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ABSTRACT

Introduction: Cavernous malformations (CM) of the central nervous system constitute rare vascular lesions. They
are usually asymptomatic, which has allowed their management to become quite debatable. Even when they
become symptomatic their optimal mode and timing of treatment remains controversial.

Research question: A consensus may navigate neurosurgeons through the decision-making process of selecting the
optimal treatment for asymptomatic and symptomatic CMs.

Material and methods: A 17-item questionnaire was developed to address controversial issues in relation to as-
pects of the treatment, surgical planning, optimal surgical strategy for specific age groups, the role of stereotactic
radiosurgery, as well as a follow-up pattern. Consequently, a three-stage Delphi process was ran through 19
invited experts with the goal of reaching a consensus. The agreement rate for reaching a consensus was set at
70%.

Results: A consensus for surgical intervention was reached on the importance of the patient’s age, symptom-
atology, and hemorrhagic recurrence; and the CM’s location and size. The employment of advanced MRI tech-
niques is considered of value for surgical planning. Observation for asymptomatic eloquent or deep-seated CMs
represents the commonest practice among our panel. Surgical resection is considered when a deep-seated CM
becomes symptomatic or after a second bleeding episode. Asymptomatic, image-proven hemorrhages constituted
no indication for surgical resection for our panelists. Consensus was also reached on not resecting any devel-
opmental venous anomalies, and on resecting the associated hemosiderin rim only in epilepsy cases.
Discussion and conclusion: Our Delphi consensus provides an expert common practice for specific controversial

issues of CM patient management.

1. Introduction

Cavernous malformations (CMs) are well-circumscribed, low-flow,
acquired vascular lesions characterized by thin-walled sinusoidal
channels, with no intervening normal parenchyma. They have been
estimated to affect approximately 0.5% (ranging from 0.2% to 0.9%) of
the general population, while the majority of the cases, up to 70%, are
asymptomatic (Washington et al, 2010). According to a
population-based study by Flemming et al. (2017), the prevalence of
cerebral CMs (CCMs) was 1 in 200 patients. However, the authors found
that only 1 in 2700 had symptoms (Flemming et al., 2017). Conse-
quently, only a small proportion of people with CMs come to medical
attention.

In many cases the management of CMs, when necessary, remains
highly debatable (Rauschenbach et al., 2022a; Herten et al., 2021;
Santos et al., 2020). It is generally accepted that the risks of any ther-
apeutic intervention should be out-weighed by the expected clinical
benefit (Dammann et al., 2021). Any therapeutic strategy should take
into consideration the natural history of the disease (Santos et al.,
2021a, 2021b, 2022a; Dammann et al., 2017a). Intraparenchymal
hemorrhage presenting with clinical symptomatology constitutes the
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most serious complication and the reason for treatment in the majority
of cases. It is well known that the risk of hemorrhage is higher in patients
with a history of a previous bleeding (Dammann et al., 2016; Santos
et al., 2023; Santos et al., 2022b; Horne et al.). However, CM-related
hemorrhages usually displace rather than damage the surrounding pa-
renchyma and the clinical course of these hemorrhages is relatively
benign. Therefore, there is good clinical recovery, and the overall
functional outcome in most cases is favorable, in the absence of any
recurrent bleeding (Taslimi et al., 2016).

Despite the rapidly growing knowledge, relevant clinical questions
and areas of controversy persist, which continue to impact the man-
agement of CMs. In our current study, we attempted to establish a Delphi
consensus on the treatment of these relatively rare but challenging
vascular lesions. This consensus data is intended to guide neurosurgeons
in the treatment decision-making process, to define the actual thera-
peutic options, and determine the optimal timing for intervention based
on experts opinion.
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2. Methods
2.1. Consensus description

The present study was completed in two phases. Initially, we
formulated a questionnaire, which addressed as many controversies as
possible, regarding CM management. The controversies were identified
based on a meticulous review of the relevant literature. We then con-
ducted a three-stage Delphi consensus process using a web-based survey
to formulate recommendations for the management of CMs. A response
rate of 80% or greater would validate our consensus. The threshold for
inter-reviewer agreement was set at 70%. The current consensus did not
include patients or patient data and therefore required no Institutional
Review Board approval.

2.2. A priori assumptions

Our consensus focused on the treatment of CMs, either with surgical
excision or with stereotactic radiosurgery. We did not address pathol-
ogies other than CMs, except for coexisting developmental venous
anomalies (DVAs) and the surrounding hemosiderin rim. Likewise, we
did not address areas other than the treatment of CMs, such as the
epidemiology, pathogenesis, diagnosis, or prognosis.

2.3. Questionnaire development

Three authors (AGB, AK, AT) reviewed the relevant literature on the
management of CMs to identify potential controversies. A lead author
(KNF) resolved any disagreements among the authors. None of the de-
velopers participated in answering the questionnaire. The authors
identified several controversial topics, including i) potential treatment
modifiers, ii) adjuvant pharmacotherapy, iii) additional diagnostic
modalities required for surgical planning, iv) optimal treatment mo-
dality, v) treatment of the associated hemosiderin rim, vi) optimal
treatment of the coexisting DVAs, vii) follow-up timetable, and viii) role
of stereotactic radiosurgery. Furthermore, the developed management
questions were stratified by patient age [children and young adults (<35
years), middle-aged patients (36-65 years), and elderly (>65 years)],
clinical presentation (asymptomatic, after the first hemorrhage, and
after the second hemorrhage), and lesional anatomic location (eloquent
cortex, basal ganglia, brainstem and spinal cord). We considered in our
consensus as eloquent cortical areas, the primary motor, somatosensory,
visual, and auditory cortex, as well as the Broca’s and the Wernicke’s
areas (Radiopaedia; Kahn et al., 2017). In total, the questionnaire
included 17 semi-closed questions (supplementary material). For 13
questions, the respondent could give a short alternative answer, whereas
for the remaining four questions, the respondent had the option of
formulating a longer response/proposal. Among them, four questions
allowed respondents to provide more than one possible answer.

2.4. Panelists

The lead author invited the panelists by e-mail. Panelists included
known experts in the treatment of CMs, with a documented clinical and
academic interest and experience on the topic. In addition, authorities
with surgical background or experience in stereotactic radiosurgery
from Europe or the United States, who have been involved in guideline
and/or consensus development, were included. A minimum of 10-year
clinical practice was required for participation. None of the panelists
were involved in the initial identification of the examined controversial
issues.

2.5. The delphi process

After reviewing the relevant literature, we created 17 questions in a
Word document. In the first round, the senior authors mailed the first
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draft to the panelists to get their feedback on the content of the ques-
tionnaire. Then, all responses were edited and comments, changes, and
suggestions incorporated into the web-based questionnaire. In the sec-
ond round, the questionnaire was created using Google Forms and
emailed to the panelists. They answered the survey online and anony-
mously, and their responses were recorded. We highlighted the com-
ments in the short and long semi-closed questions. If more than three
respondents addressed the same comment, the questionnaire was
rephrased to include the comment as an additional choice, and then the
second round was re-ran. The panelists met during the “LINC III"
meeting in Athens, Greece, and the results were presented for analysis
and discussion. In the third and final round, we drafted a statement
based on the survey results and sent it to the panelists for their approval
on style, format, and wording.

2.6. Statistical analysis

We summarized the results using counts and percentages, while the
results were presented in pie- and bar-charts. The statistical analysis was
conducted automatically by the software Google Forms.

3. Results
3.1. Basic consensus characteristics

From 19 invited panelists, 17 experts responded to the survey and
consistently participated in all three rounds. Thus, the survey reached a
response rate as high as 89.5%. All respondents answered the complete
survey except for Questions 3, 5, and 17 (15, 7, and 16 respondents,
respectively).

Question 1: Clinical modifiers of treatment

Our panel of experts agreed that it is of utmost importance to
consider the patient presenting symptoms (17/17), followed by a hem-
orrhage recurrence (14/17), and the patient’s age (13/17). Familial
predisposition (7/17) does not seem to be an essential factor to consider
when planning CM treatment.

Question 2: Imaging modifiers of treatment

Our panelists agreed that it is helpful to consider the lesion size (16/
17), and its anatomic location (15/17). There was no agreement in
considering the total number of lesions (8/17), nor the presence of a
coexisting DVA (9/17).

Question 3: Additional imaging or electrophysiological work-up

The experts agreed (13/15) that the use of advanced MRI modalities,
including diffusion tensor imaging (DTI) and diffusion-weighted imag-
ing (DWI), remains the most valuable tool. However, electroencepha-
lography (6/15), and/or invasive electrophysiological investigation (4/
15) were not recommended for management planning.

Question 4: Prophylaxis using anti-thrombotics/thrombolytics for
systemic diseases

The panel of our experts did not recommend against using anti-
thrombotics/thrombolytics when this is deemed necessary (14/17).

Question 5: Adjunct pharmacotherapy
Our panel reached no consensus on the use of any adjunctive phar-

macological treatment such as p-blockers, statins, acetic salicylic acid, or
fasudil.
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Question 6: Optimal management of asymptomatic (incidental) CM
in children and young adults

The experts agreed that observation remains the optimal manage-
ment option in lesions located at eloquent cortical (12/17), and deep-
seated areas (12/17). However, they did not reach an agreement on
the optimal treatment for asymptomatic CMs in non-eloquent areas (11/
17).

Question 7: Optimal management of asymptomatic (incidental) CM
in middle-aged adults

Our current study participants agreed that observation remains the
optimal management option in lesions located at eloquent cortical (12/
17), and in deep-seated areas (12/17). However, there was no agree-
ment on the optimal treatment for asymptomatic CMs in non-eloquent
areas (11/17).

Question 8: Optimal management of asymptomatic (incidental) CM
in elderly

Our panel of experts agreed that observation remains the optimal
treatment in lesions located at eloquent cortex (15/17), in deep-seated
areas (15/17), and in non-eloquent areas (15/17).

Question 9: Optimal timing for the surgical excision of deep-seated
CM

For lesions located at the basal ganglia or thalamus, the panel of
experts agreed that the optimal timing for surgical resection is when
they become symptomatic or after the second hemorrhage (14/17).
Similarly, for lesions located at the brainstem, the panel agreed that the
optimal timing is when they become symptomatic or after the second
hemorrhage (14/17). On the other hand, there was no agreement
amongst the experts regarding the optimal timing for surgical resection
of spinal cord lesions.

Question 10: Alternative options in managing incidentally discov-
ered CM hemorrhage

The experts agreed that observation (14/17) is indicated for clini-
cally silent hemorrhages. Interestingly, 10/17 of the participants rec-
ommended observation independent of the MRI findings, while a
minority (4/17) proposed intervention, when there is any change in the
size of the hemorrhage.

Question 11: Optimal management of DVAs associated with a CCM

Our panelists agreed (15/17) that avoiding surgical removal remains
the optimal approach for coexisting DVAs.

Question 12: The optimal management of the hemosiderin rim

The participants agreed that the associated hemosiderin rim should
be removed only in patients presenting with epilepsy (13/17).

Question 13: Optimal timing of early postoperative imaging follow-
up

No consensus was reached regarding postoperative imaging. The
relative majority (7/17) suggested obtaining a brain MRI on the first
postoperative day, followed by three experts suggesting an MRI in the
first postoperative week, while three others advocated performing one
within the first postoperative month.
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Question 14: Optimal timing of intermediate postoperative imaging
follow-up

The relative majority of our participants suggested performing an
MRI annually for the first three years (6/17) or with the presentation of
any new neurological symptomatology (6/17). However, the percentage
of agreement did not allow the establishment of a valid consensus
recommendation.

Question 15: Optimal timing of late postoperative imaging follow-up

The relative majority of the participants suggested performing an
MRI with the onset of any new neurological symptomatology (7/17).
Many of the participants take into consideration the number of lesions,
and/or the presence of any genetic factors (6/17). However, the per-
centage of agreement did not allow the establishment of a valid
consensus recommendation.

Question 16: The role of SRS in CCM in eloquent areas

Eight experts (8/17) from our panel agreed that SRS has no role in
the management of eloquent area CCMs. However, the percentage of
agreement did not allow the establishment of a valid consensus
recommendation.

Question 17: The role of SRS in CM in deep-seated areas

Eight experts (8/16) from our panel agreed that SRS has no role in
managing deep-seated CMs. However, the percentage of agreement did
not allow the establishment of a valid consensus recommendation.

A summary of the most important points is depicted in Fig. 1.

4. Discussion
4.1. Background

The management of CMs was based on a surgeon’s experience and
thus was significantly variable from center to center. Traditionally, an
expert’s opinion was the criterion for making the treatment decision, as
well as the selection of the treating method, mainly due to the lack of
high-quality evidence in the literature. During the last few years, various
expert consensuses on their management, practice recommendations,
and guidelines issued by different organizations have increased the
strength of evidence of the decision-making process. However, many
aspects of the management of these patients still remain highly disput-
able, with frequently contradictory suggestions, and diametrically
opposite approaches. Our current Delphi consensus attempted to
address these controversial issues, and provide a common practice in the
management of these challenging cases (Fig. 2).

4.2. Natural history of CMs

Thorough knowledge of the natural history of CCMs and their spinal
counterparts is of paramount importance in the management decision-
making process. A recently published meta-analysis reported that the
five-year hemorrhagic risk of CCM patients was 15.8% (13.7-17.9%)
(Horne et al.). The authors also found that the annual risk of re-bleeding
significantly declines over time (Horne et al.). Unfortunately, the
available data on the natural history of intramedullary spinal cord CMs
are quite sparse (Santos et al., 2021a; Cohen-Gadol et al., 2006). A
meta-analysis including 40 previously published studies reported that
intramedullary CMs show an annual hemorrhage rate of 2.1% (Badhi-
wala et al., 2014).
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Sympotmatology

Clinical Parameters

Prior hemorrhage

Imaging Features

Anatomic Location

Observation is suggested as the optimal management for asymptomatic CMs in elderly
Optimal timing for surgical resection of deep-seated CCMs is when they become symptomatic or after the second hemorrhage
Observation is suggested as the optimal management for clinically silent (asymptomatic) CM hemorthages

Avoidance of surgical removal of coexisting DVAs
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Fig. 1. Graph representation of the top six agreement points of our consensus. It is noteworthy that the agreement rate was >80%.
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Fig. 2. A schematic representation of a suggested management algorithm based on our current CM consensus. This depicts a graphic representation of the clinical

applicability of our consensus.

4.3. Clinical & genetic parameters affecting management

We were able to reach a consensus on the clinical factors affecting the
decision-making process. The presence of symptoms was unanimously a
factor for surgical resection of the underlying CM. This is in agreement
with the previously published US Angioma Alliance guidelines recom-
mending surgical resection for deep-seated CMs when symptomatic
(class IIb, level B evidence) (Akers et al., 2017).

Moreover, 82.4% of our participants consider the second hemor-
rhage as an absolute indication for surgical resection of thalamus, basal
ganglia, and brainstem CMs. Our currently proposed strategy is some-
what different than the US Angioma Alliance recommendations (Akers
et al., 2017). Similarly to our consensus, they recommend surgical
removal for brainstem CMs, after the second symptomatic bleeding

(class IIb, level B evidence) (Akers et al., 2017). However, they recom-
mend surgical resection for basal ganglia and thalamus CMs after the

first hemorrhage (class IIb, level B evidence) (Akers et al., 2017). It has
to be mentioned that there is a growing body of evidence suggesting
surgical resection even after the first episode of hemorrhage for brain-
stem CMs, since these lesions are characterized by the highest risk of
recurrent bleeding (Santos et al., 2022b, 2023). Padney et al. (Pandey
et al., 2013) stated that symptomatic deep CMs in the brainstem, basal
ganglia, and thalamus demonstrate an aggressive behavior. Therefore,
early surgery provides excellent clinical results and protects against
future hemorrhages (Pandey et al., 2013). Similarly, a recently pub-
lished international Delphi consensus provided level III evidence on the
surgical management of brainstem CMs (Dammann et al., 2022). A panel
of experts recommended conservative treatment for asymptomatic le-
sions, and surgical intervention after the first hemorrhage causing mass
effect. A recurrent hemorrhage with progressive neurological deficit also
constitutes an indication for surgical resection. They stated that the
preferable timing for a resection is between 4 and 8 weeks after the last
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hemorrhagic event. They considered that there was no difference,
regarding their management, between sporadic and familial cases
(Dammann et al., 2022). However, it is noteworthy that the proportion
of uncertainty about expected postoperative outcome or indication for
surgery in treated cases was 19.2% (range 5%-50%) (Dammann et al.,
2022).

No consensus was reached by our panel of experts regarding the
optimal management of spinal cord CMs. The US Angioma Alliance set
of guidelines have identified that the indications for resection of spinal
CMs after the first hemorrhage are weaker (class IIb, level C evidence)
(Akers et al., 2017). Several studies in the literature report that a new
onset of symptoms and/or imaging evidence of hemorrhage constitutes
strong indications for surgical resection of spinal CMs (Rauschenbach
et al., 2022b; Mitha et al., 2011; Flemming and Lanzino, 2020). Mitha
et al. (2011) postulated that a symptomatic spinal CM, or imaging evi-
dence of hemorrhage, or CM enlargement, represents indications for an
urgent resection.

Surgical resection of a CCM is also considered in patients presenting
with cavernoma-related epilepsy. The goal is to reduce the hemorrhagic
risk and thus to abolish seizures. It has been demonstrated that CCM-
related drug-resistant epilepsy patients have shown high percentages
of seizure freedom, after resecting the underlying CCM (Dammann et al.,
2017b; Rosenow et al., 2013; Baumann et al., 2007).

A consensus was also reached (agreement rate: 76.5%) regarding the
importance of the patient’s age as a determining factor intervention,
with younger age favored for surgical intervention. In contrast, no
consensus was reached regarding the actual role of familial CMs in the
decision for surgical resection, since only 41.2% of our participants
considered that as an indication for intervention. In surgically accessible
brainstem CMs after the first hemorrhage, even in cases with mild
clinical presentation, the patient’s age seems to play a pivotal role in the
treatment decision (Dammann et al., 2022). A previous consensus also
stated that symptomatic lesions are managed according to similar
criteria in sporadic and familial cases (Dammann et al., 2022). It has to
be pointed out though that Al-Holou et al. (2012) have reported that the
annual bleeding risk in children and younger adults with CCM is similar
to the one reported for older adults, with the exception of familial cases.
Likewise, Santos et al. (2021b) found that pediatric patients carried
similar risk of (re)-hemorrhage compared to adults, in a five-year
observational period.

4.4. Imaging parameters affecting management

The actual role of imaging characteristics of CMs in the decision for
surgical intervention was examined in our consensus. There was a 94.1%
agreement regarding the importance of the CM size, while an 88.2%
consensus was reached on the impact of the CM anatomic location on the
management planning. Contrariwise, no consensus was reached on the
role of multiplicity of the lesions (agreement rate: 47.1%), and the ex-
istence or not of an associated DVA (agreement rate: 52.9%). According
to the pertinent literature, various parameters have been identified as
factors influencing the natural history, and consequently the treatment
decision-making (Dammann et al., 2013, 2017a; Chen et al., 2020;
Rauscher et al., 2023). However, there is contradictory data regarding
the exact role of these factors including lesion size and multiplicity
(Gross et al., 2011). In the brainstem, both CM location and size are key
factors for selecting the proper management strategy (Santos et al.,
2020; Dammann et al., 2022). Similarly, increased size is considered to
be an indication for an urgent CM resection in spinal cases (Mitha et al.,
2011). It is clearly proposed that CM location and clinical presentation
are the most important factors in determining the proper management
and treatment (Akers et al., 2017; Pandey et al., 2013; Dammann et al.,
2022; Mouchtouris et al., 2015). Moreover, Winter et al. (2021)
demonstrated that proximity of CCMs to eloquent areas constitutes a risk
factor for poor postoperative outcome in patients suffering
cavernoma-related epilepsy.
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4.5. Additional imaging & electrophysiological preoperative testing

A consensus (agreement rate: 86.7%) was reached on the importance
of obtaining additional preoperative advanced MRI studies, such as
Fractional Anisotropy and Diffusion Tensor Imaging. These imaging MR
modalities may provide valuable information regarding the topography
of neuronal tracts adjacent to the CM, properly direct intraoperative
cortical and subcortical electrical stimulation and mapping, and conse-
quently increase the safety of the resection. However, no consensus was
reached on the clinical utility of preoperative encephalography (agree-
ment rate: 40%), or invasive encephalography (agreement rate: 26.7%).
There is indeed a growing body of evidence which supports the idea that
advanced imaging techniques increase the safety of surgical resection of
CMs. Functional MRI, tractography, intraoperative electrophysiological
monitoring, and frameless neuronavigation mitigate the chance of
postoperative neurological deficits (Flemming and Lanzino, 2020;
Abhinav et al., 2014). Moreover, intraoperative neurophysiologic
monitoring techniques such as direct cortical mapping, somatosensory
(SSEPs) and motor evoked potentials (MEPs), as well as D-wave moni-
toring for intramedullary CMs are employed with geometrically
increasing frequency (Mitha et al., 2011; Rauschenbach et al., 2021; Sala
et al., 2006; Ferroli et al., 2006). On the other hand, it needs to be
pointed out that the clinical benefit of the employment of intraoperative
electrocorticography (ECoG) remains highly disputable (Ferrier et al.,
2007; Van Gompim et al., 2009; Von der Brelie and Schramm, 2011).

4.6. Intraoperative strategies

Resection of the hemosiderin ring, frequently surrounding a CM, has
been a controversial topic. Our participants reached a consensus
(agreement rate: 76.5%) regarding the resection of the hemosiderin ring
only in patients presenting with epilepsy, and only when this can be
safely done. The literature data is confusing regarding this issue. Un-
fortunately, this dilemma remains unresolved mostly due to the retro-
spective nature of the published studies (Rosenow et al., 2013).
Flemming and Lanzino suggested lesionectomy with additional removal
of the surrounding gliotic and hemosiderin-stained brain only in
non-eloquent CM cases (Flemming and Lanzino, 2020). However, there
are numerous studies in the literature reporting significantly better
outcome after hemosiderin rim removal (Cohen et al., 1995; Casazza
et al., 1997; Stefan and Hammen, 2004; Baumann et al., 2006; Hammen
etal., 2007; Stavrou et al., 2008). On the contrary, several studies failed
to statistically support this correlation (Casazza et al., 1996; Zevgaridis
etal., 1996; Cappabianca et al., 1997). In a recent systematic review, the
authors found no difference between pure lesionectomy without ring
removal and resection with ring removal (Englot et al., 2011).

Similarly, the issue of removing the associated DVA has remained
controversial. Our participants reached a consensus (agreement rate:
88.2%) that the DVA should not be removed. It has been demonstrated
that approximately 30% of patients with sporadic CM will have an
associated DVA on standard MRI sequences. DVAs have been implicated
not only in the pathogenesis but also in the natural history of CM
(Dammann et al., 2013; Chen et al., 2020; Gross et al., 2011; Schneble
et al., 2012). Many studies advocate against the removal of the associ-
ated DVA, since this constitutes a normal venous drainage structure
(Buhl et al., 2002). Numerous other clinical studies advocate avoiding
DVA dissection for preventing serious complications such as edema,
hemorrhage, and/or venous infarcts (Rosenow et al., 2013; Gross et al.,
2013). Similarly, the panel of experts in the surgical management of
brainstem CMs concluded that DVAs should be spared during surgery,
while large DVAs can conflict the surgical approach and increase the
surgical risks (Dammann et al., 2022).

4.7. Postoperative imaging

No consensus was reached among our participants on the
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appropriate early, intermediate, or late postoperative imaging protocol.
The different time approaches among our panel members are also re-
flected on the pertinent literature. Undoubtedly, MRI is the method of
choice for the postoperative imaging. Abla et al. (2010) performed MRIs
in all patients undergoing microsurgical resection for brainstem CMs
within 24 hours postoperatively. Repeat imaging was performed each
year for the first two to three years, and every two to four years there-
after. Patients who develop symptoms between follow-up MRIs require
an immediate MRI (Abla et al., 2010). Likewise, Akers et al. (2017)
suggested a repeat MRI with the onset of any new or worsening of any
pre-existing symptoms (class I, level C evidence). As in our study, a
previously published consensus did not reach an agreement regarding
the follow-up imaging in surgically treated patients with brainstem CMs
(Dammann et al., 2022). However, they agreed that in case of significant
remnants identified on postoperative imaging, these should be resected,
if accessible (Dammann et al., 2022). Generally, in the absence of
hemorrhage or new symptoms, the utility of repeated MRIs remains still
unclear.

In spinal cord CMs a long-term follow-up is recommended, since a
significant percentage of these patients demonstrate prolonged post-
operative improvement (Mitha et al., 2011; Rauschenbach et al., 2023;
Vishteh et al., 1997). However, in a recently published meta-analysis for
spinal CMs, Fotakopoulos et al. (2021) reported that the length of
follow-up varied significantly among the included studies (3-12
months).

4.8. Employment of adjuvant pharmacotherapy

No consensus was reached among our participants on the adminis-
tration of any adjuvant medications on CM patients. Various medica-
tions, including p-blockers, statins, acetic salicylic acid, or fasudil have
been administered in CM patients for lowering the risk of hemorrhage. A
recently published cohort study showed that antiplatelet medication
alone, or in combination with statins was associated with a lower risk of
CCM hemorrhage (Marques et al., 2023). This study also showed that the
risk of hemorrhage after administering a combination of statin and an-
tiplatelet medication was significantly lower to the one observed with
antiplatelet medication alone. This finding may well indicate a possible
synergistic effect (Marques et al., 2023). Furthermore, a protective effect
for propranolol has been reported in numerous studies (Apra et al.,
2019; Berti et al., 2014; Goldberg et al., 2018; Reinhard et al., 2016;
Zabramski et al., 2016). Several clinical trials have assessed the poten-
tial protective role of statins and/or propranolol on the clinical course
and the levels of CM biomarkers (Polster et al., 2019; Lanfranconi et al.,
2020). Recently published research data have shown that Rho-kinase
activation constitutes a critical step in CCM genesis and evolution
(McDonald et al., 2012). Therefore, fasudil, a potent Rho-kinase inhib-
itor, may slow the development of CMs (Weiner and Ducruet, 2017).

4.9. Systemic usage of anti-thrombotic prophylaxis in CM patients

Although our participants did not reach consensus regarding the
initiation of anti-thrombotic/thrombolytic prophylaxis in CM patients,
they reached a consensus (agreement rate: 82.3%) on initiating or
maintaining them, when indicated for other systemic diseases. The
Angioma Alliance Scientific Advisory Board Clinical Experts Panel rec-
ommended surgical resection of a solitary, asymptomatic CCM located
in a non-eloquent cortical area, in those patients who may need to be on
anticoagulation (class IIb, level C evidence) (Akers et al., 2017). They
also noticed that there is limited amount of data available on the risk of
anti-thrombotic medication usage in the general population, while the
safety of thrombolytic therapies in patients with CCM and concomitant
cerebral ischemia remains unclear (class III, level C evidence) (Akers
et al.,, 2017). Contrariwise, in the literature there are several
single-center, non-randomized cohort studies suggesting that the
bleeding risk is lower in patients taking anti-thrombotics, by reducing
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the risk of thrombosis of an associated DVA (Schneble et al., 2012;
Al-Shahi Salman et al., 2012; Bervini et al., 2018; Flemming et al.,
2013). Likewise, a systematic review and meta-analysis by Zuubier et al.
(Zuurbier et al., 2019), postulated that antithrombotic therapy was
associated with a lower risk of intracranial hemorrhage or focal neuro-
logical deficit caused by a CCM.

4.10. Management of asymptomatic CMs

Our participants reached a consensus that observation constitutes
the best strategy for asymptomatic deep-seated and eloquent cortical
CMs. This strategy was independent of the patient’s age. Similarly, they
reached a consensus that observation represents the best strategy for
elderly patients with asymptomatic CCMs, even when these are in non-
eloquent cortical areas. However, they reached no consensus regarding
the best strategy for managing asymptomatic, non-eloquent cortical
CCMs, in patients<65 years. Likewise, the Angioma Alliance published
guidelines recommended no surgical resection for asymptomatic CCMs
located in eloquent cortex, thalamus, basal ganglia, or brainstem (class
111, level B evidence) (Akers et al., 2017). Similar factors and indications
in determining the appropriate management and treatment have also
been reported for pediatric populations (Paddock et al., 2021).

4.11. The role of SRS in the management of CCMs

No consensus was reached on the role of SRS in the management of
deep-seated or eloquent cortical CCMs. There was a trend, among our
participants (agreement rate: 50%) that SRS has no role in CCM man-
agement. It has to be mentioned though that approximately 50% of our
panelists thought that SRS might have a role in the management of
carefully selected, deep-seated and/or surgically inaccessible cases. SRS
has been considered an alternative treatment modality for surgically
inaccessible CCMs (Nagy et al., 2018a, 2018b; Lunsford et al., 2010;
Monaco et al., 2010). The Angioma Alliance guidelines recommend that
SRS may be considered for solitary CCMs, with previous symptomatic
hemorrhage, if the CCM lies in eloquent cortical areas and their surgical
resection carries an unacceptably high surgical risk (class IIb, level B
evidence) (Akers et al., 2017). They have also emphasized that SRS is not
recommended for asymptomatic CCMs, for those that are surgically
accessible, or for familial cases because of the concern regarding the de
novo CCM genesis (class III, level C evidence) (Akers et al., 2017).
Indeed, there is a lot of discussion in the literature regarding
radiation-induced CMs. Karlsson et al. (2019), introduced the term
pseudo-cavernoma to describe radiation-induced changes mimicking a
CM. Significant histopathological and imaging features differentiate
pseudo-cavernomas from true CMs (Cha et al., 2015). Therefore, some
radiation-induced CMs may actually represent pre-existing non--
hemorrhaged CMs, which bled after SRS treatment. Some of the
post-SRS observed CMs may represent true radiation-induced lesions,
while some others may be pseudo-cavernomas (Karlsson et al., 2019).

However, it remains to be defined whether the SRS treatment is
advantageous to the CM natural history. Previous studies have shown
that the risk of re-bleeding from repeatedly hemorrhaged CMs declines
after SRS treatment. The re-hemorrhage rate reduces from 50% per year,
to 8-10% within the first 2 years, to 1-1.4% thereafter (Lunsford et al.,
2010; Kondziolka et al., 1995; Liu et al., 2005; Pollock et al., 2000).
Karlsson et al. (1998) reported a trend for decreased hemorrhage rate
four years after the SRS treatment. They also noted that higher radiation
doses reduce the post-treatment risk of hemorrhage (Karlsson et al.,
1998). It has to be taken into consideration that 8-17% of radio-
surgically treated patients still required surgical resection at some point,
because of the occurrence of multiple hemorrhagic events (Lunsford
et al., 2010; Kondziolka et al., 1995; Karlsson et al., 1998). The exact
role of SRS in the management of CCMs remains to be defined. An
ongoing randomized controlled clinical trial is examining the efficacy of
microsurgical or SRS intervention compared to the natural history of
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patients with symptomatic CCMs (Harkness et al., 2022).

4.12. Study limitations

There are several potential limitations to our study. First of all, the
present results are derived from expert personal opinions and not from
robust clinical data. Thus, systematic or other kind of biases cannot be
excluded. It has to be emphasized though that the absence of such solid
clinical data necessitates an expert agreement. Second, there is no sys-
tematic way to identify experts. We invited a relatively small number of
experts with a documented clinical and academic experience in CM
management. Third, we invited experts only from Europe and the US,
while the remaining world is under-represented. However, all partici-
pants took into consideration global literature data. Fourth, although we
included experts with surgical and SRS experience, it is uncertain if the
ratio between the two groups could introduce any biases in our study.
Lastly, our survey addressed several scenarios considering the patient’s
age, clinical presentation, and CM location. For practical reasons,
however, we could not include every possible scenario.

5. Conclusions

Our Delphi consensus identified that the presence of symptom-
atology, the occurrence of re-hemorrhage, the patient’s age, as well as
the CM size and anatomic location affect the decision-making process for
surgical intervention. Our panel experts agree that the employment of
advanced MR techniques is of value in the preoperative work-up and
surgical planning of CM patients. There was agreement amongst our
panel members on the strategy of not removing any associated DVAs,
while hemosiderin rim removal is recommended only in CM-related
epilepsy cases. Observation seems to be the most preferable strategy
for asymptomatic eloquent cortical and deep-seated CMs. Likewise,
observation is suggested in cases of clinically silent CMs with evidence of
hemorrhage on the obtained imaging studies. A consensus was reached
on the issue of surgical resection when deep-seated cerebral and/or
eloquent cortical CMs become symptomatic or after the second episode
of hemorrhage. Our consensus suggests that administration of anti-
thrombotics/thrombolytics, when necessary for systemic medical con-
ditions, may be initiated or continued. However, it is acknowledged that
there remain several other controversial issues regarding the manage-
ment of CM patients on which no consensus was reached.
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