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Abstract

Background: Arteriovenous malformation (AVM) is a congenital vascular anomaly in which there are abnormal connections
between arteries and veins in the form of fistula or nidus without an intervening capillary bed. External ear AVMs can cause
swelling, redness, bleeding, and pain. Timely diagnosis and treatment are crucial to prevent complications. According to
literature, there are different techniques to treat auricular AVM which include surgical excision followed by ear reconstruction,
sclerotherapy and embolization. Stereotactic radiosurgery (SRS) has an established role in treating intracranial AVM with
excellent obliteration rates but limited literature exists on its efficacy in treating auricular AVM in terms of obliteration rates and
cosmetic outcome. Case Presentation: We report a rare case of right external ear AVM which was post embolization and post
excision followed by reconstruction but had persistent residual nidus in right pinna treated by stereotactic radiosurgery. He was
treated to a dose of 21 Gy in 3 fractions at 7 Gy per fraction for 3 consecutive days. He had completed treatment without any
complications. Follow up after 2 weeks of treatment, clinically, patient had redness, swelling and persistent pulsations but no
episode of bleeding. At the six-month follow-up, redness, swelling, and pulsations had decreased. Follow up after 1 year post
treatment, clinically, redness, swelling and pulsations were not present. Dynamic Brain MRI with angiography showed complete
obliteration of residual AVM nidus in right pinna. Patient was satisfied with the cosmetic outcome. Conclusion: We conclude that
stereotactic radiosurgery can be used as an effective treatment modality for auricular AVMs. In our case, radiosurgery provided
an excellent control and obliteration of the nidus and good cosmetic result eliminating the need for surgical reconstruction at the
site of the nidus.
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1. Introduction

Arteriovenous malformation (AVM) is a congenital vas-  oxygenated blood to bypass the capillaries and flow directly
cular anomaly characterized by abnormal connections be-  into the venous system, leading to ischemia, bleeding, pain,
tween arteries and veins, forming fistulas or nidus withoutan ~ and ulceration [1]. The head and neck region is the most
intervening capillary bed. These high-flow lesions cause = common site of peripheral AVM, with auricular AVMs being

*Corresponding author: deputymariya371(@gmail.com (Mariya Deputy)
Received: 30 January 2025; Accepted: 14 February 2025; Published: 24 February 2025

@ Copyright: © The Author(s), 2025. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/ijn
http://www.sciencepg.com/journal/ijn
http://www.sciencepg.com/journal/524/archive/5240901
http://www.sciencepg.com/
https://orcid.org/0009-0004-5980-9645
https://orcid.org/0000-0001-7934-329X
https://orcid.org/0009-0007-5180-4622
https://orcid.org/0009-0007-0825-1727
https://orcid.org/0009-0001-8538-3543

International Journal of Neurosurgery

http://www.sciencepg.com/journal/ijn

the second most prevalent in this area [2]. Although auricular
AVMs are non-malignant, they significantly impact a pa-
tient’s appearance, life, and mental well-being [1]. The main
goals of treating auricular AVMs are to alleviate symptoms
such as pain, bleeding, and ulceration while also achieving a
satisfactory cosmetic outcome. Various treatment modalities
are available, including surgical excision followed by ear
reconstruction, sclerotherapy, and embolization. Stereotactic
radiosurgery is well-established as an effective treatment for
intracranial AVMs, with excellent obliteration rates, but its
efficacy in treating auricular AVMs remains poorly docu-
mented. To address this gap in the literature, we present a
rare case of an external ear AVM treated with stereotactic
radiosurgery. To the best of our knowledge, this is the first
documented instance of such a treatment for auricular AVMs.

2. Case Presentation

A 29 year old male with no history of comorbidities, sig-
nificant personal and family history presented in April 2022
with complaints of right ear swelling, redness, bleeding epi-
sodes and increased pulsations. Digital subtraction angi-
ography (DSA) conducted in April 2022 revealed a high-flow
lesion involving the right external ear. External carotid artery
(ECA) injection confirmed the presence of an enlarged, di-
lated, tortuous posterior auricular artery with multiple feeders
leading to a large Arteriovenous malformation. According to
clinical findings, it was Schobinger clinical stage Il right
auricular AVM (Table 1) [3].

Table 1. Schobinger clinical staging system for peripheral AVM [3].

Schobinger stage Features

I (quiescence) Cutaneous blush or warmth

Bruit, audible pulsation, and enlarging

II (expansion) lesion

IIT (destruction) Pain, ulceration, bleeding, and infection

IV (decompensation)  Cardiac failure

Following embolization, the condition partially improved.
However, in December 2022, the patient presented again
with redness, bleeding, and increased pulsation in the right
external ear. DSA performed in December 2022 showed an
increase in the size of the AVM. Consequently, embolization
was repeated on December 29, 2022. The final right ECA

injection demonstrated near 60-70% obliteration of the AVM.

Multiple minor feeders supplying the pinna AVM were also
noted. On December 29, 2022, the patient underwent wide
local excision of the lesion and reconstruction. Since March
2023, he had presented with a mild increase in right ear pin-
na swelling and increased pulsations. DSA performed on
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May 25, 2023, revealed an enlarged, dilated, tortuous poste-
rior auricular artery with multiple feeders leading to a mod-
erate sized AVM. The findings suggested the presence of a
residual AVM in the right pinna. The patient was observed,
and on July 4, 2023, he experienced a bleeding episode from
the right external ear AVM. Repeat DSA performed on July
4, 2023, showed similar findings to those observed in May
2023. Given the patient’s unwillingness to undergo
re-excision or amputation of the ear, the decision was made
to treat the residual nidus with stereotactic radiosurgery.
Clinical photograph of patient is shown in (Figure 1).

4 { v ]

Figure 1. Pretreatment clinical photograph of patient. Anterior
aspect (a) and posterior aspect (b) pointed with arrows.

A Linac-based stereotactic radiosurgery system, specifi-
cally ELEKTA synergy, was planned for the treatment. The
planned dose was 21 Gy in three fractions, with 7 Gy per
fraction over three consecutive days. A custom-made immo-
bilization device, consisting of a head rest and head and neck
orfit, was used to ensure proper positioning of the patient. A
Dynamic Brain MRI with contrast and angiography was
conducted (Figures 2, 3) with a 1 mm slice thickness.

Figure 2. Pretreatment Dynamic Brain MRI with contrast. Residual
nidus is pointed with arrow.
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Figure 3. Pretreatment MR Angiography. Residual nidus is pointed
with arrow.

Figure 4. Planning CT scan with contrast. It shows red, gross tumor
volume and green, planning target volumepointed with arrow.

Figure 5. IMRT plan on planning CT scan. It shows 9 field IMRT
plan, virtual bolus and 100 % dose wash.

Additionally, a planning CT brain plain with the same slice
thickness was acquired. These images were imported into the
Monaco planning system. T1 post-contrast MRI brain images
and CT images were fused. The gross tumor volume (GTV),
which encompassed the residual nidus involving the right pinna,

was contoured. Subsequently, a direct 2 mm auto margin from
the GTV to the planning target volume (PTV) was generated to
compensate for any setup errors (Figure 4). The plan was ex-
ecuted using 9 field IMRT with a 06 MV Photon beam energy
and virtual bolus (Figure 5). The plan was approved with 98 %
V100 coverage (volume receiving 100% ofprescription dose)
of GTV and 95 % V100 coverage of PTV. Target coverage and
dose constraints achieved for OAR’s (Organs at risk) are shown
in (Table 2). Pretreatment patient specific QA (quality assur-
ance) was conducted, and the results were satisfactory, with a
95% gamma value (Figure 6).

Table 2. Target coverage and dose constraints of Organs at risk.
OAR, Organs at risk; GTV, gross tumor volume; PTV, planning target
volume; V100, volume receiving 100% of the prescription dose;
Dmax, maximum point dose; Dmean, mean dose.

Structures Target coverage and OAR constraints
GTV ( residual Vioo 98 %
nidus) Drmax 107%

Vioo 95 %
PTV

Dmax 107%
BRAINSTEM Dmax 6.38 Gy
RIGHT COCHLEA  Dmean 10.73 GY
Mandible Dmax 20 Gy

Figure 6. Pretreatment patient specific quality assurance done with
PTW OCTAVIOUS 1500 Phantom on which gamma analysis was
done.

For treatment delivery, the patient was positioned on the
couch with a head rest and five clamp head and neck orfit
(Figure 7). CBCT (cone beam CT scan) was taken, and after
correcting any setup errors, a bolus of 5 mm was placed over
the right Pinna. The patient completed the treatment in three
days without experiencing any significant complications. Two
weeks post-treatment, there was persistent redness, swelling
and pulsations in the right external ear, but there were no
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bleeding episodes (Figure 8). 6 months post treatment clini-
cally, there was reduction in the redness, swelling and pulsa-
tions in right external ear with no episode of bleeding. On
follow-up after one year of treatment, there was a notable
reduction in redness and swelling, no episodes of bleeding,
and pulsations (Figure 9). The patient expressed satisfaction
with his appearance and cosmetic results. Dynamic Brain
MRI with angiography after one year revealed complete
obliteration of the residual nidus (Figures 10, 11).

Figure 7. Immobilization of patient on treatment couch with head
and neck orfit and head rest pointed with arrow.

Figure 9. 1 year post treatment clinical photograph. Posterior as-
pect (a) and anterior aspect (b) pointed with arrows.
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Figure 10. 1 year post treatment Dynamic Brain MRI with contrast
shows complete resolution of residual nidus pointed with arrow.

Figure 11. 1 year post treatment MR Angiography shows complete
resolution of residual nidus pointed with arrow.

3. Discussion

Arteriovenous malformation (AVM) is high blood flow
vascular anomaly characterized by abnormal connections
between arteries and veins. The exact cause of AVM in the ear
is still unknown, but they are believed to be present at birth
and may be triggered by trauma, infection, iatrogenic factors,
or hormonal changes, such as puberty, pregnancy, or hormone
therapy [4-12]. Due to the shunting of high-pressure blood
flow from arteries directly into veins, it causes various
symptoms, including warmth, swelling, redness, pulsation,
fremitus, and ear noise. Furthermore, it can lead to ischemic
changes, resulting in pain, ulceration, itching, and bleeding
[13, 14]. The abnormal tissue surrounding cartilage can cause
an overgrowth of cartilage, leading to a condition called ma-
crotia. Typically, auricular AVMs have one to three feeding
arteries, with the primary feeders being the ipsilateral super-
ficial temporal artery, the posterior auricular artery, and the
occipital artery [10, 11, 14, 15]. The treatment modalities
usually used to treat auricular AVM are surgical excision +/-
reconstruction, sclerotherapy, embolization or amputation.
The primary goal of treatment is to obliterate nidus to prevent
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bleeding as well as to achieve good cosmesis.

In 2005, Wu et al [8], studied 41 patients with auricular
AVM in which progression was assessed in observation, li-
gation, embolization alone and amputation groups. The study
showed that, there was no improvement in observation and
ligation group. 39 % of patients had controlled findings and 3
patients had improvement. In 2009, Whitty et al [16], pub-
lished a case report on treatment of external ear AVM in a 15
year old patient in which excision was done and there was no
evidence of recurrence. In 2016, Kim et al [17], published
study on combination of Embolization followed by excision
in 60 year old patient with AVM of ear in which they observed
that embolization followed by excision results in better re-
moval of nidus without bleeding. In 2018, Gupta et al [18],
published a case report in which preoperative coil emboliza-
tion was done followed by reconstruction in 24 year old male
with huge AVM. We couldn’t find literature in which stereo-
tactic radiosurgery was used as one of the treatment modality.

In our case, the patient had a Schobinger clinical stage III
auricular AVM. Initially, he underwent embolization, but it
resulted in recurrence, necessitating a combination of embo-
lization, surgical excision and reconstruction. However, the
residual nidus in the right pinna caused bleeding episodes.
Additionally, macrotia, redness, and increased pulsations
were other symptoms that caused discomfort to the patient.
Given these symptoms, we decided to treat the residual nidus
with stereotactic radiosurgery. The treatment involved deliv-
ering a dose of 21 Gy in three fractions, with 7 Gy per fraction,
over three consecutive days. The patient successfully com-
pleted the treatment without experiencing any major com-
plications. Two weeks after treatment, the patient showed
persistent redness, swelling, and pulsations, but there were no
bleeding episodes. Six months later, the redness, swelling, and
pulsations had significantly reduced, and there were no
bleeding episodes. A year later, Dynamic Brain MRI scan
revealed complete obliteration of the AVM nidus. Clinically,
the patient experienced no redness, swelling, pulsations, or
bleeding episodes. He was satisfied with the cosmetic out-
come. A multidisciplinary approach is crucial in diagnosing
and treating auricular AVMs.

While surgery, followed by reconstruction and emboliza-
tion, are the most commonly preferred treatment modalities
based on literature, our case demonstrates the potential of
stereotactic radiosurgery (SRS) as an effective treatment op-
tion for auricular AVM.

4. Conclusions

We conclude that stereotactic radiosurgery is the effective
treatment modality for auricular AVM. In our case, radio-
surgery provided an excellent obliteration of the nidus and
good cosmetic result eliminating the need for surgical recon-
struction at the site of the nidus. The excellent outcome in our
case warrants further study with larger sample size and longer
follow up to validate the efficacy of stereotactic radiosurgery

in treating auricular AVM.

Abbreviations

AVM Arteriovenous Malformation

SRS Stereotactic Radiosurgery

MRI Magnetic Resonance Imaging

DSA Digital Substraction Angiography
ECA External Carotid Artery

GTV Gross Tumor Volume

PTV Planning Target Volume

Vioo Volume Receiving 100% of Prescription Dose
OAR’s  Organs at Risk

QA Quality Assurance

IMRT Intensity Modulated Radiotherapy
CBCT  Cone Beam Computed Tomography
Dmax Maximum Dose

Dmean  Mean Dose
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