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Coexistence of Occult Vascular Malformations
and Developmental Venous Anomalies in the

Central Nervous System: MR Evaluation

Toshi Abe, Robert J. Singer, Michael P. Marks, Alexander M. Norbash, Rebecca S. Crowley, and
Gary K. Steinberg

PURPOSE: We sought to determine the prevalence of coexistent occult vascular malforma-
tions (OVMs) and developmental venous anomalies (DVAs) and to investigate the relationship
between them.

METHODS: One hundred two patients with OVMs were examined with precontrast and
postcontrast T1-weighted MR imaging and with noncontrast T2-weighted MR imaging. Seven-
ty-two patients had surgery, with subsequent pathologic confirmation of the final diagnosis.

RESULTS: Coexistent DVAs and OVMs were present in 23 (23%) of 102 patients. Seventy-
nine patients had OVMs without DVAs, and in this population, multiple OVMs (from two to 10
or more) were seen in 13 patients (16%). In contrast, multiple OVMs were seen in 10 (43%) of
23 patients with coexisting OVMs and DVAs. Twenty-five (83%) of 30 OVMs coexisting with
DVAs were infratentorial. In 72 patients with surgically resected OVMs, 49 (68%) had patho-
logically confirmed cavernous malformations. Among the patients with coexistent DVAs, seven
(46%) had cavernous malformations, four (27%) had thrombosed arteriovenous malformations,
and four (27%) had vascular malformations that were not classifiable.

CONCLUSION: Our study revealed a high prevalence of OVMs with coexistent DVAs, and a
high percentage of these were in the posterior fossa. Contrast-enhanced MR imaging may
increase the probability of finding these lesions, and therefore should be considered part of the
preoperative evaluation, since the finding of unexpected coexistent lesions may affect surgical
management.
Vascular malformations in the central nervous
system have traditionally been classified into four
categories: arteriovenous malformations (AVMs),
capillary malformations (telangiectasia), venous mal-
formations, and cavernous malformations (1, 2).
However, this classification scheme does not always
accommodate the histopathologic findings. A number
of terms have been used to describe the histopathol-
ogy of cavernous malformations; these entities are
referred to chiefly as cavernous angiomas, cavernous
hemangiomas, cavernomas, angiographically occult
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vascular malformations, occult cerebrovascular malfor-
mations, and occult vascular malformations (OVMs).
Similarly, venous angiomas have been known by a
variety of terms, including venous malformations,
medullary venous malformations, and, more recently,
developmental venous anomalies (DVAs) (3, 4). We
use OVM and DVA, respectively, to describe these
lesions. Recently, clinical and pathologic attention
has been paid to the multiplicity and coexistence of
the four described categories of vascular malforma-
tions of the brain (3–15), including the two entities
evaluated in this study. We undertook this work to
determine the prevalence of coexistent DVAs and
OVMs, to investigate the relationship between them,
and to document their magnetic resonance (MR)
imaging features.

Methods
We retrospectively reviewed the medical records and diag-

nostic images of 184 patients with OVMs who were examined
between 1985 and 1996. The patient database was obtained
from two institutions. One hundred two patients (55 female
and 47 male; 2 to 77 years old [mean age, 36 years] at the time
of diagnosis) met the criterion of having complete MR studies



FIG 1. Coronal T1-weighted (600/
26/2 [repetition time/echo time/excita-
tions]) (A ) and T2-weighted (2500/90/1)
(B ) MR images show mixed signal in-
tensity surrounded by a hypointense
rim in the right frontal lobe. After ad-
ministration of contrast material, ad-
joining linear enhancement is shown
corresponding to dilated medullary
and collecting veins (arrow) on coronal
(C ) and sagittal (D ) images. In this par-
ticular example, the OVM is located in
the territory of the DVA.
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available, including noncontrast T1- and T2-weighted se-
quences and contrast-enhanced T1-weighted sequences. MR
examinations were performed on 0.5-T (seven studies), 1.0-T
(three studies), or 1.5-T (92 studies) units.

MR images were evaluated independently by three senior
neuroradiologists and included determinations of lesion size,
location, venous drainage pattern, and coexistence of associ-
ated lesions. Seventy-two patients in this series underwent
surgery. In instances where relevant surgical specimens were
available, they were reviewed for confirmation of the final
diagnosis.

Results
A total of 126 OVMs were found in the 102 pa-

tients. OVMs were separated into three groups:
group 1, OVM without DVA (89 lesions); group 2,
OVM adjoining or in the vascular territory of a visible
DVA (30 lesions) (Fig 1); and group 3, OVM distant
from or outside the vascular territory of a visible
DVA (seven lesions) (Fig 2). In all, 23 (23%) of 102
patients with OVMs had DVAs that were detected on
contrast-enhanced T1-weighted images. In 11 of 23
patients with DVAs, these lesions were confirmed
angiographically. Two of 23 patients had two DVAs
in different vascular territories.

In the total patient population, 23 (23%) had mul-
tiple OVMs. In 23 patients (23%), OVMs were found
coexisting with DVAs, and among these patients, 10
(43%) had multiple OVMs (Table 1). Table 2 sum-
marizes the data regarding the location of all the
OVMs. Overall, 79 (63%) of the OVMs were supra-
tentorial and 47 (37%) were infratentorial. Alterna-
tively, in the population with coexisting DVAs and
OVMs, 25 (83%) of the OVMs were located in the
infratentorial compartment.

Surgically obtained specimens were available in 72
patients. Histopathologic analysis confirmed that the
OVM was a cavernous malformation in 49 patients. A
combined cavernous malformation and AVM were
found in one patient, and thrombosed AVMs were
found in five patients (Table 3). In seven (14%) of 49
patients with a cavernous malformation, an associ-
ated DVA was found, whereas four (80%) of five
patients with a thrombosed AVM had an associated
DVA. Seventeen patients had a vascular malforma-
tion that could not be classified either because of
inadequate tissue sample size or surgical artifacts.

The group of 23 patients with coexisting OVMs and
DVAs included 13 female and 10 male subjects with
a mean age of 38 years. Fifteen (65%) had OVMs in
the posterior fossa, and 10 had multiple OVMs. Two
DVAs were noted in two patients.

The location of an OVM adjoining a DVA may be
categorized on the basis of the OVM’s position rela-
tive to the venous anatomy of the DVA. The DVA is
formed from multiple smaller veins rapidly dearboriz-
ing from the classically described caput medusae to
an abnormally enlarged collecting vein. For the pur-
pose of our study, the relationship between OVMs
and DVAs was categorized as follows: type 1, OVMs
in the territory of dilated medullary veins; type 2,



FIG 2. Axial T1-weighted (500/20/2) image (A ) shows mixed signal intensity sur-
rounded by a hypointense rim in the left part of the midbrain. Contrast-enhanced
T1-weighted (550/15/2) follow-up MR study 2 years later shows an increase in the size
of the OVM (B ), with additional linear and curved enhancement seen in the periven-
tricular right frontal lobe white matter (arrows, C ). Venous phase of right internal carotid
angiogram (D ) shows corresponding dilated subependymal medullary veins (small
arrows) and enlarged transcortical collecting veins (large arrows) defining the DVA.
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OVMs adjacent to a collecting vein; type 3, OVMs in
the junction between medullary and collecting veins;
and type 4, no relation between the location of the
OVM and that of the DVA or its direct drainage.
Thirty OVMs in 18 patients existed in the vascular
territory of a DVA. Twelve (33%) of the OVMs/
DVAs had a type 1 relationship, six (16%) had a type
2 relationship, 12 (33%) had a type 3 relationship,
and seven (22%) had a type 4 relationship.

Twenty-one of 25 DVAs had a single distribution of
dilated medullary veins. Four patients, all with mul-
tiple OVMs, had medullary veins in the brain stem

TABLE 1: Multiplicity of OVMs (n 5 102 patients)

No. of
OVMs

OVM
OVM 1

DVA
Total

1 66 (84%) 13 (57%) 79 (77%)
2 6 6 12
3 1 4 5
4 1 (16%) 0 (43%) 1 (23%)
5 1 0 1
10 or more 4 0 4

Total 79 (100%) 23 (100%) 102 (100%)

Note.—OVM indicates occult vascular malformation; OVM 1

DVA, OVM coexistent with developmental venous anomaly.

] ] ]
and cerebellum (Fig 3). In the 15 patients with DVAs
in the posterior fossa (Fig 4), the collecting veins were
as follows: lateral transpontine vein (n 5 4, 27%);
vein of the lateral recess of the fourth ventricle (n 5
3, 20%); anterior transpontine vein (n 5 3, 20%); and
precentral cerebellar vein (n 5 3, 20%).

TABLE 2: Location of OVMs (n 5 126 lesions)

Location
OVM

(Group 1)

OVM 1

DVA
(Group 2)

OVM 1

DVA
(Group 3)

Total

Frontal lobe 19

]78%

2

]17%

0

]71%

21

]63%

Temporal lobe 16 1 2 19
Parietal lobe 14 0 2 16
Occipital lobe 7 0 0 7
Basal ganglia 7 2 0 9
Thalamus 6 0 1 7

Brain stem 19 ]22%
13 ]83%

2 ]29%
34 ]37%

Cerebellum 1 12 0 13

Total 89 (100%) 30 (100%) 7 (100%) 126 (100%)

Note.—OVM indicates occult vascular malformation; OVM 1

DVA, OVM coexistent with developmental venous anomaly.



Discussion
MR imaging is considered the most sensitive and

specific method of detecting OVMs (9, 16–21). Typ-
ical MR findings of an OVM include well-demarcated
areas of mixed signal intensities with a hypointense
rim on T1- and T2-weighted studies (9, 16). Fol-

TABLE 3: Pathologic findings in OVMs (n 5 72 patients)

Pathologic Diagnosis OVM OVM 1 DVA Total

CM 42 7 49
VM 13 4 17
AVM 1 4 5
CM 1 AVM 1 0 1

Total 57 15 72

Note.—OVM indicates occult vascular malformation; OVM 1

DVA, OVM coexistent with developmental venous anomaly; CM 5

cavernous malformation; AVM, arteriovenous malformation; and VM,
vascular malformation that could not be classified.
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low-up MR studies of OVMs have shown temporal
changes in size and signal characteristics (22). Ordi-
narily, it is not considered necessary to obtain a con-
trast-enhanced MR study to detect and diagnose
OVMs, although DVAs are seen much more easily
after contrast enhancement. DVAs can be missed on
unenhanced MR images as a result of slow venous
blood flow and the low volume of blood. Contrast
material helps delineate the dilated medullary veins
and the venous drainage pattern of these lesions (23–
26). To maximize our sensitivity in diagnosing DVAs,
we included in our study only patients in whom con-
trast-enhanced sequences had been obtained.

Previous reports have documented clinical and im-
aging characteristics of mixed vascular malforma-
tions. Barr et al (27) reported that eight of 12 telan-
giectatic vascular malformations in the pons had a
visible vessel, and one of the 12 patients in the same
series had a cavernous malformation. These authors
concluded that enhancing pontine lesions with mini-
mal or no signal abnormality on T2-weighted images

AJNR: 19, January 1998
FIG 3. A and B, Axial T2-weighted images (4500/112/1) show OVMs in the left cerebellar hemisphere (arrow, A) and the midbrain (arrow, B).
C–E, Contrast-enhanced T1-weighted images (550/15/2) show dilated medullary veins (small arrow) and collecting veins (large arrow)

in the midbrain and both cerebellar hemispheres.
F, Venous phase of left vertebral angiogram shows a paucity of cortical veins in the cerebellar hemisphere in addition to dilated

medullary veins in the brain stem and both cerebellar hemispheres. One of the collecting veins is the contralateral lateral transpontine
vein (large arrow), the other is the precentral cerebellar vein (small arrows).



FIG 4. Axial T1-weighted (550/15/2) (A ) and T2-weighted (4500/112/1) (B ) MR images
show areas of mixed signal intensity in the left cerebellar hemisphere with a hypointense
rim. It is difficult to distinguish the DVA from the hemosiderin rim (arrows), since both the
susceptibility effect of the hemosiderin and the flow-void of the DVA manifest as signal
loss. Axial contrast-enhanced image (C ) shows areas of linear enhancement that
correspond to the dilated medullary veins (small arrows) and the collecting vein (large
arrow). Venous phase of left vertebral angiogram (D ) shows typical feature of dilated
medullary veins and the collecting vein (arrows) of a DVA.

AJNR: 19, January 1998 MALFORMATIONS AND ANOMALIES 55
are most consistent with capillary telangiectasias or
transitional capillary-venous malformations. Riga-
monti et al (12) reported finding capillary telangiec-
tasias and transitional lesions at the periphery of
cavernous malformations in autopsy series. McCor-
mick et al (13) suggested that elevated venous pres-
sure in DVAs leads to ectasia in an acquired tel-
angiectasia that evolves toward a cavernous malfor-
mation. Tomlinson et al (14) reported that histologi-
cally cavernous malformations are the most common
form of vascular anomaly, with most lesions showing
a partially racemose architecture. Finally, MR find-
ings of radiation-induced telangiectasia have been
reported to be similar in appearance to OVMs (28).
In our series, 17 of 72 resected OVMs were diagnosed
as unclassified vascular malformations, reflecting pre-
viously reported and ongoing difficulties in diagnos-
ing OVM subtypes (11, 13, 15).

The association of cavernous malformations or
OVMs with DVAs, as based on radiologic and patho-
logic characteristics, has been reported previously (4–
11, 23, 29–34). The reported frequency of this coex-
istence, ranging from 2% to 29%, varies with lesion
location and imaging technique (4, 5, 8, 9, 17, 23, 31,
32, 35). We found a 23% rate of occurrence of coex-
istent lesions by using unenhanced and contrast-en-
hanced MR imaging, confirming the need to search
closely for otherwise unsuspected coexistent lesions in
patients with OVMs.
In our coexistent DVA/OVM population, the fre-
quency of pathologically confirmed cavernous malfor-
mation was 16% (8/49). After excluding the five pa-
tients in whom an OVM was found in an unrelated
location relative to the DVA, the frequency of patho-
logically confirmed cavernous malformations was
18%. In 14 of the 18 patients with coexistent DVA/
OVM, the lesions were located in the posterior fossa.
Eight (57%) of these 14 patients had multiple OVMs,
all in the posterior fossa. Overall, 25 (83%) of 30 type
2 OVMs were located in the posterior fossa. Isolated
DVAs have been shown elsewhere to have a 56% to
83% supratentorial predominance (7, 24–26, 36);
similarly, supratentorial cavernous malformations
without any coexisting vascular lesions have been
shown to represent 64% to 86% of the total number
(9, 16, 17, 37–41). Our series demonstrated a high
relative prevalence of coexisting lesions in the poste-
rior fossa.

Considerable controversy exists as to the relation-
ship of DVAs and hemorrhage and the risk of bleed-
ing from the DVA itself. It has been suggested that
the majority of hemorrhagic changes found in DVA
territories are attributed to associated OVMs (4, 8,
13, 35). Some reports separately attribute DVA-asso-
ciated hemorrhage to thrombosis or stenosis of cen-
tral venous drainage, leading to a transient increase in
the pressure within the draining veins and thereby
increasing the potential of venous hemorrhage (33,



42–44). Many unanswered questions remain concern-
ing the hemorrhagic risk of isolated DVAs and the
physiological basis and anatomic source of hemor-
rhage when it coexists with an OVM. Further clinical,
neuroradiologic, and pathophysiological information
will be necessary to clarify this issue.

It is currently agreed in the surgical literature that
accessible symptomatic OVMs should be resected.
The current established indications for surgical man-
agement are overt hemorrhage, focal neurologic
symptoms, and/or medically intractable epilepsy (45).
Alternatively, DVA resection is not considered a cus-
tomary procedure. DVAs ordinarily, at least in part,
drain normal brain tissue; therefore, resection of
DVAs can lead to major neurologic complications if
pathways of venous egress are removed (4, 17, 31, 36,
46, 47). Parenchymal evaluation with contrast-en-
hanced MR imaging has a high likelihood of identi-
fying an associated DVA and is therefore indispens-
able in establishing a complete diagnosis before
surgery. Seventy-nine percent of patients in our series
had medullary or junctional venous drainage of
DVAs directly associated with an OVM.

Conclusion
Our series disclosed a high prevalence of OVMs

with coexistent DVAs. The association seems highest
in the posterior fossa and with OVMs that prove
pathologically to be either thrombosed AVMs or un-
classified vascular malformations. Contrast-enhanced
MR imaging greatly improves the evaluation of coex-
istent DVAs, and its use is recommended, particularly
in preoperative examinations, since the detection of
coexistent lesions may alter surgical decisions.
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