ARTICLES

Fiona Moultrie, MBChB
Margaret A. Horne, MSc
Colin B. Josephson, MD
Julie M. Hall, FRCR
Carl E. Counsell, MD
Jo J. Bhattacharya, FRCR
Vakis Papanastassiou,
FRCS(SN)
Robin J. Sellar, FRCR
Charles P. Warlow, FRCP
Gordon D. Murray, PhD
Rustam Al-Shahi Salman,
PhD
On behalf of the Scottish
Audit of Intracranial
Vascular
Malformations
(SAIVMs) steering
committee and
collaborators

Correspondence to
Dr. Al-Shahi Salman:
Rustam.Al-Shahi@ed.ac.uk

Outcome after surgical or conservative
management of cerebral cavernous
malformations
ABSTRACT

Objective: There have been few comparative studies of microsurgical excision vs conservative
management of cerebral cavernous malformations (CCM) and none of them has reliably demonstrated a statistically and clinically significant difference.

Methods: We conducted a prospective, population-based study to identify and independently
validate definite CCM diagnoses first made in 1999–2003 in Scottish adult residents. We used
multiple sources of prospective follow-up to assess adults’ dependence and to identify and independently validate outcome events. We used univariate and multivariable survival analyses to test
the influence of CCM excision on outcome, adjusted for prognostic factors and baseline
imbalances.

Results: Of 134 adults, 25 underwent CCM excision; these adults were younger (34 vs 43 years
at diagnosis, p 5 0.004) and more likely to present with symptomatic intracranial hemorrhage or
focal neurologic deficit than adults managed conservatively (48% vs 26%; odds ratio 2.7, 95%
confidence interval [CI] 1.1–6.5). During 5 years of follow-up, CCM excision was associated with
a deterioration to an Oxford Handicap Scale score 2–6 sustained over at least 2 successive years
(adjusted hazard ratio [HR] 2.2, 95% CI 1.1–4.3) and the occurrence of symptomatic intracranial
hemorrhage or new focal neurologic deficit (adjusted HR 3.6, 95% CI 1.3–10.0).
Conclusions: CCM excision was associated with worse outcomes over 5 years compared to conservative management. Long-term follow-up will determine whether this difference is sustained
over patients’ lifetimes. Meanwhile, a randomized controlled trial appears justified.

Classification of evidence: This study provides Class III evidence that CCM excision worsens shortterm disability scores and increases the risk of symptomatic intracranial hemorrhage and new
focal neurologic deficits. Neurology® 2014;83:582–589
GLOSSARY
CCM 5 cerebral cavernous malformation; CI 5 confidence interval; FND 5 focal neurologic deficit; HR 5 hazard ratio; ICH 5
intracranial hemorrhage; OHS 5 Oxford Handicap Scale; SAIVMs 5 Scottish Audit of Intracranial Vascular Malformations;
SIVMS 5 Scottish Intracranial Vascular Malformation Study.
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After cerebral cavernous malformation (CCM) diagnosis, 5-year risks are 2.4% for a first intracranial hemorrhage (ICH) and 29.5% for a recurrent ICH,1 which may be influenced by patient
sex and CCM location.1,2 Because of these risks, microsurgical excision3–5 and stereotactic
radiosurgery6 are sometimes used to treat CCM. However, ICH from CCM tends to be small
(average volume ;1.8 cm3),7 its functional outcome tends to be good,7 and the annual risk of
recurrent ICH appears to subside within 5 years after the initial ICH,1,2,8 provoking uncertainty
about whether to treat CCM.9
These uncertainties are partly attributable to the shortage of evidence supporting CCM treatment.10 A systematic review seeking studies of more than 20 adults, comparing CCM excision to
conservative management in a concurrent or historical control group and reporting objective
clinical outcomes, found only 11 eligible studies.11 Apart from one retrospective study of 31
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patients, which found a beneficial effect of
CCM excision on seizure freedom12 (that
almost reached the threshold for a statistically
significant and “dramatic” effect in an observational study13), the other 10 studies did not
show clinically or statistically significant differences in death or functional outcome from
CCM excision. Therefore, we compared clinical outcomes after CCM excision and conservative management in an observational study.
METHODS Our primary research question was whether there
was a difference in clinical outcome between adults undergoing
CCM excision vs a concurrent control group undergoing conservative
management nested within a prospective, population-based,
observational inception cohort study (class III evidence). The
Scottish Intracranial Vascular Malformation Study (SIVMS) uses
anonymized data extracts from a National Health Service national
clinical audit of adults who were aged $16 years and resident
in Scotland when first diagnosed with any type of intracranial
vascular malformation during 1999–2003 and 2006–2010 (The
Scottish Audit of Intracranial Vascular Malformations [SAIVMs];

Table 1

www.saivms.scot.nhs.uk). The SAIVMs and SIVMS identified
patients through multiple overlapping sources of case ascertainment
that included a Scotland-wide collaborative network of neurologists,
neurosurgeons, radiologists, and pathologists and central registers of
hospital discharges and death certificates.14

Standard protocol approvals, registrations, and patient
consents. The Multicentre Research Ethics Committee for
Scotland (MREC/98/0/48) and the Fife and Forth Valley
Research Ethics Committee (08/S0501/76) approved the conduct of observational studies (to which an opt-out consent policy
applied) and postal questionnaire studies (which required opt-in
consent). We performed all analyses of observational data on
anonymized extracts of a National Health Service national audit
dataset (www.isdscotland.org/Health-Topics/Quality-Improvement/
SAIVM/). We published the audit protocol (www.saivms.scot.nhs.
uk/pdf/2008_06_SAIVMs%20protocol_v2.pdf), which included a
prespecified objective to “monitor the outcomes of patients who do
and do not receive interventional treatment (and thereby monitor the
beneficial and adverse effects of these interventions).” We registered
the research protocol with the Directory of Clinical Databases
(DoCDat; http://docdat.ic.nhs.uk).

Eligibility criteria. We included every adult in SIVMS with a
first-in-a-lifetime definite diagnosis of CCM in 1999–2003, on

Baseline characteristics of adults with a definite diagnosis of CCM in Scotland (1999–2003),
stratified by whether they underwent CCM excision or conservative management
Conservative
management
(n 5 109)

CCM excision
(n 5 25)

Female, n (%)

64 (59)

15 (60)

OR 1.06 (95% CI 0.44 to 2.56)

Age at presentation, y, median
(interquartile range)

43 (33.5–53)

34 (26.5–41.5)

p 5 0.004, Mann-Whitney U test

Hemorrhage

10 (9)

8 (32)

OR 2.67 (1.09–6.53) for presentation
with hemorrhage or FND

FND

18 (17)

4 (16)

Seizures

25 (23)

10 (40)

Incidental

56 (51)

3 (12)

0

18 (16)

4 (16)

1

37 (34)

7 (28)

2

44 (40)

12 (48)

3

6 (6)

2 (8)

4

4 (4)

0

5

0

0

6

0

0

92 (84)

19 (76)

OR 0.59 (0.20–1.68)

Lobar

71 (65)

19 (76)

OR 0.24 (0.03–1.92) for brainstem

Deep

8 (7)

1 (4)

Brainstem

16 (15)

1 (4)

Cerebellum

14 (13)

4 (16)

Statistical tests

Mode of presentation, n (%)

OHS at presentation, n (%)

Single CCM, n (%)

OR 0.77 (0.32–1.85) for OHS 0–1

CCM location, n (%)

Abbreviations: CCM 5 cerebral cavernous malformation; CI 5 confidence interval; FND 5 focal neurologic deficit; OHS 5
Oxford Handicap Scale; OR 5 odds ratio.
The referent category for OR was the conservatively managed group.
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Figure 1

Progression to primary outcome, stratified by treatment group, during
5 years of prospective follow-up

Kaplan-Meier estimate of progression to primary outcome (at least 2 successive ratings of 2
or more on the Oxford Handicap Scale [OHS]), stratified by treatment group (red line 5
cerebral cavernous malformation [CCM] excision, black line 5 conservative management),
during 5 years of prospective follow-up.

the basis of pathologic examination or brain MRI.15,16 We
classified adults as being managed conservatively if they did not
receive CCM treatment within 5 years of initial presentation or as
being treated if they had undergone microsurgical excision or
stereotactic radiosurgery for their CCM within this time period;
the decision to treat was left to the discretion of patients’ doctors.

Inception and follow-up. The inception point for the conservatively managed group was an adult’s “initial presentation,”
which was the date of symptom onset or medical consultation
(if asymptomatic) that led to CCM diagnosis. The inception
point for the treated group was the date of the first CCM treatment within 5 years of initial presentation. We used uninterrupted annual surveillance of general (family) practitioner and
hospital medical records, as well as annual postal questionnaires
to general practitioners and consenting participants on each anniversary of CCM diagnosis, to identify outcome events and assess
dependence prospectively during follow-up on the Oxford
Handicap Scale (OHS), which is a derivative of the modified
Rankin Scale, ranging from 0 (no symptoms) to 6 (death).17
Classification of baseline and outcome variables. Two neuroradiologists used the diagnostic brain imaging that had been obtained in clinical practice to verify certainty of CCM diagnosis15,16
and collected data on CCM anatomical location and radiographic
evidence of recent ICH.18 We reviewed medical records to establish demographics, medical histories, and the consequences of
initial presentation on the OHS. We reviewed these medical
records, brain imaging, and reports of pathologic examinations
584
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to classify the mode of initial presentation and clinical outcome
events during follow-up. In attributing the mode and cause of
death, we reviewed death certificates, autopsy reports if
postmortem had been performed, and clinical records and brain
imaging if death had occurred during hospital admission. Two
investigators (C.P.W. or R.A.-S.S.) independently assessed
outcome events using all the clinical, radiologic, and pathologic
information available.
We used published criteria to distinguish ICH from focal
neurologic deficit (FND) due to CCM.18 We regarded initial
presentations as incidental if the adult had been asymptomatic
or if we could not relate their symptoms (e.g., headache) to the
underlying CCM. We attributed initial presentations to seizure if
a seizure was neither symptomatic of a concomitant ICH nor
more likely to be due to another cause. When assessing clinical
events at initial presentation and during follow-up, we also classified whether they were definitely, possibly, or definitely not
attributable to the CCM or a procedure complication. We classified events as possibly attributable to a CCM when the clinical
features of an event were anatomically consistent with CCM
location, but another cause (e.g., ischemic stroke) was possible
and neuroradiologic investigation had identified neither CCM
hemorrhage nor an alternative cause.

Statistical methods. Baseline characteristics. We categorized
CCM location as brainstem (midbrain, pons, or medulla), cerebellar, deep (thalamus, basal ganglia, or choroidal), or lobar (cortex and subcortical areas of the cerebral hemispheres); we
dichotomized location into brainstem vs other locations for analyses. If an adult had many CCM, we allocated a single “primary”
location according to the location of the CCM that was treated or
to the symptomatic CCM if managed conservatively; in asymptomatic adults, brainstem CCM location took precedence
because it was a predictor of interest. If following initial presentation a clinical event occurred that led to CCM treatment, this
event was the mode of presentation in the treated group to reflect
the indication for treatment. We dichotomized initial presentation into ICH/FND vs others for analyses.
We used parametric statistics for between-group comparisons
when continuous data obeyed a normal distribution and nonparametric statistics when they did not. We used odds ratios (95%
confidence interval [CI]) for categorical variables. We used exact
tests when cell counts were less than 5.
Follow-up. The primary outcome was “poor outcome,”
defined as at least 2 successive ratings of OHS $2 (signifying
“some restrictions to lifestyle, but the patient can look after themselves,” or worse). We used only OHS ratings after initial presentation to time progression to this event at the midpoint between
the last OHS score 0–1 and the first of the successive ratings of
OHS $2 for the conservatively managed group. Because the
study timed ratings of functional outcome in relation to the anniversaries of every adult’s date of diagnosis rather than the date of
CCM treatment, the first rating following treatment was the earliest within 6 to 18 months of treatment. The secondary outcome
was a composite of symptomatic ICH or new FND, which was
either definitely or possibly attributable to a CCM,18 or attributable to CCM treatment.
We quantified completeness of the follow-up data accrued as
a proportion of all the potential follow-up time that could have
been obtained prior to death or the end of 5-year follow-up.19
We used life tables and Kaplan-Meier estimates to analyze
follow-up data accrued by February 2011. Survival analyses of
time to first event started at inception and stopped at the date of
the first outcome event or the date of censoring, whichever
occurred sooner. We censored follow-up at the earliest occurrence

of death unrelated to CCM, the last available follow-up, or 5 years
after the start of follow-up. We performed univariate analyses
using hazard ratios [HRs] and the log-rank test, quantified survival functions at 5 years, and performed Cox regression if proportional hazards assumptions were satisfied.20 In multivariable
analyses with fixed entry of covariates, we adjusted HRs for prespecified covariates that differed between the groups at baseline
(age at inception), that influence CCM outcome (sex and mode
of initial presentation), or that influence the risk of CCM treatment (brainstem CCM location).
We did not prespecify our desired sample size, but instead we
sought to identify every new definite CCM diagnosis over 5 years
in 1 country (mid-2010 population estimate of adults aged $16
years was 4.31 million) and to accumulate sufficient numbers of
primary and secondary outcomes to enable us to analyze our
potential predictors in multivariable analyses. We used 2-tailed
statistical tests (a 5 0.05), IBM SPSS Statistics (version 19.0),
Stata (version 11.2), StatsDirect (version 2.7.8), and Confidence
Interval Analysis software.

RESULTS During 1999–2003, 139 adult residents
in Scotland were newly diagnosed with at least one
definite CCM on brain MRI (n 5 133), on pathologic examination following surgical excision (n 5 1),
or incidentally at autopsy (n 5 5, who are not considered in this analysis).1 Most of the 134 adults initially presented in the fourth or fifth decade of life,
with a solitary symptomatic supratentorial CCM,
which had not limited their independence (table 1).
Twenty-five (19%) of these 134 adults underwent
microsurgery for CCM excision after a median of 10
months (interquartile range 4.5–16) following initial
presentation; none underwent stereotactic radiosurgery. At operation, excision was complete in 23 cases

Table 2

(2 patients required a second operation to achieve
this), partial in one case, and abandoned in another
case. Adults who underwent CCM treatment were
younger by almost 1 decade and were more likely
to have initially presented with ICH or FND than
adults who were managed conservatively, but there
were no detectable differences in other characteristics
(table 1). Between initial presentation and CCM
treatment (a period not included in our survival
analyses), 5 of the 25 treated adults experienced
1 (n 5 3), 2 (n 5 1), or 3 (n 5 1) ICH or FND
that was definitely or possibly attributable to a CCM.
We followed up the 134 adults with CCM who
were alive at initial presentation for 1,177 personyears (of 1,216 potential person-years, for an overall
completeness of 97%).19
The primary outcome of sustained progression to
OHS 2–6 for at least 2 successive annual ratings during 5 years of follow-up was reached by 13 (52%,
95% CI 34–70) of the 25 adults who underwent
CCM excision and 40 (37%, 95% CI 28–46) of
the 109 adults who were managed conservatively.
This was not significant in univariate survival analysis
(figure 1), but having confirmed that the proportional
hazards assumption was fulfilled (figure e-1 on the
Neurology® Web site at Neurology.org), our prespecified analysis of the primary outcome found that the
risk of progressing to the primary outcome was doubled following CCM excision (adjusted HR 2.2, 95%
CI 1.1–4.3; table 2). Seventeen patients died during
follow-up (figure e-2). Three patients died between
0.5 and 2.5 years following CCM excision, 1 due to a

Univariate and multivariable analyses of progression to the first occurrence of a primary or secondary
outcome during 5 years of prospective follow-up
Univariate hazard
ratio (95% CI)

Multivariable adjusted
hazard ratio (95% CI)

Excision vs conservative management

1.54 (0.82–2.88)

2.19 (1.12–4.29)

Brainstem CCM location

1.77 (0.89–3.53)

2.51 (1.18–5.34)

Increasing age, per year

1.015 (0.998–1.03)

1.021 (1.002–1.040)

Presentation with hemorrhage or FND

0.88 (0.48–1.59)

0.68 (0.35–1.30)

Female

0.64 (0.37–1.09)

0.56 (0.32–0.97)

Excision vs conservative management

2.71 (1.17–6.29)

3.60 (1.29–10.03)

Brainstem CCM location

4.46 (1.96–10.12)

4.15 (1.52–11.37)

Increasing age, per year

1.003 (0.98–1.03)

1.009 (0.98–1.04)

Presentation with hemorrhage or FND

4.03 (1.81–8.97)

2.12 (0.85–5.26)

Female

1.87 (0.78–4.48)

1.27 (0.51–3.16)

Primary outcome (at least 2 successive ratings of 2 or
more on the Oxford Handicap Scale)

Secondary outcome (symptomatic intracranial hemorrhage
or new focal neurologic deficit definitely attributable to a CCM,
possibly attributable to a CCM, or attributable to CCM treatment)

Abbreviations: CCM 5 cerebral cavernous malformation; CI 5 confidence interval; FND 5 focal neurologic deficit.
Age was at initial presentation or at final event preceding CCM treatment. In each multivariable analysis, all 5 covariates
entered the model simultaneously.
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Figure 2

Progression to secondary outcome, stratified by treatment group,
during 5 years of prospective follow-up

Kaplan-Meier estimate of progression to secondary outcome (symptomatic intracranial hemorrhage or new focal neurologic deficit [FND] definitely attributable to a cerebral cavernous
malformation [CCM], possibly attributable to a CCM, or attributable to CCM treatment),
stratified by treatment group (red line 5 CCM excision, black line 5 conservative management), during 5 years of prospective follow-up.

seizure and 2 others due to metastatic malignancy.
Fourteen patients died during conservative management: 1 death was due to an ICH attributed to the
CCM, another death was due to pneumonia caused
by a progressive neurologic deficit from a brainstem
CCM, 2 deaths may have been due to the CCM
(sudden death without autopsy, and pneumonia following neurologic deficit that may have been due to
the CCM or a new ischemic stroke), and 10 deaths
were unrelated to the CCM.
The secondary outcome of first ICH or new FND
during 5 years of follow-up was reached by 17 (16%,
95% CI 10–24) of the 109 adults who were managed
conservatively and 8 (32%, 95% CI 17–52) of the 25
adults who underwent CCM excision (6 [24%, 95%
CI 7–41] of whom experienced a new FND [n 5 5]
or ICH [n 5 1], but none died, within 30 days of
CCM excision). CCM excision was associated with
progression to the secondary outcome in univariate
survival analysis (figure 2 and table 2). Having confirmed that the proportional hazards assumption was
fulfilled (figure e-3), CCM excision more than trebled
the risk of progression to the secondary outcome
(adjusted HR 3.6, 95% CI 1.3–10.0; table 2). In
sensitivity analyses of the secondary outcome
586
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excluding events possibly attributable to a CCM,
there was no change in the significance, direction,
or magnitude of the association. We also investigated
whether the chance of attaining 2-year seizure freedom differed following CCM excision vs during conservative management for the 35 adults who had
presented with seizures (table 1), and found no difference in a survival analysis (p 5 0.26).
DISCUSSION This prospective, population-based
inception cohort study of adults with CCMs provides
class III evidence that CCM microsurgical excision
was associated with worse outcomes in comparison to
a concurrent control group undergoing conservative
management over 5 years, after adjusting for baseline
imbalances and known predictors of outcome. The
difference between the groups arose due to the
recognized early complications of CCM excision
(figure 2), which were as frequent as in some other
series (figure 3).3–5 Although adults without early
complications of CCM excision did not experience
ICH or FND thereafter, their subsequent morbidity
over 5 years reflects the impact of these complications
(figure 1 and table 2). With further follow-up, this
difference might diminish because of new neurologic
events in the conservatively managed group, but this
may not turn out to be the case because the risk of
recurrent CCM hemorrhage seems to decline over
time1,2,8,21,22 and CCM sometimes regrow after
surgery and bleed again.
Our study’s strengths were thorough case ascertainment in a population-based sampling frame
(unlike all prior comparative studies11), a concurrent
control group, almost complete follow-up (97%),
independent imaging review and outcome assessment
to minimize bias,15,16,18 estimates of the effect of
CCM excision that we statistically adjusted for baseline imbalances (table 1), and a primary outcome that
did not include OHS at presentation (which was not
significantly imbalanced between the groups; table 1)
and allowed for recovery from the known early complications after CCM excision.
The main limitation of this study was that it was
not randomized. We adjusted for known predictors
of poor outcome and baseline imbalances, which have
also been identified by a recently published surgical
grading scale,23 but the possibility of residual confounding remains. The sample size was modest, but
it included all adults newly diagnosed with a CCM in
an adult population of 4.3 million over 5 years, making
it larger than any other comparative study,11 and it
identified sufficient outcome events over 5 years of
follow-up to power a multivariable analysis of the primary outcome (table 2). Only 19% of the cohort
underwent CCM excision, thus the 24% (95% CI
7–41) risk of postoperative adverse events within

Figure 3

Postoperative adverse events in published studies of predominantly supratentorial or exclusively brainstem cerebral cavernous
malformation

Meta-analysis of proportions of patients with postoperative adverse events (death within 30 days, symptomatic intracranial hemorrhage (ICH), or new or
worsened focal neurologic deficit) in studies of predominantly supratentorial or exclusively brainstem cerebral cavernous malformation (CCM). CI 5 confidence interval.

30 days in this study was an imprecise estimate. Only
one of the excised CCMs was in the brainstem, which
is a location that may confer higher risks after both
CCM excision and conservative management.1,5
Although CCM excision did not affect the chance of
seizure remission in this study, it may have missed a
beneficial effect by being underpowered and not
restricted to adults needing epilepsy surgery. None of
the patients diagnosed with CCM in Scotland in
1999–2003 underwent stereotactic radiosurgery, so
we and others should publish comparative studies of
this technique in the future.
To put our findings in context, we performed 2 systematic reviews using electronic strategies for CCM
(appendix e-1) to search for journal articles published
prior to January 1, 2013, and indexed in OVID Medline or Embase. First, we updated our systematic
review11 of studies involving more than 20 adults,
which compared treatment with neurosurgery to conservative management in a concurrent or historical

control group and reported objective clinical outcomes. We found 5 comparative studies involving
205 patients with brainstem CCM that had caused
ICH/FND24–28 and 9 studies involving 278 patients
with CCM that had caused seizures,13,29–36 which did
not demonstrate dramatic beneficial or harmful effects
on death or functional outcome,12 apart from one
study that found a beneficial effect of CCM excision
on seizure freedom, although we judged it to be at high
risk of bias.13 Second, we quantified the risk of adverse
events after CCM excision using the largest published
case series from individual institutions, which included
more than 20 adults who underwent excision of
CCMs that were diagnosed by MRI or pathologic
examination, and which described both patients’ clinical presentation as well as objective clinical outcomes,
stratified by CCM location. We included 26 case series
(figure e-4, table e-1, table e-2, e-references) reporting
the outcome after CCM excision from 1,839 adults
over average postoperative follow-up ranging from
Neurology 83
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6 to 97 months.e1–e26 We used StatsDirect statistical
software version 2.7.8 to perform a study-level
meta-analysis of the proportion of patients undergoing CCM excision who had an adverse event
(death within 30 days of surgery, symptomatic
ICH, or a new or worsened FND); we used a
random-effects model, and we used the I2 statistic
to quantify inconsistency between studies. Postoperative adverse events were more frequent in studies
reporting excision of exclusively brainstem CCM
(50%, 95% CI 37–64) compared to studies reporting excision of predominantly supratentorial CCMs
(8%, 95% CI 5–11; figure 3), although there was
between-study heterogeneity (I2 91% and 68%,
respectively).
Because comparative studies have been unable to
show that CCM excision improves long-term outcome,11 clinical guidelines have been unable to recommend CCM excision.9 Our study casts further doubt
on the superiority of CCM excision over conservative
management. However, CCM excision continues to be
undertaken for patients both with and without symptoms from their CCM (table 1),e1–e26,13,24–36 despite the
low risk of the clinical course for some untreated
CCMs.1,2 Therefore, future research should investigate
the effects of CCM treatment (with excision or stereotactic radiosurgery) in comparison to conservative management, ideally in a randomized controlled trial of
adults with CCM, presenting in any way, for whom
there is uncertainty about CCM excision, taking into
account known influences on outcome (table 2).1,23
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