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Familial Cerebral Cavernous Malformations
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bk Ko

ABSTRACT

BACKGROUND AND PURPOSE: Familial cerebral cavernous malformations, an autosomal dominant disorder, result in excess morbidity
and mortality in affected patients. The disorder is most prevalent in the Southwest United States, where the affected families are most
often carriers of the CCMI-KRITT Common Hispanic Mutation. The brain and spinal cord parenchyma in these individuals is usually affected
by multiple cavernous malformations. Previous studies have shown abnormalities of endothelial cell junctions and the blood-brain barrier in
cerebral cavernous malformations. Endothelial cell abnormalities have also been described in pathologic studies of white matter hyperintensities.
We compared the prevalence of white matter hyperintensities in a population with known familial cerebral cavernous malformations.

MATERIALS AND METHODS: We examined 191 subjects with familial cerebral cavernous malformations who were enrolled into an
institutional review board—approved study. All carry the same Common Hispanic Mutation in the CCMT gene. Each subject underwent 3T MR
imaging, including gradient recalled-echo, SWI, and FLAIR sequences. The number of cavernous malformations and the number of nonhemor-
rhagic white matter hyperintensities were counted. Subjects older than 60 years of age were excluded due to the high prevalence of white matter
lesions in this population, and children younger than 6 were excluded due to potential sedation requirements. Logistic regression analysis was
performed to determine the prevalence of abnormal white matter hyperintensities in those with familial cerebral cavernous malformations
compared with healthy controls or those with sporadic cerebral cavernous malformation within the familial cerebral cavernous malformations
group; it was also performed to evaluate the associations between abnormal white matter hyperintensities and age, sex, headaches, thyroid
disease, diabetes, hypertension, hyperlipidemia, seizure history, or modified Rankin Scale score.

RESULTS: Familial CCMI carriers have a higher prevalence of abnormal white matter hyperintensities (15.4%) compared with both control
populations (2.1% and 2.5%, respectively) (P << .05). Logistic regression showed no statistical association with sex, headaches, hyperlipid-
emia, hypertension, thyroid disease, seizure history, number of cerebral cavernous malformations, or modified Rankin Scale score among
those with familial cerebral cavernous malformation. An expected correlation with age was shown.

CONCLUSIONS: Familial CCMT carriers have not only an increased number of cerebral cavernous malformations but also an increased
number of white matter T2 hyperintensities, spatially distinct from cerebral cavernous malformations, which exceeded that of a healthy
population. Clinical findings did not explain the association with abnormal white matter hyperintensities in the familial cerebral cavernous
malformation population. To our knowledge, these relationships have not been previously reported. This finding suggests an additional
manifestation of endothelial abnormalities in this population.

ABBREVIATIONS: CCM = cerebral cavernous malformation; fCCM = familial cerebral cavernous malformations; WMHI = white matter hyperintensities

Familial cerebral cavernous malformations (fCCM) constitute ~ This condition occurs throughout the world but is especially
an autosomal dominant disorder with variable penetrance.!  prevalent in the Southwestern United States.>” Repeated hemor-
rhages cause significant morbidity and mortality in affected indi-
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FIG 1. FLAIR images obtained in a 39-year-old patient with fCCM
demonstrate a large number of WMHI. Also note the CCM in the right
parietal lobe.

viduals and families. Patients present with hemorrhage, seizures,
headaches, and/or focal neurologic deficits, and some patients
ultimately die from associated complications.

Imaging evaluation of these patients often focuses on the pres-
ence, location, and size of the vascular malformations.?* Blood-
breakdown products within the cerebral cavernous malforma-
tions (CCMs) are best evaluated with susceptibility-sensitive MR
imaging, specifically SWI and T2 gradient recalled-echo se-
quences. However, FLAIR and T2-weighted sequences sometimes
disclose additional findings. We have noted an unexpected num-
ber of T2 white matter hyperintensities (WMHI) in some of these
patients (Figs 1 and 2). Although such WMHI are generally con-
sidered nonspecific on MR imaging, the association of WMHI
with a wide variety of conditions with small-vessel disease raised
the question of their significance in familial CCM. We tested the
hypothesis that increased WM lesions are present in patients with
fCCM. We compared the prevalence of T2 WHMI in patients
with fCCM with those in a healthy control group and with pa-
tients with sporadic CCMs and evaluated whether confounding
factors related to small-vessel disease could explain this
association.

MATERIALS AND METHODS

All parts of this study were performed with institutional review
board approval. After informed consent, 191 subjects were en-
rolled into an ongoing study of f{CCM with the Common His-
panic Mutation (Q455X mutation) recruited as part of the Brain
Vascular Malformation Consortium CCM Project.” Brain MR
imaging at 3T was performed on all subjects, including T2 gradi-
ent recalled-echo, T2 FSE (both with 3-mm section thickness),
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FIG 2. FLAIR images from this 26-year-old patient show numerous
WMHI in addition to the CCM located in the posterior left frontal
lobe.

SWI (1.5-mm section thickness), and FLAIR imaging (4-mm sec-
tion thickness). CCMs were counted and characterized on the
SWI and gradient recalled-echo sequences by a neuroradiologist
with extensive CCM research experience as part of the overall
study plan. Children younger than of 6 years of age were not
eligible to participate in this study due to the potential need for
sedation for MR imaging.

WMHI were counted on the FLAIR sequences, with concur-
rent reference to T2 sequences. All subjects older than 60 years of
age (28 total) were excluded from this retrospective review of
white matter lesions, given the known high correlation of WMHI
with advancing age.*” One subject was excluded because the
study MR imaging was terminated before FLAIR imaging; 149
subjects remained (56 male, 93 female; 6-59 years of age). There is
no universally accepted measure of a “normal” number of white
matter changes. They are known to increase with age; indeed, age
is the strongest factor associated with WMHI. A common rule of
thumb is that 1 WMHI per decade of life is considered unremark-
able.® Guidelines for normal or unremarkable WMHI become
less useful with increasing patient age. For purposes of this study,
the number of WMHI was considered abnormally high if there
were >5, or unusually large or confluent lesions were seen in any
individual younger than 40 years of age, or >10 lesions were seen
in anyone between 40 and 60 years of age.

A control group of 47 healthy volunteers younger than 60
years of age who gave informed consent and were carefully
screened to eliminate a history of disease were evaluated for
WMHI. This control population was evaluated on the same 3T
magnet, and demographics closely resembled those of the fCCM
population.

Additionally, a group of 39 patients younger than 60 years of



Table 1: Frequency distribution of WHMI in patients with fCCM

WMHI No. Frequency %
0 88 59%
1 14 9%
2 10 7%
3-10 20 13%
1-20 3 2%
21-30 5 3%
3140 5 3%
41-50 2 1%
51+ 2 1%

age (including both 3T and 1.5T MR imaging, part of an institu-
tional review board—approved study) was identified as having
sporadic CCMs; each patient had only 1 lesion present in the
brain and lacked clinical or family history evidence of f{CCM.
Any patient with multiple CCMs was excluded from this con-
trol group because this finding was suspicious for a familial
pattern of CCMs (Common Hispanic Mutation or otherwise).
FLAIR imaging was then evaluated, and abnormal white mat-
ter lesions were counted.

For the control groups, all FLAIR images were reviewed by a
neuroradiology fellow and the same neuroradiologist who origi-
nally read the f{CCM MR imaging studies. Infrequent differences
were resolved by a consensus read. The prevalence of abnormal
WMHI in patients with f{CCM was compared with that in the 2
control groups by using logistic regression to account for age and
sex.

Descriptive statistics, including proportions for categoric vari-
ables and means, SDs, ranges, and interquartile ranges for contin-
uous variables, were computed. Logistic regression analysis was
preformed to evaluate whether the abnormal status of WMHI
differed between patients with f{CCM and the 2 control groups
while adjusting for age and sex; results are reported as odds ratios
with associated 95% confidence intervals. Among patients with
fCCM only, the Fisher exact test (categoric variable) or Wilcoxon
rank sum test (continuous variable) was performed to compare
the univariate association of abnormal WMHI with the number
of CCMs, age, sex, hyperlipidemia (physician diagnosed or taking
medication), hypertension (physician diagnosed or the subject
taking medications at the initial examination®), headaches, sei-
zures, thyroid disease, diabetes, and modified Rankin Scale score
as a measure of overall neurologic disability. The distribution of
CCM and WMHI lesions is heavily right-skewed; thus, values
were log-transformed before parametric analysis to avoid the ef-
fects of overly influential observations. Clinical factors found to
have a P =< .10 in univariate analysis were tested in a multivariate
logistic regression model adjusting for age and sex. All P values
reported are 2-sided, and we considered P < .05 to be statistically
significant.

RESULTS

Twenty-three of 149 (15.4%) patients in the f{CCM group (mean
age, 33.1 years; range, 6—59 years) had an abnormal number of
WMHI. Healthy control subjects (mean age, 31.3 years; range,
21-46) had a prevalence of 2.1% (1/48) (Table 1). Patients with
sporadic CCM (mean age, 28.1 years; range, 4—56 years) had
white matter abnormalities at a prevalence of 2.5% (1/39). Thus,

Table 2: Association of abnormal WMHI and characteristics in 149
patients with fCCM?*

Abnormal  Normal
WMHI WMHI
fCCM Characteristic (n=23) (n=126) P Value
Sex (No.) (%)
Female 18 (78) 75 (60) n
Male 5(22) 51(40)
Age (yr) (mean) (SD) 23 (41) 32 (16) .01
Headaches (No.) (%)
Yes 15 (65) 79(64) 100
No 8 (35) 45 (36)
Seizures (No.) (%)
Yes 1148) 48 (39) 49
No 12(52) 76 (61)
Thyroid (No.) (%)
Yes 3(13) 9(7) 40
No 20(87) 115 (93)
Diabetes (No.) (%)
Yes 2(9) 12000 100
No 21(9)) 112(90)
Hyperlipidemia (No.) (%)
Yes 7(30) 17(13) 06
No 16(70) 109 (87)
Hypertension (No.) (%)
Yes 6(26) 15(12) 10
No 7(74) 109 (88)
Modified Rankin Scale (No.) (%)
0 4(17) 46 (37) 33
1 10 (44) 37 (30)
2 7(30) 27 (22)
3 2(9) 109)
4 0(0) 2(2)
CCM lesions
Median (IQR) 29(29) 1(39) 08
Mean (SD) 60 (122) 42 (96)

Note:—IQR indicates interquartile range.
 Note that some numbers for characteristics do not add up to column totals due to
missing data.

the prevalence of abnormal WMHI was significantly higher in the
fCCM group compared with either control group (1-sided P <
.05).

The prevalence of abnormal WMHI in the healthy control
group was nearly identical to the sporadic CCM rate. These 2
populations were then pooled together and compared with the
fCCM population. The age and sex distribution were similar be-
tween the groups, but logistic regression was further used to eval-
uate the rate of abnormal WMHI between the f{CCM and the
pooled control group to correct for sex and age. The odds ratio of
patients with fCCM having abnormal quantities of WMHI was
8.3 (95% CI, 1.03—66.9) compared with the combined group, and
it was statistically significant (P < .05).

Second, we evaluated potential clinical factors within the
fCCM group that could explain the increased prevalence of ab-
normal WMHI (Table 2). No statistically significant association
was found with sex (P = .11), headaches (P = 1.00), seizure
(P = .49), thyroid disease (P = .40), hyperlipidemia (P = .06),
diabetes (P = 1.00), or hypertension (P = .10). Age did dem-
onstrate a positive association (P = .01), an expected result.
We found no association of abnormal WMHI with neurologic
disability as measured by the modified Rankin Scale score
(P = .33).
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The patients with f{CCM with abnormal WMHI tended to have
a greater number of CCM lesions, though this was not statistically
significant (P = .08). Including age in a logistic regression model
explains away the association between WMHI and the number of
CCMs (P = .98), likely because both WMHI and CCM lesions are
strongly correlated with increasing age. A multivariable logistic
regression model with hyperlipidemia, hypertension, number of
CCMs, age, and sex as predictors of abnormal WMHI status
yielded no statistically significant associations.

DISCUSSION

Our study showed a significant increase in WMHI in patients with
fCCM compared with healthy controls and with patients with
sporadic CCM, which, to the best of our knowledge, has not been
previously reported. Bright spots on T2-weighted MR images
have been an uncertainty in brain imaging since the inception of
MR imaging. This challenge is reflected in the various terms that
have been used such as white matter hyperintensities (a purely
descriptive term), leukoaraiosis, chronic microvascular changes,
chronic microangiopathy, white matter changes of aging, and un-
identified bright objects. Such lesions are known to correlate with
patient age and can additionally be caused by demyelination,
edema, and gliosis, including causes of microvascular change such
as hypertension, lupus erythematosus, migraines, seizures, or
other vasculopathies. FLAIR hyperintensities may sometimes ac-
company perivascular spaces. Although some of the WMHI in
this study could be associated with perivascular spaces, typical
radially oriented perivascular spaces were generally distinguish-
able by using both FSE T2 and FLAIR on the 3T system. More-
over, changes associated with perivascular spaces are likely to af-
fect all groups in the study to a similar degree. Considerable
research has been done on the significance of WMHI in the elderly
population. Volumetric measurements have often been used in
research studies of elderly patients, in whom the T2 changes are
frequently confluent. The presence of focal WMHI in a young or
middle-aged population is a common finding in the routine clin-
ical practice of radiology.

Interpretation of the literature on this finding is challenging
because of the varying technical factors used in different reports,
including field strength and MR imaging sequences used, as well
as varying subject ages; such factors are not always specified in the
literature. The frequency of WMHI varies widely in the literature,
but several authors reported a rate between 0.5% and 5% for a
young healthy population.'®'" We were able to use a control
group of healthy volunteers who were scanned on the same MR
imaging system as our fCCM study group, avoiding some of the
technical limitations of historical controls. The findings of the
additional control group from clinical studies of patients with
sporadic CCM appeared very similar to those of the healthy con-
trol group, despite a mix of 3T and 1.5T studies. Both groups thus
appear very similar to those in literature reports of healthy sub-
jects, but our study confers the added advantage of clearly defined
and comparable technical factors.

A variety of pathologic correlates likely exist for the T2 hyper-
intensities seen on MR imaging. However, we examined possible
causes of microvascular changes for association with abnormal
WMHI within the f{CCM group, and none were found to be sig-
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nificantly associated with abnormal WMHI status. Seizure disor-
ders are reported to be associated with increased numbers of
WMHI, 2! and seizures are common complications of CCMs.
However, the prevalence of WMHI within the f{CCM group was
nearly identical for those with and without seizure history.

Hypertension and hyperlipidemia were both present at higher
frequencies in patients with {CCM with abnormal WMHI but
were not found to be significant predictors of abnormal WMHI
status in either univariate or multivariate analysis. Both of these
variables were derived from patient self-reports of either physi-
cian diagnosis or the patient taking medications for these condi-
tions. We did not have detailed information available on the
length of the diagnosis or the details of treatment, which may have
limited our ability to detect significant associations with these
clinically important variables.

Although we could not find an explanation for the increased
prevalence of abnormal WMHI with typical clinical factors of
microvascular changes, it is well-known that patients with {CCM
have underlying endothelial dysfunction.">”'” Additionally,
CCMs demonstrate abnormal ultrastructural characteristics,'®
and this abnormal physiology is known to result in a compro-
mised blood-brain barrier."” In vivo human permeability studies
have shown that the transfer rate (influx constant) is increased in
CCMs.> Reviews of neuropathologic information about WMHI
in older individuals (not those with f{CCM) have shown structural
abnormalities and compromise of the blood-brain barrier.>' The
influx constant has also been shown to be increased in nonspecific
WMHI in brain white matter in permeability studies of subjects
with vascular cognitive impairment.”® Endothelial abnormalities
caused by the mutations in f{CCM may be a factor in WMHI seen
in patients with f{CCM.

The increased prevalence of WMHI in fCCM is modest and is
not clearly correlated with the number of CCM lesions, especially
after accounting for age. Moreover, we did not find a correlation
of WMHI with disability as measured by the modified Rankin
Scale score. Our definition of abnormal WMHI served as a prag-
matic and conservative measure for this study. Although we have
not observed T2 WMHI to precede the formation of CCMs, a
causal relationship cannot be excluded, and further longitudinal
studies will be needed. It is possible that endothelial abnormalities
in fCCM predispose to a higher risk of WMHI when combined
with other, more common risk factors for microvascular disease.
Clinically, when unexpected numbers of WMHI are observed in
patients with {CCM, common causes such as hypertension should
be considered. If such factors are not found, however, it appears
that the fCCM condition itself may be associated with increased
WMHI

The results of our study, combined with historical studies, lead
us to hypothesize that underlying endothelial abnormalities in the
fCCM population could result in increased permeability with re-
sultant increased hemorrhage, new lesion formation of cerebral
cavernous malformations, and increased formation of WMHI.
These 2 separate findings may be different manifestations of a
common underlying process. Future neuropathologic studies
and/or in vivo permeability studies will offer further insight into
the mechanisms for these findings.



CONCLUSIONS

Subjects with fCCM have an increased prevalence of abnormal
WMHI compared with healthy control populations and those
with sporadic CCMs. Additionally, no single clinical factor could
be associated with patients with f{CCM. We found no association
between abnormal WMHI and sex, hypertension, headache, thy-
roid disease, seizures, diabetes or hyperlipidemia, number of
CCMs, or modified Rankin Scale scores among patients with
fCCM. CCMs and WMHI may be separate and distinct outcomes
of underlying endothelial dysfunction in patients with f{CCM.
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