ON-LINE APPENDIX
Methodologic Considerations

Location of Ruptured BAVMs. It is difficult to precisely identify
the borders of BAVMs in the setting of acute hemorrhage. How-
ever, most patients in our series did not undergo intervention for
BAVMs during the acute period, and >85% of patients under-
went repeat MR imaging 14 days after the hemorrhage. The me-
dian time to the last pretreatment MR image was 41 days (inter-
quartile range, 17-114 days; mean, 302 = 661 days) aftera BAVM
hemorrhage. Interobserver agreement between the 2 neuroradi-
ologists regarding the periventricular location of a ruptured
BAVM led to an excellent k coefficient of 0.82 (95% CI, 0.67—
0.97). Therefore, the location of a ruptured BAVM can be out-
lined more precisely on MR images after the acute phase.

Hemorrhage Rate Based on Follow-Up from a BAVM
Diagnosis to an ICH

Some previous studies have reported an annual hemorrhage rate
based on follow-up from a diagnosis of BAVM to an ICH event,
an approach that is free of assumptions. Therefore, we reanalyzed
the data on the basis of follow-up after a diagnosis with a BAVM
until an ICH occurred.

Patients Who Did Not Undergo Interventional Treatment
Sixteen of the 108 (14.8%) children with BAVMs did not receive
any treatment (On-line Table 6). The mean follow-up was 4.4
years (range, 10 months to 13 years). Complete follow-up was
available for all 16 patients. During the total follow-up of 70 pa-
tient-years, 1 patient experienced a hemorrhage from a BAVM,
yielding an overall annual hemorrhage rate of 1.4%.

Nine of the 42 (21.4%) patients with unruptured BAVMs did
not undergo any interventional treatment for BAVMs (3 with
nonperiventricular BAVMs and 6 with periventricular lesions).
No hemorrhages occurred in these patients during 43.8 patient-
years of follow-up.

Seven of the 66 (10.6%) patients with ruptured BAVMs un-
derwent conservative treatment with observation (2 with non-
periventricular BAVMs and 5 with periventricular lesions). One
subsequent hemorrhage occurred in 7 patients with 26.2 patient-

years of follow-up, yielding an annual hemorrhage rate of 3.8%.
None of the nonperiventricular BAVMs ruptured; the only hem-
orrhage events occurred in 5 periventricular BAVMs with 16.5
patient-years of follow-up, yielding an annual hemorrhage rate of
6%. Because all hemorrhage events occurred in periventricular
BAVMs during this follow-up period, no further univariate or
survival analyses were performed.

Patients with More Than 1 Month of Treatment-Free
Follow-Up

Although 85% of the children in this cohort underwent interven-
tional treatment, 66 of 108 (61.1%) patients had >1 month of
treatment-free follow-up (On-line Table 6). The mean follow-up
was 2.1 years (range, 1.1 months to 13 years). During the total
follow-up of 136.7 patient-years, 5 patients experienced a hemor-
rhage from a BAVM, yielding an overall annual hemorrhage rate
of 3.7%.

Interventional treatment was not initiated in 31 of 42 (73.8%)
patients with unruptured BAVMs within 1 month after diagnosis.
No hemorrhages occurred in these patients with 76.9 patient-
years of follow-up.

Thirty-five of 66 (53%) patients with ruptured BAVMs were
followed for >1 month before treatment (9 with nonperiven-
tricular BAVMs and 26 with periventricular lesions). Five hemor-
rhages occurred in these patients, who had 59.8 patient-years of
follow-up, yielding a hemorrhage rate of 8.4% per year. No hem-
orrhages occurred in 9 nonperiventricular BAVMs with 12.5 pa-
tient-years of follow-up. In contrast, 5 hemorrhagic events oc-
curred in 26 periventricular BAVMs, with 47.3 patient-years of
follow-up, yielding an annual hemorrhage rate of 10.6%. The fol-
low-up time of the periventricular group was longer than that in
the nonperiventricular group. Therefore, future studies may be
expected to reduce the difference in the follow-up period. Al-
though survival analysis did not suggest that periventricular
BAVMs ruptured earlier (log-rank, P = .123), all hemorrhage
events occurred in periventricular BAVMs (On-line Table 6).
These analyses indicate that a periventricular location can distin-
guish BAVMs at risk of subsequent hemorrhage from those with-
out a hemorrhage risk.
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On-line Table 2: Factors associated with severe presentation after BAVM hemorrhage by univariate analysis®

Nonsevere Presentation

Severe Presentation

Characteristic (mRS <3) (n = 38) (mRS >3) (n = 28) Total (n = 66) P Value
Demographics
Sex 461
Female 17 (44.7) 10 (35.7) 27 (40.9)
Male 21(55.3) 18 (64.3) 39(59.1)
Age at diagnosis (yr) 10.92 £3.96 9.86 = 4.12 10.47 = 4.03 292
Radiologic
Venous drainage 399°
Not exclusively deep 35(92)) 23(821)) 58 (87.9)
Exclusively deep 3(7.9) 5(17.9) 8(12.])
Deep location 219
No 26 (68.4) 15 (53.6) 41(621)
Yes 12(316) 13 (46.4) 25 (37.9)
Periventricular location .059
No 15(39.5) 5(17.9) 20(30.3)
Yes 23 (60.5) 23(82.) 46 (69.7)
Posterior fossa location 643¢
No 36 (94.7) 25(89.3) 61(92.4)
Yes 2(53) 3(107) 5(7.6)
Associated aneurysm .858°
No 33(86.8) 23(821) 56 (84.8)
Yes 5(13.2) 5(17.9) 10(15.2)
Maximal nidus size (mm) 3279 +16.83 39.49 * 20.31 35.64 +18.54 148
Deep hematoma .006¢
No 33(86.8) 16 (57.) 49 (74.2)
Yes 5(3.2) 12 (42.9) 17 (25.8)
Temporal hematoma 309
No 30(78.9) 19 (67.9) 49 (74.2)
Yes 8(21)) 9(32) 17 (25.8)
Hematoma >30 mL .003¢
No 34 (89.5) 16 (57.) 50 (75.8)
Yes 4(10.5) 12 (42.9) 16 (24.2)
Hydrocephalus 01024
No 36 (94.7) 19 (67.9) 55 (83.3)
Yes 2(5.3) 9(32) 1(16.7)
?Data entries are No. (%) or mean = SD.
© P values are from the y? test (correction for continuity).
€ P values are from the Fisher exact test.
9 Statistically significant.
On-line Table 3: Demographic data and risk factors for hemorrhage across pediatric untreated BAVM studies
No. of Mean Hemorrhage
Study (yr) Subjects  Age (yr) Presentation Risk Factor Primary Outcome OR/HR  95%Cl  PValue
Kellner et al (2011)¢ 77 - 62.0% Small nidus size Hemorrhage presentation - - .005
Eloquent location .02
Deep venous drainage .009
Anderson et al (2012)** 77 13.4 62.3% Associated aneurysm  Hemorrhage presentation - - 37
Deep venous drainage® 393
Ellis et al (2013)* 135 10.1 637% AVM size Hemorrhage presentation 057  043-077  <.0l
Exclusive deep venous 4.94 1.30-18.8 .02
drainage
Infratentorial location 9.94 1.71-51.76 .01
Zheng et al (2014) 7° 127 132 70.9% AVM size Hemorrhage presentation ~ — - .000
Deep venous drainage .03
Infratentorial location >.05
Kellner et al (2014)*® 8 133+54 63.0% Single draining vein Hemorrhage presentation 5.6 1.05-25.5 .04
Deep venous drainage 822 132-511 .02
Present study 108 10.95 £ 4.13 611% Periventricular location Hemorrhage presentation  3.443  1328-8.926 .on
Maximal AVM size 0.965 0.941-0.989 .005

Note:—HR indicates hazard ratio; —, none.
2 Univariate analysis and not incorporated in the multivariable logistic regression model.
5 Multivariable analysis results were reported without description of methods.
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On-line Table 4: Demographic data across studies with periventricular location as a risk factor for BAVM prognosis

Periventricular

No. of Mean Location

Study (yr) Subjects  Age (yr) Survival Analysis Evaluation Primary Outcome OR P Value

Marks et al (1990)" 65 33 Multivariate linear CT/MRI Hemorrhage 0746 <.05
discriminant analysis
Friedman et al (1996)” 201 39 Descriptive MRI Hemorrhage after radiosurgery ~ — -
Meder et al (1997)* 102 33 £14.7 Univariate MRI and angiogram Obliteration at 2 yr after - -
radiosurgery

Zipfel et al (2004)" 268 40 Logistic regression CcT Pretreatment hemorrhage 6.358 .000
Kasliwal et al (2009)** 14 26 Descriptive Angiography Hemorrhage after GKS - -
Present study 108  10.95 * 4.13 Logistic regression MRI Hemorrhage presentation 3.443 .0n

Note:—GKS indicates gamma knife surgery; —, none.
2 Positively associated with hemorrhage presentation.
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ON-LINE FIG 1. Comparison of hemorrhage location (A), immediate posthemorrhage-presentation Glasgow Coma Scale score (B), modified
Rankin Scale score (C), and emergent intervention (D) in children with and without periventricular BAVMs.
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ON-LINE FIG 2. Hemorrhagic features of ruptured periventricular BAVMs versus nonperiventricular BAVMs (A) and ruptured BAVMs with an
MRS of >3 (B).
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