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Chapter 12
Cavernomas in Children

Nejat Akalan

12.1 Introduction

In spite of intensive research, pathogenesis of cerebral cavernomas has not yet
been elucidated. Cavernomas are originally believed to be primarily congenital
in origin and loss—of-function mutations in at least three genes has been demon-
strated in familial forms that are responsible for almost one third of the diag-
nosed cases. On the other hand, documented cases of de novo formation after
radiation therapy, at stereotactic biopsy trajectory and association with develop-
mental venous anomaly (DVA) brought controversy against the congenital
hypothesis. Similar to the true arteriovenous malformations (AVM), where sev-
eral theories have been proposed against congenital origin including inflamma-
tion, angiogenic and hormonal factors induced by hypoxia due to the presence of
DVA. Nevertheless, cavernomas detected at pediatric age including fetal period
suggest a congenital origin cannot be underestimated [1]. Diverse clinical course
of the disease in both familial and isolated cases has been explained by the exis-
tence of powerful genetic and/or environmental disease modifiers [2]. Currently,
there is no unifying hypothesis that would explain the occurrence of symptom-
atic cavernomas in a wide age spectrum beginning from fetal period. Ongoing
debate on the origin and pathogenesis of cerebral cavernomas raises the question
whether pediatric cavernomas should be regarded as a different disease entity or
as aresult of different germ-line mutations owing their diverse presentation com-
pared to adults [3].
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12.2 Epidemiology

Exact incidence of cavernomas remains unknown due to asymptomatic cases,
revealed in autopsy. Prevalence estimations depend mostly on either autopsy or
radiological series and the incidence has been reported to be 0.15-0.56 per 100,000
persons per year, with a prevalence of 0.17-0.9% while 70-95% of lesions remain
life-time asymptomatic [4-9]. Previous estimates are largely based on adult series
very few children have been included in those. Recent data argues they are not
uncommon and its prevalence ranges from 0.37 to 0.53%, being second most
common cause of spontaneous intracerebral hemorrhage in children, after AVMs
[10-13].

12.3 Clinical Presentation

Seizure, hemorrhage or focal neurological deficits which are cardinal presentations
of cerebral AVM are also valid for cavernomas. Cerebral cavernomas are typically
presented with seizures and focal neurological deficits due to mass effect and hem-
orrhage [5, 14-17]. Hemorrhage is the most feared complication for a true AVM
responsible for serious morbidity and mortality which all modes of treatment aim to
avoid. Although hemorrhage has also been presented as a major complication in
cavernomas, the magnitude and consequences of bleeding are incomparable to
AVM’s. Owing to their morphology, hemorrhage is episodic, confined within the
lesion; initially asymptomatic detected by radiology. While sudden bleeding from a
high-flow AVM can result with acute symptoms secondary to direct parenchymal
injury, cavernomas become symptomatic only after smaller, silent intralesional
hemorrhages reach a critical mass to disturb surrounding parenchyma [14, 18].
Discrepancy between AVM and cavernoma bleeding is believed to cause confusion
and misconception effecting especially natural history studies reporting a wide
range of frequencies, partly due to differences in definition of hemorrhage [19, 20].
Several associations such as American Heart Association and Angioma Alliance
have recommended standards to define cavernoma hemorrhage only with acute or
subacute onset symptoms concordant with radiological location, surgical findings
or pathological examination (Fig. 12.1). Presence of hemosiderin or enlarged diam-
eter of the CM is not considered hemorrhage [19, 21]. Nevertheless, symptoms
related to cavernoma hemorrhage following asymptomatic repeated episodes are
closely related to size and location. Those who have reached enough size at the
supratentorial area produce neurological deficits secondary to local mass effect usu-
ally preceded by sudden headache, impaired consciousness or seizure. Mixed series
with adult predominance report hemorrhage in 8-37% cases as the initial presenting
feature [22]. Among pediatric population, cavernomas represent 20-25% of
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Presentation Clinical Evidence

Acute or subacute onset
symptoms of headache,
seizure, impaired
consciousness, new/worsened
focal neurological deficit
referable to the anatomic
location of the cavernoma

Radiological, pathological,
surgical or cerebrospinal fluid
evidence of recent extra- or
intralesional hemorrhage

A mere existence of hemosiderin halo, or solely an increase in
cavernoma diameter without other evidence of recent hemorrhage,
are not considered as to represent a hemorrhage associated
symptomatology

Fig. 12.1 Criteria advised by Angioma Alliance Scientific Advisory Board for accurate definition
of cavernoma hemorrhage with matching symptoms with radiological, pathological or surgical
findings (Figure adapted from Salman RA-S et al. [21])

spontaneous ICH in children. Hemorrhage was observed in 33—64% of the pediatric
cases at the time of initial diagnosis [23-25]. Significant fatal hemorrhage is a rare
phenomenon compared to AVM’s, with a reported annual risk of 0.25-6% in caver-
nomas [5, 16, 26-29]. Although cavernomas are identified by repeated microhemor-
rhages, extralesional/parenchymal, subarachnoid and intraventricular hemorrhages
have also been described [30, 31]. Several clinical series report a higher propensity
for overt hemorrhage in women and children [30, 32-34] (Fig. 12.2). Cavernomas
situated in the vicinity of the ventricular system can cause blood oozing through the
disrupted ependyma during episodes of hemorrhage. Shirvani and Hajimirzabeigi
[35] have reviewed 136 intraventricular cavernoma cases in the literature where
23% of patients were in the pediatric and adolescent group and 19%, infants. They
have concluded that lack of perilesional brain tissue inside the ventricles promotes
the rapid growth and increases the probability of bleeding. These figures indicate
that the ratio of intraventricular location is higher in the pediatric age among symp-
tomatic cases (Fig. 12.3). It is not clear whether paraventricular location and rela-
tively large size is an evidence indicating pediatric cavernoma to be a different
disease entity compared to adults or simply early detection due to localization.
Similar concern is valid for infratentorial localization, published large series report
a higher incidence of infratentorial cavernomas in children over 30%, compared to
adult series [25, 36-38]. Contrarily, reported high incidence has been attributed to
the tendency to report such a less common location in the medical literature, rather
than reflecting the actual incidence [37]. Nevertheless, brainstem cavernomas, both
in adults and children, are presented with focal neurological signs almost always
accompanied by cranial nerve involvement along with motor deficits, ataxia and
even neuropathic pain [25, 36, 39] (Fig. 12.4). Neurological deficits are secondary
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Fig. 12.2 Cavernoma with extra-lesional, parenchymal hemorrhage presented with right sided
hemiparesis following focal seizure in a 3 year old boy; T2 weighed axial (a, b), coronal (c)
sections revealing a paraventricular lesion with mixed signal intensity surrounded by a rim of
hypointensity consistent with cavernoma and hyperintense extralesional signal at the neighbouring
cortex at the T1 weighed sagittal image (d), representing recent hemorrhage

to local mass effect rather than direct parenchymal injury although they invariably
exhibit varying degrees of micro hemorrhage in the brainstem.

An exclusive characteristic of cavernoma hemorrhage is that; even when they are
too small to be symptomatic, they may contribute to seizure development. Progressive
deposition of hemosiderin in the cerebral parenchyma surrounding the cavernous
malformation is a potent epileptogenic agent with the iron content [40, 41].
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Fig. 12.3 MR study of a 23 month old boy due to sudden irritability and nuchal rigidity revealing
subependymal lesion at the wall of the IV. Ventricle at medullar level, homogenous and hypoin-
tense in axial T2 (a) and coronal (c¢), and diffusion weighed (b) images; with adjacent DVA in T1
axial image with contrast (d), suggestive for a cavernoma apparent by oozing into the ventricle

Whether preceded by a recent hemorrhagic event or not, seizure is the most fre-
quent single presenting symptom in most of the published series [23, 42-48].
Bilginer et al. [23], in their review of 36 operated pediatric cavernoma cases found
that seizure was the most common single presenting symptom in 38.9%, added
those with additional symptoms and signs, 61.1%of the patients had had at least one
seizure on admission (Fig. 12.5).
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Fig. 12.4 12 year old girl admitted with the complaint of facial weakness on the right, with MR
request to rule-out a tumor revealing a non-homogenous lesion with hiper- and hypointense patchy
appearance on axial T1 (a) and T2 (b) and sagittal (c) weighed images, at the pontomedullary
junction at the level of facial nucleus, consistent with a cavernoma
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Fig. 12.5 Association of symptoms on admission in 36 pediatric cavernomas, demonstrating
recent hemorrhage is imaging corresponds closely to the presentation except that only seizures
where no recent hemorrhage was detected at the majority (Figure adapted from Bilginer et al. [23])

12.4 Natural History

“Understanding the natural history of a disease is an important prerequisite for
designing studies that assess the impact of interventions, both chemotherapeutic
and environmental.... may provide important indicators for drug targets and
surrogate outcomes for clinical trials. However, collecting and visualizing data on
natural history is challenging in part because disease processes are complex and
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evolve in different chronological periods for different subjects.” [49]. This concept
is valid for central nervous system diseases with congenital background, including
cavernomas. Cerebral AVM’s and pediatric aneurysms to some extent are vascular
pathologies with congenital origin and may stay asymptomatic during life-time.
Apart from those which become symptomatic by hemorrhage, intention to treat is to
avoid hemorrhage, once detected. Consequence of hemorrhagic insult is well
established as well as the life-time risks of bleeding with epidemiological natural
history studies. Accumulated data on their natural history enables to make
straightforward decisions for treatment in asymptomatic cases. Cavernomas, as a
member of central nervous system vascular malformations have disadvantages in
evaluating their natural history due to their diverse morphology and different flow
dynamics. This can be appreciated from the diversity of the estimations for
prevalence and hemorrhage rates reported so far.

Inconsistency among figures have several reasons; depending on the methodol-
ogy of the study and composition of the target population. Above all, hemorrhage
risk, as the main variable to be calculated has been appreciated differently in the
studies. Unlike AVM’s, the hemorrhage referred is almost always intralesional
recurrent oozing, not necessarily symptomatic. Symptoms usually depend on the
size and location of the cavernomas rather than the parenchymal disruption due to
hematoma. Adding cases with image based diagnosis to symptomatic cases may
result with under- or overestimation of the bleeding rate. Moreover, existence of the
familial vs. sporadic, congenital and de-novo, single or multiple, adult and pediatric
forms all together have a potential selection bias. Like all other vascular malforma-
tions, estimate of the natural history of cavernomas is important to compare the
untreated clinical course and outcome in terms of morbidity and mortality to risks
and complications of potential treatment.

Pediatric cavernomas detected even in infants may be regarded on the congenital
origin but estimates based on this assumption may result in an artificially low figures
because annual rate of bleeds before surgery overall may be underestimated as it is
impossible to quantify the length of time that a patient has had the lesion [19, 24].
On the other hand, calculations based on children who present with hemorrhage
may result in artificially high hemorrhage risk estimates. In adult series, while the
annual risk of hemorrhage in incidentally detected cases was found as 0.33%, while
the risk rebleeding after the first hemorrhage increases up to 60% [7, 16, 28, 50-55].
Nevertheless, Al-Shahi Salman et al. [7], in their population based cohort study of
139 adult cases, concluded that the risk of a first-ever intracranial hemorrhage is
low; functional impairment from hemorrhage is mild at initial presentation and
although the risk of recurrence is higher than the risk of a first event, it seems to
decline over time.

In limited number of recent publications in pediatric cavernoma series, hemor-
rhage rate was 0.2—1.6% in incidental cases and 7.4—18.2% after the first incident,
which are apparently lower than the average values in adult series [14, 24]. On the
other hand, brain stem location is brainstem was associated with a higher rate of
symptomatic hemorrhage [38, 56, 57].
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12.5 Treatment

For any cerebral vascular malformation whether symptomatic or has the potential
of initiating morbidity or mortality, definitive treatment modality is surgical exci-
sion. This is also valid for cavernomas as a member of cerebral vascular malforma-
tions. From surgical point of view, cavernomas, adult or pediatric, more likely
resemble cerebral benign tumors rather than vascular malformations. In fact, cav-
ernomas do not demonstrate the adverse properties of intra-axial tumors and
AVM’s that hamper resection. They are well circumscribed and can be differenti-
ated from the surrounding brain parenchyma without any invasion as seen in most
of the intra-axial tumors no high flow, arterial bleeding is expected within the
lesion, unlike AVM’s. These properties offer a rather safe and easy excision of a
cavernoma compared to most of the intra-axial lesions. On the other hand, as a
presumably congenital anomaly, diverse natural history along with the variable
size, multiplicity and eloquent location of cavernomas complicates the decision-
making process. Pediatric patients with cavernomas have additional disadvantages
such as having a higher probability of having hemorrhage with a longer life span,
facing detrimental effects of neurological impairments and seizures to neurocogni-
tive and psychosocial development. Moreover, although not universally confirmed,
pediatric cavernomas are reported to be larger, more aggressive at eloquent loca-
tions [22, 58, 59]. Epidemiologic studies based on autopsy findings assume that as
high as 95% of cavernomas may remain asymptomatic [60, 61]. This probability
supports the decision of observation in incidentally detected cavernomas espe-
cially when they are single, located supratentorially at a deep or non-eloquent
area. Although several studies have reported younger age as a risk factor for hem-
orrhage and worse natural history, exclusively pediatric case series stated compa-
rable hemorrhage rates with adults indicating age at time of diagnosis did not
correlate with hemorrhage risk [24, 38, 51, 62]. There is enough evidence for
managing conservatively an asymptomatic incidental cavernoma in a child, both
for presumably low risk of hemorrhage as well as minor consequences when
become symptomatic, due to non-eloquent location. Once detected, there is no
clear-cut policy on how frequently and for which criteria should an asymptomatic
cavernoma be followed. Annual magnetic resonance imaging is a logical option
although a life-time screening for a child seems to be irrational. There are conflict-
ing conclusions on how to manage silent growth based on radiology alone; whether
location or size is predictive for further hemorrhage and symptoms. While deep
hemispheric and brainstem locations are regarded as a risk factor by some, most
studies have failed to confirm this in adults [38, 63-69]. Size, as well as location
in terms of predicting hemorrhage is not regarded as a major risk factor in most of
the studies [28, 38, 42, 66, 67]. On the other hand, cavernomas associated with
developmental venous anomaly (DVA) have a higher risk of hemorrhage [22, 47,
63, 70-74]. Nevertheless, incidentally detected pediatric cavernomas with elo-
quent cortex or brainstem location, especially when accompanied by a DVA
require a close monitoring (Fig. 12.6).
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Fig. 12.6 Six year old boy, MR imaging after temporary conjugate gaze palsy following headache
revealed a pontine heterogenous lesion consistent with cavernoma supplemented by hipointense
rim and adjacent linear hypointensity (arrow), representing DVA (a). He was decided to be
followed until a second insult 4 years later at an age of 10, due to a new lesion posterior to the
regressed cavernoma (b)

Surgery is the single best treatment option for symptomatic as well as growing
asymptomatic cavernomas. Anticipated long life span of children weighed against
the natural history of cavernomas early aggressive treatment is advocated [75-78].
Mode of presentation related to the location of the lesion is the most important vari-
able dictating the timing and extent of surgical intervention. In most locations,
larger the size of the lesion provides easier access through the intervening paren-
chyma concerning the architecture of cavernomas have detectable demarcation and
less chance to bleed compared to most tumors and AVM’s. On the contrary, small
and deep seated cavernomas should not be recommended for surgery. Multiple
lesions, especially in familial forms whether asymptomatic or with symptoms that
cannot clearly be attributed to a single lesion, eloquent cortex and brainstem caver-
nomas, recently expanded lesions with perilesional reaction are difficult to decide
to treat.

12.5.1 Supratentorial Cavernomas

Seizure by far is the most frequent symptom for newly diagnosed supratentorial
cavernomas in adults except for those with extralesional bleeding. In children, neu-
rological impairment due to mass effect is more frequent than adults, either alone or
accompanied by seizures. Larger lesions tend to be more common as the age
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approaches to infancy. Lobar cavernomas with symptoms due to their size and
remote to eloquent cortex can be removed without morbidity through the shortest
trajectory from the non-eloquent cortex. Similarly, single lesions found incidentally
with a considerable mass in children are advised to be resected as the probability of
morbidity due to hemorrhage risk and further lesion growth during long life-span
outweighs surgical morbidity [79]. Regardless their size, periventricular caverno-
mas incidentally with an exophytic component extending into the ventricle are can-
didates for surgery to avoid rupture into the ventricle [80-83]. Ventricular location
provides safe approach without interrupting normal cortex and relatively direct
access to the lesion through ventricular surface (Fig. 12.7).

Decision for surgery is complicated for lesions at the eloquent cortex and those
presenting with seizures. Eloquent area cavernomas already symptomatic in children
should be considered for early surgery as progressive morbidity is inevitable if left
alone. Size and proximity to cortex may permit to reach the lesion through the
already compromised cortex without adding further morbidity. As cavernomas have
no intervening neural tissue or vasculature contributing to the surrounding, excision
is less likely to increase the morbidity (Fig. 12.8). Contrarily, eliminating the mass
effect is expected to counterbalance the injury of the limited cortical incision in
amelioration of the symptoms. Frameless stereotaxy or intraoperative ultrasound is
very helpful in determining the closest and less dangerous incision point and
trajectory to reach the lesion. One exception is a deep and small lesion where
reaching to the lesion requires considerable retraction. Observing for repeat
hemorrhages until the size reaches to a resectable size or progressive neurological
decline seems to be a more logical option.

Cavernomas manifested with seizures may be problematic for the surgical deci-
sion in children. For a cavernoma apparent with a single seizure along with mass
effect surgical treatment is straightforward. In those with drug resistant epilepsy or
seizure semiology that does not correspond the location of the cavernoma surgical
decision and the extent of resection is not easily justified (Fig. 12.9). With a single

Fig. 12.7 Intraventricular cavernoma situated in the III. ventricle; operated through anterior inter-
hemispheric transcallosal approach where encapsulated hematoma was observed at the foramen of
Monroe (a), excised without any neural tissue interruption except for a half centimeters of corpus
callosum (b). Yellow hemosiderin deposits over the ependyma (asterix), incision in corpus callo-
sum (arrows)
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Fig. 12.8 Right insular cavernoma in a left handed 5 year old boy disclosed due a temporary, sud-
den speech arrest and right hemiparesis, surgery through Sylvian dissection with the aid of naviga-
tion (a, b) cavernoma easily identified within the cortex (¢) and excision without interrupting the
neighbouring cortex hemosiderin ring (d)

Cavernoma & epilepsy Definition
association

Seizure with at least 1 CM and evidence of a

Definititive association ) . . . L
seizure onset zone in the immediate vicinity

Seizure with at least 1 CM and with evidence
Probable association that the it is focal and arises from same
hemisphere as the CM

Seizure with at least 1 CM with evidence that

Unrelated
they are not causally related

Fig. 12.9 Definitions for the association of epilepsy to the cavernoma proposed by Surgical Task
Force of the ILAE Commission on Therapeutic Strategies (*CM: Cavernoma) (Figure adapted
from Aker et al. [20] and Rosenow et al. [41])

seizure in the pediatric age, which is the most common most common neurological
symptom at the pediatric age, it may be challenging to prove cause and effect rela-
tionship. It might be more appropriate to observe the child if electrophysiology is
uninformative and the cavernoma is rather silent in terms of size and location. Those
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with recurrent focal seizures and seizure semiology concordant with cavernoma
location, excision provides the best chance for seizure freedom. When the patho-
physiological background of seizure related to cavernoma is considered, excision of
the hemosiderin deposition within normal parenchyma around the lesion is argued
for a better seizure control [44, 84, 85]. Particularly for lesions that are located non-
eloquently and in which the usually relatively small perilesional deposits can be
resected safely [44].

One other focus discussion is the resection extent in temporal lobe epilepsy
related cavernomas. As far as the surgery is aimed to eliminate the seizures rather
than the mass effect of the cavernoma, question is whether lesionectomy is enough
to achieve seizure control. For any given lesion at the mesial temporal lobe that has
been found responsible for seizures, extended mesial resections including hippo-
campus has been proven to be superior to lesion excision [86]. Likewise, there is
enough evidence that better postoperative seizure outcome is achieved with extended
resections over lesionectomy and hemosiderin rim alone in temporal lobe epilepsy
[44, 87-89]. In childhood temporal lobe epilepsy syndromes, extended cortical
resections including amygdala and hippocampus is argued to be superior to lesio-
nectomy for better seizure control even if the lesion including cavernomas is located
in temporal neocortex [90] (Fig. 12.10). This requires a thorough preoperative eval-
uation and testing to identify the epileptogenic zone in specialized epilepsy centers.

12.5.2 Brainstem

Unlike their supratentorial counterparts, significant morbidity exists with the surgi-
cal treatment of brainstem cavernomas. On the other hand, Both subsequent amount
of data is present in the literature that brainstem cavernomas have a higher rate of
symptomatic hemorrhage than cavernous malformations at other locations (brain-
stem [38, 56, 57]). Children with incidentally detected brainstem cavernomas with
lesions deep to the surface or prior hemorrhagic episode and acceptable neurologic
deficits should be followed conservatively. Nevertheless, once bled and become
symptomatic, progressive natural history of brainstem cavernomas ultimately
require surgical resection. Pediatric cavernomas are found to be larger than the adult
population and become symptomatic differently from their adult counterparts with
their relatively reduced intracranial volume indicating a potential for a greater mass
effect [37, 38]. Therefore, it is reasonable to accept that surgery may offer a high
probability of altering the natural history of the disease by preventing future hemor-
rhages and avoiding neurologic decline, as demonstrated on published surgical
series. Experience gained from brainstem surgery from low grade lesions of the
brainstem in children promotes surgical intervention whose longer life expectancy
increases the driving force to seek definitive treatment. As in the supratentorial loca-
tions, larger the cavernoma, less eloquent brainstem tissue is need to traversing to
reach the lesion. In respect to the location of the cavernoma within the brainstem;
mesencephalic, pontine or intramedullary, one of the standard posterior fossa
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Fig. 12.10 Drug resistant temporal lobe epilepsy cases, 8-year-old boy with cavernoma at the
right inferior temporal gyrus (a and b); 12-year-old girl, cavernoma detected on the left posterior
parahippocampus (¢ and d). Temporal lobectomy and amigdalohippocampectomy where both
cavernomas are situated within the limits of standard lobectomy borders were performed in
both cases

approaches such as midline suboccipital, retrosigmoid, supracerebellar-infratento-
rial can be utilized. Lesions that are exophytic or apparent by a hemosiderin-stained
area at the surface can be approached through a direct route (Fig. 12.11). Those
imbedded within the neural tissue require careful preoperative planning to estimate
the displaced tracts and find the safest entry point with minimal destruction.
Displacement by the lesion may result with unexpected morbidity when previously
defined safe entry zones are used. Again, once the lesion is reached, the morphology
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Fig.12.11 Brain stem (medullary) cavernoma in a 11 year old boy with swallowing difficulty and
conjugate gaze disturbance (a, b) operated through a midline posterior fossa telavolar approach;
hematoma detected at the floor of the ventricle within hemosiderin staining (¢), exposing the mass
after enlarging the ruptured area of the hematoma (d), leaving the hemosiderin stained tissue,
intact (e and f)

of the cavernoma allows safe excision with better appreciation of the normal tissue
interface compared to tumors and without the risk of unexpected bleeding as in
AVM’s. One important point to remember in both supra- and infratentorial caverno-
mas is to preserve the DVA, accompanying to subsequent number cavernomas.
Reader is advised to refer to the related chapters in this book for further information
about microsurgical techniques as there is no difference to mention separately for
pediatric cavernomas.

12.6 Radiosurgery for Pediatric Cavernomas

Stereotactic radiosurgery (SRS) has been used as an alternative treatment for symp-
tomatic cavernomas in elequent areas although it is not clear whether cavernomas
respond to high dose irradiation the same way as AVM’s [20, 91-93]. While studies
report that hemorrhage rates is expected to decrease after 2—4 years, there appears
to be a temporary increase in the hemorrhage rate up to 22.4% per patient per year
with temporary morbidity rates varying from 10.5 to 59% and from 1.7 to 22.7%,
permanently, in adult series (pri&pre). There is ongoing debate as to whether the
effects of SRS in fact merely reflect the cavernomas’ natural history [20] As far as
radiation exposure enhancing the genesis of new cavernoma formation in pediatric
cases along with no clear information existing for SRS optimal dose to reduce hem-
orrhage and unknown late effects of focused radiation in children, it seems irrational
to propose SRS for pediatric cavernomas.
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