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ORIGINAL RESEARCH
PEDIATRICS

Increased Prevalence of Developmental Venous Anomalies in
Children with Intracranial Neoplasms

B.V. Jones, L. Linscott, G. Koberlein, T.R. Hummel, and J.L. Leach

ABSTRACT

BACKGROUND AND PURPOSE: Developmental venous anomalies are considered variants of venous development that, in and of
themselves, are of little clinical import. A possible association between intrinsic brain tumors and developmental venous anomalies has
been suggested, but a rigorous investigation has not been performed. The aim of this study was to assess any association between

developmental venous anomalies and intrinsic brain neoplasms.

MATERIALS AND METHODS: A radiology report text search of terms used to describe developmental venous anomalies was performed
on a study population of 580 patients with primary intracranial neoplasms and on a control population of 580 patients without neoplasms
from the same time period. All positive results were reviewed to confirm that the report was describing a developmental venous anomaly,

and the imaging examination was reviewed to confirm the diagnosis.

RESULTS: Fifty-nine of the 580 subjects with brain tumors (10.17%) had a developmental venous anomaly identified by report and
confirmed on review of the imaging. Thirty-one of the 580 controls (5.34%) had a developmental venous anomaly identified by report and
confirmed on review of the imaging (P � .003). No statistically significant difference was noted in the prevalence of developmental venous
anomalies among tumor types. No developmental venous anomaly drained the vascular territory of the tumor, and there was no

correlation between the location of the developmental venous anomaly and the location of the neoplasm.

CONCLUSIONS: The prevalence of developmental venous anomalies in this pediatric population with intracranial primary neoplasms is
significantly greater than in those without neoplasms, suggesting an association that may be related to shared causative factors or

susceptibilities to the development of these 2 separate entities.

ABBREVIATION: DVA � developmental venous anomaly

Developmental venous anomalies (DVAs) are vascular lesions

that consist of a group of venous channels that drain into a

common collecting vein, which, in turn, traverses the brain pa-

renchyma to drain to either the superficial or deep venous sys-

tems. They are the most common cerebral vascular malforma-

tion, frequently identified on routine MR imaging of the brain

with contrast. Postmortem studies 3 decades ago suggested a

prevalence of 2.7%1; however, with the use of modern imaging

techniques, the prevalence is estimated to be much higher

(6.4%).2 DVAs are typically considered variants of venous devel-

opment that, in and of themselves, are of little clinical import.

However, a small percentage of DVAs have been associated with

such findings as cavernous malformations,3,4 thrombosis with

subsequent venous infarction,5,6 lobar atrophy,7 T2 and FLAIR

signal-intensity abnormalities,8,9 perfusion abnormalities,10,11

and SWI hypointensities.12

In our daily pediatric neuroradiology practice, we had noticed

a high prevalence of presumed incidental DVAs in our oncology

patient population. A possible association between intrinsic brain

tumors and DVAs had been suggested before by Pryor et al,13 but

a rigorous investigation has not been performed. This study tested

the null hypothesis that there is no association between DVAs and

intrinsic brain neoplasms.

MATERIALS AND METHODS
This retrospective study was approved by our institutional review

board. The study population was derived from a data base of

patients referred to the neuro-oncology service at our institution
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from 1990 through 2011, a total of 719 cases. Cases were excluded

from consideration if the diagnosis of neoplasm was not con-

firmed by either biopsy or documented progression; if the neo-

plasm was not intra-axial in origin; or if there was a vascular

malformation (arteriovenous malformation, arteriovenous

fistula, facial venous malformation), venous thrombosis, syn-

drome associated with vascular anomalies, major structural

abnormalities limiting evaluation of the brain parenchyma, or

no reviewable imaging. Metastatic neoplasms to the brain were

also excluded. This process left a study population of 580 pa-

tients with primary intracranial neoplasms. A radiology report

text search was then performed with the software program

Softek Illuminate (Softek Solutions, Prairie Village, Kansas),

by using the search terms “venous,” “DVA,” and “angioma.”

Positive results were reviewed to identify reports describing a

DVA, and the imaging for each identified case was reviewed to

confirm the diagnosis, document adequate diagnostic quality,

and determine the location of the DVA. The MR imaging field

strength (1.5 or 3T), whether postcontrast imaging was per-

formed with a planar or volumetric technique, the year of the

earliest available examination demonstrating the DVA, and

patient age and sex were documented in all cases.

A control population of 580 studies was then derived from the

radiology data base of all brain MR imaging examinations per-

formed with intravenous contrast during the same study period.

The number of control cases per year was matched to those of the

study population, and the same text search was performed. Cases

were excluded from consideration if there was a diagnosis of in-

tracranial neoplasm or potential neoplasm (including nonspecific

signal abnormalities) requiring follow-up. As with the tumor

group, cases were also excluded if there was a vascular malforma-

tion (arteriovenous malformation, arteriovenous fistula, facial

venous malformation), venous thrombosis, a syndrome associ-

ated with vascular anomalies, or major structural abnormalities

limiting the evaluation of the brain parenchyma. The same test

search was performed on this control population, positive results

were reviewed to confirm that the report was describing a DVA,

and the imaging examination was reviewed to confirm the diag-

nosis and document adequate diagnostic quality, with the same

documentation of field strength, postcontrast technique, and

subject demographics performed.

As a means of identifying false-negative rates of DVA iden-

tification, �10% of the reported neg-
ative cases from each group (55 from
the study population and 55 from the
control population) were randomly
selected and analyzed for the presence
of DVAs.

Statistical Analysis
Statistical analysis of frequency data was

performed by using the �2 test (continuity-corrected), confidence

intervals of proportions (continuity-corrected), and z-ratio of in-

dependent proportions (VassarStats: Website for Statistical Com-

putation; vassarstats.net). Continuous variables (age) were as-

sessed with a 2-tailed t test (vassarstats.net). P � .05 was

significant.

RESULTS
Our selection process resulted in 2 groups of subjects with MR

imaging of the brain (1 without and 1 with brain tumors), evalu-

ated during the same time period, by the same group of radiolo-

gists, using similar imaging techniques. Exclusion criteria were

identical in each group, with the exception of the presence of

intracranial neoplasm in the tumor cohort. Demographics and

MR imaging study type distribution for the study and control

groups are provided in Table 1. The tumor group was slightly

younger than the control group (mean, 9.0 years versus 10.1 years;

P � .002, 2-tailed t test). No significant differences were noted in

sex (P � .07), field strength (P � .16), or scan type (P � .89)

between groups.

Fifty-nine of the 580 subjects with brain tumors (10.17%) had

a DVA identified by report and confirmed on review of the imag-

ing. Thirty-one of the 580 controls (5.34%) had a DVA identified

by report and confirmed on review of the imaging (Table 2, P �

.003). Forty-two of the positive cases in the study population had

glial tumors (71%); 5 had glioneuronal tumors; 9, embryonal; 2

ependymal; and 1, germ cell (Fig 1). This prevalence was similar to

the distribution of tumor types in the study population overall,

with the result that there was no statistically significant difference

in the prevalence of DVAs among tumor types. Thirty-eight sub-

jects had DVAs in the frontal lobes, 11 in the parietal lobes, and 4

in the temporal lobes, with 4 in the posterior fossa, 2 in the occip-

ital lobes, and 1 in the basal ganglia. Four subjects had more than 1

DVA. None of the DVAs drained the vascular territory of the tumor,

and there was no correlation between the location of the DVA and

the location of the neoplasm in terms of lobe, side of the brain, or

supratentorial-versus-infratentorial compartments.

The DVA was visible on the oldest imaging study available for

review in all cases. In 51 of the 59 DVA-positive cases, the original

study diagnosing a neoplasm was available for review, and in all of

these, the DVA was visible. In the remaining 8 cases, the oldest

imaging study available for review was not the original diagnostic

examination that identified the neoplasm. In 4 of these 8 cases, the

report of the original examination was available, and it docu-

mented the presence of the DVA. Of the remaining 4 cases, in one,

the oldest available study was performed 5 months after diagnosis,

with no intervening treatment. In another, the oldest available

study was performed 2 years after surgical resection of the neo-

plasm, without intervening adjuvant therapy. In the 2 remaining

Table 1: Study and control population characteristicsa

Mean Age (Range)

Sex
Field

Strength Scan Type

Male Female 1.5T 3T Planar Volumetric
Neoplasm 9.1 yr (1 day to 35 yr) 306 274 504 76 470 110
Controls 10.2 yr (1 day to 31 yr) 274 306 486 94 473 107

a The neoplasm group was slightly younger than the control group (P � .001 by 2-tailed t test). No significant differences
were identified in sex (P � .07), field strength (P � .16), or scan type (P � .89) between the 2 groups.

Table 2: Prevalence of DVAs in study and control populationsa

Total DVA+ (%) 95% CI Z Score P Value
Neoplasm 580 59 (10.17) 7.97–12.90 3.07 .003
Controls 580 31 (5.34) 3.79–7.48

Note:—DVA� indicates the number of subjects in group who had a confirmed DVA.
a The neoplasm group had a �10% prevalence of DVAs, compared with just over 5%
for the control group. The latter is similar to recently published prevalence data.
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cases, the oldest examinations available for review were per-

formed �4 years after diagnosis and treatment of the neoplasm,

and there was intervening treatment with both chemotherapy and

radiation therapy.

Of the 55 cases with negative findings randomly selected from

the study population, one (1.8%) showed a DVA on review. Sim-

ilarly, one of the cases randomly selected from the control popu-

lation demonstrated a DVA on review. Extrapolating this false-

negative rate to the entire population would suggest a prevalence

of approximately 12% in children with neoplasms and 7% in

those without.

DISCUSSION
DVAs are encountered with frequency in daily neuroradiology

practice and are generally considered to be essentially benign

variants of venous development. Several theories have been

proposed to explain their etiology, the most broadly accepted

of which is that they represent a response of the developing

brain to a regional compromise of the normal venous drainage

caused by stenosis, thrombosis, or maldevelopment.14 Others

have suggested that abnormalities of fetal angiogenesis and

regression may lead to their development.15 There is consensus

that they arise in utero, though there have been reports docu-

menting postnatal evolution.16

It has long been recognized that a substantial number of DVAs

are associated with cavernous malformations, and it is theorized

that both lesions represent differing responses to a compromise of

regional venous drainage.17-20 However, DVAs are also seen with

a high prevalence in patients with lymphatic or venolymphatic

malformations of the head and neck,21,22 and they have an in-

creased incidence in a variety of genetically driven syndromes

such as the blue rubber bleb nevus syndrome.23 These associa-

tions suggest that DVA development is not solely a reaction to

focal abnormalities of venous drainage but may also be a conse-

quence of widespread perturbations of vascular development. Re-

cent reports have identified associated parenchymal signal abnor-

malities in 11.6% of children and young adults9 and in 12.5% of

older adults8 with DVAs, suggesting that the altered drainage they

provide may have consequences on the surrounding brain. All of

these associations lend credence to concerns that DVAs may have

a deleterious impact on the surrounding brain or may be a har-

binger of more widespread abnormalities. Our findings indicate

that DVAs may be more prevalent in pediatric patients with in-

tracranial neoplasms than in controls.

Because DVAs are lesions that primarily impact the brain pa-

renchyma, we limited our study population to those patients with

intra-axial tumors. The distribution of tumor types in our study

population parallels the known relative prevalence of these lesions

in the pediatric population, and the prevalence of DVAs within

our study subjects generally follows the distribution of tumor

types. We found no statistically significant association of DVA

prevalence with tumor type, and the distribution of DVA location

within the brain was consistent with that in prior reports.24

The reason that DVAs may be more prevalent in children with

primary intracranial neoplasms is not known. The fact that in

none of our cases did the DVA drain the territory of the neoplasm

essentially eliminates any direct causative link. However, if DVAs

are exclusively the result of focal compromise of venous develop-

ment, the same abnormality that led to the venous compromise

may have caused a concomitant insult elsewhere in the brain that

increases the risk of developing a neoplasm. Alternatively, if they

are a consequence of a more widespread alteration of vascular

development, as suggested by their association with venolym-

phatic malformations and neurocutaneous syndromes, it is con-

ceivable that they may be associated with an increased vulnerabil-

ity to neoplastic differentiation in the brain tissue.

It is reasonable to question whether the DVAs in this popula-

tion could be a consequence of treatment for neoplasms, much as

cavernous malformations are associated with prior radiation

FIG 1. Pie charts show the distribution of tumor types among the study population in those without DVAs (left) and those with DVAs (right).
Both groups are dominated by glial tumors, without a statistically significant difference between the 2.
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therapy.25 However, in all except 2 of our cases, there was the

clearly documented presence of the DVA before any chemother-

apy or radiation treatment. There was no instance of a DVA be-

coming evident with time; they could be identified on the oldest

available study for review in all cases. Furthermore, growth in

response to therapy contradicts the generally accepted develop-

mental nature of DVAs and would suggest that the DVAs identi-

fied in this analysis are substantially different from those recog-

nized in the general population. The standard distribution and

characteristic appearance of the DVAs in our study population

would argue against this hypothesis. The possibility that the de-

velopment of a DVA is somehow caused by the presence of a

neoplasm elsewhere in the brain cannot be excluded, but the pos-

sible causal link is not apparent.

This study is weakened by its retrospective nature and depen-

dence on reporting. It is not a study of lesion prevalence but rather

one of lesion-identification prevalence, raising the question of

bias in the interpretation of studies in controls compared with

subjects. However, the prevalence of DVAs identified in our con-

trol population was similar to that demonstrated in the most re-

cent imaging-based studies, suggesting a similar degree of sensi-

tivity of detection. Furthermore, a 10% sampling of cases with

negative findings from each group demonstrated no difference

between detection rates. The same group of fellowship-trained

neuroradiologists generated the reports in each group during

their daily clinical practice; because they were working under the

general assumption that DVAs are incidental variants with no

relation to neoplasms, it is unlikely that they would have been

sensitized to their presence in oncologic patients relative to con-

trols. We found no significant differences in examination tech-

niques that would favor the detection of DVA in one group or the

other. The fact that most of the subjects had multiple examina-

tions undoubtedly increased the chance of lesion detection, but

nearly all DVAs were recognized on the initial studies performed,

minimizing the impact of multiple studies.

CONCLUSIONS
We found that the prevalence of DVAs in children with primary

intracranial neoplasms is significantly greater than in those with-

out neoplasm, suggesting an association that may be related to

shared causative factors or susceptibilities to development of

these 2 separate entities. A prospective study could more clearly

delineate the association between these processes and provide

greater insight into the potential causative factors. New knowl-

edge gained about either entity should be considered in the study

of the other, and one should recognize that there may be more

commonality among these lesions than previously appreciated.
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