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ABSTRACT
Introduction: Intracranial arteriovenous malformations
(AVMs) are associated with high morbidity and mortality.
Modern microsurgery has improved the results of
surgical treatment of AVMs; however, the treatment of
AVMs, particularly eloquently located AVMs, still carries a
high risk. Functional MRI (fMRI) has been reported to be
used for the preoperative evaluation of AVMs in small
case series. The purpose is to identify the utility and
efficacy of fMRI-guided microsurgery of AVMs in a large
randomised controlled trial.
Methods and analysis: The study is a prospective,
randomised controlled clinical trial. This study will enrol a
total of 600 eligible patients. These eligible patients will
be randomised to the standard microsurgery group and
the fMRI-guided microsurgery group in a 1:1 ratio.
Patient baseline characteristics and AVM architecture and
characteristics will be described. In the fMRI-guided
group, fMRI mapping of an eloquent cortex in all AVMs
will be identified. Surgical complications and outcomes
at pretreatment, post-treatment, at discharge and at 1month, 3-month and 6-month follow-up intervals will be
analysed using the modified Rankin Scale (mRS). This
trial will determine whether fMRI-guided microsurgery
could improve outcomes in patients with AVMs and also
identify the safety and efficacy of fMRI-guided
microsurgery.
Ethics and dissemination: The study protocol and
written informed consent were reviewed and approved by
the Institutional Review Board of Beijing Tiantan Hospital
Affiliated to Capital Medical University (ky2012-016-02).
Study findings will be disseminated in the printed media.
Trial registration number: ClinicalTrials.gov
NCT01758211.

BACKGROUND
Intracranial arteriovenous malformations
(AVMs) are estimated to have a prevalence of
1.4–4.3%.1 Intracranial haemorrhage and epilepsy are the main clinical presentations in
patients with AVMs. The annual rehaemorrhage rate of AVMs varies from 6% to 15.8%,2
but they are associated with a morbidity rate as

high as 35% and mortality rate of 15% over
long-term follow-up.3–6 The treatment aim is
solely to prevent haemorrhage and rehaemorrhage from AVMs. Current treatment options
include medical management, microsurgical
treatment, endovascular embolisation, radiosurgery and a combination of multimodal
therapy.7 Medical management alone may be
superior to medical management with interventional therapy for the prevention of death
or stroke in patients with unruptured AVMs in
the ‘A Randomized trial of Unruptured Brain
AVMs’ (ARUBA) study;8 however, there
remains a controversy regarding case-selection
bias and short-term follow-up in this study.
In clinical practice, optimal treatment
should balance the natural history of AVMs
against the risk of treatment.9 The natural
history of AVMs remains unclear, and microsurgery remains the standard treatment of
accessible AVMs.5 Microsurgical treatment is
immediately warranted for patients with progressive neurological deﬁcits caused by haemorrhage;10 however, this treatment to prevent
haemorrhage itself carries risks. Although
modern microsurgery has been reported to
improve the overall outcome in patients with
AVMs in our previous studies,11–13 the treatment of AVMs in an eloquent cortex is always
challenging.
Functional MRI (fMRI) can identify a
potential functional imaging of the eloquent
cortex.14 It can also be utilised accurately to
localise lesions in an eloquent cortex and to
reduce the morbidity of lesions.15 Small case
series have reported that fMRI is a valuable
tool in the preoperative evaluation with
AVMs.14–24 A review of the role of fMRI also
suggested that fMRI could be useful to aid in
the decision-making of treatment of AVMs.25
However, fMRI signals in a perilesional eloquent cortex were reduced, whereas these
signals were normal or increased in
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STUDY OBJECTIVE
The key purpose of this study is to determine whether
fMRI-guided microsurgery could improve overall outcomes in patients with AVMs, and to identify fMRI
mapping of an eloquent cortex in a substantial cohort
of patients with AVMs. We will assess the safety and efﬁcacy of fMRI-guided microsurgery.
METHODS AND ANALYSIS
Study designs
The study is a prospective, assessor blinded, randomised
controlled clinical trial. Eligible patients with AVMs
undergoing surgery will be randomised to the standard
microsurgery group and the fMRI-guided microsurgery
group in a 1:1 ratio. The study protocol was performed
at Tiantan hospital (China National Clinical Research
Center for Neurological Diseases), which is the largest
neurosurgical centre in China. All patients with AVM
aneurysms will be treated by the senior author (SW).
A diagram of the protocol is presented in ﬁgure 1.
Study participants
Patient baseline characteristics (age, sex and neurological function), AVM architecture (feeding arteries,
nidus, draining veins) and characteristics (size and location) will be provided. Treatment decision is made on

the basis of AVM characteristics (the size, location and
Spetzler-Martin grade26). Surgical treatment is preferably
considered for patients who have a history of haemorrhage or seizure. Treatment modalities for AVMs and
randomised methods will be informed to the patient
and family. Eligible patients will be included before the
written informed consent is obtained. These patients
can withdraw from the study at any time.
Inclusion criteria
▸ Patient age ranging from 12 to 60 years.
▸ Deﬁnitive diagnosis of AVMs
▸ No contraindications to perform fMRI examination
▸ Informed consent.
Exclusion criteria
▸ Patients initially undergoing endovascular and
radiosurgery.
▸ Patients undergoing surgical treatment within
1-month of initial haemorrhage.
▸ Patients undergoing emergency removal of intracranial haematomas due to AVMs.
▸ Contraindications for general anaesthesia and
surgery.
▸ Pregnancy and breastfeeding.
Randomisation and blinding
Eligible patients will be randomised to the standard
microsurgery group and the fMRI-guided surgery group
in a 1:1 ratio. Stratiﬁed blocked randomisation and minimisation methods are employed. Stratiﬁcation factors
include AVM location, where AVMs are located within or
in an eloquent cortex, and the Spetzler-Martin grade. It
is impossible to blind the participants and surgeons, and
only outcome assessors are blinded. These assessors are

Figure 1 Diagram of the study
protocol. AVMs, arteriovenous
malformations; fMRI, functional
MRI; DSA, digital subtraction
angiography; mRS, modified
Rankin Scale.
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homologous regions.21 These changes could potentially
inﬂuence the evaluations of surgery. Moreover, standard
tasks and a deﬁnitive analysis of fMRI data are required
to be achieved before drawing a deﬁnitive conclusion.
Therefore, this large, randomised clinical trial will identify the safety and efﬁcacy of fMRI-guided microsurgery
of AVMs.
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Standard microsurgery group
Patients in the standard group will receive cerebral angiography and MRI before surgical treatment. The craniotomy will be performed within the cerebrovascular
team. Standard microsurgical treatment includes temporary clipping of the feeding arteries, careful dissection
of the AVM from the adjacent brain, and complete or
incomplete resection of the AVM.11 12 Any techniques
for motor evoked potential (MEP) and somatosensory
evoked potential (SSEP) can be used for intraoperative
monitoring. Intraoperative ultrasound and indocyanine
green videoangiography can also be used to guide the
treatment of AVMs as needed.
FMRI-guided microsurgery group
If patients are randomised to the fMRI-guided group,
they will perform the fMRI scans within 1 week before
surgery. Blood-oxygen-level dependent (BOLD), diffusion tensor imaging (DTI) and time-of-ﬂight MR angiography (TOF-MRA) will be performed.22 24 27 Different
fMRI tasks, such as language, motor and visual tasks, will
be respectively employed on the basis of AVM location.
These tasks will be performed as follows: (1) language
stimulation paradigms acquired by both verb generation
and picture naming; (2) motor stimulation paradigms
acquired by ﬁnger tap movement; (3) visual stimulation
acquired by the black-and-white checkerboard.
BOLD-fMRI and DTI are automatically fused with threedimensional (3D)-TOF MRA images. The distance
between the lesion and the eloquent cortex will be measured. The distance measurement was obtained from
axial, sagittal and coronal imaging of MRA. AVM architecture, including the feeding artery, nidus and draining
vein, will be acquired by the 3D MRA.
The treatment planning station will be situated based
on the fMRI data. Craniotomy will be performed according to the planning. With the brain cortex exposed after
craniotomy, the feeding arteries, nidus and draining
veins of the AVM will be identiﬁed with the navigator’s
probe. Then a microsurgical resection of AVMs will be
performed just like in the standard treatment group.
The fMRI-guided microsurgery will be discontinued if
there is a medical necessity or at the request of the participant. This could occur if the patient requires emergency surgery for intracerebral haemorrhage during the
study period or if the participant withdraws from the
study at any time and for any reason. Investigators will
collect data in detail at the time of study randomisation.
Adherence to treatment allocation will be monitored in
the monthly reports, which originate from the data
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monitoring centre (National Center for Cardiovascular
Diseases of the People’s Republic of China). All microsurgical techniques and equipment in both treatment
groups will be provided as needed. Any concomitant
medication is permitted in the context of the study.
Outcome measures
The primary outcome is the removal rate of AVMs (complete, near-complete and incomplete) according to the
postoperative evaluation of cerebral angiography. The
primary outcome is the postoperative surgical complication, neurological function and retreatment. Surgical
complications include intracranial infection, epilepsy,
rehaemorrhage and cerebral infarction. Patient baseline
neurological function and outcomes at pretreatment,
post-treatment, at discharge and at 1-month, 3-month
and 6-month follow-ups are measured using the modiﬁed Ranking Scale (mRS). A schematic diagram is
showed in ﬁgure 1. An mRS of 0–2 is identiﬁed as a
favourable outcome, and a score of 3–6 as an unfavourable outcome.
Sample size
According to the current literature and our previous
study,11 12 28 29 favourable outcomes (mRS of 0–2)
account for approximately 80% in patients with AVMs
after the standard microsurgery. We hypothesise that the
overall favourable outcome in the fMRI-guided group
could be 90%. A signiﬁcant difference between the standard microsurgery group and the fMRI-guided group is
10%. A sample size of 300 in the standard group and of
300 in the fMRI group will be included with a two-sided
signiﬁcance level of 5%, a power of 80%, assuming that
10% of the included patients will be lost to follow-up.
Statistical analysis
Data veriﬁcation will be undertaken in 20% of all cases
to assess the accuracy of data recording. Data are given
as the mean and SD for continuous variables or frequency for categorical variables. Signiﬁcances in clinical
variables and outcomes between two groups are analysed
using the t test, χ2 test, Fisher’s exact test or the
Mann-Whitney U test. Associations of variables will be
identiﬁed using a univariate and multivariate analysis.
Statistical analysis will be performed at the National
Center for Cardiovascular Diseases of the People’s
Republic of China.
Data management
Data are prospectively collected using an electronic case
report form (eCRF) through a study website using a
login and password. Neurological conditions and complications related to surgical procedure will be carefully
monitored during the whole period of follow-up. These
data safety will be monitored at the National Center for
Cardiovascular Diseases of the People’s Republic of
China during the clinical trial. The monthly auditing,
data quality and statistical analysis are managed by a
3
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not involved in patient management. The allocation
sequence will be generated by an independent third
party of the National Center for Cardiovascular Diseases
of the People’s Republic of China, and patients treated
with fMRI-guided microsurgery will be assigned by the
third party. In order to prevent bias, the patient randomisation process will be performed by the third party.
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Duration of the study
This study will enrol eligible 600 patients with AVMs treated
with microsurgical treatment in Tiantan hospital (China
National Clinical Research Center for Neurological
Diseases). Study recruitment commenced in February
2013. The ﬁnal patient recruitment will end in June 2015.
ETHICS AND DISSEMINATION
The study was granted approval as a key program by the
National Science and Technology Support Program in
2012. The Original Protocol for a prospective multicentre study was registered in December 2012. To reduce
surgery bias and fMRI bias in the multicentre, the study
protocol was only performed at Tiantan Hospital.
Patients allocated to the fMRI-guided treatment group
will perform fMRI examinations. Those patients who
were implanted with medical devices such as pacemakers
will be excluded. Other unexpected risks of fMRI examination will be monitored. A minor amount of brain
shift exists in neuronavigation,30 but it does not inﬂuence the surgical procedure. This study adheres to good
clinical practice and ethical principles described in the
Declaration of Helsinki and ‘Human Biomedical
Research Ethical Issues and Policy Guidance’. Written
informed consent will be obtained from each participant
or their family members. If the patient is less than
18 years old, the informed consent will be obtained
from his or her guardian.
This project is supervised by the Ministry of Health of
the People’s Republic of China. Professor Shuo Wang is
the principal investigator. Data interpretation and dissemination of study results will be managed under his
direct supervision. The ﬁnal results will be disseminated
in December 2015. The study ﬁndings will be disseminated in the printed media.

an AVM located in the primary motor cortex. The ﬁrst
large randomised controlled study mainly focused on
outcomes of eloquently located AVMs. FMRI can safely
be used for the microsurgery of eloquently located
AVMs, and fMRI-guided microsurgery could improve the
overall outcomes in patients with AVMs.
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