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INTRODUCTION
Vascular anomaly is a collective name for abnormalities that 
develop during vascular development, so it is difficult to classify 

because of its extensive symptoms and characteristics. It is a 
disorder of the endothelium and surrounding cells that affect 
the vasculature and surrounding structures. Mulliken and 
Glowacki divided vascular anomaly into hemangiomas and 
vascular malformations by using a biological classification sys-
tem [1,2].

Arteriovenous malformation (AVM) is vascular anomaly 
which is high-blood-flow lesions with connections between ar-
teries and veins without an intervening capillary bed. In em-
bryogenesis, AVM results from an error in vascular develop-
ment, so it shows an arterial-to-venous circulation by forming a 
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direct shunt through a fistula or nidus. The most common sites 
of extracranial AVM are the head and neck, followed by the 
limbs, trunk, and viscera [3]. Although AVM exists from birth, 
it may not be noticeable until childhood. AVM features a pink-
red cutaneous stain with a palpable thrill or bruit, and distin-
guishing AVM from capillary malformations and hemangio-
mas is important. Arteriovenous shunt flow hinders the capil-
lary oxygen delivery, causes ischemia, and results in complica-
tions such as pain, ulceration, bleeding, and congestive heart 
failure.

AVM is not a static malformation and progresses over time or 
may recur after treatment. Therefore, the treatment goal for 
AVM is usually controlling the progression of AVM by using 
multi-treatment methods such as sclerotherapy, embolization, 
and resection.

Extracranial AVMs in the head and neck are relatively rare. 
Auricular AVMs are the second most common after those in 
the cheek. Only few studies have been conducted on AVMs of 
the ear [4]. In 2005, Wu et al. [5] published a study with 41 pa-
tients with auricular AVM. The progression was assessed ac-
cording to treatment method by dividing them into observa-
tion, ligation, embolization alone, and amputation groups. No 
improvement was observed in the observation and ligation 
groups. Of the 20 patients in the amputation group, 16 showed 
controlled findings and three showed improved findings. In 
2009, Whitty et al. [6] published a case report on the treatment 
of AVM of the external ear in a 15-year-old patient. The AVM 
was excised, with no evidence of recurrence found during fol-
low-up. In 2016, Kim et al. [7] published a study on emboliza-
tion using trans-femoral cerebral angiography for an AVM of 
the ear in a 60-year-old male patient. In 2 weeks, after the ne-
crotic skin boundary became distinctive, an excision operation 
was performed. In 2018, Gupta et al. [8] published a study in 
which preoperative coil embolization was performed for a huge 
AVM of the ear in a 24-year-old male patient, and ear recon-
struction was performed using a split-thickness skin graft.

For the management for vascular anomalies, our hospital op-
erates a vascular anomalies center (VAC), where plastic sur-
geons, intervention radiologists, dermatologists, vascular sur-
geons, and pediatrics participate. Patient consultations are con-
ducted by one department or a multidisciplinary team. Before 
the multidisciplinary consultation, one physician takes charge 
of the patient and prepares the content of the interview ques-
tionnaires. Upon completion of the treatment plan from the 
multidisciplinary consultation, the patient undergoes consulta-
tions with a specialist from each field and then undergoes treat-
ment. After the treatment, the next treatment plan is discussed 
during a multidisciplinary consultation in the VAC. Through 

these sequential processes, we reviewed clinical data of auricu-
lar AVM patients and suggest the treatment protocol in our 
center.

METHODS
Among 265 patients who were diagnosed as having AVM ra-
diologically and received treatment in our VAC between 2008 
and 2021, 10 patients who were diagnosed as having auricular 
AVM were included in this retrospective study.

By reviewing the patients’ charts, information on age, extent 
and side of the lesion, and signs and symptoms as designated by 
the Schobinger clinical staging system was obtained (Table 1). 
Findings from radiographic investigations, including Doppler 
ultrasonography, magnetic resonance imaging, computed to-
mography (CT), and angiography, were reviewed by two inter-
ventional radiologists. Available angiograms were studied, and 
the extent and distribution of the affected vascular territories 
were correlated to the clinical findings.

The patients received sclerotherapy, resection with/without 
preoperative embolization, or both. Surgery was performed by 
one plastic surgeon. After partial or complete AVM resection, 
primary closure, skin graft placement, otoplasty, or local flap 
placement were accomplished [9].

Four months after each treatment, the posttreatment status 
was evaluated by dividing into four stages as follows: stage 1, 
controlled, no residual lesion; stage 2, improved, with a residual 
lesion but without reexpansion; stage 3, persistent or stable, nei-
ther improved nor worsened; stage 4, recurred or worsened, 
aggravated signs and symptoms [5]. The further treatment plan 
was decided after the multidisciplinary consultation during the 
VAC visit.

RESULTS
Table 2 presents the summary of the cases of auricular AVM. 
The patients included were one man and nine women, with a 
mean age at presentation of 26 years (range, 6–60 years) and 
mean follow-up period of 5 years (range, 1–11 years). The le-
sions were localized in the upper auricle in four patients and the 

Table 1. Schobinger staging system for arteriovenous malforma-
tions
Stage Features

I (quiescence) Cutaneous blush or warmth

II (expansion) Bruit, audible pulsation, and enlarging lesion

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

IV (decompensation) Cardiac failure
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earlobe in one patient. In four patients, the lesions were distrib-
uted to the entire auricle and its surrounding tissues, and one 
patient was found to have lesions in the tragus and preauricular 
area (Table 3). Of the 10 patients, five had lesions in the right ear 
and five had lesions in the left ear. In six of the 10 patients, the 
lesion was found at birth. Nine patients showed a palpable bruit 
or thrill, or warmth at the time of initial hospital visit. Among 
the 10 patients, seven had Schobinger classification stage II and 
three had stage III before the start of treatment. Four patients 
received sclerotherapy only, one patient received surgical treat-

Table 2. Summary of the patient characteristics, clinical and radiological findings, and treatment

Patient no. Sex (yr) Age at initial 
presentation (yr) Location of the lesion Side Present at birth Palpable bruit or thrill or 

warmth Treatment

  1 Female 28 Upper auricle Right Yes Yes S #1, R #1

  2 Female 24 Upper auricle Left Yes Yes S #1

  3 Female 14 Auricle and scalp Left Yes Yes S #1, E #1

  4 Female 6 Upper auricle Right Yes No S #1

  5 Female 27 Auricle Right No Yes S #2

  6 Female 20 Auricle Right Yes Yes S #1, E #1

  7 Male 24 Upper auricle Left No Yes E #1, R #2

  8 Female 60 Auricle, cheek, and scalp Left No Yes S #4, R #1

  9 Female 46 Ear lobe and chin Left No Yes S #3, R #4

10 Female 31 Tragus and preauricular area Right Yes Yes S #4

S, sclerotherapy; R, surgical resection without embolization and reconstruction; E, surgical resection with embolization.

Table 3. The location of auricular arteriovenous malformation and 
related feeding artery

Feeding artery
Location

Total
Helix Tragus Ear lobe Whole ear

Superficial temporal artery 4 1 - 4 9

Posterior auricular artery - - 1 4 5

Table 4. Summary of treatment outcomes

Patient no. Schobinger 
stage Treatment Posttreatment 

stagea) Plan

  1 II S #1, R #1 2 Conserve

  2 III S #1 2 Conserve

  3 II S #1, E #1 1 Conserve

  4 III S #1 1 Conserve

  5 II S #2 2 Conserve

  6 II S #1, E #1 2 Conserve

  7 II E #1, R #2 2 Conserve

  8 III S #4, R #1 2 Conserve

  9 II S #3, R #4 2 Conserve

10 II S #4 3 Lost to follow-up

S, sclerotherapy; R, surgical resection without embolization and reconstruction; E, 
surgical resection with embolization. 
a)Posttreatment stage: 1, controlled, no residual lesion; 2, improved, with a residual 
lesion but without reexpansion; 3, persistent or stable, neither improved nor wors-
ened; 4, recurred or worsened, aggravated signs and symptoms.

ment only, and five patients underwent both sclerotherapy and 
surgical excision. All patients had showed symptoms such as 
bruit, thrill, and pain when starting treatment. After treatment, 
the symptoms disappeared in nine patients, AVM disappeared 
completely in two patients and did not recur, and it was well 
controlled in seven patients. It was checked as remaining unre-
duced in one patient (Table 4, Figs. 1-3).

DISCUSSION
AVM was first reported by John Bell in 1815 using the term 
“aneurysm by anastomosis.” AVM is a pathological communi-
cation between arteries and veins via blood vessels such as a di-
lated capillary without interposition of the arteriole [10]. Col-
lateral formation is consequently facilitated, and regional blood 
flow is increased at the peripheral level. Dilated, lengthened, 
and tortuous feeding arteries lead to the formation of a thick 
blood vessel wall after fibrous degeneration. The draining vein 
becomes hypertrophic, and increased intraluminal pressure re-
sults in a prominent muscular coat.

Schobinger classified AVM into four stages as follows: stage I 
(quiescence) features warm and discolored skin; stage II (expan-
sion) features bruit, pulsation, and swelling; stage III (destruc-
tion) features pain, ulceration, and bleeding; and stage IV (de-
compression) features cardiac failure. The symptom and pre-
senting sign are associated with the AVM stage. Although most 
AVMs are asymptomatic, they may cause symptoms such as se-
vere pain and bleeding. Pulsation (51.2%), bleeding (41.5%), 
and pain (29.3%) are the most common symptoms. In cases of 
AVM of the ear, hearing can also deteriorate because of the au-
dible bruit [5]. 

The developmental origins of the upper ear, including the he-
lix and lower ear, which consists of the ear lobe, are different. 
The upper ear is developed from the first pharyngeal arch and 
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Fig. 1. Patient no. 1. A 28-year-old female patient with AVM in the upper auricle. the Schobinger stage II. (A, B) Preoperative clinical and CT 
findings. Direct puncture sclerotherapy was performed using a glue-and-lipiodol mixture. (C) Before sclerotherapy. (D) After sclerotherapy. 
After resection surgery, most of the AVM was removed, but the residual AVM was judged as posttreatment status stage 2. (E, F) Postoperative 
clinical and CT findings. AVM, arteriovenous malformation; CT, computed tomography.

Fig. 2. Patient no. 3. A 14-year-old female patient with AVM in the upper auricle and scalp. the Schobinger stage II with no distinctive symp-
toms of diffuse scalp AVM. (A-C) Preoperative clinical and CT findings. Resection with embolization and trans-arterial sclerotherapy with 
ethanol were performed. Symptoms were resolved with no residual AVM of the ear, confirming posttreatment status stage 1. (D-F) Posttreat-
ment clinical and CT findings. AVM, arteriovenous malformation; CT, computed tomography.
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receives blood supply from the posterior auricular artery. This 
may be used as reference for sclerotherapy. Patients with AVM 
in the helix, tragus, and whole ear account for 90% of our study 
patients. AVMs in the second pharyngeal arch, including the 
ear lobe, occur in 50% of the total patients, which implies that 

auricular AVM can occur more in case of development from 
the first pharyngeal arch origin than the second pharyngeal 
arch origin (Fig. 4) [5].

As treatments for AVM, embolization, sclerotherapy, and re-
section surgery have been used. Preoperative embolotherapy/
sclerotherapy is useful for solidifying AVM lesions, as it reduces 
the incidence of bleeding and defines the border of the lesion. 
Especially in pediatric patients, if the AVM is small and has no 
symptoms, treatment may not be necessary. In cases with 
symptoms, complete excision may be considered the treatment 
of choice. However, further enlargement may result from the 
formation of a new collateral circulation, so ligation of the arte-
rial vessel alone and partial excision must be avoided.

As the ear is exposed and surgical treatment may cause ear 
deformities and excessive scar formation, sclerotherapy is pre-
ferred to surgical excision. However, symptom relief from mass 
effect could not be expected because single sclerotherapy can-
not reduce the AVM volume effectively. If complete excision is 
possible through a surgical resection, both the mass and deb-
ulking effects may be achievable.

Although many researchers have studied the treatment meth-
ods for AVM and their effects, a unified treatment strategy has 
not been established yet. Therefore, a treatment plan should be 

Fig. 3. Patient no. 7. A 24-year-old male patient with AVM in the upper auricle. the Schobinger stage II . (A-C) Preoperative clinical and angi-
ography findings. After 1 year from first resection surgery, the lesion reexpanded. The posttreatment status was stage 4. After multiple surger-
ies with embolization and reduction otoplasty, the symptoms were mostly improved, with a posttreatment status of stage 2. (D-F) Posttreat-
ment clinical and CT findings. AVM, arteriovenous malformation; CT, computed tomography.
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Fig. 4. The schematic diagram of ear development territories and au-
ricular arteriovenous malformation distribution. The external ear de-
velops from the anterior hillocks (first pharyngeal arch) and posterior 
hillocks (second pharyngeal arch). The schematic diagram depicts 
the vascular distribution of the auricle and the number of patients. 
STA, superficial temporal artery; PAA, posterior auricular artery.
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established by taking into consideration the symptoms of each 
patient; the location, depth, size, and type of lesion; and side ef-
fects. We set up basic treatment protocol for auricular AVM. 
Surgical treatment was considered in cases for which total re-
section was possible, and the incidence of bleeding was reduced 
with preoperative embolization in cases with high bleeding 
risks. Sclerotherapy was considered for cases of unresectable 
AVM. Alternatively, depending on the patient’s condition, 
sclerotherapy was first considered.

In our study, four patients received sclerotherapy only, one re-
ceived surgical treatment only, and five received both sclero-
therapy and surgical excision. The treatment plans for the pa-
tients were decided through multidisciplinary consultations. At 
their visit to the VAC, seven of the 10 patients had stage II AVM 
and three had stage III AVM according to the Schobinger stag-
ing system. Treatments were performed in accordance with the 
patients’ conditions, which were posttreatment stage 1 in two 
patients, stage 2 in seven patients, and stage 3 in one patient. 
The further treatment plan was decided in accordance with the 
posttreatment stage. Nine patients underwent conservative 
treatment, and one patient was lost to follow-up (Table 4).

Ear amputation is considered for total resection of auricular 
AVM. If amputation is performed as AVM treatment, several 
staged ear reconstruction are required; otherwise, patient satis-
faction is decreased with regard to the aesthetic outcome. Thus, 
in our center, we do our best to minimize ear deformities as 
much as possible with sclerotherapy and AVM resection.

When auricular AVM was diagnosed upon visit to the VAC, if 
the lesion was well localized and total resection surgery was 
possible, resection surgery was performed. In other cases, 
sclerotherapy was the first consideration. Surgery was conduct-
ed after embolization preoperatively in cases with high bleeding 
risks; otherwise, only surgery was conducted. Four months af-
ter single treatment, the patients were reevaluated using Dop-
pler ultrasonography, CT angiography, and so on. In cases of 
posttreatment stage 1, to improve the aesthetic outcome and 
patient satisfaction, laser treatment and otoplasty could be con-
ducted. For cases of posttreatment stage 2 or higher, either fur-
ther treatment or regular follow up with radiologic examination 
need to be considered (Fig. 5).

A multidisciplinary approach is necessary in the diagnosis 
and treatment of AVM because the existing single-treatment 
system might easily lead to misdiagnosis or wrong treatment 
[11]. In 2002, Very et al. [12] compared the history of diagnosis 
in other medical institutes with that in a medical center special-
izing in vascular tumors and malformations, and found that the 
accurate diagnosis rate was only 37%. In 2004, Mathes et al. [13] 
published that only 22.4% of all diagnoses matched in patients 

who visited the VAC of California University in San Francisco. 
In addition, a multidisciplinary approach including specialists 
from various fields may provide broad treatment methods for 
patients and medical staff to choose from. Consequently, a mul-
tidisciplinary approach to AVM enables a more accurate diag-
nosis and effective treatment than the existing single-treatment 
system. A protocol that can be used as a guideline should be 
used as a reference, but treatment methods should be decided 
flexibly in accordance with the patient’s condition and charac-
teristics.
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Fig. 5. The algorithm used at our vascular anomalies center for the 
diagnosis and treatment of patients with auricular AVMs. D-USG, 
Doppler ultrasonography; MRI, magnetic resonance imaging; CT, 
computed tomography; AVM, arteriovenous malformation.
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