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Abstract

Objectives

The aim of this study was to demonstrate the efficacy and feasibility of treating patients with
extracranial arteriovenous malformations (AVM) of the head and neck with interventional
embolization followed by surgical resection.

Methods

We reviewed the charts of all patients between 2012 and 2021 with extracranial AVM of the
head and neck scheduled for interdisciplinary treatment according to University Hospital
RWTH Aachen’s protocol and conducted standardized interviews using a newly developed
questionnaire. Interview results, as well as clinical examination and radiographic outcome
results were analyzed to help determine the efficacy of our treatment approach.

Results

We included 10 patients (8 female, 2 male), with a mean age of 33.5 (11-61) years who
were scheduled for treatment of the AVM with interventional embolization followed by surgi-
cal resection. In 6 of the 10 patients (60%) the lesion was located in extracranial soft tissue
only. In one patient (10%), the lesion was located in bone tissue only. A combined intraoss-
eous and oral soft tissue lesion was seen in the remaining 3 patients (30%). Radiographic
resolution was achieved in 62.5% of cases and a significant decrease of symptoms was
identified (p = 0.002). None of the patients reported dissatisfaction and no major complica-
tions occurred.

Conclusion

An interdisciplinary treatment approach combining neuroradiological interventions with sur-
gical resection appears to be an effective treatment with an acceptable complication rate.
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Patients treated according to our protocol showed a high satisfaction rate, regardless of the
radiographic outcome. Standardized follow-up allows for early detection of recurrences and
helps with subjective patient satisfaction.

Introduction

Extracranial arteriovenous malformations (AVM) are rare vascular anomalies. These lesions
are known to develop during early gestation and can be evident at birth [1]. They have a ten-
dency to grow over time and become more prominent under the influence of trauma or hor-
monal changes during puberty or pregnancy [2].

According to the International Society of the Study of Vascular Anomalies (ISSVA), AVM
are lesions of a benign nature that directly connect arteries with veins, and are lacking a capil-
lary bed [3], leading to dilated and tortuous draining veins and deformities of the surrounding
body region. Clinical presentation varies from slight discoloration and swelling of the skin to
ulceration and gross disfigurement. Symptoms may include pain, a throbbing or pulsating sen-
sation, discoloration, ulceration and even life-threatening haemorrhages [4]. In rare occasions,
cardiovascular compromise with congestive heart failure has been reported [5]. All AVM
symptoms potentially limit the patient’s quality of life.

Established treatments for these lesions include conservative observation, transvascular
embolization, percutaneous sclerotherapy and surgical excision. These strategies can be
applied independently or in combination, though combined treatment approaches have been
the treatment of choice in more recent years [6]. Regardless of the treatment method, high
recurrence rates are still reported [1]. In clinical practice, treatment outcome analysis is con-
sidered complex due to prolonged intervention courses demanding long-term observation. In
addition to objective data resulting from radiographic imaging, subjective patient satisfaction
can also be taken into consideration using standardized questionnaires.

To reach our objectives, we analyzed interim and end-point results of an interdisciplinary
neuroradiological and surgical treatment approach. We retrospectively extracted data of
patients treated at our institution, analyzed their radiographic outcome, and conducted stan-
dardized interviews using the newly developed AQEM (Aachen Questionnaire for the Treat-
ment of Extracranial Vascular Malformations) and the established UW-QOL (University of
Washington Quality of Life Questionnaire).

Materials and methods

We reviewed University Hospital RWTH Aachen files to identify all patients with extracranial
vascular malformations seen in the Department of Neuroradiology between 2012 and 2021
after obtaining approval from the Ethics Committee at the RWTH Aachen Faculty of Medicine
(Statement EK 023/21). All data were collected as clinical routine and were analyzed retrospec-
tively and anonymously. The requirement for informed consent was waived by the ethics com-
mittee. Therefore, consent of individual participants was not obtained.

In total, 51 patients with extracranial vascular malformations were seen. These consisted of
18 venous malformations (VM), 5 lymphatic malformations (LM), 8 patients with mixed
venous and lymphatic malformations (VM/LM), 4 capillary malformations (CM), and 16
patients with arteriovenous malformations (AVM).

We then extracted the files of all patients diagnosed and treated with extracranial AVM of
the head and neck as seen in Fig 1. Digital subtraction angiography (DSA) and magnetic
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resonance imaging (MRI), with demonstration of arterio-venous shunting, were used to con-
firm the diagnosis and collect baseline lesion volume. MRI was used for follow-up after the
procedures. Additionally, two standardized questionnaires were administered to gather base-
line information on symptoms, medical history, past treatment, and quality of life, as well as

interim and follow-up results.

Data collection included sex, age at which symptoms were first noticed, age of first presen-

tation at our institution, previous treatment received, lesion location and size, symptoms,
course of treatment, total fluoroscopy time, post-interventional MRI, questionnaire results,

documented complications, and follow-up time.
For radiographic analysis, proof of complete obliteration (>99% devascularization) of the

nidus after neuroradiological intervention and, if applicable, surgical resection was considered
as cure. Any presentation of residual arteriovenous shunting was considered as incomplete

treatment and implicated continuous treatment.
The standardized interviews consisted of 1) the Aachen Questionnaire for the Treatment
of Extracranial Vascular Malformations (AQEM) and 2) the German translation of the
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University of Washington Quality of Life Questionnaire Version 4 (UW-QOL v4). Both ques-
tionnaires are provided in the supplement.

Aachen questionnaire for the treatment of extracranial vascular
malformations (AQEM)

This questionnaire was developed at our institution to standardize the initial diagnostic pro-
cess, address the unique needs of each patient, and document follow-up procedures in a for-
malized manner. It is comprised of 29 questions divided into two sections. The first section is
to be completed by a clinician during the initial consultation and consists of 23 questions on
symptoms relating to the differentiation between the various types of vascular malformations.
Medical history and treatment goals are also noted.

The second section, with five questions, is filled out by the patient each time they present at
the clinic for consultation. Patients are asked about goals achieved, their reasons for seeking
further treatment, any complication that arose during treatment, and their overall satisfaction.

Washington quality of life questionnaire (UW-QOL v4)

The UW-QOL questionnaire consists of 12 single-question categories, each with three to six
response options. Originally designed for patients with cancer of the head and neck, the ques-
tionnaire refers to health and physical life characteristics and to overall quality of life. Each
response option is evenly scaled from 0 (worst) to 100 (best). Question categories cover pain
levels, lesion appearance, patient activity and recreation, swallowing and chewing difficulty,
speech, shoulder, taste, saliva, mood, and anxiety.

Results are divided into a physical subscale and a social-emotional subscale. According to
the authors of the test, the mean normative reference scores are 95 +10 for the physical sub-
scale and 83 19 for the social-emotional subscale. Three global questions measure the
patient’s current quality of life as compared to their status before the onset of the disease, their
overall health-related quality of life and their general quality of life, all on the same 0 to 100
scale. For this study we used the German translation of the 4" version of the UW-QOL ques-
tionnaire [7].

Embolization procedure

Procedures were performed under either general anaesthesia or local anaesthesia, depend-
ing on patient condition. Access to the femoral artery was established using a 5 French or 6
French sheath. The nidus of the AVM was identified through selective angiography of the
internal carotid artery (ICA) and external carotid artery (ECA). For endovascular access, a
microcatheter (Rebar 18; Medtronic, Minneapolis, MN, USA) was advanced towards the
nidus through the ECA. In case of vascular tortuosity, other microcatheters were used
(SL10; Stryker, Kalamazoo, MI, USA or Marathon; Medtronic, Minneapolis, MN, USA)
were used.

For endovascular particulate embolization, particles (Contour; Boston Scientific Corpora-
tion, Marlborough, MA, USA) were applied. For endovascular liquid embolization we used
two agents (Onyx; ev3 Neurovascular, Irvine, CA, USA and Glubran 2; GEM SRL, Viareggio,
Italy. For percutaneous interstitial embolization (sclerotherapy), Bleomycin mixed with con-
trast medium (50:50) was applied using 26-30 Gauge needles under fluoroscopic guidance.

Post-treatment, catheter angiography and MR angiography were performed to confirm suc-
cessful elimination of the AVM nidus.
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Surgical procedure

Surgical intervention was performed by the Department of Oral and Maxillofacial Surgery at
University Hospital RWTH Aachen. For soft tissue and intramuscular AVM, excision or extir-
pation was performed after preoperative embolization. Legation of afferent vessels followed by
excision of the AVM without visible residual masses was achieved for all patients. Particular
attention was paid to preserving nerve structures. For cosmetic reconstruction, a stalked skin
flap plastic or a cheek rotation skin flap was used, as needed.

For intraosseous lesions, partial resection of the involved bone or hemimandibulectomy was
performed. After submarginal incision, the platysma was exposed and surged. The submandib-
ular gland was extirpated after legation of supplying vessels. Exposure of the carotid sheath
improved line of sight to vascular structures for subsequent anastomosis. After temporarily
tying off the lingual artery, the affected area of the mandible was detached and sent to the Insti-
tute of Pathology for examination. Replacement was provided with an osteocutaneous or mus-
culocutaneous transplantation of iliac crest or fibula. To provide accurately fitted transplants,
digital construction of templates with the help of computer software (ProPlan CMF; DePuy
Synthes, West Chester, PA, USA) was used. The templates were intraoperatively fitted to the
harvest bone site by screws, providing the exact dimension of the needed transplant. Making
use of the previously exposed vascular structures, the transplants were attached with osteosynth-
esis sheets and bloodflow was restored. Significant effort was made to minimize ischemic time
and ensure adequate perfusion of the transplant bone marrow post-implementation.

Patients with hemimendibulectomy or bone resection had their airways secured with tem-
porary tracheotomy; in all other cases, endotracheal intubation was performed. Post-surgical
patients were placed in an intensive or intermediate care unit and monitored for immediate
surgical complications or haemorrhage. Patient condition and vital signs were monitored for a
minimum of 24 hours. Clinical follow-up consultations were established in intervals of three
to six weeks after discharge from our hospital.

Statistical analysis

For statistical analysis we used cross-table, Pearson and Spearman calculations. All statistical anal-
yses were performed with a software platform (SPSS Version 27.0; IBM, Armonk, NY, USA).

Results

Of the 51 patients with vascular malformations (AVM, VM, LM, Capillary Malformation) who
were seen by our Neuroradiology Department between 2012 and 2021, 16 were diagnosed
with an extracranial AVM of the head and neck region. Ten of those patients were scheduled
for interdisciplinary treatment which was introduced in 2012 in collaboration with the Depart-
ment of Oral and Maxillofacial Surgery, and thus comprised our study group.

There were 8 females and 2 males, with a mean age of 33.5 £16.8 years (range 11-61 years)
at first presentation. Four patients had not undergone any treatment while the other six
patients had previously received treatment, including surgical interventions, embolization pro-
cedures and laser or cryotherapy. A comprehensive overview of the study group’s demography
is provided in Table 1.

In 6 patients (60%), the AVM lesion was located in soft tissue only. In one patient (10%),
the lesion was located in bone tissue only. The remaining 3 patients (30%) had a combined
intraosseous and soft tissue lesion.

In 3 of the 10 patients (30%), the AVM was located on the nose, in 2 (20%) the lesion was in
the cheek and lip, and 5 patients (50%) had intraoral involvement. All combined intraosseous
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and soft tissue AVM were located intraorally. The mean volume of the lesions before treatment
was 70.8 +63.1 ml (10.1-167.4 ml).

The mean age, at which symptoms were first noticed was 19.9 £18.7 years (1-57 years). All
10 patients (100%) experienced swelling. Discoloration of the skin occurred in 50% (5/10) of
cases, bleeding in 30% (3/10), and a pulsating sensation in 20% (2/10). The lesion volume had
progressed over time in all patients (10/10). Nine out of ten patients responded to the question
about the reasons they sought treatment as follows: Appearance in 66.7% (6/9); difficulty in
chewing in 44.4% (4/9); paresthesia in 44.4% (4/9); pain in 33.3% (3/9); reduced mental well-
being in 22.2% (2/9); bleeding in 22.2% (2/9); difficulties in swallowing in 11.1% (1/9); and dif-
ficulties with speech in 11.1% (1/9).

All ten patients underwent endovascular embolization. In 6 patients, endovascular treat-
ment was comprised solely of particle embolization. One patient was treated with a combina-
tion of particle and coil embolization, and a second patient received a combination of particle
embolization and sclerotherapy using Bleomycin. A third patient received liquid embolization
only using both Onyx and Glubran, while one other patient received combined particle, Bleo-
mycin, Aethoxysklerol and Glubran embolization. Mean accumulated fluoroscopy time during
the embolization procedures was 101.7 £43.5 minutes (29.9-192.7 minutes).

Nine patients underwent surgery after the endovascular treatment; one of the ten patients
refused surgical resection. The mean time between embolization procedure and surgical inter-
vention was 3.3 +4.1days (1-14 days).

After treatment, eight of the ten patients underwent follow-up imaging and radiographic
evaluation; one patient had permanent residency out of country, and one patient refused. Re-
evaluation of the lesions via MRI or angiography showed complete obliteration of the nidus,
considered as cure in five of the eight patients (62.5%). A mean time of 1066 +693.8 days (376-
2004 days) had passed since treatment. The three remaining patients presented with residual
niduses and were under continuous treatment at the time of analysis.

Patients who had finished treatment were hospitalized for a median of 12 (Interquartile
range 7-47) days. All but two patients experienced minor adverse effects, limited to the region
of former lesion. Minor side effects included paresthesia, swelling and pain. In all cases, side
effects were managed conservatively. None of the patients experienced major complications,
in accordance with the Society of Interventional Radiology (SIR) classification [8].

In the AQEM questionnaire, 77.7% (7/9) of patients were very satisfied or mostly satisfied
with the course of treatment. Two patients were undecided about their satisfaction with treat-
ment. None of the patients showed dissatisfaction. When looking at the subgroups, 80% (4/5)
of radiographically cured patients, and 66.7% (2/3) of radiographically incomplete treated
patients reported to be very satisfied or mostly satisfied.

Table 1. Demographic characteristics of study group.

Patients in study group 10

Male / Female 2/8

Mean age (Range) in years 33.5 (11-61)

Previously treated patients 6

Previous treatment *
Surgery 3
Embolization 4
Laser 1
Cryotherapy 1

AVM intramuscular / intraosseous 713

* Multiple treatment may apply.

https://doi.org/10.1371/journal.pone.0273018.t001
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In the UW-QOL v4 questionnaire, patients showed a mean score of 89.3 +11.8 (61.7-100)
in the physical subscale (the mean normative reference score is 95 +10). The mean score in the
social-emotional subscale for our patient collective was 82.5 £17.4 (50-100) (the mean norma-
tive reference score for this subscale is 83 £19). Two patients did not participate in the
interview.

When asked about their treatment goals, patients reported a mean of 2.7 +1.8 (1-6) symp-
toms they desired to improve before the initial treatment at our institution. After initiation of
the treatment, patients reported a mean of 1.1 £1.1 (0-3) symptoms, showing a significant
decrease in symptoms over the treatment period (p = 0.002).

Complete follow-up data sets (neuroradiological imaging and interviews) were collected
from 7 of the 10 patients; one patient had permanent residency abroad and did not participate
in follow-up imaging or interviews. Two patients participated in the interview only and did
not undergo follow-up imaging. A comprehensive overview of the treatment and outcome in
the study group is provided in Table 2.

Discussion

Interventional embolization and surgical resection are both established approaches for definite
treatment of extracranial AVM of the head and neck. However, a recent meta-analysis of pub-
lished studies involving interventional treatment of this condition showed that there is cur-
rently no treatment or reporting standard for extracranial AVM of the head and neck, and that
the methodological quality of available publications is too heterogeneous to draw conclusions
on optimal treatment strategies [9]. To cite just one example, some authors have termed devas-
cularization rates of 90% as "cure", while others have presented treatment results without any
radiographic modality for follow-up [10-12].

To the best of our knowledge, no prospective clinical study has been published on this dis-
ease. Minimum requirements and standards were recommended for all clinical studies on the
treatment of extracranial AVM of the head and neck to ensure sufficient data for the develop-
ment of an evidence-based treatment strategy. These include: 1) a dynamic and/or angio-
graphic imaging modality confirming the AVM and distinguishing it from other vascular
entities; 2) a detailed description of the therapeutic management; 3) the definition of a devas-
cularization of greater than 99% for complete resolution; 4) a follow-up time of at least one
year with post-treatment radiographic imaging. Additionally, we hypothesize that question-
naires may also be a helpful tool to evaluate treatment strategies and measure patient
satisfaction.

In line with recent recommendations, treatment protocol for extracranial AVM at our insti-
tution consists of a combination of endovascular embolization followed by surgical resection
[6]. In this study we retrospectively analyzed our results using the above-mentioned reporting
standards. Radiographic resolution (cure) was achieved in 62.5% of patients with a mean fol-
low-up period of 1066 days. In the questionnaires we used, 80% of cured patients were satisfied
with treatment. Significantly fewer symptoms were reported after treatment. No major com-
plications occurred in our study group. Minor sensory deficits and aesthetic affectation were
reported by the patients during follow-up consultation and need to be further addressed for
complete patient satisfaction. Overall, the rate and extent of complications has been shown to
be acceptable to both patients and treating physicians.

Our results appear compatible with other publications. In studies where endovascular ther-
apy was the sole treatment modality, or where endovascular therapy was combined with sur-
gery, rates for “success” or “improved condition” ranged between 44% and 100% [10,11,13-
31]. We believe that the heterogeneity of reporting standards used by the studies outlined in

PLOS ONE | https://doi.org/10.1371/journal.pone.0273018  September 1, 2022 7/12


https://doi.org/10.1371/journal.pone.0273018

Interdisciplinary treatment of extracranial arteriovenous malformations of the head and neck

PLOS ONE

200¥810€L¢0"auod[euinol/| L€ 1°01/B10"10p//sdpy

uerdsuen ySry) ersjejorojue = juedsuel] -] Ty O[eW = W Q[EWdJ = J

ynow
Surgoms ‘ureq Jo 1001
9LE ‘eISAsITIR] 2Inp (44! uonedinxy ueiqniH/x4uQ 9€X9¢X8Y oNssT) JJos QqIpuEN SUON ¢ | g 01
juefdsuen ynow
B[NQY SNOAULINI0ISO Jo 1001
0¥ $S908qQY amp 0901 / AuI0)o3[qIpUBRWII sapnIeg FSX0SXT9 snoassoenuy | Q[qipuely | uonezijoquy | 81 | J 6
dey
JuaUI)eaI) JuLUIeaI) un{s uonejol 3y / deg Adexapohin
jua1Iny SUON Suroup 608 unjs pay[els / uoIsIOXyg S[10D)/s3[oT} IR GTXQTXTF anss1y 3jos 3SON /19se] 1§ | w 8
juaunedr) jusunedr) deyy
jua1Im)) S1YISAY SuroSugQ LT61 unys pay[els / uoIsIoxy sapnIeg PIXCOXP ansst) Jjos 3SON Asdorg 9 |3 A
TTX09XST
weqnio :anduoy
— Tix/xsr:dy
/I0I3p[sAXOyIaY 1oddn [e10enU]
jusaunear) UOTJRIO[OISI(] jusuIyedI) JurdAwoa[q LTXTTxgT:dy «drp
juaIINy ured SuroSugQ 9'88 pasnyoy /sapnaeg IoMO] anssty 1jos YYD | UOISIOXF/ISeT | 7F | J 9
ynow
Surpasrg yuerdsuer] - 1TV SROISSOERUL | 16 10017 UOTSIOX]
SL01 ‘BISAYISIRI] amp 606 / uorsIoxy sapnIRd €GXE/LXTH /amssnjos | Q[qIpuey | /uonezioquy | 0 | J S
aareuuonsanb
JUON JUON ut sdefor oN 667 UOTSIOXY] sapnIeq 1TXSTXTE anssnyyyog | dry yeeyD UOTSIOX] 1€ | 3 4
ynow
snoassoenu] | Jo I00[]
9sv1 BISOYISaRIR] a1y ST9 UOISIOX sapnIRd OPXTTXTL /anssnyos | dqIpuey SUON g €
juerdsuen
B[NQqI SNOAULINI03]ISO Snoassoesju| ynow
10BIU0 0 Pafre] SHIT / AwoysnqrpuetTwo sapnIRg 1SX9¢X6/ / anss1) Jos Jo 1001 uonezijoquy | 11 | J 4
upAwoa[g
$00T BISaU)sorIeq amp JAT4! UOISIOX /s3pnIed SIX0TXSE nssn Jos 9SON SUON Ly | w I
£A1381ng ASo[orperoinaN
[skep]
dn-morog $393)32 [urur] wimy [wrar] juduIedI)
siydexdorpey ISIIAPY awodnnQ Adossoamor JuduIeAL T, 371 Tenru] uoned0] SNOIAdIJ a8y | xag | aseD)

*dnoiS Apnjs o) uT $3NSAI JO MITAIIA0 dATSUYRIdwo) *7 J[qe],

8/12

PLOS ONE | https://doi.org/10.1371/journal.pone.0273018  September 1, 2022


https://doi.org/10.1371/journal.pone.0273018.t002
https://doi.org/10.1371/journal.pone.0273018

PLOS ONE

Interdisciplinary treatment of extracranial arteriovenous malformations of the head and neck

other publications is too large to allow definitive conclusions on therapeutic efficacy. Objective
definitions or reproducible proxies for successful treatment are often missing and follow-up
procedures are inconsistent. Moreover, useful outcome measurement tools for extracranial
AVM that reflect all aspects have yet to be developed [32].

In coronary interventions, prolonged fluoroscopy has been shown to indicate higher
procedure complexity [33]. Voluminous intracranial AVM, too, could assumptively have a
higher risk for morbidity and mortality [34]. However for extracranial AVM of the head
and neck, we did not identify a significant correlation between total fluoroscopy time and
initial volume of the lesion (p = 0.814). Fluoroscopy time and radiographic result did not
have a significant correlation either (p = 0.895). To illustrate this, in case #1, where the
lesion volume was 10.5 ml and fluoroscopy time during intervention 125.7 minutes, the
lesion was completely resolved on MRI after one year follow-up. In case #5, with an initial
lesion volume of 162.5 ml and a fluoroscopy time of 90.9 minutes, the lesion was also
completely resolved. Therefore, fluoroscopy time can neither be used as a surrogate marker
for lesion volume or complexity, nor as a predictor for the result. Scatter diagrams for both
correlations are provided in the supplement.

Subjective patient satisfaction surveys have been used to measure outcome alongside other
quality of treatment indicators [35]. However, their validity has been controversially discussed
[36]. In our interviews, 80% of cured patients (>99% devascularization in radiographic imag-
ing) reported to be very satisfied or mostly satisfied with the treatment at our institution. This
is supported by the social emotional subscale score in the UW-QOL with a mean patient score
of 82.5 points, which is within the range of the healthy population. With regard to this, patients
experience less of a deficit than radiographic outcomes suggest. The UW-QOL may not be
ideal for our study group, however, since it was originally designed for patients with cancer of
the head and neck [37]. Subjective patient satisfaction may be one indicator for treatment that
needs more attention for outcome analysis in addition to radiographic studies.

With the development of the AQEM questionnaire as patient reported outcome measure,
we have established a tool to closely monitor and adjust treatment strategies as required.
Future prospective trials and long-term observation studies ought to be conducted to verify
this hypothesis.

Conclusion

Our results indicate that our protocol to treat extracranial AVM of the head and neck using
preoperative embolization and consecutive surgical resection is both effective and feasible and
lead to high patient satisfaction. However, more published articles using appropriate reporting
standards and prospective clinical studies are needed to identify comprehensive outcome
proxies and develop optimal treatment protocols for these lesions, which are challenging to
treat and considerably undermine patients’ quality of life.
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