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Abstract
Background Posterior fossa arteriovenousmalformations (pfAVMs) can be challenging lesions tomanage. AVMs in this location
may have distinct features compared with supratentorial AVMs. Our aim was to systematically review the literature on the
presenting characteristics of pfAVMs and compare clinical and angiographic outcomes after the various types of treatment
employed.
Methods The review was conducted according to the Cochrane Collaboration guidelines. Electronic databases from 1900 to
March 2018 were searched and complemented by hand-searching and cross-referencing. Articles were categorized into (i) AVM
studies that included those in the posterior fossa, (ii) those that focused exclusively on pfAVM, and (iii) those that further
specified a cerebellar or brainstem location of the AVM.
Results Seventy-seven articles with 4512 pfAVM patients were retained for analyses. Compared with historical supratentorial
controls, pfAVMs were reported to more frequently present with rupture, to more commonly have associated arterial aneurysms,
and to more frequently lead to poor clinical and angiographic outcomes. The quality of the literature and lack of standardization
of outcome reporting precluded performing a meta-analysis on the results of the various different treatment modalities.
Conclusions Posterior fossa AVMs may have some distinct features compared with supratentorial AVMs. The available reports
on pfAVMs are not sufficiently standardized to provide reliable guidance for patient management decisions. This goal will
require future studies to be multicentric and to focus on standardized, repeatable clinical and angiographic outcomes.

Keywords Brain arteriovenousmalformation . Posterior fossa location . Systematic review

This article is part of the Topical Collection on Vascular Neurosurgery -
Arteriovenous malformation

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00701-020-04260-6) contains supplementary
material, which is available to authorized users.

* Jean Raymond
jean.raymond@umontreal.ca

1 Department of Neurosurgery, University Hospital of Brest,
Brest, France

2 LaTIM, INSERM UMR 1101, Brest, France
3 Department of Surgery, Division of Neurosurgery, University of

Alberta Hospital, Mackenzie Health Sciences Center,
Edmonton, Alberta, Canada

4 Department of Surgery, Service of Neurosurgery, Centre Hospitalier
de l’Université de Montréal, Montreal, Quebec, Canada

5 Direction de l’Enseignement et de l’Académie CHUM/Bibliothèque,
Centre hospitalier de l’Université de Montréal, Montreal, Quebec,
Canada

6 Department of Radiology, Service of Interventional Neuroradiology,
University Hospital of Brest, Brest, France

7 GETBO, EA 3878 Brest, France

8 Department of Radiology, Service of Neuroradiology, Centre
Hospitalier de l’Université de Montréal (CHUM), room D03.5462b,
Montreal, Quebec H2X 0C1, Canada

https://doi.org/10.1007/s00701-020-04260-6
Acta Neurochirurgica (2020) 162:905–910

/Published online: 2020February18

http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-020-04260-6&domain=pdf
http://orcid.org/0000-0003-1978-4274
https://doi.org/10.1007/s00701-020-04260-6
mailto:jean.raymond@umontreal.ca


Abbreviations
AVM Arteriovenous malformation
pfAVM Posterior fossa AVM
RBAS Radiosurgery-based AVM score
mRS Modified Rankin scale

Introduction

Posterior fossa arteriovenous malformations (pfAVMs) are
uncommon lesions which remain a challenging clinical prob-
lem for treating physicians [2, 5, 12]. Posterior fossa AVMs
have been suggested to differ from supratentorial AVMs in
more than location: pfAVM patients have been reported to
present more frequently with hemorrhage [1, 13, 21], which
is poorly tolerated in the smaller confines of the posterior
fossa, and can lead to coma or severe neurological compro-
mise. The best way to manage many pfAVM patients remains
controversial [7, 16]. Our aim was to systematically review
and evaluate the literature on pfAVMs, to focus on the features
that are different from supratentorial AVMs, and to summarize
the literature to date regarding angiographic and clinical out-
comes following management with the various treatment mo-
dalities available to clinicians.

Methods

The systematic review was performed according to guidelines
on searching strategies published in the Cochrane Handbook
for systematic reviews of intervention [4], in the proposal for
reporting meta-analysis of observational studies in epidemiol-
ogy [10], and in the PRISMA statement [20].

We first identified five prototype pfAVM articles in
PubMed (MEDLINE) (EM). We collected the specific medi-
cal subject heading (MeSH) and key words linked to these
articles to start the search strategy (EM, DZ). The final search
strategy was performed in March 2018 on the following data-
bases: PubMed (from 1900 onward), MEDLINE (OVID,
from 1946 onward), EMBASE (OVID, from 1974 onward),
EMB Reviews (OVID, from 1991 onward), and CINAHL
Complete (EBSCO, from 1937 onward). We used terms from
controlled vocabularies (MeSH for MEDLINE, EMTREE for
EMBASE, and CINAHL Headings for CINAHL) and words
and expressions from “all fields” for EMB Reviews and from
“title,” “abstract,” and “author’s key words” in MEDLINE,
EMBASE, and CINAHL. We used two conceptual groups
for the search strategy: (1) posterior cranial fossa and (2)
arteriovenous malformation (AVM). The flow chart is present-
ed in Fig. 1, and the detailed search strategy is available in
Appendix 1.

A first round of screening (title and abstracts) of all records
was performed, and the article excluded if it did not pertain to
brain AVMs. Articles were excluded if they dealt exclusively
with supratentorial cerebral AVMs without results regarding

Fig. 1 Flow chart for systematic review
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pfAVMs. Case reports were also excluded. A second round of
screening (full text) excluded review articles and basic science
report. Articles were retained for analysis if they (1) included
10 or more AVM patients; (2) had a minimum specification of
the AVM location as infratentorial; and (3) included explicit
angio-architectural, clinical, or angiographic outcome data.
Case series with data on both supra- and infratentorial
AVMs that did not explicitly detail outcomes for each location
independently were excluded. Retained articles were then di-
vided according to the degree of precision regarding the AVM
location: (1) pfAVM location only specified as “infratentorial”
or (2) pfAVM location specified as “brainstem” or “cerebel-
lar.” All analyses were conducted using R.3.2.2 (R founda-
tions for statistical computing).

Results

The literature search yielded a total of 4643 records (Fig. 1).
After eliminating duplicates, 2614 records were screened (title
and abstract). The reasons for initial exclusions were the fol-
lowing: article did not include brain AVMs (1728 articles), and
article did not include posterior fossa AVMs (287 articles) or
case reports (373 articles). This yielded 226 articles for full text
analysis. Subsequent exclusions were because article included
≤ 10 patients (48 articles), article without usable outcome data
(95 articles), reviews (5 articles), and basic science reports (1
article). The yield for the final analysis was 77 articles.

The 77 retained articles included 4512 pfAVMs. There
were 17 reports that combined supratentorial and pfAVMs
with data stratified according to location and 60 reports that
focused exclusively on pfAVMs. Mode of presentation and
angio-architecture of pfAVMs was the subject of 31 articles,
while 46 reported the management of patients with pfAVMs
(Table 1A and B online). Information regarding the proportion

of AVMs located in the posterior fossa was available in 38
articles: 2166/17,115 AVMs or 12.7% (95% CI 12.1–13.2%)
(Table 1). More precise information regarding cerebellum ver-
sus brainstem location was available in 20 articles with 838/
9277 (9%, 95% CI 8.5–9.6%) and 22 articles with 609/14,158
(4.3%, 95% CI 4.0–4.7%), respectively.

Mode of presentation and angio-architecture

Results are summarized in Table 2, with details in Table 1A
(online). All 31 articles on presentation and angio-architecture
(17 combined supratentorial and pfAVM and 14 focused on
pfAVM alone) were retrospective single-center studies. The
most commonly reported conclusions were that location in
the posterior fossa, compared with supratentorial, was consid-
ered to (1) be a risk factor for hemorrhagic presentation (10
articles), (2) more likely harbor associated aneurysms (10 ar-
ticles), and (3) have a lower likelihood of presenting with
seizure (3 articles).

Information regarding the proportion of patients presenting
with hemorrhage was available in 45 articles: 1849/2463
pfAVMs (75%, 95% CI 73.3–76.7%) were found after rup-
ture. Information on associated aneurysms was available in 30
articles and were found in 500/1976 (25.3%, 95% CI 23.4–
27.2%) cases. There were 31 articles that provided informa-
tion regarding re-rupture rates of hemorrhagic pfAVMs in
1981 patients, yielding a re-rupture rate of 274/1981 (13.8%,
95% CI 12.4–15.4%).

Patient management and outcome

The 46 reports on patient management included 2 multicenter
and 44 single-center studies. All were retrospective. Fourteen
studies described the results of surgery, and 5 were on the re-
sults of endovascular treatment, 18 on the results of

Table 2 Hemorrhagic presentation rates, associated aneurysms, incidence of rebleeding after initial hemorrhage

Number of articles with explicit data/patients Hemorrhagic presentation Associated aneurysms Incidence of rebleeding

45 articles/2463 patients 1849/2463 (75.1%)

30 articles/1976 patients 500/1976 (25.3%)

31 articles/1981 patients 274/1981 (13.8%)

Table 1 Proportion of AVMs located in the posterior fossa, cerebellum, and brainstem

Proportion of AVMs in

Number of articles/patients Infratentorial Cerebellum Brainstem

38 articles/17,115 patients 2166/17,115 (12.7%)

20 articles/9277 patients 838/9277 (9%)

22 articles/14,158 patients 609/14,158 (4.3%)
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radiosurgery, and 9 detailed outcomes following multimodality
treatment (details can be found in Table 2 online).

AVM description

At least one published angiographic grading scale was used to
describe the pfAVM in 36/46 (78%) articles (Table 1B online).
Multiple (2 or more) grading systems were used in 14/46
(30%) articles. The Spetzler-Martin score [17] was most com-
monly used (34 articles), followed by the radiosurgery-based
AVM score (RBAS) [15] for 11/18 of the radiosurgery reports,
with various other grading schemes [9, 19] or 3-tier grading
system [18] used in 7 further articles. Only a small proportion
of articles 14/46 (30%), 10 of which were radiosurgery re-
ports, used more than one grading scale to score the same
pfAVMs to facilitate comparison of outcomes.

Clinical status

Prior to treatment, clinical scores were used to grade patients
in 27/46 (59%) articles, most commonly the modified Rankin
scale (mRS) (15 articles), followed by the Glasgow coma
score (GCS) (7), the Karnofsky score (2), and the World
Federation of Neurological Surgeons (WFNS), Hunt-Hess,
and Botterell score (1 article each) (Table 1B online).

Clinical outcomes after treatment were provided in 26/46
(57%) reports, most commonly the mRS (19 articles), the
Glasgow outcome score (GOS) (6 articles), Karnofsky (3),
and Botterell score (1). Three articles used more than one
grading scale to score clinical outcomes.

Overall angiographic and clinical outcome

Angiographic and clinical outcomes are presented in Table 3.
Overall, the rate of angiographic obliteration for pfAVMs was
1759/2444 (72%, 95% CI 70.2–73.7%), based on the 44/46
articles with data. This rate was based on catheter angiograph-
ic results for all of the surgical and endovascular reports, 2/17
radiosurgical articles, and 8/9 multimodality articles. A com-
bination of catheter angiography and MRI was used to

determine the AVM obliteration rates in 15/17 radiosurgical
reports and 1/9 multimodality articles.

The rate of disability (considered mRS > 2, GOS < 4,
Karnofsky < 70, or Botterell scale “severe” (grade IV and
V)) after treatment was 189/1062 (17.8%, 95% CI15.6–
20.2%), from 24/46 articles with data. The overall rate of
mortality for patients with a ruptured pfAVM was 131/1592
(8.2%, 95% CI 7.0–9.7%) from the 35 articles that included
this data. From the available reports, it was not possible to
distinguish or extract the morbidity and mortality due to treat-
ment from morbidity or mortality due to the disease.

Reported outcomes based on AVM location

“Infratentorial” versus more precisely specified “brainstem”
or “cerebellar” location

When AVMs of the posterior fossa were only specified as
“infratentorial” (19 articles), the rates of angiographic obliter-
ation ranged from 83 to 100% for surgery (6 articles with
usable angiographic outcome data), 47–72% for endovascular
management (2 articles with data), 75% for radiosurgery (1
article), and 48–92% obliteration rates for multimodal man-
agement (7 articles). The rate of mortality was 58/590 (9.8%,
95% CI 7.7–12.5%) (15/19 articles with data), and the rate of
disability was 102/516 (19.9%, 95% CI 16.7–23.6%) (12/19
articles with data).

A more precise location within the posterior fossa was
specified in 27 articles (17 brainstem and 10 cerebellar).
Angiographic obliteration rates for brainstem AVMs treated
with surgery were 90% (3 articles with usable angiographic
data), endovascular 46% (1 article), radiosurgery 38–73% (11
articles), and 45–65% for multimodal management (2 arti-
cles). The mortality rate for patients with a brainstem AVM
was 38/556 (6.8%, 95% CI 5.0–9.2%) (13/17 articles with
data), and the incidence of disability was 46/179 (25.7%,
95% CI 19.9–32.6%) (7/17 articles with data).

Angiographic obliteration rates for cerebellar AVMs fol-
lowing surgery were 98–100% (5 articles with usable angio-
graphic data), endovascular 72% (1 article), and radiosurgery
63–77% (4 articles). There were no articles focusing on the
multimodal management of cerebellar AVMs. The mortality
rate for patients with a cerebellar AVM was 35/446 (7.9%,
95% CI 5.7–10.7%) (7/10 articles with data), and the inci-
dence of disability was 41/367 (11.2%, 95% CI 8.3–14.8%)
(5/10 articles with data).

Discussion

There is abundant literature on AVMs of the posterior fossa,
but the information that can be extracted to inform clinical
decisions remains limited. The proportion of AVMs found in

Table 3 Summarized results of the 46 pfAVM management articles

Occlusion rate with Infratentorial Cerebellum Brainstem

Surgery 83–100% 98–100% 90%

Endovascular 47–72% 72% 46%

Radiosurgery 75% 63–77% 38–73%

Multimodality 48–92% – 45–65%

Mortality 9.80% 7.90% 6.80%

Morbidity (disability) 19.90% 11.20% 25.70%

Angiographic occlusion rates and clinical outcomes for patients with
pfAVM per specified location
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this location (12.9%) is approximately the proportion of brain
tissue found in this compartment (~ 1/8 the volume or 12.5%).
Posterior fossa AVM patients were reported to less frequently
present with seizures, to more frequently present with rupture,
to more frequently harbor associated aneurysms, and to more
frequently re-rupture. These features have incited some au-
thors to suggest they should be managed more aggressively
than supratentorial AVMs. However, the reported increase in
rupture rate may well be a presentation bias, cerebellar tissue
not being epileptogenic, and pfAVMs mostly remaining un-
detected until they bleed [16]. Even if it were true that
pfAVMs had a more ominous nature than their supratentorial
counterpart, this between-patients comparison could not serve
to justify preventive interventions. For that purpose, a valid
comparison between conservative and interventional manage-
ment is needed. The preventive treatment of unruptured
AVMs remains controversial, even more so since the publica-
tion of ARUBA, but that trial included too small a number of
pfAVMs to conclude for this location (n = 12).

This review was undertaken to summarize the knowledge
available in our literature and gain a broad overview of out-
comes following the various ways they can be managed,
something that was difficult given the various clinical contexts
and quality of reported data. In addition to the well-recognized
problems of retrospective observational studies (referral bias,
missing data, publication bias), one major problem with the
pfAVM dataset was selection bias for each treatment modality
and a lack of standardization of how the AVMs were de-
scribed. The most commonly used description system was
the Spetzler-Martin (SM) scale, reported to predict the clinical
outcome following surgical management of mostly
supratentorial AVMs [17]. Other classifications have been
proposed but are less commonly used. The SM scale does
not apply to endovascular or radiosurgical treatment ap-
proaches in terms of predicting outcome [17]. When different
authors use different grading scales to describe AVMs partic-
ularly when they are from different specialties with different
patient selection criteria, comparison of outcomes becomes
difficult or impossible. A small proportion of articles (mostly
by radiosurgical authors) used multiple grading scales to fa-
cilitate comparisons between studies.

There was also significant variability in how outcomes
were defined, when they were recorded and the way they were
scored: for example, radiosurgery papers were more likely to
use MRI to assess long-term AVM obliteration, even though
this modality has a higher false-negative rate than postopera-
tive catheter angiography. Catheter angiography however is
less likely to be conducted for long-term follow-up [14].
Scales to describe pre-treatment condition and clinical out-
come at follow-up were not uniformly applied; when they
were, a variety of scales were used. Some problems are related
to the complex, multistage clinical histories of pfAVMs, in-
cluding multiple clinical episodes and multimodality

treatments. It is often unclear which part of the patient history
is included in the report and at what stage of the history the
data was captured.

Finally, there were problems due to the various ways au-
thors chose to group patients or results. For example, 19 pa-
pers specified the numbers of brainstem and cerebellar AVMs,
but did not provide stratified clinical or angiographic outcome
data, rendering summaries unclear or ambiguous and compar-
isons difficult or impossible.

When authors chose to present angiographic results for
brainstem separate from those for cerebellar locations, surgical
management seemed to lead to greater rates of obliteration, but
the clinical outcomes scales used in these papers were so vari-
able that it remains difficult to understand the cost of obtaining
an occluded AVM in terms of morbidity borne by the patient.

Many of the shortcomings of the current pfAVM literature
could be addressed by standardizing definitions, classifica-
tions, methods of data collection, and scales. One solution
would be to proceed with a large-scale multinational registry,
one that would include reproducible clinical and angiographic
outcome measures and standardized reporting. However,
could such a registry really inform clinical decisions [3, 11]?
Patients with pfAVMs that are judged favorable for surgical
resection are clearly more likely to undergo surgery, while
surgically inaccessible lesions will be managed by
endovascular or radiosurgical means. Comparison of out-
comes following such patient selection can hardly result in
reliable conclusions. The use of propensity scores has been
proposed to compensate for selection biases inevitably includ-
ed in observational studies, but the validity of the method
remains controversial [8]. For cases that are judged to poten-
tially be manageable more than one way (including conserva-
tive management), a randomizedmulticenter comparative trial
is ongoing [6]. The limitations of this work include those
already mentioned regarding the various methods used in the
source articles. The heterogeneity of definitions, groupings,
scoring scales, selection bias, and the large amount of missing
data did not permit a meta-analysis. For similar reasons, the
construction of funnel plots to look for publication bias was
judged impossible.

Conclusion

AVMs of the posterior fossa represent an appropriate propor-
tion of brain AVMs when the volume of brain tissue in the
posterior fossa is taken into account. Posterior fossa AVMs are
more likely to be found after hemorrhage and are more likely
to harbor associated aneurysms. Heterogeneity of reporting,
including variability in the choice of grading scales, to de-
scribe both the AVMs and the patient clinical condition ren-
ders the literature incapable of providing reliable guidance for
treatment decisions. Standardized methods of grading and
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reporting, in addition to randomized clinical trials, remain
necessary to be able to provide guidance regarding the best
management of these lesions.
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