar in pathology to areas of gliosis seen in 
patients with multiple sclerosis, infarcts particularly those in 
deep white matter (Binswanger disease), and in the late 
stages following head injury [32]. In all these situations the 
abnormal areas have a higher signal than that of CSF on 
moderately T2-weighted SE imaging sequences (2000/40). 
Thus, these lesions can be differentiated from cavitated in
farcts that are more similar to CSF in their signal character
istics. Such cysts were seen in patients with moderate and 
severe injury in whom the immediate periventricular white 
matter was replaced by cysts. In this study, the abnormalities 
on MR scans were located most frequently in the posterior 
peri ventricular region at the trigone of the lateral ventricles. 
This corresponds to the location of PVL documented previ
ously by autopsy studies [12]. 

A variety of imaging sequences were employed in the 
evaluation of our patients. Images in the coronal plane were 
most effective both for identifying structural abnormalities and 
for determining the location of parenchymal disease. This 
advantage was due mainly to the orientation of the coronal 
plane perpendicular to the long axes of the sylvian fissure and 
the lateral ventricles. Structural abnormalities, including the 
deep sulci, ventricular enlargement, and irregular ventricular 
margins, were best shown on the conventional (long TI) IR 
and T1-weighted SE sequences because they showed the 
CSF as low intensity in contrast to the adjacent brain. The 
periventricular white matter abnormalities were best shown 
on T2-weighted SE and STIR images because of the high 
contrast between the lesions and the surrounding intact white 
matter. These lesions were not identified on T1-weighted SE 
images at low field strength (0.15 T) because of the similarity 
of gray matter, white matter, and most abnormalities char
acterized by increased water content. The lesions were dem
onstrated on the conventional IR scans but, because they 
appeared as low density, were less obvious than on the T2-
weighted SE and STIR images. The size of these abnormali
ties was underestimated on the conventionallR scans. In our 
experience, it appears that an investigation of possible PVL 
should include coronal sequences that provide high anatomic 
detail , such as conventional IR or T1-weighted SE, and a 
sequence that provides high tissue contrast, such as T2-
weighted SE or STIR. The shorter acquisition time involved 
in a STIR sequence may prove advantageous in a pediatric 
population. The use of thinner sections, 5 mm or thinner, 
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A 8 
Fig. 6.-Axial STIR image, 1400/100/40, 

provides less anatomic detail than some T2-
weighted SE images but shows well the ab
normal signal (arrows) in the peri ventricular 
white matter. 

Fig. 7.-Histologic sections of 19-year-old man, not part of this study, who was a first-born twin. Birth 
was at 30 weeks gestation with a difficult delivery. He had severe spastic quadriplegia, abnormal 
posture, and he was cortically blind. He could speak one or two words and could not respond to 
command. His brain weighed 1220 g (normal, 1500 g). 

A, Whole tissue mount shows an unmyelinated scar (straight arrow) extending from enlarged ventricle 
(V) into the postcentral gyrus. Another scar (curved arrow) with focal calcification is seen in the 
paraventricular white matter. The interhemispheric fissure (asterisk) is identified. (Luxol fast blue/cresyl 
violet stain, x4) 

B, This section shows another similar scar (arrows) stained for glial fibers. The lesion extends into 
the frontal lobe and represents gliosis. (V = ventricle.) (Holzer stain, x50) 

proved essential for the CT diagnosis of PVL [20]. A similar 
technique able to show even minimal amounts of disease in 
the periventricular white matter may prove as important in 
MR imaging. However, the limited field strength of our MR 
systems prevented us from using this technique. 
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