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Lesions) Anterior to the 
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Correlations of a Normal Finding 
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Review of all normal magnetic resonance (MR) scans performed over a 12-month 
period consistently revealed punctate areas of high signal intensity on T2-weighted 
images in the white matter just anterior and lateral to both frontal horns. Normal anatomic 
specimens were examined with attention to specific characteristics of this region, Three 
unique features typify the brain tissues that correspond to the foci of high signal. First, 
this region of the brain is notable for its loose network ofaxons with low myelin content. 
Second, pathologic scrutiny revealed an entity called "ependymitis granularis, " which 
represents patchy loss of the ependyma in the frontal horns with astrocytic gliosis, 
Third, flow of interstitial fluid within this region of the brain tends to converge at the 
dorsal-lateral angle of the frontal horns. All these factors contribute to increased water 
content locally, which results in foci of high signal intensity anterior to the frontal horns 
in all normal MR scans, 

The unprecedented sensitivity of MR to altered tissue content has allowed 
superior detection of disease processes, even when clinically silent, and has also 
permitted hitherto undetected visualization of existing anatomic structures. This 
investigation focuses on foci of relatively high signal intensity just anterior to the 
frontal horns of the lateral ventricles bilaterally. These foci of high signal intensity 
on T2-weighted spin-echo images initially suggested disease [1] , but because we 
saw them routinely we were prompted to do an autopsy study to provide a 
histologic explanation for the finding . 

Materials and Methods 

Patient Selection 

The MR brain scans of all patients imaged at the University of California, San Francisco 
over a 1-year period were retrospectively reviewed, and 56 patients were selected for this 
study. All 56 patients had otherwise normal MR scans and were initially referred because of 
nonspecific, subjective symptoms. 

Table 1 lists the symptoms for which the 56 patients were originally studied . None of the 
patients had any underlying systemic disease process that might predispose them to central 
nervous system (CNS) disease. Specifically, all patients referred for evaluation of possible 
multiple sclerosis or other demyelinating disease were excluded, even when their MR 
examination proved to be normal [2] . Patients with connective tissue disorders [3]. dementia 
[4 , 5]. or neurologic signs (as opposed to symptoms) were also excluded. 

CT scans usually were not done at our institution, but in all cases, the results of CTs 
performed elsewhere were either unremarkable or negative. The patients who were selected 
for our study ranged in age from 9 months to 82 years (Table 2) . 

Imaging 

MRI was usually performed with a O.35-T superconductive magnet and a 25-cm diameter 
head coil [6 , 7, 8] . Multislice spin-echo acquisition was employed to obtain slices 7-mm thick. 
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TABLE 1: Indications for Performance of MR Scans 

Reason for MR Study 

Seizures 
Headache 
Normal controls 
Rule out primary intracranial tumor 
Rule out extraaxial tumor 
Dizziness or vertigo 
Subjective sensory symptoms (e.g. numb­

ness, without definite signs or anatomic 
distribution) 

Rule out pituitary tumor 
Facial spasm 
Rule out metastases 
Developmental delay 
Dyslexia 

No. of 
Studies 

12 
11 
10 
8 
6 
6 

6 
3 
3 
2 
1 
1 

Note:-The total number of studies done (69) exceeds the actual number of patients 
(56) because some patients complainec of more than one symptom (e.g., headache and 
dizziness). 

TABLE 2: Ages of the Patients Included in the Study 

Age (years) 
No. of 

Patients 

0- 10 6 
11 -20 7 
21-30 6 
31-40 6 
41-50 6 
51-60 7 
61-70 8 
71-80 6 
81-90 2 

A repetition time (TR) of 1.5 or 2 sec and echo-delay times of 28 and 
56 msec were used. In addition , in many patients acquisitions with a 
TR of 0.5 sec were performed. Only axial images were reviewed in 
this study. 

Later scans were also reviewed using a different MR imager with 
a 1.5-T superconductive magnet and a 24-cm diameter head coil. 
Multislice spin-echo acquisition was employed to obtain slices 1 cm 
thick . A repetition time of 2 sec, with echo-delay times of 40 and 80 
msec, routinely showed the same finding. 

Autopsy Review 

For histologic correlation, approximately 150 specimens that were 
considered normal by the neuropathology division were selected. 
These patients had shown no evidence of CNS disease and their 
brains had been scrutinized with particular attention to the region 
surrounding the frontal horns. Retrospectively , 39 of these specimens 
were reexamined and new sections of the region in question were 
obtained. Selection of these patients was determined by age, with 
approximately 3 to 4 specimens chosen from each decade. Ages 
ranged from fetuses of 20 weeks gestation to adults 92 years old 
(Table 3). 

Three different stains were used in the study: Luxol Fast Blue­
Periodic Acid Schiff (LFB-PAS), which stains myelin blue; Biel­
schowsky, an axonal stain ; and Glial Filament Protein (GFAP), which 
stains for astrocytes. 

TABLE 3: Breakdown of Autopsy Specimens According to Age 
of Patient and Cause(s) of Death 

Age' 

20-30 weeks fetus 
0- 1 yr 

1-10 

11-20 

21-30 
31-40 

41-50 

51-60 

61-70 

71 -80 

81-90 
91-100 

Total 

No. of 
Specimens 

10 
3 

3 

3 

2 
3 

3 

3 

3 

4 

39 

Cause of Death 

Therapeutic abortion 
Sepsis, congenital heart dis­

ease, epidermolysis bullosa 
Cystic fibrosis , congenital heart 

disease 
Leukemia, congenital heart dis­

ease 
Cystic fibrosis , cardiomyopathy 
Cardiomyopathy, carcinoma, 

cardiac arrest 
Leukemia, upper gastrointes­

tinal bleed, carcinoma 
Carcinoma, coronary artery dis­

ease and renal failure 
Congestive heart failure, rup­

tured aneurysm, respiratory 
failure 

Ruptured aneurysm, coronary 
artery disease, idiopathic 
thrombocytopenic purpura 

Arrhythmia 
Sepsis 

a Age in years. unless otherwise specified. 

Results 

The high-intensity signal foci just anterior and lateral to the 
frontal horns were found in all 56 of the selected "normal" MR 
scans. The foci ranged in size from punctate up to a centi­
meter in width (Fig. 1). They were of a uniform triangular 
shape, with the base resting directly on the tips of the frontal 
horns and with the apex pointing anteriorly into the adjacent 
white matter. The medial aspect of the triangle was defined 
by the genu of the corpus callosum, while the lateral border 
extended along the white matter terminating posteriorly at 
the head of the caudate in the most prominent cases. No size 
correlation with age or symptomatology was present (Fig . 2). 

Histologically, the specimens exhibited three obvious find­
ings in the region of interest: (1) decreased myelin content 
when compared with adjacent major white-matter tracts; (2) 
ependymitis granularis in the frontal horns, a condition char­
acterized by focal breakdown of the ependymal lining and 
astrocytic gliosis; and (3) evidence of increased periependy­
mal and extracellular fluid. 

The region of the white matter just anterior to the frontal 
horns corresponding to the MR findings discussed above was 
unique for its relatively low myelin content. This finding was 
demonstrated by the decreased intenSity of the blue myelin 
stain locally (Fig . 3). Two specific factors appeared to contrib­
ute to this finding . The first was the loose packing arrange­
ment of the axons. In almost all white-matter tracts , the axons 
were ordered and tightly packed, usually in bundles (Fig . 48). 
In contrast, in the area in question, the axons appeared to be 
"randomly" distributed (Fig. 4D). This loose distribution pro­
duced a visibly greater space between the myelinated axons. 
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Fig. 1.-50-year-old woman with hearing loss, referred to rule out acoustic 
neurinoma. TR = 2.0 sec, TE = 40 msec. Spin-echo images clearly demonstrate 
high-intensity foci just anterior to angle of frontal horns bilaterally. 

The second factor was the distinctly smaller size of the axons 
in this region . Unlike other white-matter regions, the axons in 
this area were more delicate and tenuous (compare Figs. 48 
and 40). A basic tenet of neurobiology states that the amount 
of myelin surrounding an axon is directly related to the size 
of the axon. Therefore, relatively little myelin surrounded the 
axons in the region described. In summary, both the smaller 
size of the myelinated axons, as well as the greater space 
between them, produced an obvious decrease in myelin per 
given volume of tissue compared with more typical regions of 
normal white matter. 

We also noted in all the specimens a condition known as 
ependymitis granularis, which consists of breakdown of the 
ependymal lining and is distinguished from artifacts of staining 
or slide preparation by the underlying astrocytic gliosis [9] . 
The most severe involvement by ependymitis granularis in our 
"normal" autopsy specimens was found in the region just at 
the corner of the frontal horn, with observed breakdown of 
the ependyma extending for a short distance along the medial 
aspect of the frontal horn adjacent to the corpus callosum 
(Fig. 4A). Along the caudate, the ependymal lining was usually 
well preserved. This observation is supported by previous 
pathologic reports [10, 11]. 

Ependymitis granularis was found in all specimens and in 
all age groups. Furthermore, the degree of its severity did not 
correlate with age. Of note, the only specimens examined 
that did not demonstrate any evidence of ependymitis gran-

Fig. 2.-1V2-year-old female with seizures. TR = 2.0 sec, TE = 40 msec. 
Even at this age, high-intensity foci are clearly visible. 

ularis were fetuses of 20 weeks gestation. The appearance 
of the defects in the ependymal lining correlated with the time 
at which the subependymal germinal matrix disappears. 

Finally, increased amounts of periependymal and extracel­
lular fluid were visualized at the dorsolateral angle of the 
lateral ventricles as bubblelike areas separating the axons 
(compare Figs. 4C and 4E). The absence of astrocytic proc­
esses indicated that these represented foci of dilated extra­
cellular space. The greatest concentration of extracellular fluid 
was noted immediately adjacent to the ventricles, decreasing 
as one moved deeper into the brain substance. The distribu­
tion of this periventricular extracellular fluid coincided with 
subjacent regions of ependymal breakdown and with the 
increased space between the loosely arranged myelinated 
bundles described above. No evidence of this phenomenon 
was seen in a perivenular distribution, despite the fact that 
this region is also notable for a rich venous plexus. 

Discussion 

Areas of high signal intensity within normal surrounding 
brain tissue on T2-weighted images of spin-echo acquisitions 
generally indicate disease. However, in the region of the brain 
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Fig. 3.-Axial brain section stained for myelin. Myelin-containing white­
matter tracts are dark while gray matter is light. Note decreased myelin content 
(reflected by lighter shade of gray) at angle of left lateral ventricle (arrows). 
Extent of region is defined laterally and medially by white-matter tracts and 
posteriorly by head of caudate. These boundaries correlate well with MR 
appearance. (cc = corpus callosum , Iv = frontal horn of lateral ventricle , hc = 
head of caudate) Luxol Fast Blue PAS stain, x 5. 

discussed here, histologiC evidence that explains the in­
creased intensity has been found. An elevated water content 
can be demonstrated and most likely explains the finding on 
MRI. Multiple factors combine to raise the hydration in this 
area of the white matter. Myelin is hydrophobic and is com­
posed of only 40% water, with the remaining fraction taken 
up by lipid (45%) and protein (15%). This fact accounts for 
the relatively smaller water concentration in white matter 
(70%-75%) as compared with gray matter (83%) [12] . The 
presence of relatively small axonal bundles with greater space 
between them endows the locus of white matter just anterior 
to the frontal horns with a relatively lower content of the 
hydrophobic myelin and allows more hydration . 

Another cause of increased extracellular fluid in this region , 
especially in the periependymal area, may well be ependymitis 
granularis. Observations of certain pathologic states provide 

Fig . 4.-A, Higher magnification of angle of frontal horn of lateral ventricle. 
Regions of ependymitis granularis can be identified by focal loss of ependymal 
lining (arrowheads) . Note intact ependymal remnants between areas of denu­
dation (Iv = frontal horn of the lateral ventricle , cc = corpus callosum). 
Bielschowsky stain for axons, x 16. B, Axons of corpus callosum are more 
tightly packed and larger in this typical white-matter tract than axons in region 
just anterior to frontal horns. This appearance is essentially identical to that 
seen in other white-matter tracts e.g., the corona radiata and internal capsule, 
which were also examined. Bielschowsky stain for axons , x 500. C, Myelin 
stain of corpus callosum confirms increased myelin content and relative lack of 
extracellular space compared with region just anterior to frontal horns. Luxol 
Fast Blue PAS, x 500. Again , this appearance is typical of all white-matter 
tracts studied. 0 , Axonal stain from region anterior to frontal horns reveals 
axons that are both tenuous and loosely packed . Bielschowsky stain for axons, 
x 500. E, Myelin stain of same region as D confirms increased extracellular 
space, seen as unstained regions separating darkly staining myelin strands. 
Luxol Fast Blue PAS, x 500. 

insight into the mechanism of this MR finding. In hydroceph­
alus, as the ventricular surface expands, the ependymal cells 
become flattened and stretched, followed by frank denudation 
[9, 11]. This process facilitates entry of cerebrospinal fluid 
into the tissue, since the ependymal cells are no longer 
present to regulate fluid eXChange between the ventricles and 
the brain substance [13, 14, 15]. Although this breakdown of 
the ependymal lining in hydrocephalus or inflammation also 
leads to ependymitis granularis, it differs from the disruption 
that was seen in the normal specimens described here both 
in its much greater extent and in its obvious pathologic origin . 
Previous pathology literature has also described localized 
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ependymitis granularis in normal autopsy specimens [10, 16, 
17]. One can speculate that such ependymal breakdown at 
the tips of the frontal horns may augment the accumulation 
of extracellular fluid in this specific region , just as it does on 
a global basis in hydrocephalus. Some pathologists have 
observed that localized breakdown of the ependyma is almost 
universal , even by late fetal life. Dooling et al. [10] demon­
strated focal ependymal loss in the same region of the frontal 
horns in 85% of fetuses more than 35 weeks old . They also 
mentioned similar findings near the occipital horn angle. High­
intensity foci on MR images are occasionally seen in the 
occipital horn, even in young patients, although accurate 
assessment of this area is slightly more difficult owing to the 
high intensity of the adjacent choroid plexus and the variable 
size and posterior extension of the occipital horn. Disruption 
of the ependyma has not been described in normal specimens 
in the third or fourth ventricles [17]. 

The etiology of localized ependymitis granularis is unclear. 
This phenomenon , repeatedly noted and consistent in both 
location and extent, may result from the normal process of 
development and may be secondary to the molding necessi­
tated by the increasing size and complexity of the growing 
brain. In addition, pulsatile hydrostatic forces of the cerebro­
spinal fluid may also playa role [10]. Interestingly, the local­
ized ependymitis granularis occurs in the cerebral regions that 
contain the last vestiges of the subependymal germinal ma­
trix. In our specimens, the time of appearance of the break­
down of the ependyma coincided with the disappearance of 
these primitive neuroepithelial cells. The significance of this 
temporal relationship is unknown. 

Finally, previously reported studies of cerebrospinal fluid 
dynamics and formation provide another explanation for the 
increased local collections of periependymal fluid that we 
visualized. Investigations of fluid pathways indicate that inter­
stitial fluid in the brain substance follows preferential drainage 
routes to the subependymal region, especially to the dorso­
lateral angle of the lateral ventricle [18, 19]. Cserr et al. found 
that labeled anionic horseradish peroxidase injected into the 
caudate nucleus of rats had a propensity to flow to the region 
of the brain just anterior to the frontal horns. Thus it appears 
that this region serves as a natural funnel for extracellular 
fluid produced in the brain interstitium, an organ devoid of 
deep hemispheric lymphatics. The extent and significance of 
these fluid pathways is considerable, because interstitial flow 
of fluid from the brain into the ventricles is thought to be a 
primary source of extrachoroidal cerebrospinal fluid formation , 
which has been estimated to constitute from 30% to 70% of 
total cerebrospinal fluid production [20 , 21]. 

In addition , data exist that the ependymal lining functions 
not only as a barrier to the entry of cerebrospinal fluid into 
the brain substance but may also actively transport interstitial 
fluid out of the brain and into the ventricles [21]. When 
disruption of the ependyma occurs, one may speculate that 
the natural fluid drainage to the angle of the frontal horn may 
no longer be taken up and elaborated into cerebrospinal fluid 
and thus accumulates in these regions. 

In summary, the combination of the decreased myelin con­
tent, the localized ependymitis granularis, and the natural fluid 

drainage pathways of the brain increases the water content 
focally in the region of the brain just anterior to the frontal 
horns. The increased water content , in turn , leads to length­
ening of T1 and T2 and produces the appearance of foci of 
high intensity on T2-weighted spin-echo images [22] . 

Radiologically , the foci of high signal intensity described 
here are significant in that they can be confused with several 
pathologic processes, especially multiple sclerosis or other 
demyelinating disorders, subcortical arteriosclerotic enceph­
alopathy, hydrocephalus, and changes of radiation therapy. 

Multiple sclerosis (MS) is the most important pathologic 
entity to consider in the differential diagnosis because of its 
predilection for the lateral-ventricular angles. Subependymal 
periventricular demyelination is classic in MS, especially con­
tiguous to the frontal and OCCipital horns, and is seen in 
approximately 90% of cases [23] . Because MS plaques are 
invariably perivenular, the richness of the venous plexus in 
the location we studied may help explain why MS so often 
affects this same region. Another hallmark of MS is the relative 
symmetry of bilateral distribution. 

For the above reasons, early differentiation of MS from the 
normal finding described here may be difficult, especially since 
initial plaques are often microscopic in size. However, certain 
differences will appear, especially as the disease progresses. 
Even if the plaques are confined to the periventricular region 
near the frontal horn , they do not respect the boundaries of 
the high-intensity foci described earlier (Fig . 5A). As the 
plaques coalesce, extension into surrounding structures-for 
example, the corpus callosum or other adjacent white-matter 
tracts-is the rule rather than the exception [24] . Further­
more, distinct lesions may often extend along the entire lateral 
aspects of the lateral ventricles in a classic "lumpy-bumpy" 
pattern [2] . 

Pathologically, MS differs strikingly from the normal histo­
logic appearances anterior to the frontal horn, despite possi­
ble similarities of MR appearance. In MS, one sees a remark­
able punched-out, ragged appearance of demyelination, in 
contrast to the normal findings of decreased myelin content 
that we described (Fig. 5C). Furthermore, in MS the spaces 
between demyelinated axons become entirely filled with 
densely packed astrocytic processes . 

Subcortical arteriosclerotic encephalopathy is another im­
portant entity to differentiate from the normal foci of high 
intensity. As in multiple sclerosis, subcortical arteriosclerotic 
encephalopathy is characterized by multiple patchy periven­
tricular lesions [4 , 25-27] (Fig. 6). Although these lesions are 
periventricular, many are often not immediately adjacent to 
the ependymal surface. In contrast , the high-intensity foci that 
we have described are triangular-shaped structures that rest 
directly on the tips of the frontal horns, both radiographically 
and pathologically. Furthermore, changes of subcortical ar­
teriosclerotic encephalopathy are often associated with cor­
tical atrophy, ventricular dilatation , and lacunar infarcts in the 
basal ganglia [26, 28] . Finally, these lesions may vary mark­
edly in size and distribution. 

Pathologically, subcortical arteriosclerotic encephalopathy 
differs from our findings in normal autopsy specimens. Elderly 
patients with peri ventricular white-matter disease noted on 
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Fig. 5.-A and e, 43-year-old woman with a 21-year history of classic 
multiple sclerosis. TR = 2.0 sec, TE = 40, 80 msec. Typical extension of high­
intensity lesions into adiacent white matter beyond the confines of high-intensity 
foci of normal scans. C, Myelin stain of multiple sclerosis plaques, delineated 

Fig . 6.- A and e, 76-year-old woman 
with memory loss and confusion. TR = 
2.0 sec, TE = 40, 80 msec. MR scan is 
consistent with subcortical arterioscle­
rotic encephalopathy. Again , extension of 
high-intensity foci beyond normal bound­
aries is visualized, as well as multiple 
other foci near OCCipital horns and in deep 
white matter. 

A 

CT scans have been found to have severe arteriosclerotic 
changes in the deep perforating arteries to the white matter, 
which forms a watershed zone between the deep medullary 
and superficial cortical circulations [5, 29]. Thus these patients 
are prone to repeated small infarcts, and it is likely that this 
is the pathologic basis for the regions of high signal intensity 
seen on MR scans in these patients, although direct patho­
logic confirmation is still lacking. 

In conclusion, foci of high signal intensity at the frontal 
horns are normal findings in all T2-weighted spin-echo mag­
netic resonance scans, and a histologic basis for them can 

c 
by arrows. Increased water content of multiple sclerosis plaque is caused in 
part by striking, well-defined total demyelination, as seen in this typical plaque. 
In contrast, axons beyond frontal horn tip are not demyelinated (see 4E). 

B 

be demonstrated. These foci do not constitute pathology in 
and of themselves , even though superficially they may resem­
ble common pathologic states, such as multiple sclerosis, 
subcortical arteriosclerotic encephalopathy, hydrocephalus, 
and changes of radiation therapy. 
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