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Outcome after interventional or conservative management of 
unruptured brain arteriovenous malformations: a prospective, 
population-based cohort study
Catherine J Wedderburn,* Janneke van Beijnum,* Jo J Bhattacharya, Carl E Counsell, Vakis Papanastassiou, Vaughn Ritchie, Richard C Roberts, 
Robin J Sellar, Charles P Warlow, Rustam Al-Shahi Salman, on behalf of the SIVMS Collaborators†

Summary
Background The decision about whether to treat an unruptured brain arteriovenous malformation (AVM) depends on 
a comparison of the estimated lifetime risk of intracranial haemorrhage with the risks of interventional treatment. We 
aimed to test whether outcome diff ers between adults who had interventional AVM treatment and those who did not.

Methods All adults in Scotland who were fi rst diagnosed with an unruptured AVM during 1999–2003 (n=114) entered 
our prospective, population-based study. We compared the baseline characteristics and 3-year outcome of adults who 
received interventional treatment for their AVM (n=63) with those who did not (n=51).

Findings At presentation, adults who were treated were younger (mean 40 vs 55 years of age, 95% CI for diff erence 9–20; 
p<0·0001), more likely to present with a seizure (odds ratio 2·4, 95% CI 1·1–5·0), and had fewer comorbidities 
(median 3 vs 4, p=0·03) than those who were not treated. Despite these baseline imbalances, treated and untreated 
groups did not diff er in progression to Oxford Handicap Scale (OHS) scores of 2–6 (log-rank p=0·12) or 3–6 (log-rank 
p=0·98) in survival analyses. In a multivariable Cox proportional hazards analysis, the risk of poor outcome (OHS 2–6) 
was greater in patients who had interventional treatment than in those who did not (hazard ratio 2·5, 95% CI 1·1–6·0) 
and was greater in patients with a larger AVM nidus (hazard ratio 1·3, 95% CI 1·1–1·7). The treated and untreated 
groups did not diff er in time to an OHS score of 2 or more that was sustained until the end of the third year of 
follow-up, or in the spectrum of dependence as measured by the OHS at 1, 2, and 3 years of follow-up.

Interpretation Greater AVM size and interventional treatment were associated with worse short-term functional 
outcome for unruptured AVMs, but the longer-term eff ects of intervention are unclear.

Introduction
Brain arteriovenous malformations (AVMs) are the 
leading cause of intracerebral haemorrhage (ICH) in 
young adults,1 but ICH is the presenting symptom in 
only half of incident AVM diagnoses.2,3 The widespread 
availability and use of non-invasive brain imaging has 
led to the detection of AVMs as a cause of epileptic 
seizures and focal neurological defi cits not associated 
with ICH,4 and has also increased the detection of 
incidental, asymptomatic AVMs in their unruptured 
state.2,3,5,6

The diagnosis of an unruptured AVM presents an 
opportunity to prevent future ICH by obliteration of the 
AVM, any associated aneurysms, or both, by endovascular 
embolisation, microsurgical excision, or unfractionated 
stereotactic radiotherapy (radiosurgery), used alone or in 
various combinations. Although such interventional 
treatment might prevent future ICH, it can also be 
complicated by disability or death.7–10 Because randomised 
controlled trials have not yet compared interventional 
treatment of AVMs with conservative management,11 
clinicians are left to make diffi  cult decisions about how 
to treat individual patients on the basis of indirect 
evidence, by comparison of published or local estimates 
of treatment eff ect with the reported clinical course of 
AVMs that have been left untreated.

Research on the outcome of AVM treatment consists of 
case series, few of which have measured functional 
outcome, and most of which do not describe outcome 
according to whether the initial presentation was with 
ICH.12 Of concern is a preliminary analysis13 of the 
Columbia AVM Databank (a large case series from a 
tertiary referral centre), in which the outcome after 
interventional treatment of unruptured AVMs was far 
worse than the untreated clinical course, whether 
outcome was assessed by subsequent ICH rates or 
functional measures. This abstract has caused controversy 
about how best to manage unruptured AVMs13–16 and has 
led to a randomised trial of unruptured brain AVMs 
(ARUBA). While the ARUBA study is ongoing, we sought 
to confi rm or refute the fi ndings from the Columbia 
AVM Databank by comparison of the functional outcome 
of adults who had interventional treatment for an un-
ruptured AVM with those who did not, in an observational, 
prospective, contemporary, population-based cohort 
study.2,17

Methods
Participants
The Scottish Intracranial Vascular Malformation Study 
(SIVMS) is a prospective, population-based disease 
register of patients resident in Scotland who were at 
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least 16 years of age when fi rst diagnosed with any type 
of intracranial vascular malformation in the years 
1999–2003.2 The twin objectives of the register—clinical 
audit and observational epidemiology—are overseen 
by a multidisciplinary steering committee that 
represents the four Scottish neuroscience centres 

(Aberdeen Royal Infi rmary, Aberdeen; Institute of 
Neurological Sciences, Glasgow; Ninewells Hospital, 
Dundee; and Western General Hospital, Edinburgh). 
SIVMS uses multiple, overlapping sources of case 
ascertainment to identify incident cases.17 In this 
analysis, we included everyone who entered SIVMS in 
1999–2003 who had a defi nite diagnosis of a brain AVM 
that was unruptured at presentation.17 We used 
follow-up data accrued until the analysis date of October 
1, 2007.

Procedures
Baseline demographic data extracted from routine 
medical records included sex, age at the presentation that 
led to AVM diagnosis, and socioeconomic status, 
measured as the deprivation category of residential 
postcode sector according to the 2001 UK census, 
obtained from the MRC Social and Public Health 
Sciences Unit in Glasgow. We also extracted the following 
data from routine clinical records: type of AVM 
presentation (incidental, seizure, or other); Oxford 
Handicap Scale (OHS) at presentation; comorbidities 
listed in the records of family doctors at or before 
presentation; and smoking status. The OHS is a derivative 
of the modifi ed Rankin Scale that has been used 
extensively to assess outcomes after stroke18–20 and 
AVM.7–9,21 The scale ranges from 0 (no symptoms) to 6 
(death), and diff ers from the modifi ed Rankin scale in 
that it uses impairment and lifestyle wording to detect 
the eff ect of factors such as disability, handicap, or 
seizures.

The two study neuroradiologists (JJB and RJS) collected 
data from participants’ fi rst diagnostic imaging,22 
including the following: AVM size (maximum nidus 
diameter on MRI or catheter angiography; pial 
arteriovenous fi stulae without a nidus were scored as 
0 cm); venous drainage pattern (on catheter angiography);23 
whether the adjacent brain area was eloquent;23 
Spetzler-Martin grade (a composite score based on the 
three aforementioned variables);23 deep brain location 
(any location that involves the basal ganglia, internal 

Untreated 
(n=51)

Treated 
(n=63)

Statistical tests*

Male 30 (59%) 36 (57%) OR 1·1 (0·5–2·3)

Mean age (SD, range) 55 (17, 16–85) 40 (13, 16–65) t test, p<0·0001

Type of presentation

Incidental 25 (49%) 19 (30%) OR 0·5 (0·2–0·97)

Seizure 20 (39%) 38 (60%) OR 2·4 (1·1–5·0)

Other 6 (12%) 6 (10%) OR 0·8 (0·2–2·6)

OHS at presentation OHS 0–1 vs 2–6:  OR 2·1 (0·9–5·0), p=0·08
OHS 0–2 vs 3–6:  OR 11·5 (1·4–95·6), p=0·01

0 8 (16%) 6 (10%)

1 26 (51%) 45 (71%)

2 9 (18%) 11 (17%)

3 1 (2%) 0 (0%)

4 2 (4%) 1 (2%)

5 1 (2%) 0 (0%)

6 4 (8%) 0 (0%)

Median number of 
comorbidities (range)

4 (2–8) 3 (1–6) Mann-Whitney U test, p=0·03

Specifi c comorbidities  

Ischaemic heart disease 13 (25%) 6 (10%) OR 0·3 (0·1–0·9)

Prestroke hypertension 7 (14%) 4 (6%) OR 0·4 (0·1–0·5)

Smoking 23 (45%) 18 (29%) OR 0·5 (0·2–1·1) 

Catheter angiogram done 26 (51%) 60 (95%) OR 19·2 (5·3–69·4)

Spetzler-Martin grade Fisher’s exact test, p=0·6

I 6 (23%) 15 (28%)

II 8 (31%) 19 (36%)

III 6 (23%) 13 (25%)

IV 5 (19%) 6 (11%)

V 1 (4%) 0 (0%)

AVM size Fisher’s exact test, p=0·04

Small (<3 cm) 16 (35%) 31 (52%)

Medium (3–6 cm) 27 (59%) 29 (48%)

Large (>6 cm) 3 (7%) 0 (0%)

Eloquence of brain area χ² test, p=0·7

Eloquent 25 (49%) 33 (52%)

Not eloquent 26 (51%) 30 (48%)

Venous drainage Fisher’s exact test, p=0·8

Superfi cial 20 (80%) 46 (78%)

Deep 1 (4%) 5 (8%)

Both 4 (16%) 8 (14%)

Coexisting aneurysms χ² test, p=0·3

Associated† 8 (16%) 15 (24%)

Remote 4 (8%) 7 (11%)

*For odds ratios (OR), untreated adults are the referent category, and numbers in parentheses are 95% CI. †Combined 
intranidal or feeding artery aneurysms.

Table 1: Demographic, clinical, and morphological characteristics in adults who presented with an 
unruptured brain AVM

n Obliterated Partially 
obliterated

No follow-up 
imaging

Surgery* 20 19 0 1

Radiosurgery† 26 13 12‡ 1

Embolisation alone§ 17 10 7¶ 0

*Six patients had surgery alone and 14 had surgery plus embolisation. 
†14 patients had radiosurgery alone and 12 had radiosurgery plus embolisation. 
Of the patients who had radiosurgery and embolisation, one also had 
endovascular aneurysm coiling. ‡Six patients were investigated with magnetic 
resonance angiography, and the other six underwent a catheter angiogram. §One 
patient also underwent endovascular aneurysm coiling. ¶Three patients had a 
follow-up angiogram, but in the others the extent of obliteration was assessed 
only at the end of the embolisation procedure.

Table 2: Intervention used and extent of angiographic obliteration after 
treatment
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capsule, thalamus, hypothalamus, limbic system, or 
corpus callosum); and AVM-associated aneurysms (on 
feeding arteries or within the nidus).22 Interventional 
treatment was defi ned as any type of intervention done 
on the AVM or associated aneurysms, and AVM nidus 
obliteration was confi rmed radiologically (preferably by 
catheter angiography, but otherwise by magnetic 
resonance angiography).

During follow-up, we collected annual OHS ratings of 
dependence provided by the patients’ family doctors. We 
also surveyed medical records annually for the occurrence 
of ICH, cerebral infarction, or focal neurological defi cit 
(FND). We defi ned ICH as a symptomatic clinical event 
(headache, seizures, global neurological defi cit, FND, or 
any combination of these events) with signs of 
intracranial blood on brain imaging, in the CSF, or on 
post-mortem examination. We defi ned cerebral infarction 
by clinical signs of focal or global neurological 
disturbance that developed rapidly and lasted for 24 h or 
longer, on the condition that this diagnosis was supported 
by brain imaging or pathological examination. We 
defi ned an FND as a clinical impairment that was 
referable to the location of the AVM nidus and was not 
post-ictal, migrainous, or attributable to ICH or 
infarction after radiological or pathological investigation. 
FNDs that lasted more than 24 h were classed as 
persistent, and those that lasted more than 24 h with 
further deterioration thereafter were classed as 
progressive. Transient FNDs (those that lasted <24 h) 
were excluded from this analysis. One investigator 
(CPW) assessed death, ICH, cerebral infarction, and 
FNDs on the basis of details in participants’ medical 
records, brain imaging, and pathology reports; he was 
unaware of the prognostic features of interest, to keep 
bias to a minimum. CPW confi rmed the type of outcome 
event, and whether it was due to the AVM, intervention, 
or another mechanism.

Statistical analysis
We compared demographic, clinical, and radiological 
characteristics between treated and untreated patients, 
by use of parametric statistics when data obeyed a normal 
distribution and non-parametric statistics when they did 
not. We used odds ratios and corresponding 95% CIs to 
compare categorical variables.

In the survival analyses, OHS scores were dichotomised 
at 0–1 versus 2–6 as the primary outcome measure, and 
at 0–2 versus 3–6 in a sensitivity analysis; OHS grade 2 
signifi es “some restrictions to lifestyle, but the patient 
can look after themselves”, and grade 3 corresponds to 
“signifi cant restriction to lifestyle; unable to lead a totally 
independent existence”.20 Although OHS 3–6 (which 
signifi es death or dependence) is a common measure of 
functional outcome in stroke research,19 we preferred 
OHS 2–6 because of the low-to-moderate morbidity 
incurred by unruptured AVMs.15 The primary analysis 
was of the time to the fi rst occurrence of OHS 2–6 or 3–6 

during follow-up, but we also assessed the time to an 
OHS score of 2 or more that did not fall to below 2 before 
the end of the third year of follow-up. In the survival 

            Number at risk 
     OHS 3–6 untreated 43 42 37 35 28 20 16 10 2 0 
          OHS 3–6 treated 62 57 47 45 33 26 13 3 0 0
     OHS 2–6 untreated 34 33 23 20 18 13 10 5 0 0 
          OHS 2–6 treated 51 37 30 26 17 12 6 2 0 0

Pr
op

or
tio

n 
w

ith
ou

t p
oo

r o
ut

co
m

e

0·5

0·4

0·3

0·2

0·1

0
0 4321 5

Follow-up (years)

0·9

0·8

0·7

0·6

1·0

876 9

OHS 3–6 untreated

OHS 2–6 treated

OHS 3–6 treated
OHS 2–6 untreated

OHS 3–6 (years 0–3) log-rank p=0·98

OHS 2–6 (years 0–3) log-rank p=0·12

Figure 1: Kaplan-Meier estimates of progression to poor functional outcome
Poor outcome was defi ned as the fi rst OHS score of 3–6 (upper two lines) or 2–6 (lower two lines) during all 
available follow-up after presentation (untreated group, broken lines) or after fi rst interventional treatment 
(treated group, unbroken lines).

Univariate analyses 
HR (95% CI)

Multivariable 
analysis* HR (95% CI)

Sex 0·63 (0·31–1·29) ··

Age 0·99 (0·98–1·02) 1·01 (0·98–1·03)

Type of presentation

Incidental vs other 0·44 (0·20–0·97)† ··

Seizure vs other 1·99 (1·00–3·95)‡ ··

Socioeconomic status 1·08 (0·88–1·33) ··

Comorbidities 0·99 (0·91–1·09) ··

Ischaemic heart disease 0·71 (0·25–2·01) ··

Prestroke hypertension 0·30 (0·04–2·16) ··

Smoking 1·20 (0·61–2·36) ··

Spetzler-Martin grade 1·11 (0·77–1·59) ··

AVM size 1·20 (1·01–1·44)§ 1·34 (1·08–1·65)¶

Eloquence of brain area 0·95 (0·49–1·84) ··

Venous drainage (any deep) 0·78 (0·30–2·00) ··

Deep brain location 0·53 (0·07–3·90) ··

Associated aneurysms 3·20 (1·61–6·39)|| ··

Interventional treatment 1·52 (0·75–3·05) 2·53 (1·06–6·04)**

*Three prespecifi ed variables were entered into the multivariable analysis. 
†p=0·04. ‡p=0·05. §p=0·04. ¶p=0·007. ||p=0·001.·**p=0·04.

Table 3: Univariate and multivariable analyses of fi rst progression to 
OHS 2–6 during the fi rst 3 years of follow-up
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analyses, we calculated time to the relevant outcome 
from presentation onwards for the untreated group and 
from fi rst interventional treatment for the treated group. 
We did not include the period from presentation to fi rst 
intervention in the survival analyses, but we recorded 
events during this time and included the period in 
sensitivity analyses for the untreated group, to 
investigate whether the inclusion of pre-intervention 
events made the early untreated outcome seem worse. 
We censored patients at the time of the most recent 
follow-up if they did not reach an outcome of interest 
(OHS 2–6 or 3–6) during the study period, or at 
presentation if they already had the outcome of interest 
at baseline. The occurrence of ICH, infarct, persistent 
FND, or progressive FND was an explanatory secondary 
outcome measure.

We constructed Kaplan-Meier curves for the entire 
period of follow-up available but, because at least three 
complete years of follow-up should have been available 
for every patient in the 1999–2003 cohort at the time of 
this analysis, all group comparisons in univariate 
analyses (with the log-rank test or hazard ratios [HRs]) 
and multivariable analyses (with Cox proportional 
hazards) were applied to only the fi rst 3 years of 
follow-up. We used Cox regression only when 
proportional hazards assumptions were satisfi ed.24 We 
did not prespecify the sample size, but the analysis was a 

core aim of the SIVMS register at a point in longitudinal 
follow-up when there was suffi  cient power to enter three 
predictor variables in a multivariable analysis for the 
primary outcome. We prespecifi ed age, AVM size, and 
receipt of any interventional AVM treatment for the 
multivariable analyses on the following bases: their 
clinical relevance; the accuracy, reliability, and 
completeness of their ascertainment by SIVMS; their 
known or hypothesised infl uence on outcome; and the 
baseline imbalances found in this analysis.25 Aneurysms 
associated with AVMs were not included in the 
multivariable analysis because of the incomplete uptake 
of catheter angiography.

All statistical tests were two-tailed (α=0·05), and SPSS 
version 14.0 and StatsDirect version 2.4.6 were used for 
statistical analysis.

The Multicentre Research Ethics Committee for 
Scotland approved SIVMS (MREC/98/0/48).

Role of the funding source
The sponsors of the study had no role in the study 
design, data collection, data analysis, data interpretation, 
or writing of the report. All authors had access to the 
data in the study, and the corresponding author had 
fi nal responsibility for the decision to submit for 
publication.

Results
Of 229 adults with AVMs identifi ed by SIVMS in 
1999–2003, 114 did not present with ICH (ie, presented 
with an unruptured AVM); 63 (55%) of these patients 
received interventional treatment, and the remaining 
51 (45%) did not. We recorded demographic, clinical, and 
radiological characteristics from all 114 patients for all 
baseline variables apart from socioeconomic status 
(treated n=62, untreated n=50; 98% overall), AVM size 
(treated n=60, untreated n=46; 93% overall), venous 
drainage pattern (treated n=59, untreated n=25; 74% 
overall), and Spetzler-Martin grade (treated n=53, 
untreated n=26; 69% overall). At presentation, adults who 
did not subsequently receive interventional treatment 
were signifi cantly older, were more likely to have an OHS 
score of 3–6, had more comorbidities, and were more 
likely to have had their AVM detected as an incidental 
fi nding (table 1). Participants who were treated were 
more likely to have been investigated with a catheter 
angiogram than those who were not treated, and their 
AVMs were smaller (table 1). Seven participants who 
were treated had an ICH, infarct, persistent FND, or 
progressive FND between presentation and intervention, 
which was signifi cantly more than in the untreated group 
(log-rank χ²=7·5, p=0·006). Socioeconomic status did not 
diff er between the treated and untreated groups (Fischer’s 
exact test, p=0·3).

Interventional treatments were decided by local 
clinicians (table 2).26 Treatment began a median of 1 year 
(IQR 0·5–1·5) after presentation and ended before the 
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Figure 2: Kaplan-Meier estimates of progression to fi rst ICH, infarction, persistent FND, or progressive FND
Follow-up was for 3 years from presentation (untreated group, broken line) or fi rst interventional treatment 
(treated group, unbroken line).
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analysis date. The AVM nidus was completely obliterated 
in 42 (67%) patients who received treatment and partially 
obliterated in 19 (30%) patients; follow-up imaging data 
were not available for two (3%) patients. 

635 patient-years of follow-up were available (median 
of 6·0 years per adult, IQR 4·4–7·1, 93% completeness).27 
At baseline, 29 (25%) of all participants were OHS 2–6 
(table 1). All OHS scores of 2–6 at baseline could be 
explained by comorbidities or AVM-associated epilepsy. 
Functional outcome did not diff er between the treated 
and untreated groups during all available follow-up 
(fi gure 1), whether poor outcome was defi ned as OHS 2–6 
or OHS 3–6. Progression to OHS 2–6 did not diff er 
between the treated and untreated groups when the 
pre-intervention period for the treated participants was 
included in the untreated curve (webfi gure 1) or when 
the treatment group was restricted to the AVMs that 
were obliterated on angiography (webfi gure 2). Further 
statistical analyses were restricted to the fi rst 3 years of 
follow-up, when OHS scores as rated by family doctors 
were most complete (90/108 [83%] living patients in 
year 1, 100/108 [93%] in year 2, and 93/107 [87%] in 
year 3). We established that our data fulfi lled the Cox 
proportional hazards assumptions of non-overlapping 
hazard functions, and had a satisfactory log-linear 
relationship between the independent variables and the 
underlying hazard function in a log(–log[cumulative 
hazards]) plot (webfi gure 3). A subsequent multivariable 
analysis based on data from the 33 participants who had 
a fi rst occurrence of OHS 2–6 during the fi rst 3 years 
revealed that the occurrence of this outcome was 
associated most strongly with the receipt of interventional 
AVM treatment and AVM size (table 3). This diff erence 
between treatment groups is largely explained by the 
preponderance of ICH, FND, and cerebral infarction 
after interventional treatment (fi gure 2). Of the fi rst 
25 events after intervention, 13 (52%) were after AVM 
embolisation, seven (28%) were after gamma-knife 
radiosurgery, four (16%) were after surgical AVM 
excision, and one (4%) was after aneurysm coiling. Time 
to fi rst seizure after presentation did not diff er between 
participants who received interventional treatment and 
those who did not, even after adjustment for initial 
presentation with seizures (Cox proportional hazards, 
HR 0·7, 95% CI 0·4–1·3; p=0·2).

Despite the association of interventional treatment 
with the time to fi rst occurrence of OHS 2–6, an analysis 
of time to progression to OHS 2–6 that was sustained 
until the end of the third year of follow-up did not diff er 
between the treated and untreated patients (fi gure 3). 
The spectrum of dependence as measured by the OHS 
for all participants who were alive at presentation, 
regardless of their baseline dependence, did not diff er 
signifi cantly between the treated and untreated groups 
after 1, 2, or 3 years of follow-up (fi gure 4). There were 
two deaths due to AVM ICH during the fi rst 3 years after 
intervention: one occurred 18 months after an 

embolisation that had partially obliterated an AVM, and 
the other occurred 2 years after radiosurgery that seemed 
to have obliterated an AVM on catheter angiography a 
few weeks before the ICH. Four deaths occurred in the 
untreated group: one was due to subarachnoid 
haemorrhage from an aneurysm on an AVM feeding 
artery, and the other three had unrelated causes 
(pneumonia, bowel perforation, and morphine 
intoxication).

See Online for webfi gures 1, 2, 
and 3
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Figure 3: Kaplan-Meier estimates of progression to sustained poor outcome
Poor outcome was defi ned as OHS 2–6 that was sustained until the end of the 
third year after presentation (untreated group, broken line) or after fi rst 
interventional treatment (treated group, unbroken line).

0 40302010 50

Percentage of patients

90807060 100

Year 3 untreated 
(n=40) 

Year 2 untreated 
(n=42) 

Year 1 untreated 
(n=40) 

Year 3 treated 
(n=49) 

Year 2 treated 
(n=56) 

Year 1 treated 
(n=62) 

1 430 2 5 6OHS score
1 430 2 5 6OHS score

Figure 4: Functional outcome on the OHS
Changes are shown for the 3 years after presentation (untreated group, blue) or after fi rst interventional treatment 
(treated group, red). Deaths (OHS score=6) are cumulative; all other grades represent the ratings available for the 
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Discussion
In this prospective, population-based study of the 
contemporary management of adults with AVMs in 
Scotland, interventional treatment and AVM size were 
independent predictors of progression to poor outcome 
(OHS 2–6) in the fi rst 3 years after presentation or 
interventional treatment (table 3). The diff erence in 
outcome between treated and untreated patients seemed 
to be explained by diff erences in the rate of ICH, cerebral 
infarction, persistent FND, and progressive FND 
(fi gure 2), but not epileptic seizures. However, the treated 
and untreated participants did not diff er in progression 
to OHS 2–6 that was sustained until the end of the third 
year of follow-up (fi gure 3), or in the overall spectrum of 
dependence over the same time (fi gure 4).

The strengths of this study were its thorough case 
ascertainment in a population of 5·1 million inhabitants,17 
its prospective annual follow-up procedures, with blinded 
scrutiny of outcomes and high percentage of complete 
ratings on a validated measure of dependence, and its 
representation of present clinical and interventional 
practice. The use of a concurrent, albeit non-randomised, 
untreated control group within the same population 
avoided the problems of indirect comparisons between 
diff erent treated and untreated case series (eg, from 
diff erent time periods and geographical locations). 
Although the traditional measure of outcome in AVM 
research has been the occurrence of haemorrhage during 
follow-up, we also used a measure of functional outcome, 
and we chose an OHS score of 2 or more as a meaningful 
level of dependence because it implies restriction to 
lifestyle, which would not be expected for most patients 
with an unruptured AVM (table 1). The analysis of 
progression to fi rst OHS 2–6 fulfi lled the main 
assumptions of proportional hazards analyses (fi gure 1),25 
and there were adequate outcome events to allow us to 
use a multivariable model that included three prespecifi ed 
variables.28

The main weakness of this study was the potential 
confounding of its results by imbalances between treated 
and untreated groups at baseline (table 1). This imbalance 
can be explained by the feasibility of interventional 
treatment, and the selection of patients for interventional 
treatment according to perception of likely future benefi t 
(eg, on the bases of age and comorbidities). However, 
there were no apparent imbalances in two variables that 
seem to raise the risk of future haemorrhage from an 
unruptured AVM: deep venous drainage and associated 
aneurysms (table 1).1,29 One of the fi ve main imbalances 
at baseline (AVM size) had an independent eff ect on 
outcome in both univariate and multivariable analyses 
(table 3). Although patients had an unruptured AVM at 
presentation, the subsequent course of some of these 
patients probably aff ected whether treatment was given 
(at least for the seven [11%] participants who had an ICH 
or FND between presentation and treatment). Our 
assessment of the eff ect of AVM vascular anatomy on 

outcome was complicated by the incomplete uptake of 
catheter angiography, both at diagnosis and for 
assessment of AVM obliteration after treatment, although 
this uptake is similar to everyday clinical practice, in 
which invasive investigation is reserved for patients 
thought to be most in need. Where results from catheter 
angiography were unavailable, we improved the 
completeness of data on AVM size by MRI, but we did 
not use MRI to collect data about venous drainage. The 
incompleteness of these angiographic data reduced the 
power of the study to show an eff ect of detailed vascular 
anatomy, and potentially biased and confounded its 
assessment, but this would apply to any study of AVM 
vascular anatomy that does not give every patient a 
catheter angiogram. For this reason, we did not prespecify 
coexistent aneurysms as a variable for the multivariable 
analyses, despite the apparent association with poor 
outcome in a univariate analysis (table 3). Although this 
study benefi ted from a 3-year assessment of functional 
outcome, because AVM treatment has a recognised early 
complication rate and is ultimately intended to prevent 
future ICH (especially when angiographic obliteration 
has been achieved),30 longer-term follow-up of this cohort 
is essential.

The prospective, population-based design of SIVMS is 
comparable to the design of only one other study, based 
on part of the New York area; that study has not yet done 
an analysis comparable to that reported here.3 
Hospital-based studies of contemporary interventions 
have quantifi ed the short-term risk of new neurological 
defi cits after the treatment of unruptured AVMs,7,9 and a 
study of the Columbia AVM Databank found a substantial 
increase in risk over the medium term after intervention 
at a tertiary referral centre.13 Although similar to our 
study in the fi nding that interventional treatment was 
associated with poor short-term outcome,13 the larger 
diff erence in outcome between the treated and untreated 
groups in the Columbia AVM Databank can be explained 
by the methods of assessment and analysis. Independent 
assessment by a neurologist soon after treatment will 
detect any early deterioration after intervention,13 whereas 
our annual follow-up by family doctors is orientated 
towards detection of enduring defi cits in the medium 
term and long term. Furthermore, time to fi rst 
deterioration (fi gure 1) is likely to be aff ected by 
complications of interventional treatment (fi gure 2), but 
sustained deterioration is likely to cause most trouble for 
patients (fi gure 3). These outcomes should be analysed 
for both the Columbia AVM Databank and the SIVMS 
register over patients’ lifetimes. Interventional treatment 
of unruptured AVMs is likely to remain controversial 
until these long-term follow-up data are available.15,31,32

In present clinical practice, the best management of 
unruptured AVMs remains unclear, with decisions to 
treat made on a case-by-case basis according to regional 
guidelines where they exist.30 Randomised trials could 
resolve the dilemma of whether to treat unruptured 
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AVMs, particularly by removal of baseline imbalances 
between treated and untreated groups (which can never 
be fully adjusted for in observational studies) and use of 
meticulous, independent neurological assessment.14 For 
the ARUBA randomised trial of unruptured AVMs— 
which currently has 56 sites enrolled in the USA, Canada, 
South America, Australia, and Europe—long-term 
follow-up will also be essential.
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