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ABSTRACT

Objective The aims of this study are to clarify the long-
term outcomes of brainstem arteriovenous malformations
(AVMs) after different management modalities.

Methods The authors retrospectively reviewed 61
brainstem AVMs in their institution between 2011 and
2017. The rupture risk was represented by annualised
haemorrhagic rate. Patients were divided into five groups:
conservation, microsurgery, embolisation, stereotactic
radiosurgery (SRS) and embolisation+SRS. Neurofunctional
outcomes were evaluated by the modified Rankin Scale
(mRS). Subgroup analysis was conducted between
different management modalities to compare the long-term
outcomes in rupture or unruptured cohorts.

Results All of 61 brainstem AVMs (12 unruptured and 49
ruptured) were followed up for an average of 4.5 years.
The natural annualised rupture risk was 7.3%, and the
natural annualised reruptured risk in the ruptured cohort
was 8.9%. 13 cases were conservative managed and 48
cases underwent intervention (including 6 microsurgery,
12 embolisation, 21 SRS and 9 embolisation+SRS). In the
selection of interventional indication, diffuse nidus were
often suggested conservative management (p=0.004)
and nidus involving the midbrain were more likely to be
recommended for intervention (p=0.034). The risk of
subsequent haemorrhage was significantly increased

in partial occlusion compared with complete occlusion
and conservative management (p<0.001, p=0.036,
respectively). In the subgroup analysis, the follow-up mRS
scores of different management modalities were similar
whether in the rupture cohort (p=0.064) or the unruptured
cohort (p=0.391), as well as the haemorrhage-free
survival (p=0.145). In the adjusted Bonferroni correction
analysis of the ruptured cohort, microsurgery and SRS
could significantly improve the obliteration rate compared
with conservation (p<0.001, p=0.001, respectively) and
SRS may have positive effect on avoiding new-onset
neurofunctional deficit compared with microsurgery and
embolisation (p=0.003, p=0.003, respectively).
Conclusions Intervention has similar neurofunctional
outcomes as conservation in these brainstem AVM
cohorts. If intervention is adopted, partial obliteration
should be avoided because of the high subsequent rupture
risk.

Trial registration number NCT04136860.

INTRODUCTION

Brainstem  arteriovenous  malformations
(AVMs) are defined as AVMs involving the
midbrain, pons or medulla. They constitute
approximately 2%-6% of all intracranial
AVMs'™ and pose substantial management
challenges because of the deep location
and involving important eloquent region."
Previous studies reported that 45.4%-92.0%
of the brainstem AVMs were presented with
haemorrhage, and the haemorrhage often
leads to devastating neurological deficits.*”
However, given the risk of severe postopera-
tive complications for brainstem AVMs, the
principal management has traditionally been
conservative treatment.'” ' Recently, with
the development of intervention technology
and operative equipment, brainstem AVMs
might have more opportunities to undergo
more aggressive treatment regimens.4 1z
The present study retrospectively reviewed
61 brainstem AVMs in our institution to
specify the long-term outcomes after different
management modalities.

MATERIALS AND METHODS

Study design and participants

We performed a retrospective review of
all patients diagnosed with AVMs seen at
our institution from September 2011 to
October 2017. Written informed consent for
collecting clinical information was obtained
from each patient at admission. The inclu-
sion criteria were: (1) the diagnosis of AVM
confirmed with digital subtraction angiog-
raphy and/or MRI; (2) patients diagnosed of
brainstem AVMs and (3) follow-up more than
2 years. Exclusion criteria were: (1) patients’
concomitant diagnosis of hereditary haem-
orrhagic telangiectasia; (2) patients missing
critical baseline information or those lost to
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follow-up and (3) patients who received intervention
before admission.

Data collection and variable definition

Patient baseline demographic, clinical features and
imaging data were collected. Haemorrhage presenta-
tion was defined as haemorrhage that could be ascribed
to AVM rupture. The definition of eloquent area and
deep venous drainage was consistent with the evaluation
criteria in Spetzler-Martin (SM) Grading system.'’ SM
Grading system, Virginia Radiosurgery AVM Scale (VRAS)
and Radiosurgery-Based AVM Score (RBAS) were used to
predict the long-term neurofunctional outcomes.'” '* 1°
Associated aneurysms were divided into two categories:
flow-related aneurysms and non-flow-related aneurysms."®
Diffuseness was determined from preoperative magnetic
resonance angiograms with Time-Of-Flight (TOF) images
used to identify intervening brain parenchyma within the
nidus. Treatment modality was classified as: conservative
management, microsurgery, embolisation, stereotactic
radiosurgery (SRS) and embolisation+SRS. The rupture
risk was represented by annualised haemorrhagic rate,
and the clinical follow-up duration was calculated as the
interval between diagnosis to last follow-up for conserva-
tive patients or as first treatment to last follow-up in inter-
vention patients. The observational interval of natural
history was defined as the first diagnosis of brainstem
AVMs to the last follow-up in the conservative group
and to the first intervention in the intervention group.
Recurrent haemorrhage was defined as any haemorrhage
attributable to AVM rupture during the follow-up period.
The neurofunctional prognosis was evaluated by modi-
fied Rankin Scale (mRS).

Follow-up was conducted at the first 3-6 months and
annually after surgery by clinical visit and telephone
interview. The evaluation of mRS score was conducted by
neurosurgeons who have at least 5 years’ experience of
clinical practice and all the images were interpreted by at
least two radiologists independently who are with at least
5 years of clinical experience in radiology centre of our
institute. Researchers who performed follow-up assess-
ments were blinded to treatment modalities.

Statistical analysis

The categorical variables are presented as counts (with
percentages); the continuous variables are presented as
the mean+SD. The Pearson 2 test, Fisher’s exact test,
Mann-Whitney U test or Kruskal-Wallis test was used to
compare categorical variables as appropriate. Two-tailed
t-tests or one-way analysis of variance test were employed to
compare continuous variables (normal distribution vari-
able). Bonferroni correction was adopted in the adjusted
posthoc analysis in order to avoid the occurrence of Type
I errors (p<0.005). Wilcoxon rank sum test was applied
to compare non-normal distribution continuous varia-
bles. A Poisson rate test was used to compare the differ-
ences of annualised rupture risk. Kaplan-Meier analysis
(Log Rank, Mantel-Cox) was employed to compare the

Tiantan Brain AVM Study Database from
September 2011 to October 2018
N=2212
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N=79
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N=6 N=12 N=21 Radiosurgery
N=9
Figure 1 The flow diagram of patient screening. AVM,

arteriovenous malformation.

actuarial obliteration rates and haemorrhage-free survival
rates between different interventional modalities. P<0.05
was considered to be statistically significant. Statistical
analysis was performed using SPSS (V.25.0, IBM, New
York, USA).

RESULTS

Baseline characteristics

A total of 61 patients (2.8%) with brainstem AVMs were
included from our institutional database of 2212 patients
with AVM (figure 1). Forty-nine patients (80.3%) were
presented with haemorrhage. Thirteen patients (21.3%)
were conservative managed and 48 patients (78.7%)
underwent intervention (including 6 cases of micro-
surgical resection, 12 cases of endovascular embolisa-
tion, 21 cases of SRS and 9 cases of embolisation+SRS)
(table 1). The mean age was 29.5+14.0 years (range,
3.1-61.0 years), the average size of all brainstem AVMs
was 2.4+1.4cm (range, 0.6-7.0cm) and the mean admis-
sion mRS score were 1.2+1.4. Most of the patients were
classified as SM grade II (30 cases, 49.2%) and III (22
cases, 36.1%). The most common VRAS score noted
was VRAS=2 (27 cases, 44.3%), followed by VRAS=4 (16
cases, 26.2%) and VRAS=3 (15 cases, 24.6%). The most
common RBAS noted was RBAS=1-2 (31 cases, 50.8%),
followed by RBAS <1 (19 cases, 31.1%). Of the 61 brain-
stem AVMs, 30 were located in midbrain (49.2%), 5 in
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Table 1 Baseline characteristics of the included brainstem

AVMs

Characteristics

All patients (n=61)

Sex (male)
Age (years)

Onset manifestation
Haemorrhage
Neurofunctional deficit
Others
Hydrocephalus
Admission mRS

AVM grading (SM grade)
|
Il
1]

\%
\
VRAS

0
1
2
3
4
RBAS
<1
1-2
>2
Location
Midbrain
Midbrain-pons
Pons

Pons-medulla
Medulla

Middle cerebellar peduncle

Others
Size (cm)
Deep venous drainage

Drainage varix

Aneurysms (flow-related)

Diffuse nidus

Deep perforating arteries

Treatment modalities
Conservation
Microsurgery

Embolisation

SRS

Embolisation+SRS

Follow-up duration (years)

33 (54.1)
29.5+14.0

49 (80.3)
4 (6.6)

8 (13.1)
5(8.2)
1.2+1.4

0(0.0)
30 (49.2)
22 (36.1)
4 (6.6)
3(4.9)

0(0.0)
3(4.9)
27 (44.3)
15 (24.6)
16 (26.2)

19 (31.1)
31(50.8)
11 (18.0)

30 (49.2)
5(8.2)

10 (16.4)
3(4.9)

6(9.8)
5(8.2)
2(3.3)

2.4+1.4
26 (42.6)
15 (24.6)
10 (16.4)
10 (16.4)
45 (73.8)
13 (21.3)
6(9.8)

12 (19.7)
21 (34.4)
9 (14.8)
4.5+2.1

AVM RBAS score= (0.1)*(AVM volume)+(0.02)*(patient age)+(0.3)*(AVM location).
Values are expressed as number of cases (%) or mean+SD, unless otherwise

indicated.

AVMs, arteriovenous malformations; SM grade, Spetzler-Martin grade;

mRS, modified Rankin Scale; RBAS, Radiosurgery-based AVM Score; SRS,

stereotactic radiosurgery; VRAS, Virginia Radiosurgery AVM Scale.

midbrain-pons (8.2%), 10 in pons (16.4%), 3 in pons-
medulla (4.9%), 6 in medulla (9.8%), 5 in middle cere-
bellar peduncle (8.2%) and 2 in other locations (3.3%).
Twenty-six patients (42.6%) drained by deep venous and
10 patients (16.4%) were accompanied by flow-related
aneurysms. 16.4% were evaluated as diffuse nidus based
on TOF images. The majority of patients (45 cases, 73.8%)
accompanied with deep perforating arteries. No patients
in the SRS group received either planned dose-stage or
volume-stage therapy.

Indication selection

In our institution, the three departments corresponding
to the three intervention modalities (microsurgery, embo-
lisation, SRS) are independent of each other, and they all
complete the formulation of the patient’s treatment plan
independently. Therefore, the selection of indications
for each intervention modality may be different. Patients
with nidus partial obliteration after embolisation would
be recommended for SRS, but the patient compliance
was not consistent.

In this study, diffuse nidus were often suggested conser-
vative management because of the unclear boundaries
(46.2% vs 8.3%, p=0.004, OR 9.429, 95%CI 2.113 to
42.069) and nidus involving the midbrain were more
likely to be recommended for intervention (23.1% vs
56.3%, p=0.034, OR 0.233, 95% CI 0.057 to 0.956). In
the adjusted posthoc Bonferroni correction analysis, the
baseline characteristics were similar between these five
management modalities (table 2).

Annual rupture risk

All of 61 brainstem AVMs were continuously followed up
clinically and angiographically with an average of 4.5+2.0
years. In the nature history analysis, seven patients in the
ruptured cohorts and zero patients in occurred rupture
event during the observational interval (one case in the
conservation group experienced one rerupture event
and six cases in the intervention group experienced
seven rerupture events before clinical invasive inter-
vention). The observational interval of nature history
was 109.7 patientyears, indicating a natural annualised
rupture rate of 7.3%. In the ruptured cohorts, the total
follow-up time before the initial intervention was 89.7
patient-years, indicating an natural annualised rerup-
ture rate of 8.9%. The overall follow-up duration of the
conservation group was 65.5 patient-years, indicating an
annualised subsequent rupture rate of 1.5%. Seven cases
(14.6%, three in the embolisation, three in the SRS and
one in the embolisation+SRS) in the intervention group
experienced a total of eight subsequent haemorrhages
during a follow-up period of 207.4 patientyears, indi-
cating an annualised subsequent rupture rate of 3.9% in
the intervention group (0.0% in the microsurgery, 9.7%
in the embolisation, 3.5% in the SRS and 2.1% in the
embolisation+SRS) (conservation versus intervention,
1.5% vs 3.9%, p=0.410, 95% CI -0.063 to 0.017). Inter-
estingly, we found that partial obliteration has significant
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Table 2 Indication selection of different management strategies for brainstem AVMs
Conservative Microsurgery Embolisation SRS Embolisation+SRS
Characteristics (n=13) (n=6) (n=12) (n=21) (n=9) P value
Sex (male) 8 (61.5) 3 (50.0) 7 (58.3) 11 (562.4) 4 (44.9) 0.941
Age (years) 25.0+11.9 32.9+18.8 34.2+14.9 30.1£12.6 26.3+15.7 0.488
Onset manifestation
Haemorrhage 10 (76.9) 6 (100.0) 11 (91.7) 14 (66.7) 8(88.9) 0.162
Neurofunctional deficit 2 (15.4) 0 (0.0) 0 (0.0 2 (9.5) 0 (0.0) 0.272
Others 1(7.7) 0 (0.0) 1(8.3) 5(23.8) 1(11.1) 0.388
Hydrocephalus 3 (23.1) 1(16.7) 0 (0.0 1(4.8) 0 (0.0) 0.131
Admission mRS 1.1£0.8 2.2+1.9 1.5+£1.8 1.2+1.2 0.9+1.2 0.669
Location
Midbrain 3(23.1) 1(16.7) 6 (50.0) 13(61.9) 7 (77.8) 0.026*
Midbrain-pons 2 (15.4) 1(16.7) 0 (0.0) 1(4.8) 1(11.1) 0.448
Pons 3(23.1) 1(16.7) 3 (25.0) 3(14.3) 0 (0.0) 0.373
Pons-medulla 0 (0.0 1(16.7) 0 (0.0 2 (9.5) 0 (0.0) 0.257
Medulla 3(23.1) 1(16.7) 2(16.7) 0 (0.0) 0 (0.0 0.062
Middle cerebellar peduncle 1 (7.7) 1(16.7) 0 (0.0) 2 (9.5) 1(11.1) 0.618
Others 1(7.7) 0 (0.0 1(8.3) 0 (0.0 0 (0.0 0.453
Size (cm) 2.6x1.4 1.7+£0.7 2.4+1.5 2.3+1.1 3.3+1.7 0.217
Deep venous drainage 4 (30.8) 1(16.7) 4 (33.3) 12 (567.1) 5(55.6) 0.244
Drainage varix 4 (30.8) 0(0.0) 4 (33.3) 3(14.3) 4 (44.4) 0.129
Aneurysms (flow-related) 3(23.1) 0(0.0) 4 (33.3) 1(4.8) 2(22.2) 0.110
Diffuse nidus 6 (46.2) 1(16.7) 0 (0.0) 3(14.3) 0(0.0) 0.008*
Deep perforating arteries 11 (84.6) 5(83.3) 7 (58.3) 17 (81.0) 5 (55.6) 0.340

Values are expressed as number of cases (%) or mean+SD, unless otherwise indicated.

*Statistical significance (p<0.05).

AVMs, arteriovenous malformations; mRS, modified Rankin Scale; SRS, stereotactic radiosurgery.

higher subsequent rupture risk than complete oblitera-
tion (10.6% vs 0.0%, p<0.001, 95% CI 0.032 to 0.179)
and conservative management (10.6% vs 1.5%, p=0.036,
95% CI 0.011 to 0.170), and similar subsequent rupture
risk with natural annualised rupture risk (10.6% vs 7.3%,
p=0.465, 95% CI ~0.056 to 0.122) (table 3).

Subgroup analysis

All of six AVMs were totally resected in the microsurgery
group. Three patients (50.0%) were operated by poste-
rior median suboccipital approach, and the other three
patients (50.0%) were treated by Kawase approach. After
the operation, three patients (50.0%) occurred persistent
partial motor aphasia and one patient (16.7%) experi-
ence new-onset limb weakness. Five patients (41.7%) in
the embolisation group achieved angiographic oblitera-
tion. However, three patients (25.0%) experienced long-
term disability and four patients (33.3%) died (three died
of recurrent haemorrhage, one died of medulla infarc-
tion) during follow-up. Radiosurgery was applied in 21
cases, and 13 of them (61.9%) achieved angiographic
obliteration during a mean follow-up period of 4.0+1.8
years. Four patients (19.0%) underwent SRS proce-
dures twice. The margin dose was 15.1+1.6 Gy (range,

12-18 Gy). New-onset neurofunctional deficit occurred
in three patients (14.3%) because of recurrent haemor-
rhage during follow-up. In the embolisation+SRS group,
four of them (44.4%) achieved obliteration. One patient
(11.1%) experienced once subsequent haemorrhage
after 5.6 years follow-up and finally died.

In the subgroup analysis of long-term outcomes in
ruptured and unruptured brainstem AVMs, despite the
long-term mRS were similar between different manage-
ment modalities both in the rupture group (p=0.064)
and unruptured group (p=0.391) (figure 2), there were
differences in several prognostic indicators (table 4). In
the ruptured cohort, the obliteration rate of different
management modalities was not the same (p<0.001).
The adjusted posthoc Bonferroni correction analysis
indicated that both microsurgery and SRS could achieve
statistical significant obliteration rate than conservative
management (p<0.001, 95%CI NA; p=0.001, 95% CI
1.529 to 8.012, respectively). The new-onset neurofunc-
tional deficit in the rupture cohort was not the same
too (p=0.001). The adjusted posthoc Bonferroni correc-
tion analysis showed that SRS has a positive effect on
avoiding new-onset neurofunctional deficit compared
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Table 3 Natural annualised rupture risk and annualised subsequent rupture risk under different treatment modalities in

brainstem AVMs
Patients with Total haemorrhagic  Follow-up Annual
haemorrhagic event events duration (years) rate (%)
Natural rupture risk (n=61) 7 (11.5) 8 109.7 7.3
Natural rerupture risk (n=49) 7 (14.3) 8 89.7 8.9
Subsequent rupture
Conservative (n=13) 1(7.7) 1 65.5 1.5
Interventional (n=48) 7 (14.6) 8 207.4 3.9
Microsurgery (n=6) 0(0.0) 0 34.3 0.0
Embolisation (n=12) 3 (25.0) 4 41.4 9.7
SRS (n=21) 3(14.3) 3 84.8 3.5
Embolisation+SRS (n=9) 1(11.1) 1 47.0 2.1
Partial obliteration (n=23) 7 (30.4) 8 75.6 10.6
Complete obliteration (n=25) 0 (0.0 0 120.1 0.0

Poisson rate test for partial obliteration and complete obliteration or conservative management is significant (p<0.001, p=0.036, respectively).
Poisson rate test for partial obliteration and natural rupture risk is not significant (p=0.465). Values are expressed as number of cases (%) or

mean+SD, unless otherwise indicated.
AVMs, arteriovenous malformations; SRS, stereotactic radiosurgery.

with microsurgery and embolisation (p=0.003, 95% CI
2.188 to 29.249; p=0.003, 95% CI 1.791 to 8.064, respec-
tively). In addition, although there may be differences
in the overall distribution of mortality between different
management modalities in the rupture cohort (p=0.019),
we found no significant differences in mortality between
any two management modalities after adjusted Bonfer-
roni correction analysis. In the unruptured cohort, we
did not find any differences in all prognostic indicators.
Kaplan-Meier analysis showed no significant difference

Conservative
3 6 Pre-treatment B8 mRS=6
B2 mRS=5
3 7 Follow-up N mRS=4

I mRS=3
Microsurgery B mRS=2

mRS=1
1 I 2 1 1 2 4 Pre-treatment 3 mRs=0

Pre-treatment
Follow-up
Radiosurgery

5 12 VA7 7 Pre-treatment

8 | 6 4 1 P4 Folow-up

Embolization+Radiosurgery

Pre-treatment

Figure 2 mRS scores of brainstem AVMs before and

after conservation, microsurgery, embolisation, SRS and
embolisation+SRS. AVM, arteriovenous malformation; mRS,
modified Rankin Scale; SRS, stereotactic radiosurgery.

in cumulative obliteration rate between SRS group and
embolisation+SRS group (p=0.439) (figure 3), as well as
in haemorrhage-free survival between different manage-
ment modalities (p=0.145).

DISCUSSION

Brainstem AVMs are a rare subset of vascular malfor-
mations that have been incompletely characterised and
the most appropriate management remains unclear.
This study is currently the largest sample size study of
different management modalities in brainstem AVMs. In
the present study, we included 61 brainstem AVMs (13
conservative cases and 48 intervention cases). Our results
confirm that intervention has similar neurofunctional
outcomes as conservative treatment in this brainstem
AVMs cohorts. If intervention is adopted, partial oblite-
ration should be avoided because of the high subsequent
rupture risk. In the subgroup analysis, although the long-
term mRS and haemorrhage-free survival were similar
between different management modalities both in the
rupture cohort and the unruptured cohort, microsurgery
and SRS could significantly improve the obliteration rate
compared with conservation in the rupture cohort, and
SRS has a positive effect on avoiding new-onset neuro-
functional deficit compared with microsurgery and
embolisation in the rupture cohort.

General characteristics and natural history

The rate of brainstem AVMs in the whole cerebral AVMs
cohort has been reported as 2.0%-6.0%.'~ In the present
study, the incidence was 3.6%. The majority of the brain-
stem AVMs were presented with haemorrhage (80.3%),
which is slightly higher than previous literature (53.3%—
79.0%).°1" In addition to haemorrhage, the most common
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Table 4 Subgroup analysis of ruptured versus unruptured brainstem AVMs underwent conservative versus different

intervention management

Characteristics Conservative

Microsurgery Embolisation SRS

Embolisation+SRS

(Ruptured) (n=10) (n=6) (n=11) (n=14) (n=8) P value
Follow-up duration (years) 5.0+2.0 5.7+1.5 3.1£2.6 4.0+1.7 5.1+1.8 0.068
Obliterated 0 (0.0 6 (100.0) 5 (45.5) 10 (71.4) 3(37.5) <0.001*
mRS score >2 1(10.0) 2(33.3) 7 (63.6) 3(21.4) 2(25.0 0.083
mRS score <2 8 (80.0) 3 (50.0) 4 (36.4) 8 (57.1) 6(75.0) 0.249
Long-term mRS score 1.0+0.9 1.5+1.4 3.2+2.4 1.5+1.4 1.5+2.3 0.064
Worsened mRS 2 (20.0) 2 (33.3) 5 (41.7) 4(28.6) 2(25.0) 0.770
Recurrent haemorrhage 1(10.0) 0 (0.0) 3 (25.0) 1(7.1) 1(12.5) 0.433
New-onset neurofunctional deficit 1 (10.0) 4 (66.7) 6 (50.0) 0 (0.0) 2 (25.0) 0.001*
Brainstem infarction 0 (0.0) 0 (0.0) 1(8.3) 0 (0.0) 0 (0.0) 0.548
Visual disturbance 2 (20.0) 0(0.0) 2 (16.7) 0 (0.0 1(12.5) 0.212
Aphasia 0 (0.0) 3 (50.0) 0 (0.0) 0(0.0) 0 (0.0) 0.007*
Facial paralysis 2 (20.0) 1(16.7) 0(0.0) 1(7.1) 0 (0.0) 0.278
Weakness 2 (20.0) 3 (50.0) 4 (33.3) 8 (57.1) 3(37.5) 0.432
Death 0(0.0) 0(0.0) 4 (33.3) 0 (0.0) 1(12.5) 0.019*
Annual rerupture risk 2.0% 0.0% 11.6% 1.8% 2.5%

Characteristics Conservative Microsurgery Embolisation SRS Embolisation+SRS
(unruptured) (n=3) (n=0) (n=1) (n=7) (n=1) P value
Follow-up duration (years) 5.1+2.4 - 6.9 41+2.3 6.6 0.553
Obliterated 0 (0.0 - 0 (0.0 3(43.9 1(100.0) 0.126
mRS score >2 0 (0.0) - 0 (0.0) 0 (0.0) 0(0.0) 1.000
mRS score <2 2 (66.7) - 1 (100.0) 6(85.7) 1(100.0) 0.740
Long-term mRS score 1.3+0.6 - 0 0.6+0.8 1 0.391
Worsened mRS 2 (66.7) - 0(0.0) 1(14.3) 1(100.0) 0.126
Recurrent haemorrhage 0 (0.0) - 0 (0.0) 2(28.6) 0(0.0 0.487
New-onset neurofunctional deficit 1 (33.3) - 0 (0.0) 3(42.9) 1(100.0) 0.404
Brainstem infarction 0 (0.0) - 0 (0.0) 0 (0.0) 0 (0.0) 1.000
Visual disturbance 1(33.3) - 0 (0.0) 2(28.6) 1(100.0) 0.379
Aphasia 0 (0.0) - 0 (0.0) 0(0.0) 0(0.0) 1.000
Facial paralysis 0(0.0) - 0(0.0) 1(14.3) 0(0.0) 0.767
Weakness 1(33.3) - 0 (0.0) 2(28.6) 0(0.0) 0.729
Death 0(0.0) - 0(0.0) 0(0.0) 0(0.0) 1.000
Annual rupture risk 0.0% - 0.0% 7.0% 0.0%

Values are expressed as number of cases (%) or mean+SD, unless otherwise indicated.

*Statistical significance (p<0.05).

AVM, arteriovenous malformation; mRS, modified Rankin Scale; SRS, stereotactic radiosurgery.

symptom is non-specific symptoms such as dizziness and
headache. The mean ages in this study were 29.5+14.0
years, which is consistent with previous studies (30-54
years)."® The classification of brainstem AVM location was
diverse in previous studies. Han et al' proposed a six clas-
sification schemes based on the lesion location (anterior
midbrain, posterior midbrain, anterior pontine, lateral
pontine, anterior medulla and lateral medulla), which
could be applicable to different resection procedures and
different outcomes.* And many SRS studies applied the
three-grading system (midbrain, pons, medulla).” ¢ 1719

However, a significant proportion of patients have lesions
at the junction or across multiple areas, which will lead
to severe deviation in the location evaluation. In this
study, we isolated the overlapping lesions and found that
most of the nidus (49.2%) were located in midbrain and
24.6% were located in the junction area. The distribu-
tion of lesion location was consistent with most previous
studies.” ® ¥ 'Y Deep venous drainage was previously
reported to be extremely common in brainstem AVMs
(82.8%-89.8%).*°? However, in this study, we found that
some lesions had low filling of lesion contrast media and
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Figure 3 Kaplan-Meier plot. (A) Cumulative obliteration rates were similar between SRS group and embolisation+SRS group
(p=0.439, log-rank test). (B) There was no significant difference in haemorrhage-free survival between different management
modalities (p=0.145, log-rank test). SRS, stereotactic radiosurgery.

no obvious drainage veins in the pretreatment imaging
examinations. Since slower blood flow velocity and transit
time imply lower rupture risk,20 we adopt a conservative
attitude in assessing the deep venous drainage of these
patients. Finally, the percentage of deep venous drainage
in this study was 42.6%. The natural annualised rupture
risk of brainstem AVMs in this study was 7.3%, and the
natural annualised reruptured risk in the ruptured cohort
was 8.9%, which was consistent with previous brainstem

AVM studies (4.8%-9.8%).7 172122

Microsurgical resection

AVMs are under a significantly cumulative life-time risk
of intracranial haemorrhage, and complete resection or
obliteration should be the firstline treatment for AVMs.
However, considering the important function and the
complex anatomy of the brainstem, an aggressive and
safe microsurgical resection can present at times an
unrealistic challenge. Rare incidence and limited expe-
rience prevented the microsurgical exploration of brain-
stem AVMs.” *? It was reported that 5%-12% of patients
with brainstem AVM would experience poor outcomes
after resection.' * * %' Many previous studies promoted
different categorisations for brainstem AVMs based on
the lesion locations to predict the risk of postoperative
complications and long-term outcomes.® Nozaki et al
suggested that acceptable surgical risk can be achieved
from AVMs located in the dorsal midbrain and cerebello-
pontine angle after retrospectively reviewing 19 brainstem
AVMs undergoing surgical resection.” In contrast, Han
et al proposed a six categorisation system and indicated
that the most favourable lesions for resection are lateral
pontine and lateral medullary AVMs because of prefer-
able exposure and corridor of manoeuvre.” In addition,
they proposed a technique of ‘occlusion in situ’ for those
AVMs that cannot be separated cleanly from the brain-
stem. In this study, two patients (33.3%) got worsened
mRS and both of these two patients involved the medulla
and operated by the posterior median suboccipital
approach. Aphasia (50.0%) and limb weakness (50.0%)
were the most common postoperative complications.

We thought that although a higher risk of postoperative
complications compared with other modalities, micro-
surgery remained an effective option for patients with
emergent haematoma compression because of the imme-
diate control of the haematoma and the high obliteration
rate.’ However, individualised resection strategies based
on lesion location and craniotomy approach are neces-
sary in order to avoid severe postoperative complications.

Embolisation

Endovascular embolisation could occlude the rupture
risk factors of AVMs to decrease the risk of haemor-
rhage, such as flow-related aneurysms and arteriovenous
fistulas.”” Previous studies reported that targeted embo-
lisation might be the most favourable strategy in the
endovascular management for brainstem AVMs.” #* In
this study, no patients underwent target embolisation and
five patients (41.7%) achieved completely obliteration.
Unfortunately, three patients (25.0%) died of recurrent
haemorrhage during follow-up and one (8.3%) patient
died of postoperative medulla infarction. The postop-
erative mortality was higher than the other three inter-
ventional modalities. One previous study indicated that
brainstem AVMs with incomplete nidus obliteration are
at high risk of future rupture and feeding arterial or
intranidal aneurysms might increase the risk of haem-
orrhage.” In the present study, the annualised rupture
risk of partial obliteration was 10.6%), similar with that of
natural annualised rupture risk (7.3%), but significantly
higher than complete obliteration (0.0%) and conserv-
ative management (1.5%). Four cases (33.3%) in the
embolisation group were accompanied with flow-related
aneurysms and all of them were embolised. However, the
recurrent haemorrhagic events still occurred; the poten-
tial mechanism might be the increased haemodynamic
stress in the nidus after incomplete obliteration.” *°

Radiosurgery and embolisation+SRS

Radiosurgery was increasingly recognised as a preferred
treatment for brainstem AVMs,” ® 1217719 especially in small
to moderate-sized and compact nidus.?® 1% Cohen-Inbar
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et al investigated 134 brainstem AVMs in a multicentre
study, and they calculated a 3-year actuarial obliteration
rate of 62.3%, with 64.4% of all patients demonstrating
favourable outcomes.’ In this study, 61.9% of the patients
in the SRS group were proved obliterated and 66.7% of
the patients got favourable outcomes after an average of
48.5-month follow-up. Most previous SRS series recom-
mended a margin dose of 20-24 Gy (range 11.5-30 Gy)
for brainstem AVMS,5 61319 3nd obliteration occurred
earlier in patients who got a higher prescribed margin
dose and maximum dose.® However, the latency period
haemorrhage before obliteration and radiation-induced
complications (RICs) might limit the application of
higher margin dose SRS." In this study, the margin dose
was 15.1x1.6 Gy (range, 12-18Gy). No study has found
differences in ethnic sensitivity to the radiation doses.
Previous studies (21-24Gy) reported that the annual
postgamma knife latency period haemorrhage was 1.5%,
and the rates of radiological and symptomatic RIC were
35.6% and 14.6%.° In this study, the annualised rupture
risk after SRS was 3.5% and the rate of symptomatic RIC
was 4.8%. The symptomatic RIC was significantly lower
than previous higher dose series. As such, an optimal
dose balancing the obliteration rate and post-SRS RIC
should be further explored in future study. Recently,
pre-SRS embolisation has been proposed to decrease the
intranidal flow and nidus volume.” > However, the pre-
SRS embolisation remains controversial and it was previ-
ously demonstrated to have a negative impact on oblite-
ration rate in many SRS series.”” *** In this study, nine
patients underwent embolisation+SRS, and the oblite-
ration rate and complication rate were consistent with
single-modality strategy of SRS.

Several potential limitations of this study should be
noted. First, the small sample size might reduce the
power of our conclusions. Nevertheless, to the best of our
knowledge, this is the largest study to investigate different
management modalities in brainstem AVMs. The conclu-
sion of this study plays an important role in guiding the
selection of management modalities for brainstem AVMs.
Second, rare incidence and limited experience may
affect the neurofunctional outcomes after intervention.
Third, the conservative group had a smaller proportion
in the entire cohort, which may increase the error caused
by individual bias. Future studies are required to orga-
nise multicentre trial to assess the optimal management
strategy for brainstem AVMs.

CONCLUSION

Brainstem AVMs are dynamic and complex vascular
malformations that require comprehensive consideration
of the patients’ clinical presentations and angioarchi-
tecture. We observed similar neurofunctional outcomes
and annualised rupture risk between the conservative
and different interventive modalities. Partial oblitera-
tion should be avoided because of the high subsequent
rupture risk.
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