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Views and reviews

BRAINSTEM CAVERNOUS MALFORMATIONS

A review with two case reports

Adolfo Ramirez-Zamora, José Biller

Abstract — Central nervous system (CNS) cavernous malformations (CMs) are developmental malformations
of the vascular bed with a highly variable clinical course due to their dynamic nature. We present one case
of “de novo” brainstem cavernous malformation after radiation therapy adding to the increasing number of
reported cases in the medical literature, and the case of a pregnant patient with symptomatic intracranial
hemorrhage related to brainstem CMs to illustrate the complex nature in management of these patients,
followed by a review of clinical and radiographic characteristics. CMs account for 8-15% of all intracranial and
intraspinal vascular malformations. Although traditionally thought to be congenital in origin, CMs may present
as acquired lesions particularly after intracranial radiation therapy. Clinical manifestations are protean and
surgical treatment should be considered for patients with progressive neurologic deficits.
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Malformacédes cavernosas do tronco cerebral: uma revisio com relato de dois casos

Resumo - Malformagodes cavernosas (MFC) do sistema nervoso central sdo malformacoes do desenvolvimento
do leito vascular com muiltiplas apresentacdes clinicas devido a sua natureza dinamica. Apresentamos dois
casos de malformagoes cavernosas do tronco cerebral: o primeiro apds radioterapia e o segundo em paciente
gravida com hemorragia intracraniana sintomatica. MFC sao responsaveis por cerca de 8-15% de todas as
malformagdes vasculares. Embora tradicionalmente sejam genéticas, as MFC podem também ser adquiridas,
particularmente ap6s radioterapia. As manifestagdes clinicas sao variaveis e o tratamento cirdrgico deve ser

considerado para pacientes com quadros neurolégicos progressivos.

PALAVRAS-CHAVE: malformagdes cavernosas, epilepsia, “de novo”.

Central nervous system (CNS) cavernous malforma-
tions (CMs) are developmental or acquired vascular mal-
formations of the intracranial vessels increasingly recog-
nized with the widespread use of magnetic resonance im-
aging (MRI). Clinical presentation is heterogeneous, de-
pending on anatomical location and whether there is an
associated hemorrhage.

Brainstem CMs may present as a difficult paradigm for
treating clinicians. Recent discoveries in molecular genet-
ics continue to provide new insights regarding the etiolo-
gy of CNS CMs. Traditionally, CMs have been considered
congenital malformations but it is now clear that they
may also be acquired lesions particularly among patients
who have received cranial radiation therapy.

We present one case with a “de-novo“ brainstem CM
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following radiation therapy of a cerebellar astrocytoma,
and another patient who became symptomatic during her
pregnancy to highlight the challenging aspects regarding
treatment of these CNS vascular malformations.

CASES

Case 1

A 61-year-old right-handed woman had surgery at the age of
38, for a left cerebellar astrocytoma, followed by radiation and
ventriculo-peritoneal shunt, which required multiple revisions.
Seven years later, she developed progressive loss of equilibri-
um, double vision and progressive bilateral hearing loss. She was
found to have a midbrain hemorrhage. A catheter cerebral an-
giogram showed no abnormalities. She then had recurrent mid-
brain hemorrhages with permanent focal deficits including bi-
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Fig 1. T2-weighted gradient-echo, magnetic resonance imaging (MRI)
shows a midbrain cavernous malformation.

lateral internuclear opthalmoplegia (INO),disequilibrium, and
bilateral hearing loss (Fig 1).

Case 2

A 38-year-old right-handed woman, during her second preg-
nancy developed binocular horizontal diplopia secondary to a
right abducens palsy. MRI showed a dorsal pontine right CM.
Her diplopia resolved, and she had an uneventful vaginal de-
livery. A midbrain developmental venous anomaly was also no-
ticed. Neurologic examination was normal. Patient developed a
transient episode of fever associated with some coldness and
numbness of the 2™, 3, and 4™ digits of the left hand lasting
approximately 4 hrs.

MRI showed some interval evolution of the CM in the pos-
terior aspect of the right side of the pons, with some apparent
increase at the level of the brachium pontis, raising the possi-
bility of an interval episode of hemorrhage. Conservative treat-
ment was recommended (Fig 2).

CNS CAVERNOUS MALFORMATIONS

The recognition of abnormal arrangements of blood
vessels within the CNS dates back to Virchow in the early
19™ century'. In more recent years, Voigt et al.2 published
the first overview of the entity of “intracranial cavern-
ous haemangiomas* with emphasis in the incidence, lo-
calization, diagnosis and clinical findings. Over the next
decades, remarkable advances in the fields of patholo-
gy, genetics and neuromaging, have improved our under-
standing of this heterogeneous and rather complex group
of CNS vascular disorders.

CNS vascular malformations encompass four dis-
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Fig 2. T2-weighted gradient-echo,magnetic resonance imaging (MRI)
shows a right dorsal pontine cavernous malformation.

crete pathologic entities; (1) arteriovenous malforma-
tions, (AVMs) (2) capillary telangiectasias (CTs) (3) devel-
opmental venous anomalies (DVAs) and (4) cavernous
malformations.

Cavernous malformations are developmental malfor-
mations of the vascular bed, presenting as discrete, mul-
tilobulated lesions containing hemorrhages in various
stages of evolution (Fig 1). CMs appear as well-circum-
scribed, lobulated, darkened mulberry-like lesions. Patho-
logic characteristics include thin walls, simple endothe-
lial layer, thin collagen ring and lack of an internal elastic
layer, and no intervening neural tissue, thus differentiat-
ing them from CTs (Fig 3).

The immaturity of blood vessels also differentiates
them from DVAs®”. Evidence of previous hemorrhages
may be found in the form of hemosiderin deposition.

An association between CMs and DVAs has been in-
creasingly recognized. Approximately 10-30% of patients
with DVAs have an associated CM.

Etiology and natural history

The etiology of CMs remains incompletely under-
stood. Genetic analysis of families with multiple CMs has
shown the presence of at least three genetic defects: (1)
CCM1 gene, affecting chromosome 7 at band 7q11.2—q21
(protein product-KRIT1 protein), (2) CCM2 gene, involving
chromosome 7 at band p15—p13, (protein product- mal-
cavernin) and (3) CCM3 gene on chromosome 3 at band
3q 25.2-27 (PCD10 gene coding for a 212 amino acid pro-
tein lacking any known domains®”).

The CCMT1 locus appears to affect endothelial tube de-
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Fig 3. Histology of a typical cavernous malformation with endothelium-lined, sinusoidal cavities without oth-
er features of normalblood vessels, such as muscular or adventitial layer. Note the hemosiderin deposition
in lower left side.

velopment, having also a role in regulating b1 integrin-me-
diated angiogenesis through KRIT-T’.

The CCM2 locus (MGC4607 or malcaverin gene) en-
codes a protein containing a putative phosphotyrosine-
binding domain®. The CCM3 encodes for a 212 amino acid
protein lacking any known domains but linked to apopto-
sis, which is an essential process in arterial morphogenesis’.

These proteins appear to interact with the endotheli-
al cytoskeleton during angiogenesis, potentially explain-
ing the occurrence of these lesions in the CNS™". There
is also evidence suggesting a convergence of disruptive
pathophysiologic mechanisms involving the three CCM
genes through a similar (currently incompletely under-
stood) molecular pathway””.

Multilocus analysis of familial CMs shows 40% of kin-
dred linked to the CCM1 locus, 20% linked to CCM2, and
40% linked to CCM3®. All of these mutations follow an au-
tosomal dominant pattern of inheritance. There also ap-
pears to be an ethnic predisposition, with approximate-
ly 50% of Hispanic patients having a familial form, com-
pared with only 10 to 20% of Caucasians”™.

The familial form of cerebral CMs usually presents
with multiple CMs, in contrast to sporadic cases, where
lesions are usually solitary'. Importantly, there is no dif-
ference in the pathological features or clinical presenta-
tion of the sporadic and familial forms>*’.

CMs may also develop after viral infections, trauma,
and particularly following stereotactic or standard CNS
radiation therapy*. Local seeding along the tract may be
responsible in a majority of cases. Hormonal influences
have been implicated with an increase frequency of CMs
during pregnancies. Shahid et al. reported 76 patients with
“de-novo” CMs following radiation treatment".

CMs developed particularly among boys (mean age
11 years) who had radiation therapy for treatment of

medulloblastomas, gliomas, or acute lymphocytic leu-
kemia (ALL) in this decreasing order of frequency. The
pathophysiology of radiation-induced CMs formation
is not clearly understood, although the immature brain
among pediatric patients may be more sensitive to radia-
tion than the adult brain®.

CM s represent 8—15% of all CNS vascular malforma-
tions, with a prevalence of 0.1 to 0.5% based on large au-
topsy studies"”, similar to data from MRI studies showing
a prevalence rate of 0.39% to 0.9%. In approximately 40%
to 60% of cases of CM, lesions are solitary™. Multiple CMs
are observed in 15-33% of cases.

Clinical presentation

A highly variable clinical course is due to the dynamic
nature of these CNS vascular malformations®. CMs may
be asymptomatic and discovered by routine neuroimag-
ing studies. Most common manifestations at presentation
include seizures in approximately 40—50% of cases, fol-
lowed by headaches in 30% and intracranial hemorrhage
in 10—25%. The most common anatomic location of these
malformations is the frontal or temporal lobe. Eighty to
ninety percent of CMs are supratentorial, 15 % infraten-
torial, and 5% occur in the spinal cord. Average lesion size
of a CM is approximately 1.7 cm®™%,

Although not intrinsically epileptogenic, CMs can in-
duce seizures through their effect on surrounding brain
tissues, either through ischemia, venous hypertension, gli-
osis, inflammatory responses or hemorrhage from depo-
sition of ferric ions after erythrocytic breakdown caused
by repeated microhemorrhages. The estimated risk for sei-
zures is estimated at 1.5% / patient / year, or 2.48% per le-
sion / year among patients harboring multiple CMs?.

CMs may also present as intraparenchymal hemor-
rhages. Recurrent hemorrhages may be associated with
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clinical exacerbations. Spinal cord lesions, may present
with an acute or subacute myelopathy. Risk of clinical-
ly relevant hemorrhage is 0.4% to 2% per year among
those presenting with seizures or asymptomatic pa-
tients, while the annual rate of recurrent bleed is 4—5%
per year among patients presenting with symptomatic
hemorrhages®®?** compared with the estimated annual
bledding rate between 0.25%—0.7% / year in those with
no prior bleeding”®*. Risk of hemorrhage also varies ac-
cording to location. Among patients with deeply situated
CMS (brainstem, cerebellum, thalamus, or basal ganglia)
the initial annual hemorrhage risk of 4.1%, compared with
only 0.4% among those with superficial CMs**.

Progressive neurologic deficits has been particularly no-
ticed among patients with symptomatic brainstem CMs*?.
Patients usually present with unilateral or bilateral head-
aches, diplopia, face or body sensory disturbances, atax-
ia, arm or leg paresis, vertigo, dizziness, or dysarthria®®?.

Challenging issues exist among pregnant women har-
boring CMs. Pregnant women may be at higher risk of
complications of CMs. Size of CMs may increase during
pregnancy. Exacerbation of symptoms such as seizures and
headaches, symptomatic hemorrhages, and “de novo” ap-
pearance of CMs are common during pregnancy®**. There
has also been reported an increased risk of hemorrhage
after delivery®.

Expression of growing factors during pregnancy may
promote angiogenic processes and proliferation of new
vessels in CMs, which are normally dormant in adult brain
tissue®®. The management of CMs during pregnancy and
the peripartum period is based on when the symptoms
developed during the course of pregnancy. Other factors
to be consider include localization of CMs, presence of
neurologic deficits, and history of prior hemorrhages®.

Neuroimaging characteristics

CMs may be undetectable by cranial computed to-
mography (CT) in up to 30 to 50% of cases. When visu-
alized, they appear as oval or nodular-appearing lesions
with mild-to-moderate increased attenuation on non-
enhanced CT scans” with or without associated calci-
fications. Older lesions may contain hypo-attenuating
and non-enhancing areas, corresponding to cystic cavi-
ties from resolved hematomas. Approximately 70-94%
of CMs demonstrate mild-to-moderate enhancement af-
ter contrast administration.

With the advent of MRI, CMs have been increasing-
ly recognized, suggesting a higher prevalence than previ-
ously reported. MRI is the most sensitive diagnostic tool
to visualize CMs. Typically they exhibit a “popcorn-like’,
smoothly circumscribed, well-delineated appearance.
A low signal rim due to hemosiderin deposition may be
seen surrounding the lesions. Gradient echo (GE) sequenc-
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es may improve the sensitivity to detect small lesions and
previous areas of hemorrhage and it is particularly useful
in familial cases with asymptomatic lesions. Susceptibili-
ty-weighted imaging (SWI) is a new MRI sequence that al-
lows higher sensibility to detect CMs compared with T2-
weighted fast spin echo and T2*GRE sequences.

CMs are low flow lesions, hence, angiographically oc-
cult. If lesions are large enough or associated with hema-
tomas, mass effect can be appreciated on imaging studies.

MANAGEMENT

Management is usually considered for patients with
multiple episodes of clinically or radiographically appar-
ent hemorrhage or seizures. Optimal management of pa-
tients presenting with epileptic seizures is still a matter
of debate.

Baumann et al.” recently published a large non-ran-
domized study on seizure outcome after resection of sin-
gle supratentorial CMs. Predictors for favorable seizure
outcome after removal of CM include age >30 years, le-
sion size <1.5 cm, no additional seizure focus on EEG, and
presence of simple partial or complex seizures.

However, caution is needed when considering sur-
gery for treatment of epilepsy with cerebral CMs, because
these lesions may be frequently multifocal®. Larger le-
sions and those associated with bleeding are more likely
to be the source of epileptic seizures. However, smaller
lesions should not be taken for granted'. “Lesionectomy”
is often associated with excellent postoperative seizure
control in many patients, but complete lesion excision is
often necessary for adequate seizure control'®*2. When-
ever feasible, resection of the gliotic hemosiderin-stained
brain parenchyma around the lesion should be attempt-
ed. This is also true for cases of extratemporal lesional
epilepsy, where lesion resection alone has provided sei-
zure control rates varying from 65 to 95%.

Most patients harboring a single CM, undergoing “le-
sionectomy” for treatment of recent-onset, localization-
related epileptic seizures, are seizure free postoperative-
ly and up to half, may successfully taper -off all antiepi-
leptic drugs®®***.

One must always consider the possibility that the CM
identified on neuroimaging studies may represent an inci-
dental finding and play no role in seizure onset. This may
be the situation in up to 6% of cases of patients with CMs
and epileptic seizures®.

Similarly, patients presenting with focal neurologic
deficits due to hemorrhages may benefit from surgical re-
section. However, focal neurologic deficits due ruptured
CMs may often improve spontaneously.

Furthermore not every bleeding episode results in
significant neurologic impartment. Therefore, preventing
hemorrhage is not always an absolute indication for sur-
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gery*. This may not apply to CMs located in eloquent
brain areas, particularly those located in the brainstem.
Repeated hemorrhages from brainstem CMs are much
more common, and usually cause new neurologic defi-
cits”. With advancement of microneurosurgical tech-
niques surgical indications for brainstem CMs are evolv-
ing in parallel with our better understanding of the nat-
ural history, thus resulting in better perioperative out-
comes. Stereotactic-assisted surgical resection is consid-
er the optimal treatment for supratentorial lesions. Sur-
gery is often indicated for patients with progressive neu-
rologic deficits, overt acute or subacute hemorrhages on
MRI either within or outside CMs with mass effect; and
exophytic CMs reaching the brainstem surface’”.

The use of radiosurgery to treat CMs remains contro-
versial. New radiation protocols have shown good out-
comes for unresectable lesions, with a decreased risk of
bleeding, usually after a 1- to 3-year latent period®*™°.
However, other reports have shown higher risk of mor-
bidity among patients treated with radiosurgery®.
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