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MR and CT of Occult 
Vascular Malformations of 
the Brain 

771 

The need for improved specificity in the diagnosis of "occult" vascular malformations 
led to the use of MR in suspected cases in order to determine MR's potential for 
improved diagnostic accuracy. Six patients with six lesions histologically diagnosed as 
vascular malformation after partial (1) or complete (5) microsurgical excision were 
studied by CT, MR, and selective magnification subtraction angiography. In all cases, 
the cerebral lesions were apparently solitary and were visible as focal lesions on both 
CT and MR. Since angiography failed to reveal the pathologic blood vessels of the 
lesions, and no arteriovenous shunting was evident, these lesions were termed vascular 
malformations occult to angiography (VMOTA), Angiography revealed a mass effect in 
only two cases. MR did not reveal additional vascular malformations missed by CT. In 
each case, MR, which was performed in an attempt to support the diagnosis suggested 
by CT, did in fact do so by revealing signal abnormalities indicative of nonacute 
hemorrhage within the lesion on n- and T2-weighted pulse sequences. Although, as 
on CT, MR features of these lesions were found to be nonspecific, the MR criteria 
reinforced the probable diagnosis of VMOT A in an additional 30 cases that had shown 
similar nonspecific CT features. In this second group, excluded from this study, in which 
histologic verification was not obtained because of perceived hazards of surgery, the 
increased assurance regarding the diagnosis led to proton-beam therapy without his
tologic verification in 18 cases. It is concluded that MR can provide significant improve
ment in the accuracy of diagnosing VMOT A beyond that obtainable just by plain and 
contrast-enhanced CT. 

Extensive experience with CT has led to the recognition of criteria for the 
diagnosis of vascular malformations occult to angiography (VMOT A) [1-8]. All 
varieties of vascular malformation have been identified in this group; arteriovenous 
malformations, cavernous malformations, venous malformations, and telangiec
tases [5, 8]. On plain CT, these lesions tend to present as hyperdense, or 
occasionally isodense, relatively small mass lesions, generally no more than 3 cm 
in diameter [8-11] , often containing recognizable punctate or small dense foci 
indicative of areas of calcification . After intravenous contrast enhancement, rela
tively mild or moderate rather than marked enhancement is commonly seen. 
Occasionally, small regions of intense enhancement suggest the presence of 
contrast medium in small blood vessels. Although the CT features may be highly 
suggestive of the diagnosis, there is as a rule uncertainty in the differential diagnosis 
of these lesions from neoplasms, particularly low-grade astrocytomas and oligo
dendrogliomas. Granulomatous lesions may also show similar CT appearances 
and, rarely, avascular meningiomas may mimic VMOTAs. Because of the problems 
of accurate diagnosis, MR has been used at this center for approximately 2 years 
when this diagnosis has been suspected . This report documents our findings in six 
cases with surgical and histologic verification . 

Subjects and Methods 

Six patients for whom the diagnosis of a VMOT A was a major consideration were studied 
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TABLE 1: Clinical, Surgical, and Histologic Features 

Gender 
Case Age 

(yrs) 

M 26 

2 M 41 

3 M 27 

Site 

L posterior tem-
poral 

L pontocerebellar 

Posterior ponto
mesencephalic 

Clinical 

3 mo. episodic headache, 
nausea and vomiting , 
difficulty reading 

1 Y2 mo. episodic instabil-
ity, dizziness, nausea, 
visual blurring 

36 mo. episodic blurred 
vision, diplopia, head
ache, speech difficulty 

Surgery 

Excision 

Excision 

Limited excision 
ventricular 
shunt 

Gross Appearance 

Encapsulated mass 
Old clot 
Gliosis 
Tangle of vessels 
Gliosis, hematoma 
Cavity 
Thrombosed arteri-

ovenous malfor-
mation 

Encapsulated mass 
within old hemor
rhage 

Thrombosed vas-
cular malforma
tion 

Histology 

Vascular malformation 

Arteriovenous malformation 

Consistent with vascular 
malformation 

4 M 40 L para-fourth 12 mo. episodic vertigo, Excision Small mass Arteriovenous malformation 
ventricular nausea and vomiting, 

headache, diplopia, 
subarachnoid hemor-
rhage 

Old hemorrhage 
Thrombosed arteri-

ovenous malfor
mation 

5 F 31 L frontal 8 mo. episodic minor sei- Excision Encapsulated mass Arteriovenous malformation 
containing old zures, recent general-

ized seizure hemorrhage 
Gliosis 
Vascular malforma

tion 
6 F 40 L frontal Many years of L frontal Excision Localized mass Arteriovenous malformation 

headache. 16 mo. ear-
lier acute headache, 
nausea and vomiting, 
then obtundation, grand 
mal seizure 

Note.-L = left . 

by MR. CT was the initial imaging study in all cases and was 
performed using a variety of third- and fourth-configuration scanners, 
before and after intravenous contrast injection in all cases. Serial film 
selective catheter angiography, with magnification and subtraction, 
which in all cases failed to reveal either intrinsic abnormal vessels or 
vascular shunting, was performed either before or after MR. MR was 
performed using a superconductive whole-body system (Teslacon, 
Technicare Corp., Solon, OH) operating at 0.6 T (25.4 MHz). T1 - and 
T2-weighted spin-echo (SE) pulse sequences and inversion recovery 
(IR) with spin-echo sequences were used. All patients had IR se
quences with repetition times (TR) of 1500 or 1650 msec, inversion 
time (TI) of 400 or 450 msec, and echo time (TE) of 32 msec. Four 
acquisitions were averaged, except in one case, in which only a single 
acquisition was obtained. It is our usual practice to image the brain 
using the more T1-weighted IR sequence in preference to a short TR 
and TE SE sequence. One patient also had a less T1-weighted 
sequence, with TR 500 msec and TE 30 msec. One patient had in 
addition a mixed T1- T2-weighted SE sequence, TR 1500, TE 30. 
T2-weighted sequences were dual-echo SE 2000/60 and /120 msec, 
TRITE, with four acquisitions, except for one patient who was 
examined with separate SE 1500/30 and 1500/60 sequences instead. 
The latter patient was examined with a single-section technique and 
8-mm thick sections. The other patients all had multisection contig
uous 7.5-mm slice technique. All patients were studied with axial 
sections. One patient had an additional IR sequence in the sagittal 
plane. 

Data were acquired with 128-line resolution in the phase-encoded 
(Y) axis, interpolated to 256, and 256 lines in the frequency-encoded 

Recent and old 
hemorrhage 

Gliosis 
Vascular malforma

tion 

(X) axis, for a display matrix of 256 mm2
, giving pixel resolution of 

2.0 x 1.0 mm. 

Clinical Features 

There were four men and two women, ranging in age from 26 to 
41 years (mean, 34.1 years). In general, the predominant symptoms 
were similar to those described in earlier reports [3, 8]. Symptoms 
were typically episodic, over weeks, months, or years, and most 
frequently consisted of headache, with or without nausea and vom
iting, seizures of various types, and focal neurologic deficits appro
priate to the region involved (Table 1). 

CTandMR 

In each case, the pre- and postcontrast attenuation characteristics 
revealed by CT, and the signal intensities and their patterns on T1-
and T2-weighted images, were analyzed and compared with those 
of normal anatomic structures shown in the same CT section and in 
the same MR image. T1 and T2 relaxation values were assessed 
qualitatively and were not measured or calculated. 

Angiography 

All angiograms were performed by selective catheterization, with 
magnification and subtraction. The examinations were all restudied 
retrospectively. 
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A B 

Fig. 1.-Case 1. A, Plain CT shows heterogeneous hyperdense lesion 
adiacent to trigone and occipital horn, probably but not definitely including 
punctate calcifications. B, After contrast, there is moderate heterogeneous 
enhancement of lesion, with appearance of small vessels anteriorly (arrows). 
Small vessels were apparent in lateral portion of lesion at time of acute 
hemorrhage 2'/2 months earlier (not shown). C, MR, 4 days later. IR 1650/450/ 

Results 

Angiography 

Each case satisfied the strict criteria for VMOT A in that no 
pathologic vessels or arteriovenous shunting were identified 
on careful retrospective study of the angiograms. There was 
no evidence of mass effect in four cases, and mass effect 
was identified in two cases. 

CT 

The lesions in all patients were 3 cm or less in diameter. All 
showed somewhat heterogeneous hyperdensity relative to 
brain on plain CT. In only two cases (cases 3 and 6) was 
definite granular calcification identified. In the lesions of three 
other cases (cases 1, 2, and 4), the heterogeneous hyper-

32/4. Bright islands indicating short T1 are partly surrounded by areas of 
absent or near-absent signal. 0 , SE 2000/60/2 moderately T2-weighted se
quence shows smaller bright islands of prolonged T2 within more extensive 
region of absent signal. E, Same sequence, but with TE 120. The bright foci 
are smaller than in 0 , but there is little change in appearance of surrounding 
area of signal void. 

density raised suspicion of punctate calcifications, nonacute 
hemorrhage, dense soft tissues, or a combination of these. 
Case 5 had an isodense appearance, without mass effect on 
initial plain CT. Four months later, CT showed an irregular, 
thick ring with the density of relatively recent hemorrhage, 
and a lower mixed density centrally. The pattern suggested 
hemorrhage in a neoplasm, rather than a vascular malforma
tion. In case 1, plain CT originally revealed a focal acute 
hemorrhage in the left temporal lobe, and intravenous contrast 
enhancement produced a slight increase in density at the 
periphery of the hematoma. Focal areas of this enhancement 
were consistent with small associated blood vessels. Two 
and a half months later, plain CT revealed a heterogeneous 
hyperdense lesion at the same site, and moderate, slightly 
heterogeneous enhancement occurred. There was again in
dication of small abnormal blood vessels in the region. In all 
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Fig. 2.-Case 2. A, Contrast CT shows moderate irregular enhancement of lesion , centered in left 
brachium pontis. In this and an adjacent section, enhancement of small vessels in and adjacent to lesion 
were seen (e.g. , arrow). Noncontrast scan (not shown) revealed a heterogeneous, largely hyperdense 
lesion. e, MR, 2 days after CT, IR 1650/450/20/4, reveals largely homogeneous bright signal of short T1 , 
consistent with nonacute hemorrhage. Areas of lesser signal centrally are consistent with hemorrhage and 
do not correspond to areas of enhancement suggestive of vessels on CT. C, SE 2000/60/4 moderately 
T2-weighted sequence 7.5 mm higher than section e shows large bright islands of increased T2, largely 
bounded by zone of absent signal and irregular areas of absent or reduced signal between the islands. 
With same SE sequence as at level in e (not shown), there was a narrow, almost completely circumferential , 
zone of absent signal around high signal. Posteriorly and laterally, a less intense signal around the lesion 
is indicative of edema. D, The same sequence, but with TE 120, more markedly T2-weighted. High-intensity 
islands and peripheral absent signal are much the same in distribution as in C. Perifocal edema is evident. 
Note that low signal regions between bright islands do not show appreciable increase in intensity (lack of 
second echo enhancement) and therefore are not suggestive of slowly flowing blood within vessels . 

A 

B c 

lesions, enhancement was mild or moderate in degree and 
heterogeneous in pattern. However, small rounded or arcuate 
foci of marked enhancement appeared in three cases (cases 
1,2, and 4), indicating the presence of small abnormal blood 
vessels (Figs. 1, 2, and 4; Table 2). 

In summary, the findings on CT fitted well with the variety 
of appearances previously reported in VMOTA [1-8] . After 
angiography, VMOTA was the suspected diagnosis in all but 
cases 5 and 6, in which a hemorrhagic neoplasm (case 5) and 
a partially calcified glioma (case 6) were strongly suspected. 

MR 

Of the six cases, T1- weighted images revealed one or 
more foci of short T1 , appearing as one or more bright 
"islands" in four cases (Figs. 1 and 2). Cases 4 and 6 showed 
only low signal (Figs. 3 and 4). In addition, areas of very low 
or absent signal on T1-weighted images were present periph
erally and/or centrally in four cases and questionable in a fifth . 

o 

On T2-weighted images, one or more foci on long T2, 
appearing as one or more bright "islands," were seen in five 
cases . This was accompanied by very low or absent T2 signal 
(very short T2) in five cases, was arranged peripherally in four 
cases, and peripherally plus centrally in one case ("dark 
lakes"). In the remaining case (case 6), the entire area showed 
low to absent T2 signal (Fig. 4, Table 2). 

Surgery 

The lesion was excised partially in case 3 and completely 
in the remaining five cases, using microsurgical techniques, 
The gross appearance of the lesion at surgery was described 
as thrombosed arteriovenous malformation in cases 2 and 4 
and as "vascular malformation" in the remaining cases. 

All lesions appeared well encapsulated and showed gross 
evidence of old hemorrhage in cases 1-5 and of old and 
recent hemorrhage in case 6. Hemosiderin deposition was 
specifically commented upon in cases 5 and 6. 
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TABLE 2: CT and MR Findings, and Time Intervals 

CT MR 

Case Interval to MR Interval to 

Plain Enhanced' T1 Weighted T2 Weighted 
More T2 Surgery 
Weighted 

Acute hemorrhage Small vessels; 4 days Confluent bright Smaller bright Same except 4 weeks 
2'12 mo. earlier; moderate CE foci ; adjacent islands smaller bright 
now hyper- + small ves- signal void within larger islands 
dense sels signal void 

2 Hyperdense Mild to moderate 2 days Bright island ; less Bright islands; Same 2 days 
CE + small intense area peripheral 
vessels within signal void 

3 Hyperdense; gran- Mild to moderate 21 weeks + Confluent bright is- Similar con- Similar 243 weeks after 
ular calcific a- CE multiple over lands , most fluent bright limited exci-
tions 4'12 yrs. within low or ab- islands; sion 

postop. (un- sent signal more ob-
changed) vious periph-

eral and cen-
tral signal 
void 

4 Hyperdense, with Mild CE + small 9 days Small focus of low Island of isoin- Lesion obscured 3 days 
some hypo- vessels signal « gray tense signal by noise 
density matter) within signal 

void 
5 Isodense 4 mo. Moderate CE Same day Large bright island; Bright island; Not done 2 days 

earlier; now re- adjacent to re- small central low narrow pe-
cent hemor- cent hemor- signal focus ripheral in-
rhage, periph- rhage terrupted 
eral denser than void 
central 

6 Hyperdense; gran- Mild CE 11 weeks Low signal « gray Low signal and Larger signal 5 weeks 
ular calcifica-
tions 

Note.-CE = contrast enhancement. 

B 

Fig. 3.-Case 4. A, Contrast-enhanced scan showing mild enhancement of 
this small , hyperdense lesion. One area of high density and a posterior arc of 
slightly increased density both suggest opacification of small blood vessels. 
Plain CT (not shown) showed mixed hyper- and hypodensity without definite 
calcification. The mass encroaches slightly upon the fourth ventricle . S, MR, 8 
months later. IR 1500/450/4 T1 -weighted section slightly below the level in A. 
There is small region of prolonged T1 , similar to the T1 of gray matter, projecting 

Histology 

Surgically excised material from each lesion was carefully 
reviewed . Because of the fragmentary character of the small 
tissue samples available, it was difficult to categorize with 

matter) only void void 

into inferior portion of right cerebellar corpus medullaris from inferior vermis 
(arrow) . No focus of short T1 is visible, presumably because hemorrhage was 
now many months old. C, SE 2000/60/2 moderately T2-weighted sequence at 
same level as B. A small area of approximately isointense signal is surrounded 
by zone of absent or near-absent signal. On same sequence with TE 120, no 
definite abnormality could be detected in this region , apparently because of the 
much higher noise level. (Note similarity to Fig. 5.) 

complete assurance the precise type of vascular malformation 
present in each case, although when viewed in light of the 
appearance at surgery , there was no doubt that these all 
represented vascular malformations. In various combinations, 
the following histologic features were observed: abnormally 
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A B 

o 
Fig. 4.-Case 6. A, Plain CT shows small hyperdense region in anterior left 

frontal lobe region, involving the cortex. Small granular calcifications are appar
ent. B, After intravenous contrast, area shows mild contrast enhancement 
surrounding calcifications. MR was performed 3 months after CT. C, IR 1500/ 
450/4 sequence. A region of low signal, indicating T1 somewhat longer than 
gray matter, is shown extending from cortex into subcortical white matter. No 
mass effect is evident. D, SE 2000/60/2. The region of lesion (arrow) shows 

formed blood vessels, many thrombosed or fibrosed; hyalini
zation of the walls of abnormal vessels; dystrophic calcifica
tions; gliosis and hemosiderin deposition, frequently in high 
concentration; and evidence of old or recent and old hemor
rhage (Table 1). Hemosiderin deposition was identified in 
tissue from all cases except case 1. Although the lesion was 
completely excised, only tiny fragments were available for 
microscopy. The final histologic diagnosis was arteriovenous 
malformation in one case, consistent with arteriovenous mal
formation in four cases, and vascular malformation of indeter
minant type in one case (Table 1). 

Discussion 

Small vascular malformations became widely recognized 
after the report of Margolis et al. in 1951 [9], in which they 
called attention to small vascular malformations found on 
autopsy of six patients. Four of these were associated with 
fatal hemorrhage. Crawford and Russell [10] found that small 
vascular malformations were responsible for 20 of 461 cases 
of intracerebral hemorrhage. No abnormal vasculature was 

E 
slightly heterogeneous pattern of absent to near-absent signal, indicating 
shortened T2, which is now confirmed by absent signal shown in E (arrows) , 
obtained witli a more strongly T2-weighted sequence, 2000/120/2. The lesion 
was excised 5 weeks later, when a little recent hemorrhage was identified in 
addition to much old clot and hemosiderin. It is probable that further hemorrhage 
occurred after MR. 

seen on angiography in two of the four patients who had this 
study. These authors introduced the term "cryptic" to describe 
these small malformations, because of their latent character 
both clinically and pathologically. Since that time, there have 
been many reports of arteriovenous malformations or other 
vascular malformations that were angiographically occult and 
responsible for spontaneous hemorrhage. Hashim et al. [8] 
recently reported three histologically proven VMOTAs. They 
were able to find only 47 reported cases of such histologically 
proven arteriovenous malformations not associated with clin
ically recognizable intracranial hemorrhage. The majority of 
these cases presented with seizures of various types and 
some with headaches. The lesions were generally detected 
by CT. Other vascular malformations with similar presenta
tions have also been reported and include cavernous an
giomas and venous angiomas [4, 5]. From previous reports, 
it is evident that VMOTAs are generally small, less than 2-3 
cm in maximum size [8-11]. The true incidence is unknown, 
but their ratio to the classical malformations was 48:5, as 
detected in 48 autopsied cases by McCormick and Notzinger 
[11] . They are usually said to give rise to signs and symptoms 
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when they hemorrhage, and hemorrhage may be massive. 
These lesions may present with neurologic symptoms without 
clinical evidence of intracranial hemorrhage. This was the 
case in each of our six cases, although the CT obtained at 
the time of a clinical exacerbation provided clear evidence of 
recent hemorrhage in two cases (cases 1 and 5). In the other 
four cases, CT did not reveal evidence of recent hemorrhage, 
owing either to failure to obtain CT at the appropriate time or 
to the presence of only a small seepage of recent hemorrhage, 
indistinguishable from the background hyperdensity of the 
VMOTA. 

MR is steadily gaining acceptance as an important addition 
to the array of imaging techniques available for the investi
gation of neurologic disease, and it has been proposed as the 
diagnostic imaging method of choice for many forms of intra
cranial disease [12-15]. The capacity of MR to depict normal 
and abnormal vascular structures with high image contrast, 
without the need for intravascular contrast agents, has been 
demonstrated for normal vessels and a variety of vascular 
lesions [16-19]. A small number of cases has been reported 
in which intracranial vascular malformations have been iden
tified by MR [20, 21]. A recent report of the comparative 
evaluation of CT and MR in 24 patients with 29 cerebral 
vascular malformations included 15 vascular malformations 
(in 11 patients) in which angiography revealed no pathologic 
circulation (VMOTAs) [20]. Histologic confirmation of the di
agnosis was available in five of the 11 patients with VMOT As. 
Ten of the 15 lesions could be seen equally well on CT and 
MR, three were more conspicuous on MR, and two were 
more conspicuous on CT. In the other six cases, the lesions 
were not safely accessible to biopsy or excision. Inherent 
hyperdensity was present on CT in 11 of the 15 lesions, and 
nonspecific enhancement, usually minimal, occurred in 13 
lesions. Thirteen of 15 lesions were detected with MR, and 
the two that were missed were shown on CT only by virtue 
of fine punctate calcifications. Those that were shown by MR 
revealed relative signal void in three, hemorrhage in 12, and 
peripheral edema in seven. Evidence of slow flow (even-echo 
rephasing) could not be seen in any lesion. The regions of 
signal void were punctate or globular in all cases and were 
attributed to calcification rather than to high flow in vessels. 
However, the one illustrated case (Fig. 4) revealed a signal 
void much larger than the focus of calcification shown on CT 
and there were no corresponding opacified vessels. We sug
gest that the illustrated signal void in that case, and in our 
cases, is therefore most consistent with the selective effect 
of paramagnetic "clumps" (in this case hemosiderin deposits 
in macrophages) on spin-echo signal intensity. This manifests 
as a selective decrease in the apparent T2 of the region 
imaged, with lesser T1 effect. This phenomenon differs from 
that of the more commonly discussed interaction of uniformly 
distributed paramagnetic ions in solution (dipolar coupling), 
which affects T1 more strongly. 

The effect we observe relates to the induction of local 
variations in the induced magnetic field (bulk susceptibility) by 
paramagnetic hemosiderin of the tissue under study. Para
magnetic materials, in addition to coupling directly to protons 
to increase relaxation rates, also have substantial fields in-

duced when placed in a large external field; that is, they have 
large magnetic susceptibilities. This is due to the unpaired 
electron spins of the paramagnetic material , and the fields 
induced are much larger than those within normal, diamag
netic tissues. Clumps of paramagnetic substances, such as 
hemosiderin, would thus serve locally to distort the magnetic 
field "seen" by surrounding water protons. When water mol
ecules diffuse through variations in magnetic field, their pro
tons pick up phase changes that are not corrected for by the 
application of 1800 refocusing pulses, since the field seen by 
a given proton is not constant with time. This results in a 
decrease in spin-echo signal intensity and would be observed 
as a decrease in the measured T2. This effect does not 
influence longitudinal relaxation, and hence a selective de
crease in observed T2 is expected. This is in fact what was 
observed. The TE of 32 msec in the IR imaging introduces a 
T2 component, which can account for the absent signal 
regions on the T1-weighted images. Experience indicates that 
there is usually insufficient dense calcification in these lesions 
to produce suffiCiently marked decrease in mobile proton 
density to explain sign~ void regions. 

Kucharczyk et al. {20] conclude that at present CT detects 
VMOT As more sensitively when faint calcification is the major 
evidence of their presence and MR is more accurate in 
evaluating associated hemorrhages, particularly when these 
have lost density with time or when they are located in the 
posterior fossa. Our experience conforms with these conclu
sions. 

Lee et al. [21] included five cases of VMOT A, all in the 
posterior fossa. Two were verified by surgery. Hyperintense 
signal consistent with hemorrhage was shown on T1- and 
T2-weighted images in four cases. Multiple areas of de
creased signal were shown within the hematomas in all these 
cases, and a curvilinear decreased signal was shown around 
the hematomas in three cases. In an additional case, a similar 
low signal was shown by the same pulsing techniques in a 
lesion having no evidence of hematoma. CT demonstrated 
increased attenuation in all five cases, with values consistent 
with calcification in only one case. They illustrate three cases 
of brainstem VMOTAs that have peripheral (three cases) and 
peripheral and central (two cases) very low signal intensity. 
This does not appear compatible with the presence of vas
cular signal voids, because the appearance and size of the 
signal-void regions do not correspond to the small size of 
vessels and the slow flow present in VMOT As. In only one 
case was CT also illustrated, and this showed areas of calcific 
density that did not correspond to peripheral signal void on 
MR. 

Studies in the first report cited above [20] were obtained 
at 0.35 T; those in the second report [21], at 0.5 T. The 
possibility of paramagnetic effects producing the low signal
to-signal void components of these lesions are not mentioned 
by either group. It has been stated that paramagnetic proton 
preferential T2 relaxation effects increase as the square of 
the magnetic field [22] , and that certain paramagnetic effects 
are not likely to be shown by MR at lower field strengths 
(circa and below 0.5 T). It is possible that preferential T2 
relaxation was not observed as regularly or prominently in 
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Fig . 5.-Multiple metastases of malignant melanoma, in which CT some 
time earlier had indicated neoplasm with probable hemorrhagic components. 
One of the multiple similar-appearing lesions in cerebellum and brainstem is 
illustrated here on paramedian sagittal sections. A, SE 500/30/4, mildly T1-
weighted image, showing a low to absent signal in medial portion of cerebellar 

the series reported by Kucharczyk et al. [20] or Lee et al. 
[21] for them to consider that this phenomenon was a plau
sible explanation for the low to absent signal regions associ
ated with VMOT As, rather than calcifications or vessels with 
high flow rates. Hemosiderin is a physiologically available 
paramagnetic relaxant, with a locally heterogeneous field 
varying slowly or not at all , and capable of producing locally 
heterogeneous magnetic susceptibility and local field gra
dients under the influence of a strongly applied magnetic field. 

It is therefore our hypothesis that the regions of very low 
to absent signal described and illustrated in the above two 
reports [20, 21] and in our cases are due in fact to paramag
netic effects or magnetic susceptibility and not to vascular 
flow or to calcification. In our cases, the morphology of both 
the small vessels seen and the calcification, identified with 
certainty in only two cases, could not explain the patterns of 
signal void on MR. 

Our results confirm the inability of CT to identify older 
parenchymal hemorrhages and add to a growing recognition 
that MR can reveal relatively characteristic and specific signal 
alterations (short T1 , long T2) in nonacute hematomas [12 , 
22-27]. The short T1 , believed to be due to the paramagnetic 
effect of methemoglobin, appearing after the first few days 
following hemorrhage and lasting for several months [28] , 
represents an important advance over CT in imaging lesions 
consisting of or containing subacute and/or chronic hemor
rhage. A feature corroborating hemorrhage, the appearance 
of absent or near-absent signal , presumed to be due to the 
magnetic susceptibility effect of hemosiderin, appears to be 
characteristic of lesions in which there has been considerable 
previous hemorrhage on one or more occasions. The pres
ence of this signal pattern further helps characterize a hem
orrhagic lesion in the type of case in which there is no clinical 
episode to suggest the occurrence of hemorrhage, such as 
in the present series of VMOT As. This is presumably due to 
relatively slow seepage of small amounts of blood from rela
tively small vessels carrying slow flow under low pressure. 

Although CT cannot always differentiate clusters of tiny 

hemisphere. B, SE 2000/60/4, moderately T2-weighted sequence. There is a 
region of absent signal surrounding a small island that is isointense with 
cerebellar gray matter. C, SE 2000/ 120/4, strongly T2-weighted sequence, 
showing a small, intense focus of prolonged T2 within a region of low to absent 
signal. Note similarity to lesion shown in Figure 3. 

calcifications from relatively dense soft tissues, slowly flowing 
blood, or blood clot, it can often distinguish small punctate or 
aggregated calcifications. Such small calcifications can gen
erally not be identified by MR [29 , 30]. With CT, the appear
ance of slight to moderate enhancement of these lesions is 
helpful in differential diagnosis, since low-grade gliomas, the 
principal differential consideration, generally do not show this 
type of enhancement. Nevertheless, since old hemorrhage 
cannot be identifed on CT, when angiography fails to reveal 
a pathologic circulation, it has been necessary in the past to 
undertake surgical confirmation by open operation or stereo
tactic biopsy, or to elect to perform serial CT scans over a 
protracted period . 

Stereotactic biopsy is hazardous, since these occult lesions 
are prone to hemorrhage after this procedure with potentially 
fatal results [31]. Some deeply situated VMOT As present at 
a ventricular surface (as in cases 2 and 4) and may be 
excisable by careful microsurgery [32], with low morbidity. 
However, many of these deep-seated lesions are not ame
nable to safe, open surgical exploration. Therefore, the une
quivocal demonstration of significant previous hemorrhage or 
hemorrhages in these lesions by MR may provide greater 
assurance regarding the correct diagnosis , offering the op
portunity of improved, particularly safer, patient management. 
In deeply seated lesions, not surgically accessible without 
undue hazard, the combination of typical findings on MR as 
well as by CT, may offer a better rationale for proton-beam 
therapy [33] , without histologic confirmation. This approach 
was used in 18 of the initial 30 patients with clinical , CT, and 
MR features of VMOT A, in whom surgery of any type was 
judged to be unduly hazardous. Most of the lesions so treated 
involved the brainstem. 

CT remains a necessary part of the evaluation of VMOT As 
for the following reasons: follow-up CT a short time after an 
acute parenchymal hemorrhage will generally provide evi
dence that there is an underlying lesion (residual heteroge
neous hyperdensity, with or without small calcifications, the 
opacification of very small intrinsic vascular channels in a 
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VMOTA, or evidence of an underlying neoplasm, particularly 
metastatic malignant melanoma or necrosing glioblastoma). 
These contributions to differential diagnosis are exemplified 
by our case 1 and by a case of hemorrhage into metastatic 
cerebellar melanoma (Fig. 5). In the latter case, the MR 
abnormalities of the individual lesions in themselves might not 
have provided the Correct diagnosis. Low-grade gliomas may 
show small calcifications, but are unlikely to hemorrhage. 
Such a glioma may dedifferentiate, undergo necrosis, and 
thus become liable to hemorrhage. After hemorrhage, MR 
alone might not allow distinction from VMOT A, whereas CT 
can generally provide indication of underlying neoplasm by 
revealing a neoplastic pattern of contrast enhancement as 
the density of hemorrhage decreases. However, in case 5, 
both CT and MR suggested a hemorrhagic neoplasm. 

We conclude from this study that CT and MR have comple
mentary positions in the evaluation of suspected VMOT A. 

Addendum 

Since this report was completed , two further operated 
cases and one autopsied case (death from massive pontine 
hemorrhage from the VMOT A) showed CT and MR features 
similar to the six cases reported herein . 
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