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FAMILIAL CEREBRAL CAVERNOUS MALFORMATIONS

Rio de Janeiro study and review of the recommendations for management

Flávio Domingues1, Emerson L. Gasparetto², Ricardo Andrade³, Fabio Noro³, Antônio Eiras³,  
Judith Gault4, Carlos Eduardo Silva Correia5, Jorge Marcondes de Souza1

Abstract – Objective: Multiple cerebral cavernous malformation (CCM) is the hallmark of familial presentation 
of cavernous malformation in the brain. We describe an ongoing Familial Cerebral Cavernous Malformation 
Project in the Rio de Janeiro state showing genetic profile and the pattern of emergent neuroimaging findings of 
this particular population besides a review of the updated recommendations for management of familial CCM 
versus patients harboring sporadic lesions.  Method: Four families of our cohort of 9 families were genetically 
mapped showing mutational profile linked to CCM1. The neuroimaging paradigm was shifted from T2*gradient-
echo (GRE) sequence to susceptibility weighting MR phase imaging (SWI).  Results: Only two index cases were 
subjected to surgery. There was no surgical intervention in any of the kindreds of our entire cohort of 9 families 
of our Neurovascular Program within seven years of follow-up. The genetic sequencing for mutacional profile 
in four of these families has demonstrated only CCM1 gene affected. Our management of the familial CCM 
is according to the review of the literature recommendations.  Conclusions: The Project of Familial Cerebral 
Cavernous Malformations of Rio de Janeiro detected mutations of the gene CCM1 in the first four families 
studied. Familial cavernous malformation are to be settled apart from the more common sporadic lesion. A set 
of recommendations was searched for in the literature in order to deal with these specific patients and kindreds.
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Malformação cavernosa cerebral familiar: um estudo no Rio de Janeiro e revisão das recomendações para 
tratamento

Resumo – Objetivos: A apresentação de malformação cavernosa cerebral (CCM) através de múltiplas lesões 
cerebrais é a marca da forma familiar da doença. Os autores descrevem o Projeto Malformação Cavernosa 
Cerebral Familiar, em andamento no Rio de Janeiro, demonstrando o perfil genético e o padrão atual de 
achados neurorradiológicos dessa população específica e uma revisão das recomendações atuais para o 
manuseio e tratamento dos portadores dessa forma da doença versus os pacientes com malformação cavernosa 
cerebral esporádica.  Método: Quatro familias de nossa coorte de 9 familias foram completamente mapeadas 
geneticamente e demonstraram padrão mutacional sempre ligado ao gene CCM1. O paradigma de neurimagens 
dessa população foi mudado para a seqüência de susceptibility weighting MR phase imaging (SWI) em substituição 
à seqüência T2*gradient-echo (GRE).  Resultados: Apenas 2 casos indices foram submetidos à ressecção cirúrgica. 
Não houve intervenção cirúrgica em nenhum outro parente de toda a coorte de 9 familias no período de sete 
anos de acompanhamento. O sequenciamento genético em busca do perfil mutacional foi completado em 4 
familias demonstrando o acometimento do gene CCM1 em todas. O manuseio e tratamento de nossa população 
de malformação cavernosa cerebral familiar está de acordo com a revisão feita sobre recomendações da 
literatura.  Conclusão: O Projeto Malformação Cavernosa Cerebral Familiar detectou mutações do gene CCM1 
nas primeiras quatro famílias estudadas. Os portadores dessa forma de malformação cavernosa cerebral da 
doença devem ser considerados à parte na rotina de avaliação e tratamento em relação à forma esporádica da 
doença. As recomendações foram buscadas na literature para nortear o manuseio dessa população específica. 

PALAVRAS-CHAVE: malformação cavernosa, cavernoma, genética, mutações, malformação vascular cerebral.
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Cerebral cavernous malformations (CCM) are vascular 
lesions formed by histologically enlarged capillary cavi-
ties without intermixed brain parenchyma. CCM are in-
cluded amongst the most frequent vascular malforma-
tion of the central nervous system (CNS), with prevalence 
of 0.1– 0.5% in the general population. However, there is 
a large storage of the non-diagnosed carriers of the pa-
thology in the population1,2. Patients with CCM may ex-
perience an average rate of bleeding of 0.7 to 1.1% per le-
sion per year3,4. The coexistence of CCM and development 
venous anomaly (DVA) is the most common intracranial 
mixed vascular malformation5, with the association rang-
ing between 24%6 and 100%7 raising a possible causal re-
lationship linking these two entities8. Patients harboring 
CCM usually presented around third through fifth decades 
of life with seizures, cerebral hemorrhage, focal neuro-
logical deficits or headaches. Hemorrhages in cavernous 
malformation are characterize by computerized tomog-
raphy (CT) as lesions with high density (acute bleeding) or 
by magnetic resonance imaging (MRI) as images suggest-
ing intra and/or perilesional recent bleeding associated 
to recent symptoms or neurological deficits. Seizures are, 
by far, the most frequent presentation followed by oth-
er signs and symptoms related to hemorrhage. Sporadic 
and familial forms of the disease have been described and 
the pattern of inheritance in families is mendelian autos-
somal dominant with high penetrance. Usually the spo-
radic CCM phenotype is the one of a single lesion where-
as multiple lesions are usually characteristic of probands 
of families9-12. Three genes have been already identified: 
CCM1 gene or KRIT1, CCM2 gene or MGC4607 and the 
CCM3 gene or PDCD10. The CCM1 gene was mapped to 
the 7q11.2-21 region, while CCM2 and CCM3 to 7p13-15 and 
3q25.2-27, respectively. The most frequent and well stud-
ied is the CCM1 gene with mutational analyses showing a 
Hispanic-American ancestral haplotype13,14.

There is also a recent awareness regarding a benign 
clinical behaviour of the disease among patients harboring 
CCM1 genotype compared to the sporadic ones9. The dis-
covery of a spinal cord CCM should raise the suspicion of 
the familial form of the disease15 and pregnancy is linked 
to the hemorrhagic risk but there are no solid evidences 
to make firm recommendations. MRI is the most sensitive 
test for CCM detection. The T2*gradient-echo (GRE) se-
quence has been considered the best one to detect the 
presence of the lesion hemossiderin deposit and is spe-
cially important in uncovering multiple CCMs, the pheno-
type of the familial form. Recently a new MRI sequence 
the susceptibility weighting MR phase imaging (SWI), has 
been described and may have superior accuracy in detect-
ing multiple CCMs and the associated DVAs16.

The detection of additional lesions in an apparently 
sporadic CCM is the key point for the familial diagnostic 

workup with the strong recommendation for the use of 
one of the mentioned sequences due to their higher sen-
sitivity to hemoglobin degradation products. The dynam-
ic state of the disease is demonstrated by up to 30% of 
de novo lesions reported during follow-up17,18. Manifesta-
tions outside CNS are unusual with retinal and cutaneous 
lesions being the most commonly reported19,20. Kindreds 
known as carriers of a CCM mutation may not have any le-
sion in T2*GRE with radiologically undetected or incom-
plete penetrance disclosing the importance of molecular 
testing in the suspicion of familial disease21. We have be-
gan the screening of familial CCMs at the city of Rio de 
Janeiro by the year 2000, after the approval of the Project 
of Familial Cerebral Cavernous Malformations of Rio de 
Janeiro, by the Ethics Committee for Human Research of 
the Hospital Universitário Clementino Fraga Filho.

We present a summary of clinical, genetic and imag-
ing findings in the first four families as well as the current 
recommendations for the diagnosis and management of 
familial CCMs. 

METHOD
Four families of our cohort of CCM families have their muta-

tional profile completed and were allocated to this study since 

the year 2001.

Since 2006 we have added to our MRI protocol of investiga-

tion the SWI sequence, as we have recently demonstrated its high-

er sensibility to detect hemossiderin deposits compared to T2-

weighted fast spin echo and T2*GRE sequences16. This sequence 

will incorporate new data that may contribute to better knowl-

edge regarding natural history of CCM in the familial setting. 

Two sporadic cases also studied at our program have mul-

tiple lesions on T2*-weighted GRE sequence and are probably 

probands of familial CCM with kindreds not yet with neuroim-

aging representation. 

We have just detected another familial case from re-imag-

ing with GRE and SWI sequences a patient operated upon for an 

isolated lesion before the systematic use of T2*GRE sequence. 

SWI and GRE sequences depicted multiple lesions and two af-

fected brothers (Figure). 

Germline mutation analysis

Genomic DNA was isolated from blood using standard salt-

ing out procedures. PCR products were generated across each 

CCM1, coding exons using standard conditions with 0.03 units/mL  

AmpliTaq® Gold (Applied Biosystems, Foser City, CA, USA) and 

0.003 units/mL Pfu DNA polymerases (Stratagene, La Jolla, CA, 

USA). Mutations were detected with the Transgenomic WAVE® 

System (Transgenomic, Omaha, NE) that utilizes denaturing High 

Pressure Liquid Chromatography (dHPLC). Conditions were op-

timized using sequence analysis (WAVEMAKERTM software) and 

by trials at various dHPLC elution temperatures. 
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Four germline mutation were identified, all of them in the 
CCM1 gene in the exons 9, 10 16 and 19. The mutation on the ex-
on 10 is a novel one, not yet identified in the literature. 

A literature review was done regarding management of fa-
milial CCM mainly throughout the Medline database (PUBmed) 
from 1997 to February 2008 in order to confront with our pop-
ulation management protocol.

RESULTS
Four families with more than one member featuring 

the phenotype of multiple CCM lesions were allocated to 
our cohort and genetically mapped accordingly. We have 
also two sporadic CCM patient with multiple lesions on 
MRI and no mutacional profile yet analized. 

The genetic sequencing for mutacional profile in these 
four families in Rio de Janeiro has demonstrated only the 
CCM1 gene affected (Table). Most lesions are in the supra-
tentorial location, with cortical-subcortical distribution. 
All the families have at least one kindred with multiple le-

sions at the brainstem and all of them asymptomatic de-
picting a different clinical behavior from sporadic ones 
whereas this location is a predictor for recurrent bleeding. 

Only two patients, both of them index cases, were 
submitted to surgical removal. One patient was a 18-
yrs-old male, with multiple bleeding episodes and clear 
growing of a right caudate CCM lesion that was ressect-
ed throghout frontal transcortical route. His 73-years-old 
father and a 40-years-old brother harbored multiple le-
sions and both of them were asymptomatic. All the oth-
er several lesions seen in this patient had never raised any 
manifestations in seven years of follow-up. The second 
one was a 40-yrs-old female, with progressive parapare-
sis up to the point of being wheelchair bounded. The tho-
racic spinal cord MRI of the thoracic spinal cord depict-
ed a typical CCM lesion leading to the intervention. There 
was no surgical intervention in any of the kindreds of our 
entire cohort of 9 families of our Neurovascular Program 
within seven years of follow-up.

Figure. (A) MRI T2-weighted imaging depicting a subcortical CCM in the left central area before GRE and SWI. (B). A recent T2*-weighted GRE 
sequence of the same area after resection of the lesion. (C) SWI sequence and additional CCM and associated DVA in the cerebellum. (D) SWI 
sequence and basal frontal and thalamic lesions. (E) SWI showing multiple lesions in a asymptomatic younger brother.
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DISCUSSION 

Our results of the familial CCM mapping are in ac-
cordance to the literature with clinical and neuroimaging 
findings depicting a favorable outcome in families harbor-
ing the CCM1 mutacional profile9. Some recommendations 
in the reviewed literature are the same for the sporadic 
lesion but a few differences should be highlighted. 

Anticoagulants, even prophylactic, or platelets inhibi-
tors should be avoided due to the higher risk for bleeding 
in CCM patients21. Cocaine and other illegal stimulating 
drugs may cause intracranial hemorrhage and should be 
also abandoned. 

Surgical removal is indicated in familial CCM when 
detecting pharmaco-resistent seizures, symptomatic re-
bleeding or progressive focal neurological deficit due to 
mass effect. The prognosis of familial CCM is not well 
known9 and most studies have shown an indolent course 
even with the evidences that 30% of the carriers will show 
new lesions18. 

As the MR sequences are progressing to increase sen-
sitiveness regarding lesion detection16 the question that 
arises is what is the significance of solitary or sporadic 
CCM and how many of them would end up as a hidden 
familial disease. Concomitant progress in molecular de-
tection of new mutants or a new gene (the CCM 4) and/ 
or higher neuroradiological detection capability will un-
cover the real incidence of the sporadic cavernous mal-
formation.

The identification of the three CCM genes uncover 
the future chances for molecular screening and individual 
clinical management. Even sporadic cases with multiple 
lesions can be considered genetically affected14. Unaf-
fected individuals pertaining to a well known CCM fam-
ily are the most challenging due to the uncertainty of 
imaging mapping. Relatives without CCM lesion, specially 
the young ones, may develop it later and even molecular 
screening is left with around 10% of uncertainty as there 
is a probability of finding the CCM 4 gene14. 

There is no clear consensus on recommendation for 
neuroimaging and/or molecular study of the asymptom-

atic relative of a CCM patient, even in the setting of fa-
milial disease, regarding clinical management.

In conclusion, the ongoing Project of Familial Cerebral 
Cavernous Malformations of Rio de Janeiro detected mu-
tations of the gene CCM1 in the first four families studied. 
Familial cavernous malformation are to be settled apart 
from the more common sporadic lesion that usually come 
to the neurologist attention. With the fast advance of of 
genetic background and neuroimaging for maping those 
families a set of recommendations was searched for in 
the literature in order to deal with these specific patients 
and kindreds.

ReCOMMendatiOns

1. In any case of suspected CCM a MRI with T2*-
weighted GRE or, even better, SWI sequence should be 
performed in order to exclude and/or better mapping 
multifocal lesions.

2. Whenever in doubt facing a new lesion with sur-
rounding edema, rapid recurrent hemorrhage or growing 
in size, there is no recommendation for stereotaxic biopsy. 
Microsurgical removal, with imaging-guided neuronaviga-
tion if necessary, is recommended. 

3. There is a recommendation to avoid anticoagulants, 
even prophylactic or platelets inhibitors due to the high-
er risk for bleeding. Cocaine and other illegal stimulating 
drugs may cause intracranial hemorrhage and should be 
abandoned too. 

4. Multiple lesions and pharmaco-resistent epilepsy 
may be challenging since the prognosis for seizure control 
depends upon very careful and accurate mapping of the 
epileptogenic lesion. Refractory seizures with temporal 
lobe lesion responsible for the clinical picture should be 
submitted to lesionectomy and, if possible, resection of 
the nearby gliotic tissue. If MRI shows additional ipsilat-
eral hipoccampus atrophy and/or high signal on FLAIR 
sequence concomitant amygdalo-hipoccampectomy may 
be considered.

5. Familial CCM, on the contrary of the sporadic 
ones, tend to have indolent brainstem lesions in our ex-
perience and should be managed conservatively unless 

Table. Germline KRIT1 mutations.

Exon Family Mutation (nucleotide*) Predicted effect (amino acid)

9 F 1 C712T L238F/splicing

10 F 2 +A@796 fs@266/X267

16 F 3 +T@1688 fs@563/X567

19 F 4 G2064A W688X

*Nucleotide position relative to ATG cDNA start; fs, frame shift.
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clearly growing in size or with bleeding approaching the 
surface. 

6. Family members should be followed expectantly. 
Surgery is considered only in cases with obvious growing 
lesions with mass effect or lesion with well documented 
recurrent bleeding.
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