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Summary: MR imaging was used to determine the presence or
absence of cavernous malformations in three generations of
family members. The presenting child (proband) had sustained a
symptomatic hemorrhage. Multiple malformations were identi-
fied in his father, in an older sibling, and in an asymptomatic
grandfather. The father’s brother had died from cavernous mal-
formation–related intracerebral hemorrhage. Increasing num-
bers of malformations were found with increasing patient age,
suggesting that MR-apparent lesions may grow in number as a
result of repetitive small hemorrhages over time.
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In most patients, cavernous malformations
are solitary and may or may not be associated
with neurologic symptoms. Increasing recogni-
tion with magnetic resonance (MR) imaging has
prompted studies of their natural history, clini-
cal associations, and treatment (1–3). Cavern-
ous malformations may occur in isolated pa-
tients or as part of an autosomal dominant
familial disorder (4–9). In this report, we
present one family in whom MR imaging was
used to elucidate phenotypic expression and to
provide counseling for individual family mem-
bers.

Case Report
A 5-year-old white boy experienced sudden neck pain

followed by momentary disorientation and emesis while
riding his bicycle. A family history of multiple cerebral
cavernous angiomas was subsequently identified. A cra-
nial MR image revealed 12 intraparenchymal lesions with
imaging characteristics of angiographically occult vascu-
lar malformations (cavernous malformations). A small
acute hemorrhage was found within one pontine malfor-
mation; all other lesions were of low signal on short- or
long-repetition-time studies. The child was treated conser-
vatively and for more than 1 year has had no further
symptoms. MR imaging of family members revealed sim-
ilar lesions (n 5 5) in the patient’s 11-year-old brother
(asymptomatic), father (42 years of age, n 5 20, seizure
disorder), and grandfather (78 years of age, n . 100,
asymptomatic); approximate numbers are stated in the
father and grandfather because of small lesion size and
large quantity (Fig 1). Autopsy results on the patient’s
paternal uncle who died 15 years earlier at 40 years of age
demonstrated cavernous hemangiomas involving the
pons, medulla, cerebral hemispheres, and kidneys. Seven
(5 male, 2 female) of 11 (6 male, 5 female) family mem-
bers at risk were studied.

Discussion

Cavernous malformations (cavernous angio-
mas) are a form of vascular malformation in-
creasingly detected with MR imaging (2). Many
lesions are located subcortically near the cen-
tral sulcus and within the basal ganglia. Al-
though more often solitary, multiple lesions
may be seen in 16% to 33% of patients studied
and can be associated with a familial form of the
disease (9). In some patients, multiple lesions
(usually two or three) can be found sporadically
in individuals without a positive family history.
Histologically, cavernous malformations con-

sist of irregular, sinusoidal, vascular spaces well
demarcated from surrounding normal tissue.
The thin-walled, endothelium-lined channels
lack elastica and muscularis, lie adjacent to one
another without intervening neural tissue, and
are usually unaccompanied by large feeding ar-
teries. Enlarged draining veins may or may not
be encountered. Vessel walls frequently are
hyalinized, and hemosiderin staining and gliosis
of adjacent tissue reflects previous minor hem-
orrhages malformations. These lesions may
vary in size from 1 mm to several centimeters in
diameter and may be associated with telangiec-
Received December 27, 1993; accepted after revision April 8, 1994.
From the Department of Neurological Surgery, Presbyterian University Hospital, University of Pittsburgh (Pa) School of Medicine.
Address reprint requests to Douglas Kondziolka, MD, MSc, FRCSC, Suite B-400, Presbyterian University Hospital, University of Pittsburgh Medical

Center, 200 Lothrop St, Pittsburgh, PA 15213-2582.

AJNR 16:1353–1355, Jun 1995 0195-6108/95/1606–1353 q American Society of Neuroradiology

1353



Fig 1. A pedigree shows results of neu-
roimaging studies over three generations.
Male subjects are represented by rectangles
and female subjects by circles. No imaging
data were available on family members
where a question mark is shown. No hemor-
rhage indicates no symptomatic hemor-
rhagic episode. Hemorrhage indicates a
clinically recognized hemorrhagic episode.
Autopsy information or CT results were used
in three persons.
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tasias and cavernous angiomas in the skin,
liver, and kidneys (4).
Clinically, the natural history of intracranial

cavernous malformations remains unknown.
With the increasing availability of MR, a large
number of asymptomatic lesions are being in-
cidentally discovered on cranial scans per-
formed for evaluation of related or unrelated
symptoms. When cavernous malformations do
become symptomatic, they may induce sei-
zures (37% to 69%) (4) or hemorrhage (8% to
24%), create a progressive neurologic deficit
(21%), and/or cause headaches (8%) (1, 2, 4).
Because of the rare demonstration of cavern-

ous angiomas by angiography, these lesions
have been termed angiographically occult vas-
cular malformations. Although it is true that
other vascular anomalies, including venous an-
giomas and arteriovenous malformations, may
be angiographically occult secondary to slow
flow, lumen compression by adjacent hema-
toma, or intraluminal thrombus, the abnormal
afferent and efferent vessels of these other two
lesions are usually detected on enhanced com-
puted tomography (CT), MR, and, in most
cases, angiography. CT findings of cavernous
malformations include areas of low, increased,
or mixed density on noncontrast studies and
variable enhancement with contrast administra-
tion. CT is less sensitive than MR in the detec-
tion of cavernous malformations. The negative
CT scans in the two family members in this
report do not completely eliminate the possibil-
ity of small cavernous malformations in these
individuals.
The MR appearance of cavernous malforma-

tions is distinct. Long-repetition-time, long-
echo-time images of these lesions demonstrate
a reticulated core of mixed signal intensity with
a surrounding rim of decreased signal intensity
representing hemosiderin from previous hemor-
rhages. This characteristic and consistent MR
appearance of histologically confirmed cavern-
ous angiomas has led us to categorize with ac-
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ceptable confidence, such lesions on the basis
of imaging characteristics alone without the
benefit of histologic analysis. We acknowledge
that the differential diagnosis of small lesions of
hemosiderin signal can include areas of prior
contusion, hemmorhagic infarction, or tumor-
related hemorrhage. The clinical history can
clarify this differential diagnosis in most pa-
tients.
The incidence of familial cavernous angio-

mas is unknown. The majority of these lesions
are asymptomatic and, until the advent of MR, a
sensitive mode of familial screening was un-
available. We now know that the inheritance
pattern is autosomal dominant with variable
penetrance and expression (10). A number of
reports have described familial occurrences
most commonly among Hispanic subjects (7, 8,
9, 11). Rigamonti et al studied six unrelated
Mexican-American families and in one family
were able to use MR to document cavernous
angiomas in eight members over four genera-
tions. In the present report, a white family is
presented in whom MR imaging provided valu-
able information for genetic and medical coun-
seling.
Although we found in this family increasing

numbers of cavernous malformations in family
members with increasing age (first generation,
5 to 12; second generation, approximately 20;
third generation, more than 100), we did not
have longitudinal data to suggest that new le-
sions emerged or grew over time. We hypothe-
size, however, that small lesions beyond the
resolution of imaging may undergo repeated
microhemorrhages that lead to malformation
expansion in size and number over time. Cur-
rently, we are following prospectively more than
150 patients with solitary or multiple cavernous
malformations to define better the untreated
natural history of these lesions. In some of these
patients, serial imaging studies documented
malformation enlargement (both symptomatic
and asymptomatic) thought to occur from re-
peated hemorrhage. We believe that early iden-
tification of patients with cavernous malforma-
tions (as children) within the familial setting will
provide a unique opportunity to study this fur-
ther. These patients may be born with many
microscopic lesions, of which only a few are
detected on imaging because of hemorrhage
and malformation expansion.
When multiple cavernous malformations are
identified in one patient, a detailed neurologic
family history should be sought to identify a
potential inheritance pattern. MR imaging in
asymptomatic relatives can then facilitate ge-
netic and lifestyle counseling. Family members
found to harbor cavernous malformations can
be made aware of the risk for cerebral hemor-
rhage and stroke, that pregnant women should
have monitored labor and delivery, and that
their children have a 50% chance for phenotypic
expression. Although no study has shown a def-
inite risk, we advocate that heavy exercise or
lifting (with a corresponding rise in intravascular
and intracerebral pressure that might be fol-
lowed by malformation hemorrhage) should be
performed with moderation.
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