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The natural history of intracranial cavernous malformations
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Literature reports on the natural history of cerebral cavernous malformations (CMs) are numerous, with con-
siderable variability in lesion epidemiology, hemorrhage rates, and risk factors for hemorrhage. In this review, the
authors performed a meta-analysis of 11 natural history studies. The overall male-to-female ratio was 1:1, and the
mean age at presentation was 30.6 years. Overall, 37% of patients presented with seizures, 36% with hemorrhage,
23% with headaches, 22% with focal neurological deficits, and 10% were asymptomatic. Some patients had more
than one symptom. Seizure presentation was most prevalent among supratentorial CMs, while focal neurological
deficits were common in patients with infratentorial CMs. By location, CMs were in the cerebral hemispheres (66%),
brainstem (18%), basal ganglia or thalamus (8%), cerebellum (6%), and other (2.5% [combined supra- and infratento-
rial, callosal or insular]). Overall, 19% of patients harbored multiple intracranial CMs, and 9% had radiographically
apparent associated developmental venous anomalies. An overall annual hemorrhage rate of 2.4% per patient-year
(range 1.6%-3.1%) was identified across 3 studies. Prior hemorrhage and female sex were risk factors for bleeding,
while CM size and multiplicity did not affect hemorrhage rates. Although not impacting the hemorrhage rate itself,

deep location was a risk factor for increased clinical aggressiveness. (DOI: 10.3171/2011.3. FOCUS1165)
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soidal channels lined by a single layer of endothe-

lium 28192026 [n contradistinction to arteriovenous
malformations, these lesions do not have smooth muscle or
elastin in their lining, and they are angiographically occult.
Their prevalence across several reports ranges from 0.4%
to 0.6% of the population.®#'#222627 Since 1991, multiple
natural history reports have surfaced in the literature, with
significant dissension in regard to lesion epidemiology and
particularly hemorrhage risk. Herein, we review 11 stud-
ies describing the epidemiology, clinical presentation, and
natural history of these lesions in an attempt to elicit more
cogent data so as to clarify hemorrhage rates and risk fac-
tors for bleeding.

CAVERNOUS malformations are clusters of dilated sinu-

Methods

A PubMed search using the terms “cavernoma,’
“cavernous malformation,” “cavernous hemangioma,’
“natural history,” “bleed,” and “hemorrhage” was per-
formed. To minimize bias and to more naturally reflect
the clinical course of these lesions, surgical series were

excluded, leaving a total of 11 retrospective and prospec-

Abbreviations used in this paper: CM = cavernous malformation;
DVA = developmental venous anomaly.
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cavernous malformation

cavernoma ¢ hemorrhage -

tive natural history studies in the English-language lit-
erature for analysis. Accounting for de novo CM devel-
opment after birth, 4 retrospective studies were excluded
from our analysis of CM hemorrhage rates.

Results
Epidemiology and Clinical Presentation

Epidemiological data and information on patient
presentation were extracted from 10 natural history stud-
ies with a total of 837 patients (Table 1). The male-to-
female ratio was 1:1 (422 males and 415 females). The
mean age at presentation was 30.6 years. Across 9 studies
with 775 patients providing data on clinical presentation,
37% presented with seizures, 36% with hemorrhage, 23%
with headaches, and 22% with focal neurological deficits
(some patients had more than one).?78:117.202326.31 Ten per-
cent of patients were asymptomatic.

Across 9 series providing applicable data on cerebral
CM location in 1055 patients, 803 (76%) were supraten-
torial, 243 (23%) were infratentorial, and 9 (1%) were
both.278:14.1720.23.26.31 - Across 7 studies with 747 cerebral
CMs providing further detailed information on lesion
location, 491 lesions (66%) were located in the cerebral
hemisphere (lobar), 131 (18%) in the brainstem, 61 (8.2%)
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TABLE 1: Review of natural history studies of cerebral CMs*

B. A. Gross et al.

No. Mean No.w/  No.
No.of of Female/ Age Multiple — w/
Authors & Year Pts CMs Male  (yrs) Presentation Location CMs  DVAs Study Design
Aiba et al., 110 52:58 62 hemorrhage; 25 seizures; 52 lobar; 8 BG/T; 2 callosal; 15 prospective
1995t 23 incidental brainstem; 5 cerebellar
Cantu et al., 133 66:67 34.3 78 hemorrhage; 64 seizure; 62 73 lobar; 13 BG/T; 25 brainstem; 17 12 retrospective
2005 focal deficit; 57 headache; 3 8 cerebellar; 9 supra-/infraten-
incidental torial; 5 spinal
Del Curling et 32 76 1517 376 3hemorrhage; 16 seizure; 11 65 supratentorial; 11 infratentorial 6 retrospective
al., 1991 headache; 7 focal deficit; 6
incidental
Kimet al., 62 108 24:38 32.2 31 lobar; 5 BG/T; 10 brainstem; 3 13 retrospective
19971 cerebellar
Kondziolka et 122 62:60  37.3 61 hemorrhage; 28 seizure; 18 59 lobar/cerebellar; 43 brainstem; 25 2  prospective
al., 1995 headache 20 BG/T
Labaugeetal, 40 232 1921 33.3 19hemorrhage; 12 seizure; 5 176 supratentorial; 26 brainstem; familial retro-
2000 incidental; 4 focal deficit 30 cerebellar spective
Moriarity etal., 68 228 4424  34.6 9hemorrhage; 44 headache; 77 lobar; 13 BG/T; 16 brainstem; 25 13 prospective
1999§ 33 seizure; 31 focal deficit; 1 5 cerebellar
incidental
Porter et al., 173 85:88  37.5 44 hemorrhage; 62 seizure; 35 96 lobar; 12 BG/T; 2 insular; 1 3 22 prospective
1997 focal deficit; 11 headache; callosal; 52 brainstem; 10 cer-
21 incidental ebellar
Robinson et 66 76 30:36 34.6 6hemorrhage; 34 seizure; 30 55 lobar; 4 BG/T; 8 brainstem; 9 7 3 prospective
al., 1991 focal deficit; 20 headache; 9 cerebellar
incidental
Zabramski et 31 128 1813  25.0 16 headache; 12 seizure; 5 fo- 107 lobar; 6 BG/T; 5 callosal; 5 26 2 familial retro-
al., 1994 cal deficit; 12 incidental brainstem; 5 cerebellar spective

* BG/T = basal ganglia or thalamus; Pts = patients.
t Data on CM location were only provided for a subset of patients.

T Data on clinical presentation and hemorrhage on presentation were not provided for all patients. Data on CM location were provided for 49 lesions.

§ Data on CM location were provided for 111 lesions.

in the basal ganglia or thalamus, 45 (6.0%) in the cerebel-
lum, 9 (1.2%) were combined supra- and infratentorial, 8
(1.1%) were in the corpus callosum, and 2 (0.27%) were in
the insula.?7142023.2631 Across 7 general distribution stud-
ies with 656 patients, 125 patients (19%) harbored mul-
tiple intracranial CMs.”8:14.15:20.23.26 Developmental venous
anomalies were seen in 54 (9%) of 593 patients in 6 studies
reporting associated vascular malformations.”!5-20:23:26.31
Table 2 summarizes overall epidemiological, clinical pre-
sentation, and hemorrhage rate data.

Hemorrhage

Several retrospective analyses of CM hemorrhage
rates assume lesion presence since birth (that is, con-
genital); hemorrhage rates then would be calculated from
birth. Given the known phenomenon of de novo CM for-
mation,>6221.2431 however, such studies are inaccurate and
will underestimate the actual hemorrhage rates of these
lesions once they are discovered. The “congenital” theory
explains the extremely low annual hemorrhage in the of-
ten-cited early report by Del Curling et al.? of 0.25% per
patient-year or 0.1% per lesion-year.

To avoid underestimation, we reviewed the prospec-

tive natural history data in Tables 3 and 4; the latter ta-
ble presents data from familial studies. Using this basis,
hemorrhage rates are calculated from the onset of initial
discovery of the cavernoma, not from birth. Despite the ex-
clusion of retrospective reports, however, the data remain
quite heterogeneous. Robinson et al.?¢ reported an annual
hemorrhage rate of 0.7% per lesion-year. The studies of
Kondziolka et al.,’” Moriarity et al.,?* and Porter et al.?* re-
ported annual hemorrhage rates ranging from 1.6% to 3.1%
per patient-year. Across these 3 studies including a total of
363 patients followed up for 1121.5 patient-years, the over-
all hemorrhage rate was 2.4% per patient-year.>20-2* Rates
are calculated per patient-year by taking the quotient of to-
tal number of hemorrhages experienced by an individual
patient and the number of years the patient is followed up.
Thus, patients with multiple lesions may have higher hem-
orrhage rates as calculated per patient-year as opposed to
per lesion-year; the latter is the quotient of number of hem-
orrhages per lesion and years followed. Indeed, the greatest
annual hemorrhage rate of 3.1% per patient-year from the
study of Moriarity et al. was for 228 lesions in 68 patients.

In addition to a variable denominator used to report
hemorrhage rates, the definition of a CM hemorrhage
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Natural history of intracranial CMs

TABLE 2: Summary of epidemiological, clinical presentation, and
overall hemorrhage rate data*

Parameter Valuet

no. of studies reviewed 10

total no. of pts 837 (31-173)
male/female ratio 1:1(0.5-1.6:1)
mean age at presentation (yrs) 30.6 (25-37.6)
overall clinical presentation (%)

seizure 97
hemorrhage 36
headache 23
focal deficit 22
incidental 10
CM location (%)
supratentorial 76
infratentorial 23
supra- & infratentorial 1
lobar 66
brainstem 18
BG/T 8
cerebellar 6
callosal
insular 0.2
% pts w/ multiple CMs 19 (11-37)f
% pts w/ CM & DVA 9(2-19)
overall annual hemorrhage rate (per pt-yr) 2.4% (1.6%—3.1%)

annual hemorrhage rate (per les-yr) 0.7%8§
familial annual hemorrhage rate (per pt-yr) 51% (4.3%-13%)q
familial annual hemorrhage rate (per les-yr) 0.8% (0.6%—2%)Y

* les-yr = lesion-year; pt-yr = patient-year.

1 Data in parentheses represent ranges across reviewed studies.

T Excludes the familial study of Zabramski et al. in which 81% of pa-
tients harbored multiple CMs.

§ Only provided from the study of Robinson et al.

9 Hemorrhage rate for patients with a family history of cerebral CM.

varied significantly across these studies. Moriarity et al.?
and Robinson et al.?¢ used a stringent definition of extral-
esional blood and accompanying symptoms. Aiba et al.2
and Porter et al.>* used more lax radiographic definitions
of hemorrhage and generally relied on a clinical event.
The definition of hemorrhage in the study of Kondziolka
et al.’® was based solely on radiographic evidence.
Rebleed rates across these natural history studies
varied widely from 0% to 22.9% per patient-year.>!520
While the study of Robinson et al.?® was not adequately
powered to detect the impact of prior hemorrhage on sub-
sequent bleeding, the studies of Aiba et al.,> Kondziolka
et al.,’” and Porter et al.>* demonstrated a significantly in-
creased risk of rehemorrhage after an initial hemorrhage.
In fact, the studies of Kondziolka et al. and Aiba et al.
purported prior hemorrhage as the primary risk factor
for a subsequent hemorrhage, citing annual rehemorrhage
rates of 4.5% and 22.9% per patient-year, respectively. In
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contrast, Moriarity et al.?° reported no cases of rehemor-
rhage in their study. Importantly, however, of 68 patients
in this study, only 9 had hemorrhages, while 62 of 110 pa-
tients in the study of Aiba et al. and 61 of 122 patients in
the study of Kondziolka et al. presented with hemorrhage.
This intuitively demonstrates the greater power of these 2
studies to detect the clinical significance of a prior hem-
orrhage on subsequent bleeding, validating the maxim of
prior hemorrhage increasing the risk of subsequent bleed-
ing from a CM.

Consistent across our reviewed series, CM size and
the presence of multiple lesions did not impact hemorrhage
rates.>15202326 Age younger than 40 years old was seen as
a risk factor for hemorrhage in only 1 study.? Three of 5
reviewed natural history studies reported female sex as a
risk factor for hemorrhage.>?%?¢ This was in fact the most
significant factor increasing hemorrhage rates in the study
of Moriarity et al.,”* with an annual bleed rate of 4.2% per
patient-year for females as opposed to 0.9% per patient-year
for males. This study, along with the study of Robinson et
al.?® that reported an increased hemorrhage risk among fe-
males, used a consistent, stringent definition of CM hemor-
rhage: new symptoms and new extralesional blood. Porter
et al.?® reported CM location as the primary factor influ-
encing hemorrhage risk, citing a 4.1% per patient-year an-
nual hemorrhage rate for deep lesions (deep hemispheric
or brainstem). Although reported as a risk factor in some
retrospective studies as well,”!” all other prospective stud-
ies we evaluated did not demonstrate lesion location as
a significant risk factor for hemorrhage.>'>2*?" This can
likely be explained in part by the definition of hemorrhage
in each study. Moriarity et al. and Robinson et al. used a
strict definition of extralesional blood and new symptoms.
Kondziolka et al.’’ relied on radiographic evidence alone.
Porter et al.?* allowed for changes in lesion size with new
symptoms to be considered hemorrhagic events. While it
is not intuitive why changing the location of a CM would
increase its risk of hemorrhage, it is logical to expect more
subtle, morphological changes in a CM to present symp-
tomatically in eloquent locations. Furthermore, asymptom-
atic overt hemorrhage in a superficial location that would
be counted radiographically in the study of Kondziolka et
al. would not be accounted for in the study of Porter et
al. Thus, it is reasonable to consider deep CMs as clini-
cally more aggressive lesions owing to the sensitivity of
their location to more subtle lesional changes. This is fur-
ther underscored by the annual clinical event rate of 10.6%
reported in the study of Porter et al. for deep lesions.

Data across prospective familial studies were gen-
erally consistent, reporting annual hemorrhage rates of
4.3%-13% per patient-year and 0.6%-2% per lesion-
year.'®3! These ranges include asymptomatic, radiograph-
ic hemorrhage. Combining the data for 64 patients ob-
served for 116 patient-years and 362 CMs observed for
750 lesion-years, the annual radiographic hemorrhage
rate is 5.1% per patient-year and 0.8% per lesion-year.!!
Emphasis should be placed on rates per lesion-year in
these patients given the vast multiplicity of these lesions,
making their bleeding tendency ostensibly similar to
nonfamilial cases. In addition, these studies consistently
demonstrated a 0.4% new lesion rate per patient-year.'%-!
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Natural history of intracranial CMs

TABLE 4: Prospective familial natural history studies

Authors &  No. of No. of Hemorrhage Specific Hemorrhage New Lesion
Year Pts  CMs Hemorrhage Definition Yrs of Follow-Up Rate Rate Formation (per pt-yr)
Labauge et 33 234 hemorrhage on MRI 70 pt-yrs; 468 les-yrs  4.3%/pt-yr; 04
al., 2001 0.6%/les-yr
Zabramskiet 31 128 new symptoms & hemorrhage 46 pt yrs; 282 les-yrs  6.5%/pt-yr; 13%/pt-yr; 2%l/les-yr* 0.4
al.,, 1994 on MRI (may be intralesional) 1.1%/les-yr

* Includes asymptomatic hemorrhages.

Discussion

Quite consistently across most natural history studies,
patients presented at a relatively young age without a sex
predilection. With similar consistency across these stud-
ies—and as we reinforce, lesion distribution is generally
reflective of the distribution of CNS tissue without a fur-
ther biased tendency of CM localization—76% of CMs
were supratentorial and 23% were infratentorial. Impor-
tantly, location does impact patient presentation. Although
seizure was the most common presentation seen in our
review (37% of patients) and in other studies as well, it is
even more common in the subgroup of supratentorial le-
sions. In the study of Moriarity et al.,*® 53% of patients
with supratentorial lesions presented with seizures. Small
hemorrhages into noneloquent supratentorial parenchyma
may be silent, and thus a large number of supratentorial
CMs may go undiagnosed unless a patient presents with a
seizure. Reflecting the sensitivity of eloquent surrounding
tissue, patients with infratentorial lesions are more likely to
present with focal deficits; 64% of patients with infratento-
rial lesions in the study by Moriarity et al. presented with
focal deficits compared with 41% of patients with supraten-
torial lesions. Varyingly widely across our reviewed stud-
ies (9%—-59% of patients), we found that overall, 36% of
patients presented with hemorrhage. Intuitively, this rate,
along with the number of incidental cases, will vary with
the nature of the study and institutional referral pattern,
underscoring the utility of meta-analytical review. Indeed,
the true distribution of CM location and mode of presenta-
tion will depend on the percentage of patients presenting

with incidental lesions as opposed to those presenting with
symptoms referable to their CM.

Overall, approximately one-fifth of patients with ce-
rebral CMs will harbor additional lesions. This rate in-
creases significantly in familial cases to at least four-fifths
of patients.®! Seen in primarily sporadic cases, an associ-
ated DVA was noted in 9% of cases we reviewed overall.
This contrasts somewhat with primarily surgical series that
cite a greater association of approximately 15%-26% of
cases,'*?830 with some citing the potential of increased CM
aggressiveness when associated with these lesions.!32530
Even a causal relationship has been proposed'-*?* and has
been supported by multiple reports of de novo CM devel-
opment in the presence of a DVA.3%24 We have seen this
phenomenon in multiple cases at our institution as well
(Fig. 1). Mechanisms including hemorrhagic angiogenic
proliferation following microhemorrhage due to venous
hypertension® and venous outflow restriction opening pre-
existing arteriovenous connections® have been proposed.

In addition to de novo CM development in the pres-
ence of a DVA, this phenomenon has been extensively
noted following radiation therapy!!'*82! and in familial
cases.!3! We believe that the continued accumulation of
evidence of de novo CM formation, particularly in cases
in which a prior DVA was seen, underscores the fact that
these lesions are not congenital (Fig. 2). We think that
they develop in the presence of a venous anomaly in the
context of venous outflow restriction and resultant hemor-
rhage. This proposal is supported by the study of Porter
et al.,?* in which all 86 patients (including familial cases)
had associated venous anomalies seen at the time of sur-

Fic. 1. Case example. This 37-year-old healthy woman presented to an outside institution with headaches. Magnetic reso-
nance imaging only demonstrated a cerebellar developmental venous anomaly (A). Four years later, the patient presented with
acute severe headache and vertigo. She underwent suboccipital decompression at an outside hospital, and postoperative MR
imaging demonstrated hemorrhage from a de novo cerebellar CM (B). After transfer to our institution, the lesion was completely

resected (C).
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Theories for Cavernous Malformation Development

Congenital Developmental

Other Secondary to
Etiology Venous Anomaly

Fic. 2. Theories of CM development. Based on the senior author’s
extensive operative experience, the association of these lesions with a
developmental venous anomaly is almost universal.

gery. Only 32% of those seen intraoperatively were seen
on preoperative MR imaging, and only 14% were seen
on preoperative angiographic studies, underscoring that
these venous anomalies can be radiographically occult.

De novo CM development emphasizes the importance
of prospective natural history data as we review in Tables
3 and 4. Frank hemorrhage from these lesions may be a
result of venous congestion leading to turgor against the
thin endothelial walls of the lesion and resultant rupture
into the adjacent parenchyma. This mechanism is further
supported by evidence that the radiographic presence of
a DVA has been associated with a more aggressive clini-
cal course.'*?°3% Notably, subarachnoid hemorrhage from
cavernous malformations is rare, possibly because most
are parenchymal lesions that do not proliferate into the
subarachnoid space.

An overall annual hemorrhage rate of 2.4% per pa-
tient-year was seen across 3 natural history studies,!>2023
with an expected, lower 0.7% annual hemorrhage rate
per lesion-year reported in the study by Robinson et al.?®
Despite heterogeneity in defining CM hemorrhage, the 2
studies using the most stringent definition of hemorrhage
(extralesional hemorrhage and new symptoms) reported
the highest and lowest overall annual rates of hemorrhage
(0.7% per lesion-year®® and 3.1% per patient-year),?® provid-
ing validity to this range and our mean hemorrhage rate.
Most studies demonstrated increased hemorrhage rates
after a prior hemorrhage*!>> and in females.>?*?7 The lat-
ter is reinforced by several reports purporting a hormonal
responsiveness of CMs?2+2¢ and by the finding of estrogen
receptors on CMs.?* Gazzaz et al.? reported a case of a
26-year-old woman who suffered 4 hemorrhages from a
thalamic CM, each occurring 3 weeks after starting hor-
monal therapy and never recurring once hormonal treat-
ment ceased. The finding of a possibly increased rehemor-
rhage risk among younger patients in the study of Aiba et
al.2 may also be explained by hormonal influence. Finally,
several reports have suggested increased CM aggressive-
ness in pregnant patients.'>2¢ The increased venous pres-
sure associated with pregnancy may accentuate an already
compromised venous outflow in patients with CM.

Although not used in prospective studies to date, con-
sidering the first hemorrhage from a cavernoma as its gen-
esis and considering hemorrhage rates thereafter is a con-

6
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sideration that would likely underscore a more aggressive
natural history to these lesions. In addition, it would reveal
a true mean age of symptomatic presentation and would
provide greater internal validity for specific extrapolation
to the patient population seen by neurosurgeons and neu-
rologists, that is, patients with symptomatic CMs.

Other factors such as CM size and multiplicity did not
affect hemorrhage rates.>!3202326 The latter is reinforced
by a mean annual hemorrhage rate of 0.8% per lesion-
year (range 0.6%—2%) across familial studies in which
most patients harbored multiple CMs.!¢3! Underscored by
the 10.6% annual clinical event rate for deep CMs in the
study by Porter et al.,” lesions in eloquent locations are
likely to be clinically more aggressive, although actual
annual hemorrhage rates are generally not affected by le-
sion location.>!>2026 Importantly, there was no significant
difference in the degree of recovery between hemorrhagic
and nonhemorrhagic clinical events: approximately one-
third of patients had resolution of symptoms, one-third
improved, and one-third suffered permanent sequelae.?

Conclusions

Cavernous malformations generally present in the
younger population without a sex predilection. Supra-
tentorial lesions most commonly present with seizures,
while other modes of presentation include hemorrhage,
headache, and focal neurological deficits. Lesion distribu-
tion generally reflects the distribution of CNS tissue, with
the majority in the supratentorial compartment. One-fifth
of patients overall will harbor multiple intracranial CMs,
increasing to at least four-fifths in familial cases. Devel-
opmental venous anomalies are present radiographically
in approximately one-tenth of cases overall, although
they are likely to be more prevalent in aggressive lesions
and may play a role in CM development. An overall an-
nual hemorrhage rate of 2.4% per patient year was seen,
with prior hemorrhage and female sex increasing the risk
of subsequent hemorrhage. Cavernous malformation size,
multiplicity, and location did not affect hemorrhage rates,
although deep lesions were more clinically aggressive.
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