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PURPOSE: To study cerebral developmental venous anomalies in patients with extensive venous
malformations of the head and neck. METHODS: All patients had undergone carotid angiography
10 to 15 years previously. Four-vessel cerebral angiography was carried out in 40 patients with
venous malformations. All patients had a physical examination, 16 had CT, and 22 were examined
with MR imaging. One patient had MR angiography. RESULTS: Eighteen developmental venous
anomalies were noted in 8 (20%) of 40 patients. Four patients had multiple anomalies, and these
were bilateral in 1 patient. Developmental venous anomalies seen in association with cervicofacial,
cutaneous, and mucosal venous malformations were remarkable in their absence of neurologic
events and associated cavernoma; significance of ectatic venous convergence, extension, and
preponderance of deep drainage routes; and frequency with which they multiple in occurrence.
CONCLUSION: Developmental venous anomalies have a remarkable prevalence of 20% in pa-
tients with extensive superficial venous malformations. Therefore, it is important to search for a
cerebral developmental venous anomaly when confronted with a cervicofacial venous malforma-

tion.
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Developmental venous anomalies (DVAs) in
cerebral circulation are documented infre-
quently. These anomalies have long been incor-
rectly called cerebral venous angiomas (1, 2). In
fact, according to Lasjaunias et al, “It is possible
to demonstrate the ‘normality’ of these so-
called ‘venous angiomas’ ” (3). It is important
to differentiate a DVA from a cavernoma. Some
investigators consider the cavernoma to be the
true venous malformation (4, 5). DVAs consist
of dilated intramedullary veins converging into
a large draining vein that reaches either the
superficial or the deep system in an area in
which there is an absence of normal draining
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veins (6). DVAs are known to be associated
with other developmental vascular anomalies,
especially cavernomas in the brain (7). The lat-
ter are composed of large sinusoidal vascular
spaces with no intervening normal brain paren-
chyma (8).

We found specific patterns of DVAs in pa-
tients with extensive venous malformations of
the head and neck. Superficial venous malfor-
mations of the head and neck are slow-flow
vascular malformations (9) that manifest as
soft-tissue swellings under normal or bluish skin
that are enhanced in the face-down position or
during the Valsalva maneuver. The blue cuta-
neous stain is characteristic and is caused by
ectatic venous channels within the dermis. The
overlying skin temperature is normal. There is
no bruit or thrill.

Ten to 15 years earlier, the patients in our
study underwent routine angiographic evalua-
tion of the external carotid artery and cerebral
vessels. The aim of this retrospective investiga-
tion was to describe the radiologic findings in
these patients.
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TABLE 1: Demographic and imaging findings in 40 patients with cervicofacial venous malformations

Case* Ag;e, Sex Location of Venous Malformation Angiographic Findings MR Findings CT Findings
1 16 F J N N N

2 28 M OF N N

3 14 F H N . o
4 10 M Bi DVA DVA DVA
5 20 F H N

6 19 F J N .. -
7 10 F H DVA DVA DVA
8 40 F J+C DVA DVA DVA
9 14 F H N N -
10 19 M H DVA DVA DVA
11 33 F Bi N N N

12 20 M H N N N
13 10 M H N o N
14 26 F J N N

15 10 F J N N N
16 7 F H N S

17 21 F J N N

18 30 M J N

19 6 F OF N N N
20 18 F H N N

21 50 M H N

22 41 F H DVA

23 19 M Bi N N N
24 40 F J N N

25 14 F J N

26 33 M H N S

27 20 F J+C DVA DVA

28 20 F J+C N

29 5 F OF N N N
30 11 F J N .
31 16 F J+C SS SS
32 2 M H N

33 18 F H DVA ..

34 24 F J N N N
35 9 M Bi DVA S DVA
36 50 M H N N

37 22 F H N

38 14 F OF N

39 15 F J N N N
40 10 M H N

Note.—H indicates hemifacial; Bi, bilateral; J, jugal; C, cervical, OF, orbitofrontal; N, normal; DVA, developmental venous anomaly; and SS,

surgical sequelae.

* Underlined numbers indicate patients in whom angiography showed a DVA.

Materials and Methods

Between 1978 and 1985, 40 consecutive patients with
cervicocephalic congenital venous malformations under-
went internal and external carotid and vertebral arteriog-
raphy. The group consisted of 13 male and 27 female
subjects who were 2 to 50 years old (mean age, 20 years)
at the time of the angiographic procedure (Table 1). Twen-
ty-four patients were younger than 20 years old at the time
of radiologic study. None of the 40 patients were examined
because of neurologic symptoms; rather, cerebral angiog-
raphy was part of a systematic investigation of the brain
done in parallel with a study of their facial venous malfor-
mations. Intraarterial cerebral arteriography was per-

formed with the use of film-screen or digital-subtraction
techniques. In addition, all patients had a physical exam-
ination performed by an interdisciplinary team of physi-
cians specializing in vascular anomalies.

Sixteen of the 40 patients also had computed tomog-
raphy (CT) of the face and brain, in which both precontrast
and postcontrast studies were obtained. Sections were 5
mm thick below the tentorium and 10 mm thick above the
tentorium.

In 22 patients, magnetic resonance (MR) imaging was
performed on a 0.5-T magnet using routine T1-weighted
(400/30 [repetition time/echo time]) and T2-weighted
(2300/25,100) spin-echo imaging. MR angiograms were
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obtained in one patient with the use of a two-dimensional
phase-contrast technique. Acquisition parameters of the
gradient-echo sequences were 60/26 with a 25° flip angle.
The two-dimensional phase-contrast technique was pre-
ferred to the time-of-flight technique for detecting slow-
flow vessels that comprise DVAs. MR imaging of the su-
perficial venous malformations was done on the same
magnet in all 22 patients with the same spin-echo T1-
weighted and T2-weighted sequences in the axial, sagittal,
and coronal planes.

DVA patterns were classified first as juxtacortical/sub-
cortical or paraventricular, depending on the location of
the dilated medullary veins, and second as deep or super-
ficial, depending on their type of drainage (10).

Results

The superficial venous malformations were
facial and bilateral in 4 patients, hemifacial in
17, jugal and cervical in 15, and orbital and
frontal in 4. Except for the 4 patients who had
frontal and orbital malformations, all patients
also had intraoral mucosal malformations. One
woman (case 31) had a frontal cerebral caver-
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Fig 1. A, Patient 7: 10-year-old girl
with hemifacial venous malformation.
There is blue discoloration of the skin with
slight distortion of the facial structures
when standing upright.

B, Lateral view of right carotid angiog-
raphy. The early venous phase shows a
lack of cortical veins in the frontal lobe.
Numerous dilated deep medullary veins in
the periventricular area (arrows) drain
into large veins situated along the wall of
the lateral ventricle (subependymal
veins), which drain at the junction of the
internal cerebral vein and the great vein of
Galen. The septal vein (1), the thalamos-
triate vein (2), the internal cerebral vein
(3), and the vein of Galen (4) are dilated
and tortuous. The dilated deep medullary
veins have a fanlike shape. The basal vein
is also dilated (5). The pattern of venous
drainage in the frontal area is similar to
that of case 27 (Fig 3).

Cand D, Postcontrast CT scans show a
markedly dilated internal cerebral vein
(long arrow in C) and straight sinus (short
arrow in C); the ectatic right basal vein
(arrowheads in D) and an abnormal drain-
ing vein crossing the brain stem (arrow in
D) are also seen.

i

noma treated surgically following cerebromen-
ingeal hemorrhage and hemiplegia. She was
neurologically normal at the time of her exam-
ination in our unit for extensive jugal and cervi-
cal superficial venous malformations; DVAs
were not seen on the angiographic study we
performed.

A diagnosis of DVA was made in 8 of the 40
patients (cases 4, 7, 8, 10, 22, 27, 33, and 35).
Of these patients, 3 were male and 5 were fe-
male. All 8 had extensive cutaneous venous
malformations: hemifacial in 5 (Fig 1), facially
bilateral in 2 (Fig 2), and located in the cheek
and neck in 1. All patients had oral venous
malformations (Fig 3). None of the 4 patients
with orbitofrontal malformations had a DVA.

DVA was, in every case, an incidental finding.
None of these patients had had neurologic def-
icits, although they occasionally complained of
headaches. None were shown by CT or MR im-
aging to have hemorrhaged from their DVAs.
The arterial and capillary angiographic phases
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Fig 2. Patient 35: 9-year-old boy with bilateral facial venous
malformation. The skin is blue, the features distorted, and cos-
metic and functional consequences are severe.

were normal. The dysmorphic venous drainage
was observed in the venous phase. In most
cases there was poor opacification of the corti-
cal veins and superior sagittal sinus.

Unilateral DVAs were discovered in 7 patients
(cases 4, 7, 8, 10, 27, 33, and 35); in one
patient (case 22), a woman with severe hemi-
facial venous malformations, the DVAs were
multiple and bilateral. A total of 18 DVAs were
found in the 8 patients; they were multiple in 5
cases and solitary in 3.

Deep drainage was documented in 14 of
these DVAs, and superficial drainage was seen
in 4. Drainage was superficial in the 3 patients
with a solitary DVA (cases 8 and 10 in the
cerebellar hemisphere; case 33 in the frontal
lobe). In one patient (case 35), drainage was
both superficial and deep.

The majority (n = 15) of the DVAs were su-
pratentorial. In three patients (cases 7, 8, and
10). DVAs were in the posterior cranial fossa. In
two patients (cases 8 and 10), the DVA was in
the cerebellar hemisphere. Another patient
(case 7) had a draining vein passing through
the brain stem at the pontomesencephalic junc-
tion, easily depicted on enhanced CT scans
(see Fig 1); this patient also had a supratento-
rial DVA. In three patients the entire corpus
callosum was involved (cases 7, 27, and 35),
and in one patient (case 22) the genu and sple-
nium of the corpus callosum had anomalous
venous drainage.

In five of seven patients with supratentorial
DVAs, several uncommon pathways of cerebral
venous drainage were found through the white
matter. In these patients (cases 4, 7, 22, 27, and
35) the draining veins ended variously, fanning
out toward an enlarged basal vein, an internal
cerebral vein, the septal vein, or the vein of
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Galen confluence. All drainage pathways and
routes of drainage, for the eight DVAs are listed
in Table 2.

Enhanced CT scans and/or MR images were
obtained in six of the eight patients in whom a
DVA was found at angiography (Table 1). In all,
five CT and five MR studies were available from
which we identified the deep dilated veins that
were seen at angiography. CT scans showed
deep dilated veins in the torcular region or in the
region of the vein of Galen confluence, as well
as in the midline (Figure 1B and C). In one
patient (case 27), T1-weighted MR images and
the much better T2-weighted images showed
stripes of flow void in the midline, correspond-
ing to the dilated internal cerebral vein and vein
of Galen confluence (Fig 3A-C). Dilated med-
ullary veins were not seen. In the same patient,
the dilated collectors in the midline were clearly
documented by MR angiography (Fig 3D). Ad-
ditionally, in one patient (case 8) CT and MR
imaging revealed a sphenoidal meningocele.

Discussion

In most patients, opacification of a DVA oc-
curs within the usual time sequence in the an-
giographic venous phase, just as for normal
veins. The arterial and parenchymal phases are
usually normal. In some cases, a capillary blush
is seen in the territory drained by the DVA.
Unenhanced MR images show DVAs as tubular
or small round structures with low signal inten-
sity caused by flow void, or with high signal
intensity caused by slow flow rephasing (11),
which enhances after intravenous administra-
tion of contrast material (12). Contrast-en-
hanced MR imaging and MR angiography have
proved to be superior in the visualization of
DVAs (12, 13).

DVAs of the brain are variations of the normal
cerebral venous drainage pathways. In most
people, DVAs are an incidental finding and are
only rarely symptomatic. They are venous de-
viations in which brain parenchyma is normal
between the dilated veins. They are well toler-
ated (3), and most authors consider them to be
uncommon and to be clinically silent venous
patterns (14-18). As such, DVAs cannot be
termed abnormal. It is more accurate to say that
DVAs are uncommon trajectories of venous
drainage within areas of normal white matter.
Nonetheless, DVAs are less flexible than the
normal venous pathways (3). Some authors be-
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Fig 3. Patient 27: 20-year-old woman with intraoral venous malformation causing blue venous pouches in the jugal mucous
membrane (A).

Lateral view of right carotid angiography in early (B) and middle (C) venous phase. There is a striking lack of cortical veins in the
frontal and occipital regions, and the anterior part of the superior sagittal sinus is not seen. Numerous dilated fine deep medullary veins
(1), clearly visible in the right frontal (a) and occipital (c) areas of the subcortical regions, drain into marked dilated deep medullary veins
(2), then into subependymal veins, then into an ectatic septal vein (arrow), and finally join the internal cerebral vein. There is an
enlargement and a tortuous aspect of the internal cerebral vein (ICV), the basal vein (BV), and the vein of Galen (G). In the periventricular
area (b), numerous dilated deep veins drain into the longitudinal caudate vein (LC, arrowheads). Finally, typical radiating medullary
veins are seen coming from cortical areas, connecting to large draining veins, and draining into the internal cerebral vein. As in Figure
1, the dilated deep medullary veins are fanlike in shape. Diploic veins (arrowheads) are filled, probably by the superior sagittal sinus.

D, T1-weighted (600/25) sagittal spin-echo MR image reveals enlarged deep veins with typical signal voids corresponding to a dilated
ICV and vein of Galen (G).

E, Two-dimensional phase-contrast MR angiogram (60/26, 25° flip angle) in the sagittal plane reveals an enlargement of the ICV, vein

of Galen (@), torcular Herophili (7), and basal vein (BV).

lieve that DVAs can cause intracranial hemor-
rhage (7, 19-21), epilepsy (20, 22, 23), focal
neurologic deficit (23), and headaches. How-
ever, in some of those symptomatic cases di-
agnosed before the advent of MR imaging, there
might have been a cerebral cavernoma, which
would have gone undetected on angiographic
studies and CT scans.

Some of our patients with cervicofacial su-
perficial venous malformations had cerebral
DVAs, which appeared to be well tolerated.
They consisted of anatomic variants of the ce-

rebral venous system, with channels that
drained the normal brain and normal arterial
territory. The atypical venous drainage func-
tioned normally and the DVAs were discovered
by chance. All patients had unobstructed veins,
which might account for the universal absence
of neurologic symptoms.

Some investigators have reported the occur-
rence of neurologic symptoms related to intrac-
erebral hemorrhage among patients who had
DVAs in association with cavernoma. Symp-
toms were attributable to the area of the brain in
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TABLE 2: Classification of developmental venous anomalies by location of dilated medullary veins (subcortical or paraventricular) and by

drainage route (deep or superficial)

Case Drainage Pathway Site of Developmental Venous Anomaly Drainage Route
4 Septal vein to internal cerebral vein Paraventricular Deep
Subependymal vein to internal cerebral vein Subcortical Deep
Basal vein Paraventricular Deep
7 Septal vein to internal cerebral vein Paraventricular Deep
Subependymal vein of lateral ventricle to internal cerebral Subcortical Deep
vein
Subependymal vein of lateral ventricle to thalamostriate vein Subcortical Deep
Transpontine vein to anterior pontomedullary vein Subcortical Deep
8 Inferior cerebellar vein Subcortical Superficial
10 Inferior cerebellar vein Subcortical Superficial
22 Subependymal vein of lateral ventricle to internal cerebral Subcortical Deep
vein
Septal vein to internal cerebral vein (bilateral) Paraventricular Deep
27 Septal vein to internal cerebral vein Paraventricular Deep
Subependymal vein of lateral ventricle to internal cerebral Subcortical Deep
vein
Subependymal vein of lateral ventricle to thalamostriate vein Subcortical Deep
33 Superficial frontal cerebral vein Paraventricular Superficial
35 Septal vein to internal cerebral vein Paraventricular Deep
Subependymal vein of lateral ventricle to internal cerebral Subcortical Deep
vein
Superficial frontal cerebral vein to sagittal superior sinus Paraventricular Superficial

which both the DVA and the cavernoma were
located (16, 17, 24, 25). The reported fre-
quency of a cavernoma occurring in association
with a cerebral DVA ranges from 8% to 33%
(26). Such an association was not found in our
series. Only one patient (case 31) of the 40
studied had a frontal cavernoma that had been
treated previously, and this young woman did
not have a DVA.

Our patients with combined venous malfor-
mation and DVA had atypical transparenchy-
matous cerebral venous drainage. Multiple
draining vessels in the white matter converged,
in a fanlike pattern, toward enlarged venous
channels. Anomalies included an enlargement
and a tortuosity of the internal cerebral vein, the
basal vein and its tributaries, and the vein of
Galen confluence. In case 7, a draining vein
passing through the brain stem was observed. A
similar pattern was described in 1 case reported
by Ostertun and Solymosi (26) and in 4 of 11
cases reported by Damiano et al (27). In our
series, the venous drainage anomalies were
most commonly unilateral (7 of 8 cases). They

were multiple in 5 cases. In the literature, mul-
tiple DVAs have been reported to occur in about
25% of the cases (16, 17). In 1 of our patients,
a woman with unilateral hemifacial venous mal-
formations (case 22), the DVAs were bilateral.

In addition to the 20% rate of occurrence of
cerebral DVAs that were associated with exten-
sive superficial venous malformations, our
cases are remarkable in several aspects: ab-
sence of neurologic complications, absence of
cerebral cavernoma in association with DVA,
significance of ectatic venous convergence, fre-
quency of multiple DVAs in the same patient,
and a preponderance of deep drainage patterns.
In our group of patients with cutaneous and
mucosal venous malformations of the head and
neck, the DVAs usually consisted of hypoplasia
of the superficial venous system draining to
deep enlarged venous collectors through the
white matter.

Some of the enlarged deep veins we saw in
our patients could represent venous channels
that were normally wider during the embryonic
period, such as the veins of the choroid plexus.
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This conjecture was proved in studies of some
patients with Sturge-Weber syndrome (28, 29).

Saito and Kobayashi (14) have suggested
that DVAs are the result of an error in vascular
embryogenesis. They hypothesized that occlu-
sion and maldevelopment of the normal venous
drainage pathway in part of the brain results in
dilated medullary veins converging toward an
enlarged transcerebral vein. This theory is sup-
ported by the finding of a complete absence of
normal draining veins in the region involved. It
is possible that this particular anatomic variant
of the cerebral venous drainage pattern mimics
an early embryonic stage of venous system de-
velopment. Nonetheless, at the present time,
the embryogenesis of DVA is unclear, as is the
embryogenesis of cervicofacial venous malfor-
mations.

Conclusion

DVAs occur in about 0.05% to 0.25% of the
general population (19, 26, 30). In contrast, the
frequency of DVAs in patients with extensive
cervicofacial venous malformations was found
to be 20% in our series of 40 patients. We do not
know the true prevalence of DVAs in patients
with venous malformations, as only patients
with large cervicofacial superficial anomalies
underwent arteriographic examination. The fre-
quency of DVAs in patients with a spectrum of
minor to major superficial cervicofacial venous
malformations is under evaluation in a prospec-
tive study using MR imaging and MR angiogra-
phy. We no longer use arteriography to examine
patients with superficial venous malformations,
because it is an inefficient technique for study-
ing this type of anomaly. MR imaging is the
most reliable noninvasive technique for docu-
menting superficial cutaneous or mucosal vas-
cular malformations of the head and neck. MR
imaging and MR angiography are also the fa-
vored imaging methods for detecting DVAs in
the brain and for making the differential diag-
nosis between DVAs and cavernomas (12, 13).
We think MR imaging is important in cases of
vascular malformations because of their high
rate of association with DVAs. MR angiography
combined with MR imaging offers a noninvasive
diagnostic strategy adequate for evaluating
DVAs.
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