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Abstract

Objective

To report the clinical and MRI-based volumetric mid-term outcome after image guided per-
cutaneous sclerotherapy (PS) of venous malformations (VM) of the head and neck.

Methods

A retrospective analysis of a prospectively maintained database was performed, including
patients with VM of the head and neck who were treated with PS. Only patients with avail-
able pre- and post-interventional MRI were included into this study. Clinical outcome, which
was subjectively assessed by the patients, their parents (for paediatric patients) and/or the
physicians, was categorized as worse, unchanged, minor or major improvement. Radiologi-
cal outcome, determined by MRI-based volumetric measurements, was categorized as
worse (>10% increase), unchanged (<10% increase to <10% decrease), minor (>10% to
<25% decrease), intermediate (>25% to <50% decrease) or major improvement (>50%
decrease).

Results

Twenty-seven patients were treated in 51 treatment sessions. After a mean follow-up of 31
months, clinical outcome was worse for 7.4%, unchanged for 3.7% of the patients, while
there was minor and major improvement for 7.4% and 81.5%, respectively. In the volumetric
imaging analysis 7.4% of the VMs were worse and 14.8% were unchanged. Minor improve-
ment was observed in 22.2%, intermediate improvement in 44.4% and major improvement
in 11.1%. The rate of permanent complications was 3.7%.
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Conclusion

PS can be an effective therapy to treat the symptoms of patients with VMs of the head and
neck and to downsize the VMs. MRI-based volumetry can be used to objectively follow the
change in size of the VMs after PS. Relief of symptoms frequently does not require substan-
tial volume reduction.

Introduction

Venous malformations (VMs) are congenital slow-flow vascular malformations with a wide
range in size and appearance [1, 2]. Diagnosis and treatment can be difficult, as there is a
broad spectrum of symptoms, as well as of clinical and imaging findings [3-5]. Therefore, the
International Society for the Study of Vascular Anomalies (ISSVA) developed a categorization
schema based on the inventiveness of Mulliken and Glowacki [1, 6]. Cornerstones of this cate-
gorization are the differentiation between vascular tumours and vascular malformations and
the subdivision of vascular malformations into simple malformations (e.g. venous malforma-
tions, lymphatic malformations and high-flow lesions, such as arteriovenous malformations
and fistulas) and combined malformations (e.g. venolymphatic malformations). Due to the
various manifestations of VMs, there are a lot of possible symptoms. Common symptoms
include cosmetic disfigurement, pain and compression of adjacent anatomical structures. Per-
cutaneous sclerotherapy (PS) is one of the most established treatment methods in combating
those symptoms [7, 8]. The aim of this therapy is to induce sterile inflammatory reactions,
involving the endothelium, which finally leads to occlusion of the affected vessels and involu-
tion of the vascular malformation [9, 10]. Diagnosis is usually based on the clinical history,
clinical examination and magnetic resonance imaging (MRI) [11, 12]. Although MRI is a pre-
cise and established examination technique, a review of the literature discloses a lack of
detailed volume measurement to evaluate the outcome after the treatment of VMs [4, 13-16].
The aim of this study was to report the clinical and MRI-based volumetric mid-term outcome
in patients with venous malformations of the head and neck who were treated with percutane-
ous sclerotherapy in our tertiary care centre and to investigate the differences and correlation
between clinical and radiological outcomes.

Materials and methods

A retrospective analysis of a prospectively maintained patient database was performed in order
to identify all subsequent patients with VMs of the head and neck region who were treated
with image-guided percutaneous sclerotherapy from September 2010 to May 2015. Study
approval and written informed consent for data collection were provided by the local ethics
committee (ethical committee of the Medical Faculty Heidelberg, reference number: S-247/
2009) and by the patients, respectively. Patient demographics, clinical presentation and clinical
follow-up were assessed and recorded.

Patients with VM of the head and neck with a minimum follow up period of 12 months and
with available pre- and post-interventional MRI were included into this study. Patients with
mixed malformations, patients with follow up periods <12 months and patients without pre-
and post-interventional MRI were excluded from this study.
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Treatment strategy

For the determination of the treatment strategy, each patient who suffered from a VM of the
head and neck, was presented to an interdisciplinary conference, consisting of an interven-
tional neuroradiologist, an oral and maxillofacial surgeon and, for pediatric patients, a pediat-
ric surgeon. After interdisciplinary decision making, PS was offered to the patient. The aims of
the therapy were both symptom mitigation and size reduction [11, 17].

The agents used for sclerotherapy were polidocanol (Kreussler & Co. GmbH, Wiesbaden,
Germany) or ethanol 95% (B. Braun, Melsungen, Germany). The choice of the sclerosing
agent depended on the number and success of previous treatments, on the size of the lesion
and on the adjacent structures. Polidocanol was predominantly used as the first-line sclerosing
agents. After one or more ineffective polidocanol treatments, highly-concentrated ethanol was
combined with polidocanol or used instead, since ethanol is more effective, while it bears
more complications. On the other hand, because of its more aggressive effect, ethanol was
avoided in cases of vulnerable nearby structures.

Treatment technique

PS was performed under sterile conditions, general anaesthesia and fluoroscopy guidance
(Artis zee; Siemens, Forchheim, Germany). General anesthesia was performed to prevent dis-
comfort, agitation and pain (which was observed several times in our institution during sclero-
therapy under local anesthesia before the study period). Percutaneous puncture of the VMs
was performed using 21 G or 23 G needles with a length of 19 mm, connected to a 200x2.3
mm plastic tube (Safety-Multifly; Sarstedt AG & Co. KG, Niimbrecht, Germany). After punc-
ture using one or two needles, proper position was confirmed by spontaneous backflow of
blood into the plastic tube and by performing a digital subtraction angiography of the VM
using iodinated contrast agent (Solutrast 300, Bracco Imaging, Konstanz, Germany). Accord-
ing to the Tessari technique, in most of the cases, air and sclerosing agent were primarily com-
pounded in a ratio, ranging from 1:2 to 1:1, applying a double-syringe-system-technique [18].

Clinical evaluation criteria

The clinical follow-up examination was performed by both a neuroradiological physician and
a surgeon. Clinical assessment included the visual aspect of the VM (with the aid of photo doc-
umentation), the subjective symptoms of the patients, and/or the impression of the parents
and/or the physicians (the latter especially in children in whom anamnesis was impeded or not
possible). In case of disagreement between patient’s/parent’s impression and the impression of
the physicians, the impression of patients/parents was declared as the final outcome. Clinical
outcome was categorized as 0 = worse, 1 = unchanged, 2 = minor improvement or 3 = major
improvement.

MRI

MRI was performed not more than 4 weeks before the first sclerotherapy treatment and 6 to 8
weeks after the last sclerotherapy session using a 3T MRI system (Magnetom Trio or Verio,
Siemens, Erlangen, Germany) with a standard head coil applying standard non-enhanced and
contrast-enhanced T1- (TR: 600 ms, TE: 12 ms) and T2-weighted (TR: 4240 ms, TE: 67 ms)
turbo spin echo (TSE) sequences with a field of view of 230 mm and a slice thickness of 2.0
mm. Axial and coronal images were acquired. Measurements were performed on T2-weighted
sequences (with or without fat saturation, depending on the location of the VMs), while
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T1-weighted sequences were used as an aid when measuring the volume was difficult. For
pediatric patients MRI was performed with the patient under general anesthesia, if necessary.

MRI-based volumetry

The assessment of the volume of the VMs was performed on pre-interventional MR images
and on MR images after the last treatment session using a special workstation (Leonardo; Sie-
mens, Erlangen, Germany). For the volume calculation, each lesion was manually delineated
on each slice by means of manual segmentation. Most of the VMs were measured in the axial
plane. Sagittal or coronal planes were used instead if they allowed a better delineation of the
lesion.

Response to treatment was evaluated based on the calculated volume and categorized into:
0 = worse (>10% increase), 1 = unchanged (<10% increase up to <10% decrease), 2 = minor
improvement (>10% decrease up to <25% decrease), 3 = intermediate improvement (>25%
decrease up to <50% decrease) or 4 = major improvement (>50% decrease).

In order to investigate the effect of the size of the VM on the treatment outcome, the vol-
umes of the treated VMs were divided into two groups based on the median volume. Conse-
quently, VMs which were larger than the median were defined as “large VMs” and VMs which
were smaller than the median were defined as “small VMs”.

Adverse effects and complications

We differentiated between adverse effects, transient complications and permanent complica-
tions. Pain and swelling were regarded as adverse effects, as these reactions belong to the
expected treatment effects after PS of VMs [19-22]. Adverse reactions others than pain and
swelling were regarded as complications and categorized either as transient or permanent.
Complications were categorized according to the CIRSE classification system for minimally-
invasive techniques [23].

Statistics

Prism (version 7.04; GraphPad, La Jolla, USA) was used for data analysis. To evaluate statistical
differences between small and large VMs, the chi-square test for trend was performed. For sta-
tistical comparison of the difference between clinical and radiological outcome, radiological
“intermediate improvement” and “minor improvement” were combined (resulting in 4-point
ordinal scales respectively) and compared with the clinical “minor improvement” using the
Wilcoxon matched-pairs signed rank test on each patient’s individual outcome. To assess the
correlation between clinical outcome and absolute volume reduction, relative volume reduc-
tion and radiological outcome (5-point ordinal scale), respectively, the Spearman correlation
coefficient was used. A p-value of 0.05 was considered as the threshold for statistical
significance.

Results

Between September 2010 to May 2015, 27 patients (18 females) with a mean age of 29.2 years
suffering from VMs of the head and neck were treated by PS. Each patient received between 1
and 3 sclerotherapy sessions (mean: 2.0). Overall, 51 sessions were performed. The mean time
between following sclerosing sessions was 134 days (standard deviation (SD): 98 days), ranging
from 49 to 443 days. Six patients (22.1%) were treated before their first sclerotherapy in our
department. Four of them were treated by surgery only, one by laser therapy and one by both
surgery and laser therapy. The procedural parameters are summarized in Table 1. One patient
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Table 1. Procedural parameters.

Sclerosing agent Polidocanol 3% with foam 27 (52.9%)
All treatment sessions Polidocanol 3% without foam 9(17.6%)
Polidocanol 2% with foam 1(2.0%)
Polidocanol 2% without foam 2 (3.9%)
Polidocanol 1% with foam 1(2.0%)
Polidocanol 1% without foam 1(2.0%)
Ethanol 95% with polidocanol 3% 8 (15.7%)
Ethanol 95% 2 (3.9%)
Sclerosing agent Polidocanol 3% with foam 15 (55.5%)
st treatment session Polidocanol 3% without foam 6 (22.2%)
Polidocanol 2% with foam 1(3.7%)
Polidocanol 2% without foam 1(3.7%)
Polidocanol 1% with foam 1(3.7%)
Polidocanol 1% without foam 1(3.7)
Ethanol 95% with polidocanol 3% 2 (7.4%)
Sclerosing agent Polidocanol 3% with foam 9 (50.0%)
2nd treatment session Polidocanol 3% without foam 3 (16.7%)
Polidocanol 2% without foam 1(5.6%)
Ethanol 95% with polidocanol 3% 3 (16.7%)
Ethanol 95% 2 (11.1%)
Sclerosing agent Polidocanol 3% with foam 3 (50.0%)
3rd treatment session Ethanol 95% with polidocanol 3% 3 (50.0%)
Volume of sclerosing agent (mL)" 6.0 + 4.8 (1.0-18.0)
Treatment sessions 1 9 (33.3%)
2 12 (44.4%)
3 6 (22.2%)

Data are presented as No. (relative frequency in %) or mean + SD (range)

"Total volume of injected sclerosing agent per session (without foam)

https://doi.org/10.1371/journal.pone.0241347.t001

(3.7%) presented with an underlying syndrome (blue rubber bleb nevus syndrome). An exam-
ple case if illustrated in Fig 1.

The most frequent treatment indication was pain in 12 cases (44.4%), followed by continu-
ous growth in 11 cases (40.7%). Less common reasons for treatment were dysphagia in 4 cases
(14.8%), cosmetic reasons in 3 cases (11.1%) and paraesthesia in 2 cases (7.4%).

Clinical outcome

After a mean follow-up of 31 months (SD: 20.1 months; follow-up period beginning after the
last treatment), the clinical outcome was categorized as worse for 2 patients (7.4%) and
unchanged for 1 patient (3.7%). For 2 patients (7.4%) there was minor improvement, while
there was major improvement for 22 patients (81.5%).

Radiological outcome

Pre- and postinterventional MRI-based volumetry was available for all patients. The volume of
the VMs ranged between 1.0 cm® and 984.4 cm” before the first PS session. The mean size was
117.3 cm® (SD: 226.0 cm?).
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Fig 1. Illustration of an example case. This case demonstrates a 28-year-old female patient who suffered from pain
and dysphagia, caused by a VM of the right-sided floor of mouth with involvement of the tongue. Pre-interventional
T2w fat-saturated MRI shows the extent of the VM (white arrows in A). One percutaneous sclerotherapy session was
performed under fluoroscopy guidance using 2 mL polidocanol 3% with foam. Intraprocedural digital subtraction
angiography was performed to confirm the correct position of the needle (black arrows in B). In the MRI one year after
the sclerotherapy (C) the size of the VM was significantly smaller (pre-interventional volume: 120.1 cm?, post-
interventional volume: 65.4 cm®) and the patient reported substantial symptom relief.

https://doi.org/10.1371/journal.pone.0241347.g001

Radiological outcome was worse for 2 lesions (7.4%) and unchanged for 4 lesions (14.8%),
respectively. All but two VMs (92.6%) showed volume reduction on MRI. Six of these lesions
(22.2%) showed minor improvement, 12 (44.4%) showed intermediate improvement and 3
(11.1%) showed major improvement.

Differences between small and large VMs

When comparing small and large VMs, there was a broader spectrum of radiological therapy
response for smaller VMs, ranging from a near cure up to a considerable increase in size (Fig
2A). However, there was no statistically significant difference in the clinical (p = 0.493) or
radiological (p = 0.153) outcome between small and large VMs (Fig 2B and 2C).

The clinical and radiological outcome is summarized in Table 2.

Difference and correlation between clinical and radiological outcome

The difference between clinical and radiological outcome is illustrated in Fig 3. There was sta-
tistically significant difference between the clinical and radiological outcome (p<<0.001). For
example, there was major clinical improvement for 81.4 of the patients, while the frequency of
major radiological improvement was only 11.1%.

The results of the correlation analysis are presented in Table 3. There was a statistically sig-
nificant correlation between absolute volume reduction and clinical outcome (p = 0.003),
while there was no significant correlation between clinical outcome and relative volume reduc-
tion (p = 0.423) or radiological outcome (p = 0.391), respectively.

Hllustration of the relative change in Comparison of the clinical outcome Comparison of the radiological outcome
volume for small and large VMs B  between small and large VMs C between small and large VMs

100.0 15- L - Small VMs
Large VMs.
00|  m—
00
500
100,
&~ ~
o
&

N N &
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S

&
L 4 < &
«

>

Change in volume [%]

Number of patients
]
]
%, F
;
Number of patient:
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Fig 2. Comparison of small and large VMs. For smaller venous malformations, there was a broad spectrum of
therapy response, ranging from a near cue up to a considerable increase in size (A). For larger venous malformations,
the range in therapy response was comparatively smaller. Neither the clinical outcome (B), nor the radiological
outcome (C) was significantly different between small and large VMs.

https://doi.org/10.1371/journal.pone.0241347.9002
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Table 2. Clinical and radiological outcome.

Volume
Range

Clinical outcome

Radiological outcome

Worse

Unchanged

Minor improvement
Major improvement
Worse

Unchanged

Minor improvement

Intermediate improvement

Major improvement

All VMs Small VMs
117.3 +207.3 cm® 19.9 +11.3 cm®
1.0-984.4 cm® 1.0-39.0 cm®
2 (7.4%) 1 (7.7%)

1 (3.7%) 1(7.7%)

2 (7.4%) 1(7.7%)
22 (81.4%) 10 (76.9%)
2 (7.4%) 1(7.7%)

4 (14.8%) 1(7.7%)

6 (22.2%) 2 (15.4%)
12 (44.4%) 6 (46.2%)

3 (11.1%) 3(23.1%)

Data are presented as No. (relative frequency in %) or mean + SD

https://doi.org/10.1371/journal.pone.0241347 1002

Adpverse effects and complications

Large VMs
2020.3 +297.2 cm®
45.8-984.4 cm®

1(7.7%)

0 (0%)

1(7.7%)
11 (84.6%)

1(7.7%)
3(23.1%)
4 (30.8%)
5 (38.5%)

0 (0%)

With regard to adverse effects after PS, swelling of the treated region was observed after 24 PS
sessions (88.9%) and pain occurred after 17 treatment sessions (63.0%). Transient complica-
tions included haemorrhage in 2 cases (7.4%; complication grade 1), which could be stopped
by manual compression, and temporary sinus bradycardia in 1 case (3.7%; complication grade
1) in which ethanol was used as the sclerosing agent for the treatment of a VM located at the

25+

20+

154

104

Number of patients

3 Clinical outcome

1 Radiological outcome

< O X X
) < 00 00
$o* fo“g & &
N & &
N Q &
& &
& &
Q}é‘
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&

Fig 3. Comparison of clinical and radiological outcome. Statistical analysis showed a significant difference between clinical
and radiological outcomes.

https://doi.org/10.1371/journal.pone.0241347.9g003
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Table 3. Correlation analysis.

Clinical outcome vs. relative volume

reduction
Spearman r 0.544
95% confidence -0.1947-0.7703
interval
p-value 0.003

https://doi.org/10.1371/journal.pone.0241347 1003

Clinical outcome vs. absolute volume Clinical outcome vs. radiological

reduction outcome
0.161 0.172
-0.245-0.518 -0.234-0.527
0.423 0.391

base of the mouth. One permanent complication was observed (3.7%) which consisted of cica-
trisation of the skin after two sclerotherapy sessions of a superficially located VM of the cheek
using polidocanol 3% with foam (complication grade 4). The cicatrisation was substantially
decreasing during the follow-up period 18 months and did not require any additional

treatment.

Discussion

PS is one of the therapy methods of choice for treating VMs since it is an effective minimally
invasive technique to alleviate symptoms and to achieve reduction in volume.

Although PS is an established therapy method for the treatment of VMs of the head and
neck region, an objective pre- and post-treatment evaluation by MRI has not been comprehen-
sively reported in the literature [8, 11, 13, 14, 24]. In most studies, the only parameter for
assessment of the size of the VM was the maximum diameter of the lesion [4, 13, 14]. Only in
the study published by Alexander et al., investigating clinical and radiological treatment
response after PS of lymphatic and VMs, volumetric analyses were performed [25]. To opti-
mise the objective outcome measure after PS of VMs we determined the size of the lesions
more precisely by using detailed volumetric analyses. Multiple MR-slices were analysed for
each lesion of each patient and both the surface and the extent of the malformations were
quantified in order to determine their volume. Using this detailed analysis, even for VMs with
diffuse configuration, the volume was calculated.

When comparing clinical and MRI volumetry-based outcomes, there was a significant dif-
ference between the clinical and radiological outcome in our study. The correlation analysis

showed a statistically significant correlation between clinical outcome and absolute volume

reduction. However, there was no significant correlation between the clinical outcome and rel-

ative volume change or the radiological outcome (5-point ordinal scale). These findings dem-
onstrate that clinical and radiological outcome after PS of VM often does not match and that
even minor decreases in size can lead to a substantially better clinical outcome. A possible
explanation for this finding is that in most cases, physicians and patients primarily assess the

external appearance of the lesion, making the superficial components, which are mostly the

first target of PS, to account more for the clinical outcome, while deeper structures often con-

stitute the major part of the lesion’s volume. Furthermore, the superficial compartments of
VMs are often the primary reason for symptoms, predominantly for pain [1]. PS of these
superficial compartments often caused symptom remission while the volume of the lesion was
only slightly decreased.

We divided the collective of head and neck VMs into two groups of smaller and larger
lesions, based on the median of the initial volume of the VMs. It became apparent that small
VMs had a broad spectrum ranging from a near cure up to a considerable increase in size,
whereas the bigger VMs had a smaller range of treatment response. However, there was no sig-
nificant difference in clinical or radiological outcome when comparing small and large VMs.
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Several studies investigated the efficacy of PS regarding the patient’s symptoms and the vol-
ume change of the VMs. In a recent study published Khaitovich et al. including 309 patients
with VMs throughout the whole body, complete symptom relief ranged between 12% and 23%
(depending on the type of symptom) [8]. Specific MRI-based lesion analyses, however, were
not performed. Spence et al. included 37 patients in their study treating facial VMs with bleo-
mycin [14]. In this study, in which the lesions were measured in their maximum diameter, 21
of 32 lesions (65.6%) showed objective improvement on MR imaging. Furthermore, Spence
et al. compared their objective results with subjective clinical results. Subjectively, 29 of 32
patients (90.6%) noticed improvement and in 30 cases (93.8%) the clinicians classified the
lesions as improved [14]. Yun et al. performed a retrospective study of 158 VM patients. In
123 cases, the objective evaluation was based on the maximal diameter of the VMs on MR
imaging. 22 lesions (17.9%) showed an increase of 10% or more and 57 lesions (46.3%) no or
minor change (<10%). Yun et al. based their subjective clinical outcomes on a self-assess ques-
tionnaire and differed between symptomatic, cosmetic and functional improvement. Regard-
ing the symptomatic outcome they found out that 26 of 94 patients (27.7%) reported a marked
improvement and 19 patients (20.1%) reported a moderate improvement. Almost half of the
patients (46.8%) did not perceive any change. 5 Patients (5.3%) reported “moderately worse”
or “markedly worse” [26]. In our study, a comparatively lower number of treatment cases
showed substantial volume reduction on MRI. However, objective evaluation in our study was
different from the studies mentioned above, as we calculated the volume of each lesion. Fur-
thermore, we analysed the change in volume of the VMs with reference to their initial volume.

We distinguished between adverse effects and complications since some adverse effects
belong to the expected physiological reaction after PS of VMs. However, the seamless transi-
tion between adverse effects and complications made it difficult exactly to distinguish these
categories in some cases, which can be regarded as a drawback of this classification.

The rate of adverse effects and of complications in our study is comparable to the literature.
Mimura et al. reported that transient local swelling occurred in 50 of 59 sclerosing sessions
(84.7%) and transient local numbness 3 times (5.1%) [22]. Spence et al. compared alcohol and
bleomycin sclerotherapy [4]. 23.5% of the patients who were treated with alcohol developed
nerve palsies, which resolved completely in 3 patients, while 11.8% of the patients suffered
from transient severe local swelling.

The most commonly used sclerosing agents are polidocanol, sotradecol, ethanol, sodium
morrhuate and pingyangmycin [27]. We decided to use polidocanol as the primary sclerosing
agent since polidocanol is less aggressive than ethanol with a comparatively lower risk of com-
plications. Another reason for using polidocanol was the location of the VMs. Therefore, we
avoided the use of ethanol as far as possible, due to its aggressive sclerosing effect in order to
minimize the risk of complications, which can be dangerous especially in the head and neck
region [22, 28]. In a study by Berenger et al. treating patients with ethanol or sodium tetradecyl
sulphate, major complications included ulceration and scarring (13%), acute blistering (50%)
and transient facial paresis (5%) [29]. Orlando et al. followed 81 patients after ethanol sclero-
therapy. 13.6% of them developed skin ulcer, 3.7% hyperpigmentation and 3.7% paraesthesia
[19].

This study was conducted in a single institution with retrospective analysis of prospec-
tively-maintained data, which can be regarded as a potential limitation on the study findings.
Another potential limitation is a selection bias caused by the indication for MRI, since
patients who were free of symptoms after PS did not receive an MRI after treatment. This bias
could have led to an underestimation of the treatment success with regard to the volumetric
analysis.
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Conclusions

PS of VMs of the head and neck region is a safe technique to reduce symptoms and achieve
substantial volume reduction. MRI-based volumetry can be used to objectively follow the
change in size of the VMs after PS. Symptom relief does often not require substantial objective
volume reduction.

Supporting information

S1 Table. Dataset of the study’s results.
(XLSX)

Author Contributions

Conceptualization: Dominik F. Vollherbst, Astrid Burger, Patrick Giinther, Jiirgen Hoff-
mann, Martin Bendszus, Markus A. Méhlenbruch.

Data curation: Dominik F. Vollherbst, Philipp Gebhart, Steffen Kargus, Astrid Burger, Rein-
ald Kiihle, Martin Bendszus, Markus A. Méhlenbruch.

Formal analysis: Dominik F. Vollherbst, Philipp Gebhart, Steffen Kargus, Astrid Burger, Rein-
ald Kiihle, Jiirgen Hoffmann, Martin Bendszus, Markus A. Mohlenbruch.

Investigation: Dominik F. Vollherbst, Philipp Gebhart, Steffen Kargus, Reinald Kiihle, Jiirgen
Hoffmann, Markus A. Méhlenbruch.

Methodology: Dominik F. Vollherbst, Philipp Gebhart, Steffen Kargus, Astrid Burger, Reinald
Kiihle, Markus A. Méhlenbruch.

Project administration: Dominik F. Vollherbst, Philipp Gebhart, Astrid Burger, Reinald
Kiihle, Patrick Giinther.

Resources: Patrick Giinther, Jiirgen Hoffmann, Markus A. M6hlenbruch.
Software: Dominik F. Vollherbst, Philipp Gebhart.
Supervision: Patrick Glinther, Martin Bendszus, Markus A. Mohlenbruch.

Validation: Dominik F. Vollherbst, Philipp Gebhart, Martin Bendszus, Markus A.
Moéhlenbruch.

Visualization: Dominik F. Vollherbst, Philipp Gebhart.
Writing - original draft: Dominik F. Vollherbst, Philipp Gebhart, Markus A. M6hlenbruch.

Writing - review & editing: Dominik F. Vollherbst, Philipp Gebhart, Steffen Kargus, Astrid
Burger, Reinald Kiihle, Patrick Giinther, Jiirgen Hoffmann, Martin Bendszus, Markus A.
Moéhlenbruch.

References

1. Enjolras O. Classification and management of the various superficial vascular anomalies: hemangio-
mas and vascular malformations. J Dermatol. 1997; 24(11):701-10. Epub 1998/01/20. https://doi.org/
10.1111/j.1346-8138.1997.tb02522.x PMID: 9433027.

2. Seront E, Vikkula M, Boon LM. Venous Malformations of the Head and Neck. Otolaryngologic clinics of
North America. 2018; 51(1):173-84. Epub 2017/12/09. https://doi.org/10.1016/j.0tc.2017.09.003 PMID:
29217061.

3. Legiehn GM, Heran MKS. Venous Malformations: Classification, Development, Diagnosis, and Inter-
ventional Radiologic Management. Radiologic clinics of North America. 2008; 46(3):545-97. https://doi.
org/10.1016/}.rcl.2008.02.008. PMID: 18707962

PLOS ONE | https://doi.org/10.1371/journal.pone.0241347  October 29, 2020 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241347.s001
https://doi.org/10.1111/j.1346-8138.1997.tb02522.x
https://doi.org/10.1111/j.1346-8138.1997.tb02522.x
http://www.ncbi.nlm.nih.gov/pubmed/9433027
https://doi.org/10.1016/j.otc.2017.09.003
http://www.ncbi.nlm.nih.gov/pubmed/29217061
https://doi.org/10.1016/j.rcl.2008.02.008
https://doi.org/10.1016/j.rcl.2008.02.008
http://www.ncbi.nlm.nih.gov/pubmed/18707962
https://doi.org/10.1371/journal.pone.0241347

PLOS ONE

Image-guided sclerotherapy of venous malformations

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Spence J, Krings T, TerBrugge KG, Agid R. Percutaneous treatment of facial venous malformations: a
matched comparison of alcohol and bleomycin sclerotherapy. Head & neck. 2011; 33(1):125-30. Epub
2010/09/18. https://doi.org/10.1002/hed.21410 PMID: 20848431.

Matsuhisa A, Kishino M, Nakadate M, Kudo T, Inoue Y, Tateishi U. Embolosclerotherapy by the Trans-
venous Approach for Lower Extremity Arteriovenous Malformation in Cowden Syndrome: A Case
Report. Ann Vasc Dis. 2016; 9(1):66—9. Epub 2016/04/19. https://doi.org/10.3400/avd.cr.15-00058
PMID: 27087878.

Mulliken JB, Glowacki J. Hemangiomas and vascular malformations in infants and children: a classifica-
tion based on endothelial characteristics. Plastic and reconstructive surgery. 1982; 69(3):412-22. Epub
1982/03/01. https://doi.org/10.1097/00006534-198203000-00002 PMID: 7063565.

QiuY, ChenH, Lin X, Hu X, Jin Y, Ma G. Outcomes and complications of sclerotherapy for venous mal-
formations. Vasc Endovascular Surg. 2013; 47(6):454—61. Epub 2013/06/14. https://doi.org/10.1177/
1538574413492390 PMID: 23759722.

Khaitovich B, Kalderon E, Komisar O, Eifer M, Raskin D, Rimon U. Venous Malformations Sclerother-
apy: Outcomes, Patient Satisfaction and Predictors of Treatment Success. Cardiovasc Intervent Radiol.
2019. Epub 2019/09/21. https://doi.org/10.1007/s00270-019-02338-y PMID: 31538233.

Gelczer RK, Charboneau JW, Hussain S, Brown DL. Complications of percutaneous ethanol ablation. J
Ultrasound Med. 1998; 17(8):531-3. Epub 1998/08/11. https://doi.org/10.7863/jum.1998.17.8.531
PMID: 9697961.

Zhang W, Chen G, Ren JG, Zhao YF. Bleomycin induces endothelial mesenchymal transition through
activation of mTOR pathway: a possible mechanism contributing to the sclerotherapy of venous malfor-
mations. British Journal of Pharmacology. 2013; 170(6):1210-20. https://doi.org/10.1111/bph.12355
PMID: 23992520.

Legiehn GM, Heran MK. Venous malformations: classification, development, diagnosis, and interven-
tional radiologic management. Radiologic clinics of North America. 2008; 46(3):545-97, vi. Epub 2008/
08/19. https://doi.org/10.1016/j.rcl.2008.02.008 PMID: 18707962.

Lee BB, Choe YH, Ahn JM, Do YS, Kim DI, Huh SH, et al. The new role of magnetic resonance imaging
in the contemporary diagnosis of venous malformation: can it replace angiography? Journal of the
American College of Surgeons. 2004; 198(4):549-58. Epub 2004/03/31. https://doi.org/10.1016/j.
jamcollsurg.2003.12.013 PMID: 15051007.

Bourgouin P, Thomas-Chausse F, Gilbert P, Giroux MF, Perigny S, Guertin L, et al. Effectiveness and
Safety of Sclerotherapy for Treatment of Low-Flow Vascular Malformations of the Oropharyngeal
Region. Journal of vascular and interventional radiology: JVIR. 2018; 29(6):809—15. Epub 2018/04/10.
https://doi.org/10.1016/j.jvir.2017.12.028 PMID: 29628299.

Spence J, Krings T, terBrugge KG, da Costa LB, Agid R. Percutaneous sclerotherapy for facial venous
malformations: subjective clinical and objective MR imaging follow-up results. AUNR Am J Neuroradiol.
2010; 31(5):955-60. Epub 2010/01/02. https://doi.org/10.3174/ajnr.A1940 PMID: 20044505.

Park H, Kim JS, Park H, Kim JY, Huh S, Lee JM, et al. Venous malformations of the head and neck: A
retrospective review of 82 cases. Archives of plastic surgery. 2019; 46(1):23-33. Epub 2019/01/29.
https://doi.org/10.5999/aps.2018.00458 PMID: 30685938.

Horbach SER, van de Ven JS, Nieuwkerk PT, Spuls PI, van der Horst C, Reekers JA. Patient-Reported
Outcomes of Bleomycin Sclerotherapy for Low-Flow Vascular Malformations and Predictors of
Improvement. Cardiovascular and interventional radiology. 2018; 41(10):1494—-504. Epub 2018/06/28.
https://doi.org/10.1007/s00270-018-1999-8 PMID: 29948003.

Patel SB, Ostler AE, Dos Santos SJ, Piriea TM, Whiteley MS. The effects of environmental and compo-
sitional manipulations on the longevity of Tessari-made foam for sclerotherapy. Journal of vascular sur-
gery Venous and lymphatic disorders. 2015; 3(3):312-8. Epub 2016/03/20. https://doi.org/10.1016/j.
jvsv.2014.07.010 PMID: 26992311.

Tessari L, Cavezzi A, Frullini A. Preliminary experience with a new sclerosing foam in the treatment of
varicose veins. Dermatol Surg. 2001; 27(1):58—60. Epub 2001/03/07. PMID: 11231246.

Orlando JL, Caldas JG, Campos HG, Nishinari K, Wolosker N. Ethanol sclerotherapy of superficial
venous malformation: a new procedure. Dermatology (Basel, Switzerland). 2010; 220(4):376—-80. Epub
2010/05/21. https://doi.org/10.1159/000305525 PMID: 20484881.

Wang X, Meng J, Zhang J, Wu R, Gu J, Shao C, et al. Curative effects of RF combined with DSA-guided
ethanol sclerotherapy in venous malformations. Experimental and therapeutic medicine. 2016; 12
(6):3670—4. Epub 2017/01/21. https://doi.org/10.3892/etm.2016.3804 PMID: 28105097.

Costa JR, Torriani MA, Hosni ES, D’Avila OP, de Figueiredo PJ. Sclerotherapy for vascular malforma-
tions in the oral and maxillofacial region: treatment and follow-up of 66 lesions. Journal of oral and maxil-
lofacial surgery: official journal of the American Association of Oral and Maxillofacial Surgeons. 2011;
69(6):288—92. Epub 2011/01/29. https://doi.org/10.1016/j.joms.2010.06.204 PMID: 21272976.

PLOS ONE | https://doi.org/10.1371/journal.pone.0241347  October 29, 2020 11/12


https://doi.org/10.1002/hed.21410
http://www.ncbi.nlm.nih.gov/pubmed/20848431
https://doi.org/10.3400/avd.cr.15-00058
http://www.ncbi.nlm.nih.gov/pubmed/27087878
https://doi.org/10.1097/00006534-198203000-00002
http://www.ncbi.nlm.nih.gov/pubmed/7063565
https://doi.org/10.1177/1538574413492390
https://doi.org/10.1177/1538574413492390
http://www.ncbi.nlm.nih.gov/pubmed/23759722
https://doi.org/10.1007/s00270-019-02338-y
http://www.ncbi.nlm.nih.gov/pubmed/31538233
https://doi.org/10.7863/jum.1998.17.8.531
http://www.ncbi.nlm.nih.gov/pubmed/9697961
https://doi.org/10.1111/bph.12355
http://www.ncbi.nlm.nih.gov/pubmed/23992520
https://doi.org/10.1016/j.rcl.2008.02.008
http://www.ncbi.nlm.nih.gov/pubmed/18707962
https://doi.org/10.1016/j.jamcollsurg.2003.12.013
https://doi.org/10.1016/j.jamcollsurg.2003.12.013
http://www.ncbi.nlm.nih.gov/pubmed/15051007
https://doi.org/10.1016/j.jvir.2017.12.028
http://www.ncbi.nlm.nih.gov/pubmed/29628299
https://doi.org/10.3174/ajnr.A1940
http://www.ncbi.nlm.nih.gov/pubmed/20044505
https://doi.org/10.5999/aps.2018.00458
http://www.ncbi.nlm.nih.gov/pubmed/30685938
https://doi.org/10.1007/s00270-018-1999-8
http://www.ncbi.nlm.nih.gov/pubmed/29948003
https://doi.org/10.1016/j.jvsv.2014.07.010
https://doi.org/10.1016/j.jvsv.2014.07.010
http://www.ncbi.nlm.nih.gov/pubmed/26992311
http://www.ncbi.nlm.nih.gov/pubmed/11231246
https://doi.org/10.1159/000305525
http://www.ncbi.nlm.nih.gov/pubmed/20484881
https://doi.org/10.3892/etm.2016.3804
http://www.ncbi.nlm.nih.gov/pubmed/28105097
https://doi.org/10.1016/j.joms.2010.06.204
http://www.ncbi.nlm.nih.gov/pubmed/21272976
https://doi.org/10.1371/journal.pone.0241347

PLOS ONE

Image-guided sclerotherapy of venous malformations

22,

23.

24,

25.

26.

27.

28.

29.

Mimura H, Fujiwara H, Hiraki T, Gobara H, Mukai T, Hyodo T, et al. Polidocanol sclerotherapy for painful
venous malformations: evaluation of safety and efficacy in pain relief. European radiology. 2009; 19
(10):2474-80. Epub 2009/05/15. https://doi.org/10.1007/s00330-009-1442-2 PMID: 19440712.

Filippiadis DK, Binkert C, Pellerin O, Hoffmann RT, Krajina A, Pereira PL. Cirse Quality Assurance Doc-
ument and Standards for Classification of Complications: The Cirse Classification System. Cardiovasc
Intervent Radiol. 2017; 40(8):1141—6. Epub 2017/06/07. https://doi.org/10.1007/s00270-017-1703-4
PMID: 28584945.

Dompmartin A, Vikkula M, Boon LM. Venous malformation: update on aetiopathogenesis, diagnosis
and management. Phlebology. 2010; 25(5):224-35. Epub 2010/09/28. https://doi.org/10.1258/phleb.
2009.009041 PMID: 20870869.

Alexander MD, McTaggart RA, Choudhri OA, Pandit RP, Wu A, Ross M, et al. Quantitative volumetric
analysis of head and neck venous and lymphatic malformations to assess response to percutaneous
sclerotherapy. Acta Radiol. 2016; 57(2):205-9. Epub 2015/03/20. https://doi.org/10.1177/
0284185115575779 PMID: 25788316.

Yun WS, Kim YW, Lee KB, Kim DI, Park KB, Kim KH, et al. Predictors of response to percutaneous eth-
anol sclerotherapy (PES) in patients with venous malformations: analysis of patient self-assessment
and imaging. Journal of vascular surgery. 2009; 50(3):581-9, 9.e1. Epub 2009/06/23. https://doi.org/10.
1016/}.jvs.2009.03.058 PMID: 19540708.

Zheng JW, Mai HM, Zhang L, Wang YA, Fan XD, Su LX, et al. Guidelines for the treatment of head and
neck venous malformations. International journal of clinical and experimental medicine. 2013; 6
(5):377-89. Epub 2013/06/01. PMID: 23724158.

lerardi AM, Mangini M, Vaghi M, Cazzulani A, Carrafiello G, Mattassi R. Sclerotherapy of peripheral
venous malformations: a new technique to prevent serious complications. Vascular and endovascular
surgery. 2010; 44(4):282—8. Epub 2010/04/21. https://doi.org/10.1177/1538574410362117 PMID:
20403950.

Berenguer B, Burrows PE, Zurakowski D, Mulliken JB. Sclerotherapy of craniofacial venous malforma-
tions: complications and results. Plastic and reconstructive surgery. 1999; 104(1):1-11; discussion 2-5.
Epub 1999/12/22. PMID: 10597669.

PLOS ONE | https://doi.org/10.1371/journal.pone.0241347  October 29, 2020 12/12


https://doi.org/10.1007/s00330-009-1442-2
http://www.ncbi.nlm.nih.gov/pubmed/19440712
https://doi.org/10.1007/s00270-017-1703-4
http://www.ncbi.nlm.nih.gov/pubmed/28584945
https://doi.org/10.1258/phleb.2009.009041
https://doi.org/10.1258/phleb.2009.009041
http://www.ncbi.nlm.nih.gov/pubmed/20870869
https://doi.org/10.1177/0284185115575779
https://doi.org/10.1177/0284185115575779
http://www.ncbi.nlm.nih.gov/pubmed/25788316
https://doi.org/10.1016/j.jvs.2009.03.058
https://doi.org/10.1016/j.jvs.2009.03.058
http://www.ncbi.nlm.nih.gov/pubmed/19540703
http://www.ncbi.nlm.nih.gov/pubmed/23724158
https://doi.org/10.1177/1538574410362117
http://www.ncbi.nlm.nih.gov/pubmed/20403950
http://www.ncbi.nlm.nih.gov/pubmed/10597669
https://doi.org/10.1371/journal.pone.0241347

