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Background: Posterior fossa arteriovenous malformations (AVMs), despite their rarity, carry a high rate 
of rupture and the potential to cause significant morbidity given the proximity of eloquent structures. This 
is the first report of an AVM of the internal acoustic meatus successfully treated with both endovascular and 
surgical means. 
Case Description: A 46-year-old female was found to have a left-sided AVM of the internal acoustic 
meatus after presenting with pulsatile tinnitus and a mild vestibular dysequilibrium. Her past medical history 
was otherwise unremarkable and she was not currently taking any regular medications. Digital subtraction 
angiography revealed a 20-mm nidus supplied by branches from the left anterior inferior cerebellar artery 
(AICA) and the telovelotonsillar segment of the left posterior inferior cerebellar artery, before draining via 
the cerebellar hemispheric veins into the left sigmoid sinus. She underwent coil embolization of the main 
arterial feeder from the AICA which resulted in new sensorineural hearing loss. A left-sided retrosigmoid 
craniotomy was then performed to resect the remainder of the nidus. Post-operative angiography 
demonstrated complete exclusion. On review at three months, she had persistent sensorineural hearing loss 
but an improving House Brackmann 3 facial palsy.
Conclusions: The internal acoustic meatus may be considered an eloquent location. This complex 
region has been neglected by existing classification systems. Embolization of the AICA and therefore the 
labyrinthine artery may result in sensorineural hearing loss. Both endovascular and surgical approaches are 
likely required to obliterate AVMs in this rare location.
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Introduction

Background

Arteriovenous malformations (AVMs) are embryological 
high flow complexes consisting of feeding arteries 
connected by a nidus to draining veins in the absence of any 
intervening normal brain (1). ApSimon et al. published a 
large series of 240 AVMs and found that 94.9% were located 
in the supratentorial compartment, with the remainder 
being in the mesencephalon or cerebellum (2). Graf et al. 
presented their series of 134 patients with ruptured cerebral 
AVMs and only 11 were located within the posterior fossa (3).

Rationale and knowledge gap

An AVM of the internal acoustic meatus is therefore 
exceedingly rare, and this entity was neglected in the 
original Spetzler-Martin classification as an eloquent 
location despite housing critical neurovascular structures (4).

Objective

We present the first case of a unique supplied internal 
acoustic meatus AVM requiring multi-modality treatment 
in accordance with the CARE reporting checklist (available 
at https://asj.amegroups.com/article/view/10.21037/asj-
23-39/rc). The role of both endovascular and surgical 
management is discussed. 

Case presentation

A 46-year-old right handed female was found to have a left 
side AVM of the internal acoustic meatus on workup for 
nasal polyps. She reported hearing a ‘whooshing’ sound in 
her left ear for 5 years associated with intermittent pulsatile 
tinnitus. She experienced mild vestibular disequilibrium and 
feeling off balance at times though denied any hearing loss. 
Her past medical history was significant only for previous 
renal calculi and a cholecystectomy. She did not take any 
regular medications and was a non-smoker living at home. 

On examination, she was neurologically intact with a 
Glasgow Coma Scale (GCS) of 15. Unterberger’s test was 
negative. Preoperative pure tone audiometry showed normal 
hearing and speech discrimination in both ears with type A 
tympanograms consistent with normal middle ear function. 
Computed tomography (CT) of the brain demonstrated 
no significant widening of the left internal acoustic 
meatus compared to the contralateral side (Figure 1).  
CT angiography and magnetic resonance imaging (MRI) 
also revealed a complex 20 mm × 9 mm × 7 mm nidus of 
blood vessels in the left intracanalicular portion of the 
internal acoustic meatus extending into the cerebellopontine 
angle (Figure 1). There was a meatal loop arising from the 
anterior inferior cerebellar artery (AICA). 

Cerebral digital subtraction angiography (DSA) 
confirmed the presence of a left internal acoustic meatus 
AVM with primary feeders from the left AICA and left 
posterior inferior cerebellar artery (PICA). Venous outflow 
was via cerebellar veins draining to the left sigmoid 
sinus (Figure 2). Given the majority of the arterial supply 
appeared to be from the endovascularly accessible single 
trunk AICA, this artery was cannulated and the feeding 
branch was preoperatively coiled. The left PICA was also 
cannulated but multiple small perforators were seen to be 
supplying the AVM and these were deemed too high risk to 
occlude. Post-embolization angiography on the 29th August 
2022 demonstrated significantly reduced flow through 
AVM but some residual supply arising from branches of 
the teloveloteonsillar segment of the left PICA (Figure 2). 
Immediately following the endovascular embolization the 
patient developed a new complete left sided sensorineural 
hearing loss likely due to involvement of the labyrinthine 
artery during the procedure.

In order to definitively obliterate the arteriovenous 
malformation, she proceeded to undergo a left sided 
retrosigmoid craniotomy in the supine position on the 30th 
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August 2022. The retrosigmoid approach was selected given 
it provided the most direct surgical access to the AVM which 
was located within the porus acousticus and medial internal 
acoustic meatus. Neuromonitoring of the 7th–12th cranial 
nerves was utilized. After arachnoid opening and release 
of cerebrospinal fluid from the cisterna magna, the AICA 
was easily identified due to the presence of the coil mass. 
A large vascular complex was identified surrounding and 
intermingled within the facial nerve with entangled loops 
of arterialised draining veins. Intraoperative indocyanine 
green was utilised to identify the arterial feeders which were 
sequentially coagulated and divided until the nidus was 
confirmed to no longer fill. The facial nerve remained intact 
but required 0.2 mA to stimulate compared to the initial 
0.05 mA. An otologist was present for the surgery in case 
the posterior wall of the porus acousticus required removal, 
however this was not performed as it was felt the AVM had 
no further flow and any further manipulation of the nerve 
would likely cause a permanent facial palsy.

Post-operative cerebral angiography demonstrated 
successful complete obliteration of the AVM (Figure 3). 
Diffusion-weight imaging sequence revealed a small acute 
infarct of the left middle cerebellar peduncle likely related 
to endovascular embolization (Figure 4). On 3-month 

follow-up, she had persistent left sided sensorineural 
hearing loss but an improving House-Brackmann 3 palsy. 
She was reviewed by speech pathology both as an inpatient 
and outpatient given her hearing loss.

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for the publication of this 
case report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Discussion

Posterior fossa AVMs are uncommon and estimated to 
constitute only 5–12% of all intracranial AVMs, but are 
more likely to present with haemorrhage and result in 
a poorer prognosis (5,6). Despite their rarity, these are 
important entities given their close proximity to deep 
eloquent structures (6). Indeed, Khaw et al. determined 
that the infratentorial location of these AVMs was itself 
an independent risk factor for haemorrhage [odds ratio 
(OR) 1.99, 95% confidence interval (CI): 1.07–3.69, 

Figure 1 Preoperative axial computed tomography angiography of the brain demonstrating a nidus of blood vessels in the left internal 
acoustic meatus (A) with no significant widening of the canal on bony window (B). Preoperative magnetic resonance imaging constructive 
interference in steady state sequence further demonstrates this nidus in higher resolution in both the axial (C) and coronal (D) planes. 
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P=0.03] (6). Haemorrhage of an AVM within the internal 
acoustic meatus, a cerebrospinal fluid containing cavity 
housing critical neurovascular structures, carries significant 
morbidity (7). 

A comprehensive literature review of the MEDLINE, 
Embase, Google Scholar and Cochrane databases found 

only eight histopathologically proven cases of AVMs located 
within the internal acoustic meatus (Table 1) (7-14). The 
majority of these cases were reported during an era where 
archaic means such as X-rays to examine for widening of 
the internal acoustic meatus or gas CT cisternography to 
examine for outlined lesions were used, and only intra-
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Figure 2 Cerebral digital subtraction angiography with left vertebral artery injections in the lateral arterial phase (A), anteroposterior 
arterial phase (B) and anteroposterior venous phase (C) pre-embolization. Post-embolization images are shown in the oblique arterial phase 
(D) and lateral arterial phase (E). The left internal acoustic meatus arteriovenous malformation nidus (black arrow) is demonstrated to be 
supplied by the left AICA (red arrow) which is significantly larger than the right AICA (purple arrow). Delayed phase demonstrates drainage 
of the malformation into the dilated cerebellar hemispheric veins (blue arrows) and eventually into the sigmoid sinus. The left PICA (orange 
arrow) is demonstrated to have a takeoff from the left vertebral artery at its usual origin. The left AICA (red arrow) has been embolized with 
marked reduction in filling of the nidus (black arrow). The nidus (black arrow) is still noted to be filling from arterial feeders (white arrows) 
arising from the telovelotonsillar segment of the left PICA (orange arrow). AICA, anterior inferior cerebellar artery; PICA, posterior inferior 
cerebellar artery.
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operatively was an AVM conclusively confirmed (8). None 
of these historical cases utilized dual modality treatment. 
We present the first case of an unruptured AVM of the 
internal acoustic meatus supplied by branches of the AICA 
and PICA successfully treated with both endovascular and 
surgical treatment.

This unusual case poses three unique treatment 
challenges which are not readily addressed by conventional 
classification schemes. Firstly, the internal acoustic meatus 
is a complex and highly eloquent anatomical space. Martin 
et al. dissected both cerebellopontine angles in 25 adult 
cadavers and found that the AICA was a single trunk in the 
majority of cases (72%), occasionally duplicate (26%) and 
rarely triplicate (2%) (15). After its origin from the basilar 
artery, the AICA passes posteriorly, inferiorly and laterally 
across the pons (16). From here, the relationship to the 
cranial nerves has proven highly variable with the AICA 
usually travelling in between the facial/nervus intermedius 
nerves and the vestibulocochlear nerves (66%), but also 
sometimes travelling posterior (12%) or even inferior to the 
nerve complex (10%) (16). This highlights the importance 
of understanding individual patient anatomy by obtaining 
high resolution preoperative imaging with a combination 
of MRI and catheter angiography. In our case, the AVM 
nidus was entangled around and within the facial nerve 

itself with multiple adherent loops needing to be dissected 
free, though ultimately several small branches could not 
be dissected from the nerve and were left in situ. This was 
further complicated by the narrow window in which to work 
given this vascular malformation did not cause expansion 
of the cerebellopontine angle as is typically the case with 
tumours. Lack of expansion of the internal acoustic meatus, 
which again typifies more commonly found lesions in this 
area such as acoustic neuromas, was not a concern as we did 
not drill out the meatus for distal access in this case.

This case represents a clinical dilemma not easily 
resolved using the current paradigm of AVM treatment. 
The landmark Spetzler-Martin classification was developed 
and validated based upon 100 consecutive retrospectively 
identified AVMs (17). The surgical risk of these lesions 
was stratified based upon three factors: size of the nidus 
being less than 3 cm (1 point), 3–6 cm (2 points) or >6 cm 
(3 points), location in either non-eloquent (0 points) or 
eloquent brain (1 point) and pattern of venous drainage 
being either superficial (0 points) or deep (1 point) (17). 
Spetzler et al. defined deep eloquent areas as being the 
thalamus, hypothalamus, brainstem and deep cerebellar 
nuclei (17). There is no mention of the internal acoustic in 
the original landmark publication (17). However, the ethos 
remains that the immediate risk of operative intervention 

Figure 3 Cerebral digital subtraction angiography with left vertebral artery injections in the anteroposterior arterial phase (A) and lateral 
arterial phase (B) demonstrate nil residual filling of the left internal acoustic meatus arteriovenous malformation. The left anterior inferior 
cerebellar artery (red arrows) remains embolized. Whilst the main segments of left posterior inferior cerebellar artery (orange arrows) 
continue to fill and supply cerebellum distally, the arterial feeders from the telovelotonsillar segments (white arrow) no longer fill the nidus 
(black arrows). There has been complete extirpation of this rare and unusual vascular malformation.
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to resect an AVM must be weighed up against the estimated 
up to 11.6% higher rate of posterior AVM rupture per year 
and the attendant 50% risk of neurological deficit associated 
with this (4,17). Fults et al. remind us that posterior fossa 
AVMs are associated with a much poorer prognosis (18,19).

Further complicating the treatment decision, we 
encountered a relatively young otherwise healthy patient 
with completely preserved hearing. Complete exclusion of 
the AVM in this location without sacrificing the delicate 
labyrinthine artery seemed unlikely. Indeed, 5 of the 
8 previously documented patients with AVMs in this 

location presented with sensorineural hearing loss (Table 1)  
(7-9,11,13). Of the other three cases, Patel et al. reported 
new hearing loss in their 50-year-old patient with a left 
sided AVM also supplied by the AICA which was treated 
solely by endovascular means, whilst the authors of the other 
two cases did not comment on hearing status (10,12,14). 
Mangham et al. warned clinicians of the significance of the 
AICA given in their series of intratemporal tumours the 
vascular lesions were more likely to cause hearing loss than 
acoustic neuromas of comparable size (20). It was Lo et al. 
who supported this sentiment also found that schwannomas 

Figure 4 Magnetic resonance imaging in the axial planes demonstrates the nidus no longer fills compared to preoperatively, most easily 
visualized on the T2 (A) sequence. Note the T2 hyperintensity (A) with corresponding fluid-attenuated inversion recovery hyperintensity 
(B) corresponds to a small focal area of true diffusion restriction (C) and corresponding low apparent diffusion coefficient values (D) of the 
left middle cerebellar peduncle. This may be accounted for by retrograde Wallerian degeneration after sacrifice of the left anterior inferior 
cerebellar artery.
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Table 1 Literature review of arteriovenous malformations of the internal acoustic meatus

Author, year
Age 

(years), 
sex

Symptoms Laterality
Arterial 
feeders

Venous drainage
Nidus size 

(mm)

Treatment 
and exclusion 

status
Clinical outcome

Linskey,  
1991 (7)

39, M SNHL (deaf), vertigo, 
hemifacial spasm

Right NR NR NR ST, NR Postoperative facial 
palsy improving

Sundaresan,  
1976 (8)

26, M SNHL, hemifacial 
spasm, tinnitus

Right NR NR NR ST, NR Facial palsy, SNHL

Bird, 1985 (9) 44, M SNHL, facial palsy Left AICA NR NR ST, NR Unchanged

Lo, 1986 (10) NR Facial palsy Left NR NR 6×4×4 ST, NR NR

Mahran,  
1991 (11)

50, F SNHL, tinnitus, 
vertigo facial palsy

Right AICA Lateral 
bulbopontine vein

NR ST, excluded SNHL complete, tinnitus 
unchanged, vertigo 

improved, facial palsy 
improved

Patel, 2011 (12) 50, M Vertigo Left AICA, 
labyrinthine 

artery, 
transosseous 

and dural 
supply

Superior petrosal 
sinus, retrograde 

flow to lateral 
mesencephalic 

vein

16×10 ET, excluded SNHL new post, Low 
pitched tinnitus, normal 

facial function

Ng, 2016 (13) 53, F SNHL, hemifacial 
hypoaesthesiae, 

facial palsy

Right NR NR 11×10×12 ST, excluded Hemifacial 
hypoaesthesiae 

resolved, facial palsy 
improved, 

Sulieman,  
2018 (14)

55, M Asymptomatic Right NR NR NR NR NR

Present case 46, F Mild vestibular 
dysequilibrium

Left AICA, PICA Cerebellar veins 
into sigmoid sinus

20×9×7 ET and ST, 
excluded

House-Brackmann 4 
facial palsy, sensorineural 

hearing loss

M, male; F, female; SNHL, sensorineural hearing loss; NR, not reported; ST, surgical treatment; AICA, anterior inferior cerebellar artery; ET, 
endovascular treatment; PICA, posterior inferior cerebellar artery.

tended to be larger than vascular tumours at presentation 
yet caused a similar degree neurological deficit (10).

Moreover, Lawton et al. recognized that there were also 
other factors which could complicate surgical resection such 
as diffuseness of the nidus on angiography and more or less 
arteriovenous connections resulting in higher flow (21). 
This was the rationale behind developing a supplementary 
AVM grading scheme for clinicians (21). We also took into 
consideration the fact that this AVM had no associated 
aneurysms, defined as dilatations of the lumen twice the 
width of the arterial vessel, which have been identified as a 
negative predictive outcome measure by Khaw et al. (6). On 
the other hand, smaller AVMs are possibly more likely to 
rupture than larger lesions at 1 year (10% versus 0%) and  
5 years (52% versus 10%) (17). 

This is amidst controversial evidence that medical 

management for unruptured AVMs may be superior to 
surgical treatment. The ARUBA randomized controlled 
trial, consisting of 233 patients with unruptured and 
never treated AVMs who were followed up for a mean of  
33 months, found a decreased risk of death or stroke in 
the group who underwent surveillance rather than surgical 
management (22). Indeed, the hazard ratio of 0.27 (95% CI: 
0.14–0.54) was so convincing that the trial was prematurely 
ceased (22). However, the trial has attracted many criticisms 
ranging from the fact that the majority of the AVMs in both 
the medical and surgical arms were Spetzler-Martin grade 1 
and 2 (55% and 67%), there was a low rate of flow-related 
aneurysms (19% and 13%) and the majority only had 
superficial rather than deep drainage (63% and 69%) (22).  
Grasso et al. noted that these factors favour medical 
management (23). Although our case with a small 20 mm 
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nidus resembled most of the AVMs in the surveillance arm 
(55%) and intervention arm (68%) being less than 30 mm in 
diameter, the location in the posterior fossa was a minority 
(5% and 7%) (22). Rutledge et al. also noted the follow-up 
was relatively short with Lawton et al. arguing surgery for 
low grade Spetzler-Martin lesions is still feasible (24,25).

This argument has been countered by Al-Shahi Salman 
et al. who examined a Scottish cohort with a longer 12-year 
follow-up of patients with unruptured AVMs (26). This 
observational study determined that there was less chance 
of achieving the primary outcome (occurrence of handicap) 
with conservative management rather than surgery (OR 
0.59, 95% CI: 0.35–0.99) (26). Furthermore, the risk of 
stroke or death as a similar outcome measure to the ARUBA 
trial over 12 years again favoured surveillance over surgery 
(OR 0.37, 95% CI: 0.19–0.72) (26).

However, the authors did acknowledge the possibility 
of selection bias given those who underwent surgical 
intervention were younger, more likely to have presented 
with a seizure and also has smaller AVM nidus sizes (26). 
This trial also bears only minimal relevance to our rare case 
given only 4% of AVMs in the conservative arm and 3% in 
the surgical arm were located in the posterior fossa, with all 
of these being either in the brainstem or cerebellum (26). It 
is evident that larger trials with longer-term follow-up are 
still required in this domain.

The final modality of treatment to be considered in this 
case is stereotactic radiosurgery (SRS) with the primary 
goal being to obliterate the AVM nidus (27). Bowden et al.  
delivered SRS to 64 patients with cerebellar AVMs at a 
single institution and reported total obliteration rates as 
confirmed on MRI or angiography of 69% at 4 years, and 
76% at 5 and 10 years (28). Interestingly, obliteration was 
more likely in those patients who had not undergone prior 
embolization (28). In their series, 6% of patients sustained 
a haemorrhage whilst awaiting complete obliteration which 
was countered by 1.5% of patients sustaining a permanent 
neurological deficit (28). Kelly et al. also argued that if 
angiographic obliteration did not occur by 3 years, then 
further treatment should be considered (29). SRS was 
considered as an option for our patient with the possibility 
of hearing preservation, but surgery was favoured given her 
significant symptoms of vestibular disequilibrium which 
were more likely to resolve with surgical resection rather 
than SRS (29). 

Limitations of our study include the fact this is a rare 
tumour and reliant upon our single case experience. Future 
studies should include large randomized trials. Additionally, 

existing AVM classification systems fail to recognize the 
internal auditory meatus (IAM) as either an eloquent 
or non-eloquent location and therefore did not provide 
relevant evidence-based management suggestions.

Conclusions

The internal acoustic meatus should be considered an 
eloquent location when considering the treatment of AVMs. 
Given the known high rate of haemorrhage of posterior 
fossa AVMs, definitive management should be considered 
in younger patients. Careful evaluation of accessibility of 
arterial feeders and venous outflow by preoperative cerebral 
angiography is required. Multi-disciplinary discussion 
between neuro-radiologists and neurosurgeons is ultimately 
required, but both endovascular and surgical approaches are 
likely required to obliterate AVMs in this rare location. 
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