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Hemorrhagic Neoplasms: MR Mimics 

of Occult Vascular Malformations 

The MR scans of 24 patients who had findings previously reported to be characteristic 
of occult cerebral vascular malformations were reviewed to demonstrate that such 
findings may also occur in primary or secondary neoplasms. Eighteen of the 24 patients 
were found to have hemorrhagic neoplasms. Additional criteria, such as multiplicity of 
lesions and the presence of edema, were of some help in differentiating between occult 
vascular malformation and hemorrhagic neoplasm. In certain cases, CT was necessary 
to provide further information, such as the presence of calcification; however, an 
absolute and accurate diagnosis was impossible in several cases. The striking similarity 
on MR between cryptic vascular malformation and some hemorrhagic neoplasms is 
most likely due to the unifying mechanisms that underlie the evolution of extravascular 
intracerebral blood. 

Although the preponderance of neoplastic etiologies in our series may be partly due 
to the strong bias in our sample population toward patients with tumors, it seems clear 
that when an MR scan discloses findings "typical" of an occult vascular malformation, 
consideration must also be given to the generally more serious possibility of underlying 
neoplasm. 

Recently, several reports have appeared that describe the MR appearance of 
angiographically occult vascular malformation of the brain [1-5]. These lesions 
typically consist of central foci of high-intensity signal , thought to be most consistent 
with subacute to chronic hemorrhage, surrounded by a peripheral zone of low 
intensity, attributed most frequently to the paramagnetic effect of hemosiderin 
deposition. This characteristic appearance is distinctive and has been described as 
specific and virtually pathognomonic of cryptic vascular malformation [2 , 6] .* 

We saw a large number of lesions with the "typical" MR features of angiograph
ically occult vascular malformations; however, by pathologic or clinical criteria, the 
majority of these abnormalities were found to be hemorrhagic neoplasms. This 
report describes our experience and suggests certain criteria that may help to 
specify the actual etiology of lesions that have this appearance on MR. 

Materials and Methods 

The MR scans of 24 patients with lesions thought to be consistent with angiographically 
occult vascular malformations were reviewed . Criteria for inclusion in this study consisted of 
two patterns: 

1. A central cystic focus or foci of isointensity or high-intensity signal on both T1- and T2-
weighted images, with peripheral hypointensity surrounding the central focus of signal. 

2. A focus of low-intensity signal , fading peripherally, on both T1- and T2-weighted images, 
less than 1 cm in diameter, without associated foci of isointensity or high intensity . 

MR imaging was performed on a superconductive scanner operating at 1.5 T. Each patient 
received both T1-weighted (TR 600 msec, TE 20 msec), proton density and T2-weighted (TR 
2000 msec, TE 35/70 msec) spin-echo pulse sequences, with two excitations. Multislice data 
acquisition was used to acquire 5-mm-thick slices, separated by a gap of 2.5 mm. The matrix 
was 256 x 256. 

• The term vascular malformation is used here to include cavernous hemangioma, capillary telangi
ectasia, arteriovenous malformation, and venous angioma. 01 these, cavernous hemangioma lits the 
pathologic criteria most consistent with the MR appearance [2, 6]. 
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All patients were also studied with CT. Scans were obtained 
without and with contrast. In 13 of the 24 patients , there was surgical 
verification of their lesions. The remaining patients were followed for 
up to 1'h years, both clinically and with repeat MR and/or CT scans. 
Ages of the patients ranged from 10-75 years; there were 14 men 
and 10 women. 

Fifteen of the patients had known systemic malignancies at the 
time of their imaging studies. There were eight cases of melanoma, 
two of lung carcinoma, two of colon carcinoma, and one case each 
of breast carcinoma, choriocarcinoma, and metastatic teratoma. 
None of these patients had a history of cerebral metastasis and none 
had received prior radiation therapy to the central nervous system. 
Evaluation was prompted by symptomatology. Headache was the 
most frequently encountered symptom, with seizures or focal neu
rologic deficit much less common. 

Nine of the patients had no known systemic malignancy. One of 
these patients was studied as follow-up for known primary glioma. 
The remaining eight patients had nondescript symptoms consisting 
of headache or nausea. Two of these also had focal neurologic 
deficits or seizures. 

Results 

Six of the 24 cases proved to be occult vascular malfor
mations. Five of these were demonstrated at surgery. The 
sixth patient had no clinical or radiologic symptoms during 
follow-up over the next 1% years and had no known systemic 
malignancy or focal sign. This patient's headache also re
solved after treatment for migraine. 

TABLE 1: Comparison of CT Appearance of Different Pathologic Entities· 

Cryptic Primary Cerebral Vascular Metastasis 
CT Appearance Malformation 

Neoplasms (n = 15) 
(n = 6) (n = 3) 

1. Calcification 2/9 lesions 2/3 0/42 lesions 
2/6 cases 0/15 cases 

2. Hyperdense, without calcification , 5/9 lesions 0/3 20/42 lesions 
precontrast 3/6 cases 7/15 cases 

3. Hypodense, precontrast 1/9 lesions 2/3 2/42 lesions 
1/6 cases 1/15 cases 

4. Isodense, precontrast 1/9 lesions 1/3 10/42 lesions 
1/6 cases 4/15 cases 

5. Ring lesion, precontrast 0/9 lesions 0/3 2/42 lesions 
0/6 cases 2/15 cases 

6. Enhancement 9/9 lesions 3/3 34/42 lesions 
6/6 cases 13/15 cases 

7. Negative scan 0/9 lesions 0/3 8/42 lesions 
0/6 cases 2/15 cases 

• For cryptic vascular malformation and cerebral metastasis, the number of lesions is listed separately from the number of cases because certain cases contained 
multiple lesions with different appearances. 

TABLE 2: Comparison of MR Appearance of Different Pathologic Entities· 

Cryptic 
Primary Cerebral Cerebral Vascular 

MR Appearance Malformation Neoplasm Metastasis 

(n = 6) 
(n = 3) (n = 15) 

T1 Weighting 

1. Isointense or hyperintense, central 8/9 lesions 3/3 42/42 lesions 
focus 5/6 cases 15/15 cases 

2. Hypointense throughout lesion 1/9 lesions 0/3 0/42 lesions 
1/6 cases 0/15 cases 

3. Hypointense rim 8/9 lesions 3/3 38/42 lesions 
5/6 cases 12/15 cases 

T2 Weighting 

1. Isointense or hyperintense, central 8/9 lesions 3/3 42/42 lesions 
focus 5/6 cases 15/15 cases 

2. Hypointense throughout lesion 1/9 lesions 0/3 0/42 lesions 
1/6 cases 0/15 cases 

3. Hypointense rim 8/9 lesions 3/3 42/42 lesions 
5/6 cases 15/15 cases 

4. Edema 2/9 lesions 1/3 35/42 lesions 
2/6 cases 12/15 cases 

• For cryptic vascular malfOlTTlation and cerebral metastasis. the number of lesions is listed separately from the number of cases because certain cases contained multiple lesions with 
different appearances. 
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Eighteen of the 24 cases were believed to be hemorrhagic 
neoplasms. Of these, 10 were proven by surgical pathology. 
The remaining eight cases were considered valid on the basis 
of clinical criteria. These eight consisted of patients with 
known extensive metastases elsewhere from systemic malig
nancies. The CT and MR findings are summarized in Tables 
1 and 2. 

Occult Vascular Malformations 

CT scans detected all lesions in the six cases with occult 
vascular malformations. In two of the six cases, punctate high 
density was seen on unenhanced CT scans, consistent with 
calcification (Fig. 1). One case consisted of an isodense lesion 
on noncontrast CT scans. Three of the six cases contained 

Fig. 1.-26-year-old man with headaches. 
Surgical pathology: cryptic vascular malforma
tion. 

A, Noncontrast CT scan shows slightly dense 
lesion, consistent with calcification, in posterior 
portion of left centrum semiovale. Mild contrast 
enhancement was seen. 

B, T1-weighted MR scans (TR 600 msec, TE 
25 msec) show a small hypointense lesion. 

C and D, Proton density and T2-weighted im
ages (TR 2000 msec, TE 35/70 msec) show the 
lesion to be even more prominent than on T1-
weighted images. Part of the low intensity is due 
to calcification, confirmed by the CT scan. How
ever, that the lesion becomes even more hypoin
tense on the T2-weighted image suggests a sig
nificant contribution of hemosiderin effect. 

c 

lesions that were hyperdense but not definitely calcified. In 
one of these cases, an additional hypodense lesion was also 
seen (Fig. 2). In all six cases, contrast enhancement was 
present. The case with the hypodense lesion showed some 
peripheral, ill-defined enhancement. In five cases, the lesions 
were solitary. However, one patient had four cryptic malfor
mations. 

MR also detected all lesions in the six cases with occult 
malformations. In two cases, a central focus of isointensity 
was present on the T1-weighted images (Fig. 3). In three 
cases, the central focus was primarily hyperintense. These 
foci were surrounded by variable areas of low signal. These 
isointense or hyperintense regions on T1-weighted images 
acted variably on proton density and T2-weighted images. 
Some persisted or became more intense while others became 

D 
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Fig. 3.-34-year-old man with seizure disorder. Surgical pathology: cryptic vascular malformation. 

c 
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Fig. 2.-22-year-old woman with ataxia. Sur
gical pathology: cryptic vascular malformation. 

A, Contrast-enhanced CT scan shows an en
hancing focus in right cerebellum with a hypo
dense focus in left cerebellum. There may be a 
small amount of associated peripheral enhance
ment in lesion on the left. 

8, T1-weighted MR images (TR 600 msec, TE 
25 msec) show multiple central foci of high in
tensity with surrounding hypointensity. Some 
central foci are also partially isointense. This 
case is notable for the multiplicity of cryptic 
vascular malformations. 

C and D, On proton density and T2-weighted 
MR images (TR 2000 msec, TE 35/70 msec), 
characteristic isointensity or hyperintensity in 
the center is surrounded by extensive peripheral 
hypointensity. Some foci that were hyperintense 
on T1-weighted image have become hypoin
tense or isointense on current images (arrows); 
others have remained hyperintense (arrow
heads). The discrepancy is most likely due to a 
predominance of intracellular hemoglobin break
down products in the former case, as compared 
with free compounds in the latter case, in these 
evolving hemorrhages. In addition, the powerful 
T2 relaxation effects of hemosiderin from pre
vious bleeds obscure smaller foci of higher sig
nal on second echo of long TR sequence. 

A, Contrast-enhanced CT scan shows large enhancing mass with primarily intraventricular location and trapping of distal temporal horn. 
8, T1-weighted sagittal MR images (TR 600 msec, TE 25 msec) confirm intraventricular location of mass. In addition, the mass is primarily isointense, 

with a few foci of increased signal. 
C, T2-weighted MR images (TR 2000 msec, TE 70 msec) now show lesion to be of high signal, with scattered areas of lesser signal. In addition, a 

prominent hypo intense rim surrounds lesion, creating an appearance most consistent with the paramagnetic effect of hemosiderin. 
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hypointense (Fig. 2). In addition, surrounding these regions 
was peripheral low signal , which became even more hypoin
tense on the second echo of the long TR sequence. One case 
appeared as a single punctate hypointensity on both T1- and 
T2-weighted images. Two of the six cases showed mild 
edema surrounding the lesions. Pathology revealed throm
bosed vascular malformations in the five surgically proven 
cases. In one case, changes most consistent with cavernous 
hemangioma were demonstrated. In another case, probable 
arteriovenous malformation was noted. In the remaining 
cases, the exact pathologic categorization of the vascular 
malformation could not be made. All the vascular malforma
tions exhibited regions of acute and chronic hemorrhage in 
the matrix of abnormal vascular tissue. Hemosiderin deposi
tion of varying degrees was seen in all lesions. 

A 8 

D E 

Hemorrhagic Neop/asms 

Of the 18 cases with hemorrhagic neoplasms, three con
sisted of primary tumors-an astrocytoma, an oligodendro
glioma, and a meningioma. Both gliomas showed typical CT 
characteristics of mild hypodensity with irregular enhance
ment. Heavy punctate calcification was present in the oligo
dendroglioma. The meningioma, likewise, was not unusual in 
CT appearance with multiple foci of calcification and homo
geneous enhancement. Two of the lesions lacked substantial 
mass effect; the third was associated with mild edema. De
spite the conventional appearance of these lesions on CT, all 
these tumors displayed unusual MR characteristics, with strik
ing similarity in their appearance to the occult vascular mal
formations noted above (Fig . 4). 

c 

Fig. 4.-72-year-old woman with a headache. Surgical pathology: hemorrhagic meningioma. 
A and B, CT scans with and without contrast show highly calcified lesion extending inferiorly from choroid plexus. Enhancement after contrast is 

present. 
C, T1-weighted MR images (TR 500 msec, TE 25 msec) confirm presence of lesion. It is primarily isointense, although there are small foci of high signal 

within it. 
o and E, T2-weighted MR images (TR 2000, TE 70 msec) show a mass with high-intensity signal and surrounding rim of low-intensity signal. While 

portions of low-intensity rim may be due to calcification, a portion of the low intensity is most likely due to hemosiderin deposition as well . Marked 
hemosiderin stains were observed at pathology. Note striking resemblance of this case to Fig. 3, both in the lesion's appearance and in its lack of mass 
effect. 
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The 15 remaining cases were composed of hemorrhagic 
metastasis and contained a total of 42 lesions visible on MR. 
The number of lesions per case varied from one to 14, with 
an average of nearly three. CT scans without and with con
trast were positive in 13 of 15 cases. In two cases, multiple 
punctate metastases clearly visible on MR were missed by 
CT. In the 13 positive scans, CT missed additional lesions in 
two cases. In all positive cases, lesions were variable in 
density on noncontrast CT scans. In one of the 15 patients, 
the lesion appeared hypodense. In two of the 15, the lesions 
appeared to have a low-density center surrounded by a 
slightly hyperdense ring . In three of the 15, the lesions were 
isodense, and in another six patients, focal hyperdensity was 
seen. In the remaining patient, different lesions were both 
isodense and hyperdense. No calcification was seen in any 
of the lesions. Contrast enhancement was generally present. 
Larger lesions were usually associated with considerable 
surrounding edema, but smaller lesions often did not display 
significant mass effect. 

MR scans were positive in all cases and showed hemor
rhagic metastasis in greater number and generally more prom
inently than did CT scans. On T1-weighted images, areas of 
high central signal were seen in 10 of the 15 scans. In five 
cases, only isointense signal was noted centrally . In two 

A B 

c o 

cases, some lesions contained central foci of both high signal 
and isointense signal. Surrounding hypointensity was seen in 
12 of the 15 cases on T1-weighted images. T2-weighted 
images uniformly showed lesions with isointense or highly 
intense central signal surrounded by peripheral hypointensity. 
In 12 of 15 cases, the lesions were surrounded by edema. 
However, in three cases, all with multiple punctate lesions, 
no surrounding edema was seen (Fig . 5) . 

In all of the surgically resected hemorrhagic neoplasms, 
distinctive tumor, often with associated clot, was visible in 
the pathologic sections. The yellow-brown stains typical of 
hemosiderin deposition were present in all cases and very 
prominent in five of the 10 cases. 

Discussion 

By MR criteria, both cryptic vascular malformations and 
hemorrhagic neoplasms may appear similar. In the former, 
the MR findings have been attributed to the evolution of 
extravascular intracerebral blood [2]. Our pathology results, 
with evidence of blood and hemosiderin deposition, suggest 
that identical mechanisms are operative in hemorrhagic neo
plasms. 

Fig. 5.-43-year-old man with extensive met
astatic choriocarcinoma. Clinical diagnosis: met
astatic choriocarcinoma. 

A and S, T1-weighted MR images (TR 600 
msec, TE 20 msec) shor,' several foci of high 
signal with low-intensity rims. Other sections 
revealed several more lesions. 

C and D, T2-weighted MR scans (TR 2000 
msec, TE 70 msec) again show foci of hyperin
tensity surrounded by more extensive rings of 
hypointensity. These lesions are remarkably 
similar to those of Fig. 1, both in their appearance 
and in their lack of edema. 
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The central foci of high signal most likely represent sub
acute to chronic hemorrhage and are presumed to be caused 
by paramagnetic methemoglobin [7], which shortens T1 re
laxation times substantially and can slightly shorten T2 relax
ation times as well. If the central focus is hyperintense on 
both short and long TR sequences, as is most often the case, 
then the methemoglobin is considered to be homogeneously 
distributed and free in solution after red blood cell lysis (Fig. 
2). However, if the central focus is hyperintense on T1-
weighted images and hypointense on T2-weighted images, 
then the hemoglobin breakdown products are still primarily 
intracellular. Again , the paramagnetic methemoglobin contrib
utes to shortening of the T1 relaxation time, while the remain
ing deoxyhemoglobin that has not yet been oxidized to met
hemoglobin causes a magnetic susceptibility effect and pref
erential T2 relaxation by virtue of its heterogeneous distribu
tion within the intact red blood cells. 

The cause of the isointensity of the central core of some 
lesions on T1-weighted images is unclear and can be seen 
with both cryptic vascular malformations and hemorrhagic 
neoplasms (Figs. 3B and 4C). It may be secondary to chro
nicity of the bleed and the long-term appearance of an orga
nized hematoma. Alternatively, it may be due to recent hem
orrhage prior to evolution to a more intense phase. Acute (as 
opposed to hyperacute) hematomas appear isointense or 
slightly hypointense on short TR sequences. Finally, the isoin
tense central core may represent abnormal vasculature in the 
case of occult vascular malformation or tumor matrix in the 
case of hemorrhagic neoplasm. Therefore, while foci of adja
cent non hemorrhagic tumor may be seen in larger neoplasms, 
nodular areas without the high signal of subacute blood are 
also present in occult vascular malformations. On T1-
weighted images, both can appear isointense and virtually 
identical. The corresponding T2-weighted images can appear 
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hypointense or isointense, if evolving hemorrhage is involved , 
or even hyperintense, if abnormal vasculature, organized 
thrombus, or tumor are present (Figs. 3C, 40 , and 4E). 

The surrounding hypointensity is thought to be consistent 
with a preferential T2 relaxation effect from the deposition of 
paramagnetic hemosiderin in macrophages [7] . Thus , the 
peripheral dark rim becomes even more prominent and hy
pointense on the second echo of the long TR sequence (Fig . 
6). Some hypointensity is also due to calcification in certain 
cases [8] (Fig. 1). 

Because the underlying mechanisms responsible for pro
ducing the characteristic MR findings in all of our patients are 
primarily those of the evolution of hemorrhage, it is likely that 
other subacute to chronic hemorrhagic lesions, such as the 
occasional infectious foci that bleed , may also appear identical 
in some cases. We have observed a case of chronic fungal 
abscess, which displayed MR characteristics consistent with 
paramagnetic effect and was revealed to have heavy hemo
siderin deposition at surgery. 

The similarity on MR of hemorrhagic neoplasm and occult 
vascular malformation raises the problem of differentiating 
between the two, an obviously crucial issue. Clinically, both 
entities often present with nonspecific symptoms. Headache, 
seizures, and waxing and waning neurologic deficits may be 
seen in both, although a clinical course of years makes occult 
vascular malformation more likely [9]. Even cerebral metas
tasis may present subacutely, with headache the initial symp
tom in the majority of cases [9] . Although most of the 
patients with hemorrhagic metastasis who were referred to 
us already had known systemic metastasis, this fact is pri
marily due to the nature of the Memorial Sloan-Kettering 
Cancer Center as a tertiary referral center. Since occasional 
patients with malignancies initially present with brain metas
tasis , the finding of a lesion otherwise typical of the occult 

c 
Fig. 6.-66-year-old man with melanoma. Surgical pathology: metastatic melanoma. The metastasis was hemorrhagic and virtually amelanotic. 
A, Tl-weighted images (TR 600 msec, TE 20 msec) show lesion of mixed isointensity and hyperintensity centrally, with surrounding hypointensity. The 

lesion has an appearance similar to that described as typical for cryptic vascular malformations. 
Band C, Proton density and T2-weighted MR images (TR 2000 msec, TE 35/70 msec) again show a lesion similar to that in Fig. 5. Central core remains 

either isointense or hyperintense, and peripheral hypointensity has increased. Although there is a minimal amount of surrounding edema and mass effect, 
these features can also be seen in cryptic vascular malformations. 
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vascular malformation may actually be the first indication of a 
systemic malignancy. 

In our series, size and location were not of help in differ
entiating cryptic vascular malformation from hemorrhagic neo
plasm. Both ranged in size from punctate to large and both 
occurred in nonspecific locations, although cryptic vascular 
malformation and metastasis exhibited a preference for the 
gray-white junction [9, 10]. Perhaps, a brainstem location is 
more typical of cryptic malformation [11] , but metastasis [9] 
and, of course, primary glioma can certainly occur there as 
well. 

Despite the similarity on MR between cryptic vascular 
malformation and hemorrhagic neoplasm, several criteria ap
pear to be of help in differentiating these entities: 

1. Neoplasms are often noted for prominent surrounding 
edema. In our series, a metastasis over 1/2 cm was almost 
uniformly associated with edema. In some cases, the edema 
was extensive. In contrast, edema surrounding the cryptic 
vascular malformations was unusual, and, if present, was 
almost always mild. The extent of edema certainly helps to 
differentiate many of the larger metastases from cryptic vas
cular malformations on MR, even when the appearance is 
otherwise identical. However, previous reports suggest that 
up to 50% of cryptic vascular malformations may be associ
ated with some edema [12]. Conversely, an occasional me
tastasis is associated with little edema (Fig. 6), especially if 
the patient is on steroids. In addition, punctate metastasis 
often displays no evidence of surrounding edema. Further
more, two of the three primary tumors in our series lacked 
edema. In these cases, differentiation from small cryptic vas
cular malformation is virtually impossible. 

2. Some of the malignancies that often lead to hemorrhagic 
metastasis, such as melanoma, are prone to exhibit a multi
plicity of lesions [9]. Clearly, the average number of lesions in 
the cases of hemorrhagic metastasis (3) exceeded the aver
age number of cryptic vascular malformations (1.5) in our 
patients. However, gliomas and other primary cerebral neo
plasms are generally single. In addition, although cryptic vas
cular malformations are often single, recent reports have 
suggested that up to 50% cases may actually contain multiple 
lesions [10] (Fig. 2). Therefore, the multiplicity of lesions is 
helpful in suggesting metastasis but again not specific. Con
versely , the finding of a single lesion may be typical of cryptic 
vascular malformations but may also characterize primary 
tumors and certain metastatic tumors, such as those of the 
colon [9] . 

In cases in which MR is equivocal, CT may be of help. 
Hemorrhagic neoplasms, especially metastasis, have a variety 
of appearances, ranging from cystlike low density to hyper
density. In contrast, cryptic malforrnations tend to be isodense 
or hyperdense on noncontrast CT, with some enhancement 
after administration of contrast [11, 12]. Other appearances, 
such as low density [3] or ring lesions [4] , have been noted 
and were present in one case in our study but are unusual. 

CT may also be useful in defining calcification, since its 
presence is highly unusual in untreated cerebral metastasis. 
Calcification is seen in a minority of cases of cryptic vascular 

malformation (Fig. 1). Previous papers note an occurrence of 
definite granular calcification ranging from 20-33% [1 , 3, 4, 
10]. Our findings are consistent with these figures. However, 
calcification may also be present in gliomas and meningiomas. 
Thus, if the lesion displays calcification on the noncontrast 
CT scan, hemorrhagic metastasis but not primary tumor can 
be virtually excluded. The absence of calcification cannot be 
used to suggest the etiology. 

In conclusion, MR lesions often referred to as "typical" of 
occult vascular malformation may actually represent neo
plasm. Multiplicity and the presence of adjacent edema, es
pecially if extensive, suggest a neoplastic origin . However, 
even if small and single, these lesions must not be dismissed 
as occult vascular malformation, and an underlying neoplasm 
must be considered. In questionable cases, CT may provide 
further information. Since both primary and secondary hem
orrhagic neoplasm can appear identical to cryptic vascular 
malformation, the MR finding of the "typical occult vascular 
malformation" should now at least merit consideration of an 
underlying neoplasm and further evaluation or follow-up. 
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