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a B s T r a c T
Surgical indications for cerebral cavernous malformations remain significantly center- and surgeon-dependent. Available grading systems are 
potentially limited, as they do not include epileptological and radiological data. a novel grading system is proposed for supratentorial and cer-
ebellar cavernomas: it considers neuroradiological features (bleeding, increase in size), neurological status (focal deficits and seizures), location 
of the lesion and age of the patient. The score ranges from -1 to 10; furthermore, surgery should be considered when a score of 4 or higher is pres-
ent. Based on neuroradiological characteristics, 0 points are assigned if the ccM is stable in size at different neuroradiological controls, 1 point 
if there is an increase in volume during follow-up, 2 points if intra- or extra-lesional bleeding <1 cm is present and 3 points if the ccM produced 
a hematoma >1 cm. Regarding focal neurological deficits, 0 points are assigned if absent and 2 points if present. For seizures, 0 points are as-
signed if absent, 1 point if present, but controlled by medications, and 2 points if drug resistant. We considered the site of the ccM, and in case of 
deep-seated lesions in a critical area (basal ganglia, thalamus) 1 point (-1) is subtracted, while for subcortical or deep cerebellar lesions 0 points 
are assigned, for CCMs in a cortical critical area 1 point is assigned and in case of lesions in cortical not in critical area or superficial cerebellar 
area, 2 points are assigned. as far as age is concerned, 0 points are assigned for patients older than 50 years and 1 point for patients younger than 
50. in conclusion, a novel grading for surgical decision making in cerebral cavernomas, based on the experience of selected neurosurgeons, basic 
scientists, and patients, is suggested with the aim of further improving and standardizing the treatment of ccMs. The aim of this paper was also 
to call for both retrospective and prospective multicenter studies with the aim of testing the efficacy of the grading system in different centers.
(Cite this article as: fontanella MM, Bacigaluppi s, Doglietto f, Zanin l, agosti e, Panciani P, et al. an international call for a new grading system 
for cerebral and cerebellar cavernomas. J Neurosurg sci 2021;65:239-46. Doi: 10.23736/s0390-5616.21.05433-3)
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cerebral cavernous malformations (ccMs) represent 
5-10% of vascular malformations of the central ner-

vous system, with a prevalence of 1 in 200.1-3 Their clini-
cal course is generally benign, although the natural history 

of ccMs has not been fully elucidated, especially for the 
most common sporadic forms.

When is the case to operate on a ccM remains a con-
troversial topic.4 in the past, some neurosurgeons operated 
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We propose an international effort to collect data on as 
many patients as possible, also with the help of commu-
nities of patients, like the italian community of patients 
with ccMs (aiac)9 to validate the novel grading system 
for supratentorial and cerebellar cavernomas that we are 
proposing.

Proposed grading system

The proposed grading system is shown in Table i.
it is our recommendation that the process of surgi-

cal decision-making and planning should take into ac-
count the following elements in all patients with a ccM: 
neuroradiology, focal neurological deficit, preoperative 
epileptological status, site of the cavernoma and age of 
the patient. a large section of supplementary Material 
(supplementary Text file 1) examines every possible 
case built on this grading proposal and all were analyzed 
in detail. Taking each case into consideration, unrealistic 
cases are also proposed (especially for grade 3). This will 
allow each clinician to find their own and classify it pre-
cisely. a scheme can help to assign a score to all patients 
(Table ii).

Neuroradiology

imaging is essential for the diagnosis and Mri is the mo-
dality of choice over cT.3 for this grading, two fundamen-
tal neuroradiological aspects are considered: presence of 
acute bleeding and increase in size of the lesion. The litera-
ture supports the statement that the presence of an acute he-
matoma is the most important indication for surgery.4, 10, 11 

on asymptomatic patients to prevent bleeding and occur-
rence of seizures. in 2015, Michael lawton reported that 
“ccMs in the cerebral and cerebellar hemispheres can be 
resected safely, and surgery is indicated when young age, 
neurological symptoms, mass effect, hemorrhagic behav-
ior, accessible location, and low operative risk compare 
favorably to natural history risks.”5 The statement is ac-
curate, but it leaves still room for further clarification in 
surgical decision making. as ccMs have a fairly benign 
natural course, indications for surgery in many patients re-
main subjective. on the other hand, in cases of brain stem 
cavernoma, surgery is recommended only after the second 
bleeding,4 but no indications are available for cerebral or 
cerebellar cavernomas in case of progressive increase in 
size with or without occurrence of neurological deficit. 
specialized centers use different guidelines and frequently 
surgical recommendations largely reflect the surgeon’s ex-
perience.

grading systems are increasingly used to aid in medi-
cal decision making and their quality is systematically as-
sessed.6, 7 Zabramski’s classification8 is the most currently 
used radiological classification of CCM but does not cor-
relate with indications for surgery or outcomes. a clinical 
grading system was proposed in 2011 and validated in a 
single-center series,1 considers the location of the ccM 
and clinical status of the patient but does not include epi-
leptological and radiological data.

a grading system should be linked to prognosis and 
should be a guide in the choice of management, conserva-
tive or surgical, especially for asymptomatic lesions. The 
experience of the authors has guided the identification of 
the main elements related to the prognosis.

Table I.—� The proposed grading for CCMs. If the final score (resulting from the addition of the single points) is less than 4 there is no 
surgical indication, while if the score is 4 or higher than 4 the patient may be considered as a candidate for surgery.

factor to consider Patient’s condition Points assigned

Neuroradiology stable lesion 0
lesion increasing in volume in 2 Mris 1
intra- or extra-lesional bleeding <1 cm 2
Hematoma >1 cm 3

Focal neurological deficits No 0
Yes 2

seizures No 0
controlled by medications 1
Drug-resistant 2

site Deep-seated in critical area (basal ganglia, thalamus) -1
subcortical or deep cerebellar 0
cortical in critical area 1
Cortical not in critical area or superficial cerebellar 2

age >50 0
<50 1
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matic segmentation will become increasingly widespread, 
so that it will no longer be the diameter of the lesion to be 
considered, but its entire volumetric increase.13

ccM enlargement can be detected by comparing T2-W 
Mri sequences in follow-up exams, with either 1.5T or 
3T. High-resolution 3D T1-W sequences may be preferred 
to conventional T2-W sequences to obtain an accurate 
measurement of the maximum diameter of the lesion on 
a Pacs workstation, using reformatted axial, coronal, or 
sagittal images, which are automatically aligned to the pre-
vious examination. The exact size of CCMs can be difficult 
to determine on Mri; as the hemosiderin blooming artefact 
might cause its overestimation; therefore, we considered a 
minimum increase of 3 mm in any diameter to be confident 
of the size change.

for a lesion that remains stable or decreases in size in at 
least two follow-up Mris, 0 points are assigned.

of course, follow-up Mri can detect an increase in the 
size of the lesion and simultaneously an associated hema-

Bleeding can be defined by non-contrast CT and on MRI 
with combined evaluation of T1-weighted (W) and T2-W.3 
To indicate an intralesional or an extracapsular hematoma, 
the presence of blood must be clearly visible on images; 
the evidence of pre-existing bleeding cannot be considered 
an associated hematoma. We attribute this element 2 or 3 
points depending on the size of the hematoma.

When dealing with lesions lacking the evidence for 
haemorrhage, it is crucial to establish if any increase in 
size has occurred. There is evidence in the literature that 
an increase in size correlates with neurologic worsening. 
Menzler et al.12 performed a multivariate analysis of a ret-
rospectively analyzed cohort of 109 patients demonstrating 
that greater diameter of the cavernoma was associated with 
occurrence of epilepsy. We do not think that an increase in 
size should have the same weight as bleeding; therefore, 
we have attributed 1 point to ccMs that are enlarged by 
at least 3 mm in diameter. furthermore, in the near future, 
complex deep learning networks for cerebral lesion auto-

Table II.—� Surgical indications in patients with sporadic cerebral and cerebellar cavernomas.

stable lesion
(0)

growing lesion
(1)

Hematoma < 1 cm
(2)

Hematoma >1 cm
(3)

age>50
(0)

age<50
(1)

age>50
(0)

age<50
(1)

age>50
(0)

age<50
(1)

age>50
(0)

age<50
(1)

Deep seated (-1) No focal deficit (0) No seizures (0) -1 0 0 1 1 2 2 3
controlled seizures (1) 0 1 1 2 2 3 3 4
uncontrolled seizures (2) 1 2 2 3 3 4 4 5

Focal deficit (2) No seizures (0) 1 2 2 3 3 4 4 5
controlled seizures (1) 2 3 3 4 4 5 5 6
uncontrolled seizures (2) 3 4 4 5 5 6 6 7

subcortical (0) No focal deficit (0) No seizures (0) 0 1 1 2 2 3 3 4
controlled seizures (1) 1 2 2 3 3 4 4 5
uncontrolled seizures (2) 2 3 3 4 4 5 5 6

Focal deficit (2) No seizures (0) 2 3 3 4 4 5 5 6
controlled seizures (1) 3 4 4 5 5 6 6 7
uncontrolled seizures (2) 4 5 5 6 6 7 7 8

cortical in critical area (1) No focal deficit (0) No seizures (0) 1 2 2 3 3 4 4 5
controlled seizures (1) 2 3 3 4 4 5 5 6
uncontrolled seizures (2) 3 4 4 5 5 6 6 7

Focal deficit (2) No seizures (0) 3 4 4 5 5 6 6 7
controlled seizures (1) 4 5 5 6 6 7 7 8
uncontrolled seizures (2) 5 6 6 7 7 8 8 9

cortical not in critical area (2) No focal deficit (0) No seizures (0) 2 3 3 4 4 5 5 6
controlled seizures (1) 3 4 4 5 5 6 6 7
uncontrolled seizures (2) 4 5 5 6 6 7 7 8

Focal deficit (2) No seizures (0) 4 5 5 6 6 7 7 8
controlled seizures (1) 5 6 6 7 7 8 8 9
uncontrolled seizures (2) 6 7 7 8 8 9 9 10

Following the columns and rows on the left of the diagram, the following are reported: the location of the CCM, presence of neurological deficits and presence or 
absence of epileptic seizures and intersecting them with the rows and columns at the top of the diagram, which indicate the neuroradiological features of the lesion and 
the age of the patient, boxes are identified with the score of the case of interest. The cases with a score higher than 4 are considered as surgery recommended; regarding 
the cases with a score lower than 4, intervention is not recommended. Numbers are related to the strength of indication of surgery.
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altered action potentials of neurons surrounding ccM, 
following repeated microhemorrhages, and thus hemo-
siderin deposits; focal cortical dysplasia detected in some 
cases, and finally secondary epileptogenic foci may de-
velop in cases of continuous exposure to seizures.14 The 
risk of seizure recurrence after the first unprovoked sei-
zure is 94% and about 40% of patients with newly diag-
nosed cre obtain seizure control with antiepileptic drugs 
alone. Patients with cre who undergo surgical resection 
achieve postoperative seizure freedom in only about 75% 
of cases.14

The indication for surgery therefore is very high in 
case of drug-resistant seizure, in agreement with previ-
ous reports.4, 15-18 in this grading system, 0 points are as-
signed to ccMs that do not cause epileptic seizures, 1 
point in the case of seizures that can be controlled with 
drug therapy, and 2 points in case of drug-resistant epi-
leptic seizures.

a 24-year-old patient (1 point) with a cortical in criti-
cal area ccM (1 point), causing drug-resistant seizure (2 
points), would have a score of 4 according to our grad-
ing, reaching surgical indication even without bleeding or 
any neurological deficit, as indicated in the example 4B of 
supplementary Text file 1.

Site

ccMs can be found throughout the brain, and their suit-
ability for surgical management is largely determined 
by their precise location and the risk posed to surround-
ing structures compared to the risk associated with their 
natural history.19, 20 ccMs that present in more sensitive 
locations require scrutiny to weigh the risks and benefits 
of surgical alternatives. Thalamic, and basal ganglia loca-
tions are highly eloquent (figure 2). cortical critical ar-
eas are defined according with the definition of Lawton 
(figure 3).21 Therefore, the grading system can identify 
4 different group of locations attributing a maximum of 2 
points: the higher the score, the lower the risk of causing 
a neurological deficit with surgery.

if the lesion is located in a non-critical cortical area, 
2 points are assigned, if it is in a critical cortical area 
(figure 2) 1 point, if it is subcortical (meaning that the 
ccM is located at least 2 cm below the cortical surface) 
0 points, and if it is located at the level of the basal gan-
glia -1 point is given. Negative points can be assigned in 
scoring system, as for Treatment scoring of unruptured 
intracranial aneurysms,22 when their presence decreases 
the surgical indication instead of increasing it. a 45-year-

toma. in this case, points cannot be summed, and one con-
siders only the presence of hematoma, and thus the higher 
score (figure 1).

Focal neurological deficits

As the previous classification clarified1 that the presence 
of neurological deficits is a very important aspect to decide 
whether to operate a ccM. along with epileptic seizures, 
focal neurological deficits are one of the first clinical signs 
of ccMs. for this reason, we decided to assign 2 points 
to all patients in whom a neurological focal deficit is evi-
dent. 0 points are assigned if there is no focal neurological 
deficit.

a 60-year-old patient (0 points) with a subcortical ccM 
(0 points) associated with a hematoma smaller than 1 cm 
(2 points), without neurological deficit (0 points) or sei-
zure (0 points), would not reach the minimum score for 
surgical indication, as in indicated in score 2 of case 2N 
in supplementary Text file 1. The same patient with the 
same ccM, without seizure but with a focal neurological 
deficit (2 points), would reach the minimum score for sur-
gical indication, as reported in case 4T in supplementary 
Text file 1.

Seizures

seizures are the most common clinical manifestation of 
ccMs, occurring in 40-70% of cases.14 Pathophysiol-
ogy of ccM-related epilepsy (cre) is likely to involve 
multiple mechanisms:14 inflammatory astroglial scar with 

figure 1.—Bleeding ccM in the basal ganglia. ccM located in the right 
lenticular nucleus (epicenter in the pale nucleus) with the characteristic 
“popcorn” appearance in a 47-year-old man (a). Bleeding (>1 cm) of 
the lesion (B), as a hyperintense spot on T2W with surrounding oedema 
and correlated with severe right hemiparesis. Therefore, the score in this 
case is 5 – as indicated in the case 5T of supplementary Digital Material 
1 (supplementary Text file 1) – and surgery is indicated.
Neuroradiology: hematoma >1 cm (3 points); focal neurological defi-
cits: yes (2 points); seizures: no seizure (0 points); site: deep-seated in 
critical area (basal ganglia, thalamus; -1 point); age: <50 (1 point).

a B
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is not only an assurance of the experience of the surgical 
team, but also a higher guarantee of the presence of all the 
specialists needed to provide the best possible diagnostic 
and therapeutic management, such as the neuroradiolo-
gist, geneticist, neuro-intensivist, neuropsychologist, and 
neurophysiologist with experience in ccMs. Nowadays, 
several patient associations are present in different coun-
tries and can provide guidance on the most experienced 
hospitals and physicians for treatment of ccMs and share 
their experiences.

facilities and resources should take in account several 
tools, such as neuronavigation, intraoperative echogra-
phy, endoscopy, neurophysiological monitoring and sur-
gical techniques like awake surgery.

Nonetheless, before this is considered and regardless of 
what is available, a physician should provide an objective 
and consistent evaluation, especially to patients in whom 
the natural history of the disease is more favorable than 
the risk of surgery.

additionally, the follow-up of non-operated patients 
is very important to understand the natural history of the 
disease and to have a clear vision of the risk of bleeding 
and the onset of epileptic seizures and their control. This 
will only occur over many years with a high number of 
patients. for this reason, it is desirable that even patients 
who are not operated on rely on highly experienced cen-
ters.

The experience of the past decade has taught us how 
complex, if not impossible, it is to design a surgical grad-
ing system for all ccM pathologies, given that supra-
tentorial and cerebellar cavernomas are different lesions 
both in terms of their behavior and symptoms compared 
to brainstem ccM.23 it is necessary to divide the two dif-

old patient (1 point) with a thalamic ccM (-1 point) as-
sociated with a hematoma greater than 1 cm (3 points), 
without neurological deficit and seizure (0 points), would 
receive 3 points according to our grading system, failing 
to reach the minimum score for the surgical indication, as 
discussed in case 3Y of supplementary Text file 1. The 
same patient, with the same hematoma, but with a subcor-
tical ccM would receive 4 points, reaching the minimum 
score for surgical indication. This example can be found 
in case 4V in supplementary Text file 1.

Age

as surgical decision making is related to the natural his-
tory of the disease and cumulative risk, age should also be 
considered. age was already considered in the previous 
grading system.1 The system assigns 1 point to patients 
who are under 50 years of age.

Discussion
in most cases, sporadic supratentorial and cerebellar 
ccMs may be characterized as having a fairly benign 
natural course, but they can significantly impair the pa-
tient’s quality of life with seizures or hemorrhagic events 
causing neurological deficits. The indication for surgery 
is based on many factors, including the surgeon’s experi-
ence, available facilities and resources and, obviously, the 
patient’s desire. However, this grading system can guide 
neurosurgeons in planning surgery and postoperative 
care and, most importantly, informing patients and their 
families of the expected outcome. surgical experience is 
related with the number of cases treated. seeking treat-
ment in a center with a high volume of treated patients 

figure 2.—Deep-seated in critical area lesions (basal ganglia, thalamus). Figure 3.—Cortical critical areas are defined according to Lawton’s defi-
nition.21

a B
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eration in the design of a multicenter study is the fact that 
patients are usually classified into improved, stable and 
worsened after surgery, using several neurological scales 
such as gos scale or ranking scale. We therefore indi-
cate patients as improved only on a neurological point of 
view. some studies have shown that preoperative epilepsy 
does not significantly predict neurological outcome,8 but 
the improved control or disappearance of seizures should 
be considered after surgery, as this can significantly im-
prove the patient’s quality of life. Therefore, postopera-
tive evaluation should also include a detailed evaluation 
of pre- and postoperative and improvement that should 
not be evaluated only by neurological examination. a 
thorough analysis of outcomes, either after surgery or af-
ter conservative therapy, should also include serial neuro-
psychological evaluations and evaluation of reintegration 
into working and social life after surgery.25 finally, and 
even more importantly, quality of life assessments should 
be included in prospective, long-term assessment, since 
the aim of surgery is to maintain or improve the quality of 
life of our patients: what is a patient’s quality of life with 
the thought of having a cavernoma that can bleed at any 
moment?

The most recent guidelines on this pathology present 
rather low levels of evidence and are not able to give sur-
gical indications based on a grading of the pathology but 
rely heavily on clinical experience gained in recent years 
by expert surgeons.4 as stated in the guidelines:

• surgical resection is not recommended for asymp-
tomatic ccM, especially if located in eloquent, deep, or 
brainstem areas, nor in cases with multiple asymptomatic 
ccMs (class iii, level B);4

• surgical resection may be considered in solitary as-
ymptomatic ccM if easily accessible in a non-eloquent 
area, to prevent future haemorrhage, because of psycho-
logical burden, expensive and time-consuming follow-
ups, to facilitate lifestyle or career decisions, or in patients 
who might need to be on anticoagulation (class iib, level 
c).4

according to our grading proposal, a ccM described 
in point 2 reported in the guidelines would have a score of 
3 points, which is not sufficient for a surgical indication, 
since the minimum is 4. However, if we consider a young 
patient (<50 years) with the same ccM described above, 
a score of 4 is obtained which agrees with these guide-
lines, albeit weak in terms of statistical evidence.

entering age as a parameter within the surgical grading 
is essential as the risk of bleeding is represented by an an-
nual percentage, which is therefore greater in a younger 

ferent categories in order to obtain precise surgical indica-
tions from a grading system that does not claim to exhaust 
all ccM pathologies. for a similar reason, it is not pos-
sible to include pediatric pathologies in this grading, as 
was done in the previous one, since evolution in children 
can be very different compared to adults.24

Previous grading systems did not take in account one of 
the main indications to treat a ccM: the presence of epi-
lepsy. in our grading system, this issue is very important 
and can drive the decision to operate. in the grading sys-
tem we propose, a higher score indicates a greater chance 
that surgery may provide benefit.

It is difficult to define the indication for surgery on the 
basis of a score, but with the highest score (10 points), 
most patients will improve or be unchanged after surgery, 
while with the lowest score there is a greater chance that 
the patient will worsen after surgery. We have proposed 
to use a score of 4 as a cut-off, thus separating patients 
into two groups: less than 4, in which surgery represents 
a worsening of outcomes, and above 4, in which surgery 
can represent an improvement in outcomes. When the 
score is higher than 4, surgical treatment can be taken into 
consideration. We want to be clear that with a score lower 
than 4 it is not forbidden to operate on a ccM, but it is 
more frequent to have postsurgical complications than in 
the natural history of the disease.

in this grading system, general diseases are not con-
sidered as they can completely change the indication for 
surgery. in literature the size of the ccM does not clearly 
seem to be related to prognosis, although we decided to 
introduce increase of volume as a parameter for the sur-
gical indication. from analysis of the literature, it is not 
possible to detect a correlation between increase in size 
and bleeding or seizure, as in supratentorial ccMs. The 
previous grading does not consider the radiological evo-
lution of the lesion: it is intuitive that if we consider a 
lesion that continue to increase in size during follow-up, 
the lesion will sooner or later give rise to symptoms. We 
consider that the most epileptogenic cNs lesions can 
cause devastating cerebral haemorrhage. for this reason, 
we proposed that an increase in size should be considered 
as a parameter for the surgical choice.

such a score can have different limits and, most im-
portantly, needs multicenter validation, both retrospective 
and prospective. from a methodological point of view, it 
appears evident that many cases are needed, and a long 
study period is also of paramount importance to provide 
significant data on untreated patients.

another relevant issue that should be taken into consid-
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patient. it must also be considered that an older patient 
likely has a worse surgical outcome than a younger pa-
tient, due to comorbidities.

Another significant issue that needs to be addressed is 
how to follow-up untreated patients. The available litera-
ture does not provide a large amount of data on when pa-
tients should undergo neuroradiological, neurological and 
neuropsychological investigations. The costs of all the in-
vestigations that the patients will have to sustain through-
out their lifetime should also be quantified and justified.

One final consideration for CCMs that are surgically 
treated: so far, we have judged the risks of treating them, 
postulating that they do not recur after surgery. unfor-
tunately, many reports document the opposite, namely 
that “de-novo” cavernomas are much more frequent than 
previously thought. furthermore, surgery can sometimes 
lead to incomplete removals and long-term data on the 
bleeding risk of ccM remnants is of paramount impor-
tance.26

The described plan of action is ambitious but feasible, 
especially with the help of associations of patients with 
ccMs, who are the sole owners of the follow-up of their 
life.27

Conclusions

This paper reports a proposal for a novel grading system 
to be used in surgical decision-making in ccMs. its aim 
is to introduce the system, which requires multicenter, ret-
rospective and, even more importantly, prospective vali-
dation.
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