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Abstract
Purpose The best management of pediatric unruptured brain arteriovenous malformations (ubAVM) should be further
elucidated.
Methods Pediatric patients who presented to our facility with ubAVM and were treated nonconservatively were retrospectively
analyzed regarding demographics, presenting symptoms, AVM characteristics, treatment modality, and outcome.
Results Thirteen patients were included. There were 9 male and 4 female patients with an average age (± SD) of 7.8 ± 4.6 years.
The most common presenting symptom was seizure. The mean Spetzler Martin (SM) grade was 3.2. Seven patients were treated
by surgical excision, 8 by embolization, 6 by radiosurgery, and during the mean follow-up period of 8.9 years (2.6–14.4 years),
there were no hemorrhage. Complete ubAVM obliteration was achieved in all 7 patients (100%) who underwent surgical
excision. AVM was obliterated in 5 out of 9 patients whose SM grade was 3 or 4. Modified Rankin scale was good (mRS 0–
2) in all 13 patients.
Conclusions Since the lifetime hemorrhage rate of pediatric ubAVM is high, it may be better to proceed with nonconservative
treatment, especially when surgical excision is amenable. Nonconservative treatment could be an appropriate treatment with
acceptable neurological outcome even in those with moderate to high-grade AVMs in selected cases.
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Introduction

A randomized trial of unruptured brain arteriovenous
malformations (ARUBA) showed that standalone medical
management is superior to interventional therapy. However,
this trial excluded those less than 18 years old and the follow-
up period was only 33 months [1]. Since there are few reports
on long-term outcome of pediatric unruptured brain arteriove-
nous malformations (ubAVM), the best management has not
been established yet. The purpose of this case series is to
further elucidate the long-term outcome of nonconservative
treatment in pediatric ubAVM.

Methods

We retrospectively analyzed those who were referred to our
facility with unruptured brain arteriovenous malformation
(ubAVM) between 2002 and 2013. Exclusion criteria were
multiple AVMs and less than 1 year follow-up. For those
who were followed up by other facility, we did the telephone
interview to their parents. In our facility, we treat all isolated
ubAVM either by open surgery, embolization, stereotactic ra-
diosurgery, or combination of those. The primary treatment
modality is an open surgery with or without preoperative em-
bolization if functionally acceptable outcome is expected. The
secondary modalities are embolization or stereotactic radio-
surgery. Analysis of the medical charts included the initial
presenting symptoms, SM grade, presence of aneurysm, post-
operative modified Rankin scale (mRS), treatment morbidity
or mortality, and obliteration status. AVM features of comput-
ed tomography (CT), magnetic resonance image (MRI), and
digital subtraction angiogram (DSA) were analyzed by radi-
ologists in our facility. We classified mRS 0–2 into good
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postoperative status. A Kaplan-Meier survival curve was
drawn for the time to recurrence since radiologically con-
firmed obliteration. We used the chi-square test for categorical
variables, and a p value of less than 0.05 was considered as
statistically significant.

Results

Thirteen patients were identified, and all were treated
nonconservatively. Two patients were excluded for multiple
ubAVMs and an early lost to follow-up. All patients had not
undergone prior treatment for AVM. The summary of the pa-
tients and patient characteristics were shown in Tables 1 and 2.
There were 9 males and 4 females. The mean age at diagnosis
was 7.8 years old (SD 4.6). The most common presenting
symptom was seizure (46%), which was consistent with pre-
vious studies. Six patients presented with seizure, 3 with head-
ache, 1 with tachypnea, 1 with progressive weakness, and
AVM was found incidentally in 2 patients, where CT scan in
one patient showed intracranial calcification and MRI in the
other one showed flow void in T2 sequence. As for Spetzler
Martin (SM) grade, 1 was grade 1, 2 were grade 2, 5 were
grade 3, 4 were grade 4, and 1 was grade 5. The mean SM
grade was 3.2. All AVMs were found in the supratentorial
location. Seven patients were treated by surgical excision, 8
by embolization, and 6 by stereotactic radiation.

Intraoperative angiogramwas not used, and 6 out of all 7 cases
where excisionwas done, postoperative DSAwithin 6months,
showed no residual signs of AVM (86%). In 1 case (case
number 4), it showed some residual abnormal vessels near a
deep eloquent area, which was decided to be treated by radio-
surgery. The remaining abnormal vessels were confirmed
obliterated by DSA done in 3 years. The outcome of AVMs
where surgical excision was performed is summarized in
Table 3. There were 6 cases, where AVMs were treated only
by embolization or radiosurgery, and the total duration since

Table 1 The summary of patients

Case no. Age (yrs),
sex

Presentation SM
grade

Nidus size
(cm)

Location Venous
drainage

An Tx mRS Cx Obliteration Follow-
up
(m)

Recurrence

1 5, M Incidental 3 1.4 Lt thalamus ICV N R 0–1 N N 48

2 9, M HA, V 4 3.0 Lt occipital SS N ES 0–1 N Y 74 Y

3 13, M HA 5 6.1 Lt frontal ICV N ER 0–1 N N 67

4 13, M Sz 3 3.3 Rt frontoparietal SSS N ESR 0–1 Y* Y$ 71 N

5 15, F HA 2 2.0 Lt lateral ventricle VOG N ES 0–1 N Y 90 Y

6 6, F Sz, apnea 2 3.5 Rt frontal SSS N ES 0–1 N Y 69 N

7 13, M Sz, AMS 4 4.7 Lt frontal DSV N S 0–1 N Y 84 N

8 5, M Sz 4 3.6 Rt temporal SS N ER 0–1 N N 94

9 8, M Sz 1 2.2 Rt temporal VOL Y S 0–1 N Y 31# N

10 0, M Tachypnea 3 3.8 Rt parietal SSS Y ES 0–1 N Y 103 N

11 6, F Incidental 3 2 Rt BG ICV N R 0–1 N Y 158 N

12 2, M Sz 3 4.8 Lt frontoparietal SSS N E 1 N N 155

13 6, F L hemiparesis 4 3.1 Rt BG VOG N R 2 N N 146

HA, headache; V, vomiting; Sz, seizure; AMS, altered mental status; An, aneurysm; BG, basal ganglia; Tx, treatment;Cx, complications; E, embolization;
S, surgical excision; R, radiosurgery; m, months; VD, venous drainage; DSV, deep Sylvian vein; ICV, internal cerebral vein; SS, straight sinus; SSS,
superior sagittal sinus; VOG, vein of Galen; VOL, vein of Labbé

*Left clumsiness

#All except case #9 is still followed up by our facility as of 04/21/2019

$Obliteration was confirmed about 3 years after CyberKnife

Table 2 Patient characteristics

Mean age (yrs) 7.8

Sex (male: female) 9: 4

SM grade

Low grade (1–2): moderate–high grade (3–5) 3: 10

Mean SM grade 3.2

Location (supratentorial: infratentorial) 13: 0

Treatment

Surgery 7

Embolization 8

Radiation 6

Combination 7

mRS outcome

Good (0–2): bad (3–5) 13: 0
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the initial treatment was 54 patient-years (mean follow-up of
9.0 years) and 1 patient resulted in obliteration (Table 4). None
was treated by embolization alone. The follow-up period from
the initial presentation was 116 patient-years (mean follow-up
of 8.9 years). Obliteration of AVM was confirmed in 8 cases
(62%), and 5 had residual AVM. No patients ruptured during
the follow-up period and all patients achieved good mRS of
0–2. In 2 cases, AVM recurred 4 and 5 years after the confir-
mation of obliteration on DSA, respectively (recurrence inci-
dence of 0.05 person-year). Figure 1 shows the Kaplan-Meier
curve describing the time to recurrence since angiographically
confirmed obliteration after surgical excision. There was no
statistical significance between embolization before surgical
excision and recurrence (p value = 0.22; not shown), or be-
tween sex and recurrence (p value = 0.54; not shown).

Illustrative cases

Case 2

A 9-year-old boy presented with persistent headache. MRI
showed a lesion in the left occipital lobe suspicious of AVM
(Fig. 2a). DSA confirmed an AVM of about 3.0 cm × 1.5 cm,
fed by a branch of posterior cerebral artery, and drained into
the straight sinus (Fig. 2b). SM grade was 4. After the feeder
embolization, AVM excision was performed. The obliteration
was confirmed by DSA in 6 months (Fig. 2c). He was follow-
ed by an annual MRI. However, 4 years after the DSA, MRI
showed evidence of recurrence. AVM recurrence was

confirmed by DSA in the left occipital lobe (Fig. 2d). Again,
surgical excision was performed. The obliteration was con-
firmed by DSA 6 months after the surgery. The latest MRI
taken 2 years after the 2nd surgery showed no evidence of
AVM recurrence (Fig. 2e).

Case 7

A 13-year-old boy with a past history of occasional headache,
transient episodes of motor aphasia, and loss of consciousness
in the past few years presented with altered mental status. MRI
showed an AVM in the left frontal lobe (Fig. 3a). DSA con-
firmed an AVM of about 4.7 cm × 2.3 cm, fed by a branch of
middle cerebral artery, and drained into the sphenoparietal
sinus as well as superior sagittal sinus via cortical veins (Fig.
3b). SM grade was 4. Surgical excision of AVM was per-
formed. Postoperative DSA in 6 months showed obliteration
of AVM (Fig. 3c). An annual MRI has revealed no signs of
recurrence for 6 years (Fig. 3d).

Discussion

AVMs in pediatric patients have a high risk of rupture consid-
ering the cumulative hemorrhagic risk of their later life [2].
Although there are many studies regarding ubAVM compar-
ing the outcomes between conservative and nonconservative
management [3, 4], the patients’ age at diagnosis is over
15 years old. To the authors’ knowledge, few studies are pub-
lished regarding the management outcome of younger

Table 3 Outcome of AVMs
where excision was done as part
of treatment

SM grade Total cases Surgical excision (%) Obliteration after excision (%)

1–2 3 3 (75) 3 (100)

3 5 2 (40) 2 (100)

4 4 2 (50) 2 (100)

5 1 0 NA

13 7 (50) 7 (100)

Table 4 Outcome of 6 AVMs
treated in a non-excisional way.
Note that none of these viable
AVMs resulted in hemorrhage
during the mean follow-up period
of about 9 years

Case no. SM
grade

Duration from
presentation (mos)

Duration from
initial Tx (mos)

Cx Obliteration

1 3 64 61 None No

3 5 83 83 None No

8 4 111 108 None No

11 3 172 140 None Yes*

12 3 169 122 None No

13 4 160 132 None No

Cx, complications; Tx, treatment; mos, months

*Confirmed by MRI
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patients. In this study, the mean age of patients was 7.8 years
old all under the age of 15 years old. All underwent noncon-
servative treatment and the posttreatment neurological status
was good (mRS of 0–2). AVM was obliterated in 8 out of 13
patients (62%) in total and all 4 patients (100%) after surgical
excision whose SM grade was 3 or 4 (Table 3). In an ARUBA
study, adults (18 years old or older) were randomized into
nonconservative and conservative therapy groups. The annual

risk of hemorrhage in those allocated into the interventional
group was 10.7% compared with 3% of the medical group
during the mean follow-up of 33 months, concluding it is
better to treat ubAVM in a conservative manner [1].
However, our study suggests that it may be better to proceed
with nonconservative treatment even in those with moderate
to high-grade AVMs in selected cases and that the result of
ARUBA may not simply apply to the management guide of
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Recurrence-free curve since obliteration
Fig. 1 The Kaplan-Meier curve
for resolution of AVM after an-
giographically confirmed obliter-
ation. Note that 2 out of 7 cases
recurred asymptomatically found
by annual follow-up MRI

Fig. 2 Case 2. Axial T2-weightedMRI shows a lesion in the left occipital
lobe (arrow) (a). Left internal carotid artery injection angiogram shows an
AVM (b). The same angiogram as (b) done in 6 months from the excision

shows complete obliteration of the previous AVM (c). Angiogram done in
4 years shows recurrence (arrow) (d). MRI taken 2 years after the 2nd
excision showed no evidence of AVM recurrence (e)
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pediatric ubAVMs. The risk of annual rupture of ubAVM is
reported to be 0.6–4.3% [2, 5–10]. And the annual hemor-
rhagic risk of pediatric ubAVM is 0.6–4.0% [2, 6]. In our
study, there was no rupture during the mean f/u of 9 years
(2.6–14.4 years). The annual hemorrhage rate in our study
was 0%. This may be due to the fact that the number of sub-
jects was small and that the follow-up duration is not long
enough. Another possibility is that radiosurgery is steadily
making the AVMs unlikely to rupture on the way to the com-
plete obliteration even if AVM still exists radiologically. In our
study, all 6 patients treated by non-excisional therapy did not
result in hemorrhage during the mean follow-up of 9.0 years
despite the fact only 1 (17%) resulted in angiographical oblit-
eration (Table 4). This result is consistent with a larger study
done by Darsaut et al., where all 24 high-grade AVMs treated
non-surgically did not result in obliteration. They also showed
that there was no significant difference in the hemorrhagic risk
between obliterated AVMs and non-obliterated ones [6]. So,
our study suggests it is difficult to pursue radiological cure in
high-grade ubAVM by radiosurgery with or without
embolization.

After surgical excision of AVM, DSA performed with-
in 6 months demonstrated obliteration in 6 out of 7.
However, out of the 6 obliterated cases, recurrences were
found in 2 cases during follow-up. The incidence of re-
current AVM in our series was 0.05 person-years, which
was consistent with 0.08 from a larger retrospective study
[11]. In their study, they showed that if DSA about 1 year
after the resection was negative, no recurrence was found
in DSA 5 years after the resection. In 2 recurrent cases in
our study, the postoperative DSA was performed in less
than 6 months after the excision. If DSA had been per-
formed 1 year after the resection, recurrence might have
been found earlier than MRA. The way of follow-up in
pediatric patients with AVM is different from that of
adults, since recurrence rarely occurs after the complete
excision in adults [12]. In pediatric AVMs, periodical
follow-up with imaging study is needed to prevent an
AVM recurrence from presenting with hemorrhage. In
the 2 recurrent cases, both patients were asymptomatic
when the recurrence was found. We have to weigh the
risk of complications associated with cerebral DSA

Fig. 3 Case 7. Axial T2-weighted
MRI shows a lesion in the left
frontal lobe (a). Left internal ca-
rotid artery injection angiogram
shows an AVM (b). The same
angiogram as (b) done in
6 months from the excision shows
complete obliteration of the pre-
vious AVM (c). MRI taken
6 years after surgery showed no
signs of AVM recurrence (d)
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against the risk of AVM recurrence. The complication rate
associated with cerebral DSA was 0.4% (95% confidence
interval, 0.012–2.29%) [13], which means that no compli-
cations would occur in 95.4–99.2% if DSA were done
twice within a year (postoperative DSA immediately after
the resection and in one year). On the other hand, the
recurrence rate of AVM which obliteration was confirmed
in a postoperative DSA is reported as 3.5–14.3% [11, 12,
14–18]. Considering these figures, the repeat DSAs, one
immediately after the resection and the other one in a
year, may reasonably be done. There are several case re-
ports on AVM recurrence in pediatric population, but in
most cases, second DSA in 1 year from the surgery had
not been done [16, 19–24]. The exact pathogenesis for
AVM recurrence has not been fully elucidated. There are
several postulated mechanisms including de novo appear-
ance and angiographically occult lesion with subsequent
growth by hemodynamic stress, hidden compartments, or
a Breserve^ nidus that is visible after some hemodynamic
change [12, 23, 25].

The limitations of our study are the small number of co-
horts and not long-term follow-up. A larger cohort with longer
follow-up needs to be done. And the possibility that those with
negative findings on the 1 year postoperative DSA will have
no recurrence should be also investigated in future studies.

Conclusions

In pediatric ubAVMs, the result of ARUBA may not simply
apply to the management guide of pediatric ubAVMs.
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