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ORIGINAL RESEARCH
EXTRACRANIAL VASCULAR

Cervicofacial Venous Malformations Are Associated with
Intracranial Developmental Venous Anomalies and Dural

Venous Sinus Abnormalities
W. Brinjikji, I.T. Mark, V.M. Silvera, and J.B. Guerin

ABSTRACT

BACKGROUND AND PURPOSE: Prior studies have suggested an association between the presence of cervicofacial venous malfor-
mations and intracranial developmental venous anomalies. We reviewed our institutional cohort of patients with cervicofacial ve-
nous malformations and examined the spectrum of intracranial venous anomalies, including developmental venous anomalies,
cavernous malformations, and dural venous sinus abnormalities.

MATERIALS AND METHODS: Consecutive patients who presented to our institution with cervicofacial venous malformations and
underwent postcontrast MR imaging were studied. Three neuroradiologists reviewed brain MRIs for the presence of developmental
venous anomalies, dural venous sinus ectasia, and cavernous malformations. The prevalence of developmental venous anomalies in
this patient population was compared with an age- and sex-matched control group without venous malformations at a ratio of 1:2.
Categoric variables were compared with x 2 tests.

RESULTS: Sixty-three patients with venous malformations met the inclusion criteria with a mean age of 38.3 6 24.0 years. The
overall presence of developmental venous anomalies in patients with venous malformations was 36.5% (23/63) compared
with 7.9% (10/126) in controls (P, .001). The prevalence of dural venous sinus ectasia was 9.5% (6/63) compared with 0%
for controls (P = .002). One patient with a venous malformation had a cavernous malformation compared with 1 patient in
the control group (P = .62). In 73.9% of patients (17/23), developmental venous anomalies were along the same metamere;
and in 82.6% of patients, developmental venous anomalies were ipsilateral to the venous malformations.

CONCLUSIONS: Our case-control study demonstrated a significant association between cervicofacial venous malformations and
cerebral developmental venous anomalies as well as between cervicofacial venous malformations and dural venous sinus abnormal-
ities. Our findings suggest that venous malformations may be the result of a segmental in utero insult to cells involved in cerebro-
facial venous development.

ABBREVIATIONS: CVMS ¼ cerebrofacial venous metameric syndrome; DVA ¼ developmental venous anomaly; VM ¼ venous malformation

Venous malformations (VMs) are slow-flow vascular malfor-
mations characterized by soft-tissue swelling and bluish skin

discoloration. Pathologic studies have found that these lesions
consist of dilated venous channels in the soft tissues which, in the
face and neck, generally drain into the external jugular system.1

While the pathogenesis of these lesions is unclear, genetic studies
suggest that most of these lesions are due to somatic mutations
in either the TEK receptor tyrosine kinase (TEK) or

phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit
alpha (PIK3CA) gene pathways.2,3

Several recent studies have demonstrated an association
between VMs and intracranial venous anomalies, specifically de-
velopmental venous anomalies (DVAs). The Toronto Western
Hospital group found that patients with VMs were 3 times more
likely to have DVAs compared with age-matched controls.1 This
association makes sense from a pathophysiologic point of view
because somatic mutations affecting venous endothelial progeni-
tor cells could presumably affect the cerebral venous system if
they occur before cell migration (Fig 1).4 This mechanism is pro-
posed for metameric disorders such as cerebrofacial arteriove-
nous metameric syndrome, cerebrofacial venous metameric
syndrome (CVMS), and spinal arteriovenous metameric syn-
drome.5 Recently, our group observed that a subset of patients
with VMs also have abnormalities affecting the dural venous
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sinuses, including the presence of a persistent falcine sinus and
persistent ballooning of the torcula.

To study the association between VMs and intracranial ve-
nous anomalies, including DVAs and dural venous sinus abnor-
malities, we performed a case-control study examining the
prevalence of these findings in a consecutive cohort of patients
with VMs and compared this cohort with a group of age- and
sex-matched controls.

MATERIALS AND METHODS
Patient Population
Following institutional review board approval, we queried our
data base of patients with VMs who had presented to our institu-
tion during the past 5 years and included patients who had brain
or face MRIs with postcontrast T1-weighted imaging. At our
institution, patients with VMs routinely undergo MRIs of the
brain and face with and without intravenous contrast. VMs were
confirmed by a combination of physical examination and imag-
ing-based findings through our multidisciplinary Vascular
Anomalies Clinic.6,7 Imaging findings strongly suggestive of a
VM on MR imaging were the following: 1) a septate lobulated
mass that was hyperintense on T2-weighted and hypointense on
T1-weighted images without mass effect; 2) phleboliths, which
are characteristically hypointense on T1- and T2-weighted
sequences; 3) the presence of fluid-fluid levels; 4) the absence of
vascular flow voids on spin-echo sequences; 5) infiltration of the
lesion through tissue planes; 6) the absence of arterial or early ve-
nous enhancement; and 7) the presence of diffuse enhancement
on delayed images. On clinical examination, VMs generally

appeared as faint blue, soft, and easily compressible, nonpulsatile
masses that enlarged with the Valsalva maneuver in dependent
positions and were compressible with application of local
pressure.

Both pediatric and adult patients with VMs were included in
this study. We also selected a group of age- and sex-matched con-
trols (case/control ratio of 1:2) from an institutional data base
that was used to estimate the prevalence of brain DVAs in the
general population. The data base consisted of consecutive
patients who underwent a contrast-enhanced brain MR imaging
during a 2-year period (2016–2017) with the terms “developmen-
tal venous anomaly,” “DVA,” “venous angioma,” “venous anom-
aly,” and “vascular anomaly” in their report, which amounted to
examinations of 18,073 individuals. The findings were then con-
firmed by a single radiologist.

Imaging Analysis
All imaging was reviewed by 3 radiologists. Images were analyzed
for the following findings: 1) the presence of a DVA, 2) deep or
superficial drainage of the DVA, 3) location and side of the DVA,
4) the presence of dural venous sinus anomalies including dural
ectasia and persistent falcine sinus, and 5) the presence of cavern-
ous malformations. While vascular malformations of the CNS
can consist of DVAs, cavernous malformations, or capillary
telangiectasias, the latter was not included in this study.8-10 In
addition to intracranial imaging, face and neck MRIs were eval-
uated for the location and size of the VM. For patients who had
both DVAs and VMs, we also reviewed the imaging to determine
whether the vascular anomalies occurred along the same

FIG 1. Demonstration of the metameric distribution of somatic mutations affecting venous endothelial progenitor cells that could presumably
affect the cerebral venous system if they occur before cell migration. Reprinted with permission of the Mayo Foundation for Medical
Education and Research. All rights reserved.
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metamere. The 3 metameres of the craniofacial system include
the medial prosencephalic group (olfactory) with involvement of
the forehead, nose, hypothalamus, corpus callosum, and hypo-
physis (CVMS 1); the lateral prosencephalic group (optic) with
involvement of the temporo-parietal-occipital lobes, optic nerve,
retina, thalamus, eye, cheek, and maxilla (CVMS 2); and the
rhombencephalic/mesencephalon (otic) group with involvement
of the cerebellum, brain stem, lower face, mandible, petrous
bone, and maxilla (CVMS 3).11 Further analysis examined the
association between age and the occurrence of malformations.

Statistical Analysis
The primary outcome of this study was the prevalence of a DVA
in the VM population and in controls. Prevalence rates were
compared using a x 2 test. A separate x 2 analysis of DVAs in
patients with and without CVMS was performed. A Student t test
was used to compare continuous variables. All statistical analyses
were performed using JMP 13.0 (SAS Institute).

RESULTS
Patient and Control Population
e included 63 patients with VMs and 126 controls. The mean age
of the VM population was 38.3 6 24.0 years compared with 38.3
6 23.8 years for controls; 58.7% of patients in both the VM group
(37/63) and non-VM group (74/126) were female. Of the patients
in the control group, none had any documentation of a VM in
their chart and there was no evidence of VMs or other cutaneous
vascular malformations on review of their available brain and
face MR imaging examinations. Most of the patients did not have
any other CNS diagnosis (88.9%), while a small portion had a di-
agnosis of migraines (9.5%) and epilepsy (1.6%).

Venous Malformation Characteristics and Location
In the VM cohort, 22 patients (34.9%) had VMs isolated to the
left side of the face, 27 patients (42.9%) had VMs only on the
right side of the face, and 14 patients (22.2%) had bilateral VMs.
When we categorized VM locations in descending frequency, the
most common locations were the masticator space (44%, 28
patients), buccal space (21 patients, 33.3%), lingual space (13

patients (20.6%), orbit (8 patients, 12.7%), posterior oropharynx
or hypopharynx (7 patients, 11.1%), posterior neck (7 patients,
11.1%), lip (3 patients, 4.8%), and other (3 patients, 4.8%). There
was no association between age and the occurrence of malforma-
tions (P= .46).

Prevalence of DVA and DVA Characteristics
Of the 63 patients with VMs, DVAs were present in 36.5% of
patients (23/63) compared with 7.9% of controls (10/126,
P, .001). In 73.9% of cases (17/23), DVAs were along the same
metamere, and in 82.6% of cases, DVAs were ipsilateral to the
VM. In the cases in which the DVAs and VMs were along the
same metamere, 8 had CVMS 3, 4 had CVMS 2, and 5 had
CVMS 21 3. There was no significant difference in the preva-
lence of DVAs in patients with or without CVMS (P = .22).

In the VM 1 DVA cohort, 11 patients had 1 DVA and 12
patients had multiple DVAs. In 10 patients, DVAs drained to the
superficial venous system; in 7 patients, DVAs drained into the
deep venous system; and in 6 patients, DVAs drained into both
the superficial and venous systems. DVAs were located on the
right side in 10 patients and left side in 7 patients and were bilat-
eral in 6 patients. Fourteen patients had supratentorial DVAs, 5
patients had infratentorial DVAs, and 4 patients had both supra-
tentorial and infratentorial DVAs. One patient had a cavernous
malformation associated with a DVA. There was no association
between VM location and the presence of DVAs. There was no
association between age (P= .63) or sex (P= .79) and DVAs.
Examples of VMs associated with DVAs are provided in Figs 2–5.

Dural Venous Sinus Abnormalities
On review of brain MRIs, 6 patients with VMs (9.5%) had dural
venous sinus abnormalities compared with 0% of controls
(P= .002). All 6 patients had ectasia of the torcula. In addition, 4
patients had a persistent falcine sinus. There was no association
between age and dural venous sinus abnormality (P= .46). All
patients with dural venous sinus abnormalities also had intracra-
nial DVAs, 4 of which were along the same metamere as the VM.
Of the patients with CVMS, 2 had CVMS 2 and 2 had CVMS
21 3. Examples are provided in Figs 2, 3, and 5.

FIG 2. A 38-year-old man with a history of large trans-spatial cervicofacial venous malformation causing periodic airway obstruction. A, MRV
shows a large and ectatic torcula and medial right transverse sinus. B, Postcontrast T1 MR imaging of the face shows an extensive venous malfor-
mation predominantly involving the right face, tongue, and hypopharynx. C, Postcontrast MR imaging shows a DVA in the right cerebellum.
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DISCUSSION
Our large series examining the prevalence of cerebral and dural
venous abnormalities in patients with VMs demonstrated a num-
ber of interesting findings. First, we found that the prevalence of
DVAs among patients with VMs was .4 times higher than that
in our age- and sex-matched controls. As seen in 1 prior study,

we found that DVAs were along the same metamere in nearly
75% of cases and were ipsilateral to the VM in nearly 80% of
cases. One novel finding from our study was that nearly 10% of
patients with VMs also have abnormalities associated with the
dural venous sinuses, in particular ectasia of the torcula and the
presence of a persistent falcine sinus. The findings from our study

are important because they suggest a
high likelihood of a common pathway
involved in the formation of cervicofa-
cial VMs, intracranial DVAs, and dural
venous sinuses.

To date, there has been 1 case-con-
trol study examining the association
between VMs and DVAs.1 The Toronto
Western Hospital group recently pub-
lished an article demonstrating a preva-
lence of DVAs in 28.6% of patients
compared with just 9.5% of age- and
sex-matched controls. The authors
found that in 83.3% of cases, the DVAs
were ipsilateral to the VM, and in 75%
of cases, the DVAs were along the same
metamere. In our series, we found a
slightly higher rate of DVAs associated
with VMs in a larger patient population,
but we found a nearly identical rate of
DVAs being ipsilateral or along the
same metamere as the VM. The higher
rate of DVA detection is likely because
only patients with postcontrast MRIs
were included in this study. Other series
demonstrated or suggested an association
between VMs and DVAs. Boukobza
et al12 found that 20% of patients with fa-
cial VMs had DVAs on cerebral angiog-
raphy, with most of these patients having

FIG 3. A 5-year-old child with history of right orbital venous malformation. A, T2 with fat satura-
tion MR imaging shows a large venous malformation involving the right orbit and face. B, MRV
shows a markedly ectatic torcula, which includes the entirety of the straight sinus. C–E, T1 post-
contrast MRIs show multiple developmental venous anomalies, including the bilateral cerebellar
hemispheres, brain stem, right temporal lobe, and right frontal lobe.

FIG 4. A 38-year-old man with extensive airway malformation. A, T2 FS MR imaging shows an extensive venous malformation involving the air-
way and tongue base. B, Axial postcontrast MR imaging shows extensive DVAs of the right frontal lobe, basal ganglia, and temporal lobe. C, 7T
SWI shows the extensive DVAs and multiple cavernomas in the radicles of the DVAs.
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multiple DVAs. Most of these DVAs were extensive and
drained into a tortuous deep venous system, and in most cases,
DVAs were ipsilateral to the VM.12 Several case reports have
described patients with extensive facial venous malformations
and ipsilateral DVAs.4,5,11,13-15

The pathogenesis of DVA is not clear. A number of mecha-
nisms have been proposed for the formation of DVAs. Some
authors have postulated that DVAs can form later in cerebral ve-
nous development due to functional adaptations to local venous
thrombosis or due to failed development of superficial or deep
veins.16 However, given the association between DVAs and VMs in
our study, we believe that in at least some cases, they must be the
result of errors in vasculogenesis of the venous system early in em-
bryonic life. It would otherwise be difficult to explain how and why
they are so closely linked to VMs. Unlike VMs, which have at least
a few well-defined somatic mutations associated with their develop-
ment, to date, there have been no genetic mutations associated with
DVAs. The unilateral nature of DVAs and facial VMs can be
hypothesized to be related to a prothrombotic state due to venous
thrombosis and occlusion in the setting of a metameric disorder.1

Another interesting finding from our study was the high prev-
alence of dural venous sinus abnormalities in patients with VMs.
Nearly 10% of patients had abnormal ectasia of the torcula, and
approximately 6% had a persistent falcine sinus. Torcular bal-
looning is a well-described phenomenon during the development
of the fetal dural venous sinus system. During the fourth-to-fifth
fetal months, superficial veins of the expanding cerebral hemi-
spheres increase in size and drain into the transverse sinus,

resulting in a period of ballooning of both the transverse sinuses
and the torcula.17,18 This in utero imaging finding was frequently
misdiagnosed as a dural sinus malformation until it was recog-
nized as a phase in the normal dural venous sinus development.

There have been a few case reports describing the presence of
dural venous sinus abnormalities in patients with CVMS (ie,
DVAs and facial VMs along the same metamere). The first
reported case by Mohamed et al19 was in an infant who had mul-
tiple posterior fossa DVAs, cavernous malformations, a facial
VM, and torcular ectasia from a dural sinus malformation. In this
case, the dural sinus malformation had multiple points of shunt-
ing and required treatment. In a subsequent series of 30 patients
with dural sinus malformations, Barbosa et al20 found that 6
patients also had vascular anomalies of the face, which were likely
venous malformations. Unlike the cases referenced in the articles
by Mohamed et al19 and Barbosa et al,20 in our series, no patients
had any evidence of arteriovenous shunting associated with the
dural venous sinus ectasia. Nevertheless, we hypothesize that the
presence of VMs, DVAs, and dural venous sinus ectasia repre-
sents associations along a pathophysiologic spectrum similar to
that of VM, DVA, and dural sinus malformations.

Our study may provide some insight into an interesting and
not uncommon phenotype of patients with cervicofacial VMs.
The pathophysiologic and genetic mechanisms of VMs associated
with DVAs (with or without dural venous sinus abnormalities)
almost certainly points to the presence of a somatic mutation.
There have been a few somatic mutations associated with the de-
velopment of venous vascular malformations, including in the
PIK3CA and TEK genes.21 These genetic associations have led to
promising research in the treatment of VMs. Perhaps there is a
different/specific gene that results in metameric venous malfor-
mations. Further research into identifying genetic mutations in
this patient population may provide insight into disease patho-
physiology and targeted treatment of venous vascular malforma-
tions in this population.

Limitations
Our study has limitations. First, it was retrospective and is subject
to the biases of retrospective studies, including selection bias. Only
a few patients in our series underwent SWI, which would likely be
significantly more sensitive for detecting tiny cavernous malforma-
tions than conventional gradient recalled-echo imaging. There was
a wide spectrum of scanners and imaging protocols used in the
evaluation of VMs in our study, and imaging was variably per-
formed on 1.5T, 3T, and 7T MR imaging machines. While we did
find that a substantial proportion of patients with facial venous
malformations also had dural venous sinus malformations, the
converse (ie, the proportion of patients with dural venous sinus
malformations without facial venous malformations) is more diffi-
cult to pin down. This issue is because these malformations are of-
ten not reported and a unifying terminology for these
malformations has never really been established; thus, it is difficult
to identify such patients from text searches of radiology reports.

CONCLUSIONS
In the largest study to date on this topic, we found that patients
with cervicofacial VMs were significantly more likely to have

FIG 5. A 45-year-old man with developmental delay and bilateral fa-
cial VMs (not shown). A, Sagittal T1 MR imaging shows an ectatic tor-
cula, which is also confirmed on axial T1 postcontrast MR imaging (B).
C and D, Axial postcontrast MR imaging shows multiple extensive
DVAs involving the left cerebral hemisphere. The patient also had
polymicrogyria of the right hemisphere.
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intracranial DVAs and dural venous sinus abnormalities com-
pared with normal age- and sex-matched controls. In most cases,
DVAs and VMs occurred along the same metamere, suggesting
that the prevalence of CVMS in this patient population is under-
estimated. Our findings suggest that there is a developmental link
in the formation of venous abnormalities affecting the brain,
dura, and face in a subset of patients.
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