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Abstract

Background: Percutaneous sclerotherapy is the preferred method of treatment for VMs (venous malformations).
However, treatment protocols vary, and research on the most effective sclerosant is conflicting. Additionally, there is
limited knowledge on the effect of sclerosant volume on treatment outcome. This study aims to determine the
outcomes and complications of image-guided sclerotherapy for VMs with respect to sclerosant and sclerosant
volume. Towards this, a 10-year retrospective chart review was conducted of patients with VMs treated with
sclerotherapy at the Vascular Anomalies Clinic at British Columbia Children’s Hospital.

Results: Thirty-four patients with VMs were treated of which 15 had a successful outcome, 13 had a failed
outcome, and 6 had additional planned treatments after the study time period. Lesions on the head and neck or
classified as type I or II had the highest success rates. Combination therapy with both ethanol and 3% STS (sodium
tetradecyl sulphate), and ethanol alone had a higher success rate (64% and 60%) compared to 3% STS (11%). Major
complications were most associated with 3% STS (17%) followed by ethanol (9%), and no major complications were
found with combination. No relationship between the volume of sclerosant per lesion volume and outcome was found.

Conclusions: Combination and ethanol were the most effective sclerosants in terms of highest success rates and lowest
complication rates, and sclerosant volume per lesion volume had no effect on outcomes. Future work should aim at
studying larger sample sizes to account for the multiple factors that may influence the choice of sclerosant and
treatment outcomes.
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Background
As proposed by Mulliken and Glowacki in 1982, vascular
anomalies are categorized based on their endothelial
characteristics into tumors and malformations, with
malformations sub-classified based on flow and vascular
anatomy (Mulliken & Glowacki, 1982). Venous malfor-
mations (VMs) are the second most common vascular
anomaly and occur with an estimated prevalence of 1%
in the general population (Puig et al., 2005; Greene,
2011). These lesions are congenital, grow proportion-
ately with the child, and may present in any anatomical
location, with the majority in the craniofacial region
(60%) (Ernemann et al., 2010). The presenting signs and
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symptoms are largely dependent on location and extent
of the lesion and most commonly include discoloration,
swelling, and pain due to thrombosis (Greene, 2011;
Berenguer et al., 1999).
Percutaneous sclerotherapy is the preferred manage-

ment for VMs, with ethanol and 3% sodium tetradecyl
sulfate (STS) used most often. However, reports on the
efficacy of sclerosants vary and often conflict (Su et al.,
2010; Burrows & Mason, 2004). Ethanol has been associ-
ated with the lowest incidence of lesion re-expansion
and therefore is suggested as the most effective and first
choice for sclerosing agent (Ernemann et al., 2010;
Prasetyono & Kreshanti, 2010). However, ethanol has also
been cited as being associated with more painful injections
and having a higher complication rate than STS, leading
many to use STS over ethanol due to reports of it being a
safer alternative (Odeyinde et al., 2013; Lee et al., 2003).
Most recently, a systematic review highlighted the lack of
is distributed under the terms of the Creative Commons Attribution 4.0
rg/licenses/by/4.0/), which permits unrestricted use, distribution, and
e appropriate credit to the original author(s) and the source, provide a link to
changes were made.

http://crossmark.crossref.org/dialog/?doi=10.1186/s42155-018-0009-1&domain=pdf
http://orcid.org/0000-0003-3720-9302
mailto:douglas.courtemanche@ubc.ca
http://creativecommons.org/licenses/by/4.0/


Gorman et al. CVIR Endovascular             (2018) 1:2 Page 2 of 6
agreement on which agent is the safest and most effective
(Horbach et al., 2016). However, these authors discour-
aged the use of ethanol for sclerotherapy in the cervicofa-
cial region as this sclerosant had the highest reported
complication rates (Horbach et al., 2016). Previous litera-
ture also highlights the variability in recommended treat-
ment intervals and dosages. Alakailly et al. reported a
dosage methodology of 0.5 mL sclerosant per 2 cm super-
ficial lesion size, whereas others report injecting until re-
sistance is felt (Alakailly et al., 2015; Stuart et al., 2015).
The continued lack of consensus for the optimal sclero-

therapy treatment of VMs demonstrates a need for further
investigation. We aimed to review and analyse outcomes
and complications of image-guided sclerotherapy for the
treatment of VMs in patients managed by the Vascular
Anomalies Clinic at British Columbia Children’s Hospital
(BCCH). Our objectives were to determine which sclero-
sant was the most effective with respect to outcomes and
complications as well as explore the effect of sclerosant
volume per lesion volume on outcomes.

Methods
This study was approved by the University of British
Columbia and Children’s and Women’s Hospital Ethics
Committee H13–01399. A 10-year retrospective chart
review from May 1, 2001 to May 1, 2011 was conducted
of VMs managed by the Vascular Anomalies Clinic at
BC Children’s Hospital. Data collection included demo-
graphic data, VM volume, presenting symptoms, indica-
tions for treatments, sclerotherapy treatment details,
outcomes, and complications. Patients with no follow-up
data were excluded from analysis.
VM volumes were calculated via analysis of

three-dimensional imaging. VMs were classified based
on interactions with adjacent vasculature, as outlined by
Puig et al., (2003) Table 1.
Sclerotherapy was undertaken with either ethanol

alone, 3% STS alone, or targeted treatment with both
sclerosants at the same session commonly referred to as
combination therapy. All procedures were performed by
a single interventional radiologist (M.K.H), using image
guided (fluoroscopic) intralesional injection of contrast
to confirm location and distribution of each injection
followed by non-foamed sclerosant.
In our patients, the sclerosant was chosen to optimize

treatment and minimize complications based on clinical
Table 1 Classification of VMs according to Puig et al. (2003)

VM type Lesion characteristics

I Little to no interaction with adjacent vasculature

II Drainage of lesion into physiologic venous circulation

III Drainage of lesion into dysplastic vasculature

IV Lesion comprised largely of ectatic veins
experience rather than a strict protocol. The interim
outcome following each sclerotherapy session was deter-
mined based on the response of the VM measured by its
reduction in size and lessening of symptoms. At each
follow-up visit, the size change was categorized as
complete (> 90% reduction), good (> 50% reduction),
moderate (< 50% reduction), no response, or recurrence.
Whether the lesion became less symptomatic, asymptom-
atic, or re-symptomatic was also recorded. It should be
noted that interim recurrences may have occurred
irrespective of overall outcome.
The overall treatment outcome at 2-years was defined

as a success if there was a complete or good response in
terms of size change, and the VM was asymptomatic fol-
lowing all treatment sessions. The overall treatment was
defined as a failure if the VM had either a moderate or no
response in size reduction or was symptomatic following
all treatment sessions. When further treatments were
scheduled beyond the study time period, the overall out-
come was defined as ongoing. All of these patients remain
in active follow-up in our Vascular Anomalies Clinic.
Sclerotherapy outcomes were reviewed with respect to

class and location of VM, number and frequency of
treatment sessions, relative volume and type of sclero-
sant used, as well as recurrence. Sclerosant success rates
were calculated by the relative number of times a sclero-
sant was associated with an overall successful outcome
compared to a failed outcome. Complication rates were
determined based on the relative number of times an
agent was used.

Results
From the Vascular Anomalies Clinic database 36 patients
were identified as having procedures in interventional
radiology of which 2 were excluded due to lack of
follow-up data. The remaining 34 patients had a total of
82 unique sclerotherapy sessions and were included for
analysis. In the study population, there were 25 females
and 9 males, with a median age of 15.5 years (SD 14.9,
range 2.8–66.1) at the time of their first sclerotherapy
treatment. The median follow-up time following a
sclerotherapy session was 19.7 weeks and the total aver-
age follow-up time was 3.2 years (range 0.1–8.7 years).
Ethanol was the most commonly used sclerosant (43/82)
followed by 3% STS (24/82), combination of ethanol and
3% STS (14/82), and bleomycin (1/82). Fifteen patients
were found to have a successful outcome, 13 had a failed
outcome, and 6 required ongoing treatment.
While the majority of patients had no prior therapeutic

interventions (30/34) two had previous sclerotherapy, one
had surgery, and one had both sclerotherapy and surgery.
Indications for treatment were swelling (94%), discolor-
ation (88%), and pain (88%). Also noted were phlebitis
(62%), phleboliths (50%), and the presence of a scar (15%).



4

1
2

6

3 1

1

2

1

1
0

2

4

6

8

10

12

I II III IV

C
ou

nt
 o

f P
at

ie
nt

s

VM Classifications

Failure Success Ongoing

Fig. 1 Success and failures of treatment for each class of VM

Table 3 Major and minor complications

Complication Count

Major

Chronic pain 2

Compartment syndrome 1

Gorman et al. CVIR Endovascular             (2018) 1:2 Page 3 of 6
The majority of patients were treated for symptoms (33/34)
and one for symptom prevention. Pre-treatment imaging,
including MRI, was done in all 34 cases.
VMs located in the head and neck (29%) had the highest

proportion of successful outcomes (70%), while the two
VMs that extended across multiple sites had failed out-
comes (Table 2). The types of tissues infiltrated were ei-
ther deep or superficial subcutaneous, muscle, bone,
pleura, parotid gland, and oral mucosa. The most com-
mon classes of VMs were Type 1 (32%) and Type II (18%)
and were also associated with the most successful out-
comes, Fig. 1. The other VMs were classed as Type III
(12%) or Type IV (3%) and the remaining 12 VMs (35%)
could not be classified, as no digital images were available.
Of the 82 sclerotherapy sessions, 34 were for initial

treatment, 36 for planned serial or staged treatment, and
12 for lesion recurrence. Treatments for recurring symp-
toms following prior treatment were done at an average of
31.9 months (SD 21.8, range 6.6–75.4 months), while
treatments that were part of a series occurred at an aver-
age interval of 5.5 months (SD 4.8, range 0.16–
23.6 months). Serial intervention is planned every 3–
6 months depending on the initial response to treatment,
but the real interval between treatments is determined by
resources, booking, and patient/social factors. Patients
with a successful overall outcome had an average of 2.2
sessions (SD 1.4) and those with a failed overall outcome
had an average of 2.8 sessions (SD 1.9).
In 16/34 patients, 21 interim recurrences were ob-

served at an average time of 21.5 months (SD = 23.5,
range 8.0 weeks – 8.3 years) since the last sclerotherapy
session. Recurrences occurred after treatment with
ethanol (10), 3% STS (7), and combination (4). Relative
to the number of times a sclerosant was used, the recur-
rence rates were calculated for ethanol (23%), 3% STS
(30%), and combination (29%) and there was no statisti-
cally significant difference, p = 0.843. Of these 16 pa-
tients, three had a successful overall outcome, seven had
a failed overall outcome and six had ongoing treatments
following the study time period.
Table 2 Distribution of VMs by site and sclerotherapy
treatment outcome

Site Outcome Total

Success Failure Ongoing

Head and neck 7 1 2 10

Lower limb 1 5 3 9

Upper limb 4 4 – 8

Trunk 2 1 – 3

Multifocal 1 – 1 2

Extending over multiple sites – 2 – 2

Total 15 13 6 34
Of the overall successful outcomes (15 patients), there
were a total of 33 treatments with the majority being etha-
nol (73%), followed by combination (21%), and 3% STS
(6%). Of the overall failed outcomes (13 patients), there
were a total of 37 treatments, of which the majority were
ethanol (43%) and 3% STS (43%), followed by combination
(11%), and bleomycin (3%). Combination was found to have
the highest success rate with 7/11 (64%) treatments associ-
ated with an overall success, followed by ethanol (24/40,
60%), and 3% STS (2/18, 11%). Combination and ethanol
were statistically significantly more likely to be associated
with a successful outcome than 3% STS, p = 0.002.
Of the 13 patients with failed outcomes, seven had no

response to treatment, four had an initial good response
to treatment with one or more recurrences, and two pa-
tients with VMs on the palmar or plantar surface
remained symptomatic. The VM on the palmar surface as
Decreased mobility or ROM 4

Nerve palsy (prolonged) 1

Subtotal 8

Minor

Nausea and vomiting 1

Nerve palsy (transient) 5

Renal dysfunction (transient) 1

Significant swelling and/or pain 7

Skin injuriesa 5

Subtotal 19

Total 27
aIncludes blistering, drainage, and ulceration. ROM = range of motion
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Fig. 2 Major and minor complication rate for each sclerosant. Single
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well as two VMs located on the face with no response
were surgically excised.
There were 14/34 patients who experienced one or more

major or minor (self-limiting) complications (41%). In total
there were 27 complications observed classified into 8 major
and 19 minor (Table 3). Palsy and pain are attributed to
perineural injection. Compartment syndrome was due to
intramuscular injection of a venous malformation with ac-
tive localized intravascular coagulopathy. Decreased mobility
is attributed to stiffness and scarring in muscle after injec-
tion. The major complication rate, was found to be the high-
est for 3% STS (17%) followed by ethanol (9%). No major
complications were associated with combination, Fig. 2.
Overall, combination gave the highest success rate (64%)

with the lowest major complication rate (0%) followed by
ethanol with a 60% success rate and a 9% complication
rate, while 3% STS had the lowest success rate (11%) and
highest complication rate (17%), Fig. 3.
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Fig. 3 Success rate versus complication rate for each sclerosant. Size
of dot corresponds to the number of times agent was used. Single
treatment with bleomycin excluded
The total sclerosant volume per volume of VM was
calculated for 17 patients with available images. The
average VM volume was 156cm3 (range 3.0–1703.2cm3)
with an average sclerosant amount of 42%v/v (range
5.4–99.1%v/v). There was no relationship between the
amount of sclerosant and a success or failed treatment
outcome, p = 0.281.

Discussion
Our results indicate that combination, ethanol with 3%
STS, had the highest success rate and lowest complica-
tion rate. Ethanol had a similar success rate but had
more major complications, while 3% STS had the lowest
success rate and highest major complication rate. In-
terim recurrences were found for 16 patients and no
trend was found with respect to the type of sclerosant
used. The greatest proportion of venous malformations
was found in the head and neck region and had the
highest percentage of successful outcomes. Similarly,
Type I and II lesions had the most successful outcomes
compared to Type III and IV. No trend was found be-
tween outcome and the amount of sclerosant adminis-
tered per VM volume. It is possible that better results may
have been achieved for patients with planned serial treat-
ment had scheduling been optimal (Odeyinde et al., 2013).
It may be that more treatments seen in non-responders
reflect the intent to pursue sclerotherapy over other
options until it is deemed truly unhelpful.
In comparison with literature, the location of VMs in our

study was mainly in the head and neck, which correlates
with previous literature (Ernemann et al., 2010). Addition-
ally, our results found that type I and II lesions had the
highest success rates, which correlates with previous find-
ings of higher success rates for these lesions due to minimal
or more physiological interactions with normal venous cir-
culation (Stuart et al., 2015; Legiehn & Heran, 2008). Our
study showed no trend between outcome and the amount
of sclerosant administered per VM volume which may
question previous reports that apply a general protocol of
standard sclerosant volume per superficially measured le-
sion diameter (Alakailly et al., 2015). While literature has
reported that ethanol is associated with the lowest inci-
dence of lesion recurrence, no statistically significant differ-
ence in recurrence between sclerosants was found in this
study (Su et al., 2010; Odeyinde et al., 2013; Puig et al.,
2003). With respect to outcomes and complications, some
clinicians have favoured ethanol as the primary agent due
to its effectiveness, while others favour STS, due to safety
concerns (Ernemann et al., 2010; Su et al., 2010; Prasetyono
& Kreshanti, 2010; Odeyinde et al., 2013; Lee et al., 2003).
Our results indicate that not only was ethanol more
effective than 3% STS, it was also associated with fewer
complications, with rates similar to previous reports
(Stuart et al., 2015) and in contrast to others that suggest



Gorman et al. CVIR Endovascular             (2018) 1:2 Page 5 of 6
ethanol causes a greater proportion of complications
(Berenguer et al., 1999; Odeyinde et al., 2013). By select-
ively targeting portions of the malformation that have sur-
rounding anatomy that are more tolerant of ethanol and
targeting other portions of the malformation with 3% STS
in more anatomically sensitive areas at the same treatment
session, we can achieve a better treatment effect with a
better side-effect profile.
More factors than the sclerosant only may impact out-

comes and complications including proximity to high
contact areas such as plantar or palmar surfaces or areas
of esthetic concern, as well as symptom tolerance and
clinician training. A conclusion from a recent systematic
review in 2016 reported that despite a lack of consensus
for the most effective sclerosant, the sclerosing agent
should be based on the risk of complications (Stuart
et al., 2015). This, in part, explains the increased use of
bleomycin in sclerotherapy practice. Overall, the results
of this study combined with what is known from litera-
ture indicate that the pattern and approach to treatment
should be tailored to the patient and not only take into
account the efficacy of the sclerosant but also the nature
of the VM.

Limitations
This study was designed retrospectively and may have in-
herent information bias. The study population was small
and thus multivariate analysis was not done. Patients re-
ceiving serial/staged treatments frequently experienced
treatments intervals longer than the planned 3–4 months
due to resource limitations (Odeyinde et al., 2013).

Conclusion
In conclusion, our study found that Type I and II VMs
and those located on the head and neck region had the
highest success rates. The most effective sclerosants
were combination and ethanol with higher success and
lower complication rates than 3% STS. The efficacy of a
sclerosant, location and nature of the VM should all be
considered in treatment plans. Moving forward, future
work should aim at studying large populations to assess
the multiple variables that may influence treatment out-
comes and complications.

Abbreviations
STS: Sodium tetradecyl sulfate; VM: Venous malformation

Acknowledgements
The authors would like to thank Marija Bucevska for her contributions to the study
design, ethics application, and continued guidance throughout this project.

Funding
J. Gorman was awarded a University of British Columbia Summer Student
Research Program scholarship.

Availability of data and materials
Data is available upon request. Please contact the corresponding author directly.
Authors’ contributions
Study Conception and Design: JA, MH, DC. Data Collection and Analysis: JG,
SZ, RC, DC. Interpretation: JG, SZ, RC, JA, MH, DC. Manuscript Writing: JG, SZ,
RC, DC. Manuscript Editing and Approval: JG, SZ, RC, JA, MH, DC. All authors
read and approved the final manuscript.

Authors’ information
JA, MH, and DC are members of the vascular anomalies clinic at BC
Children’s Hospital, which cares for pediatric and adult patients. JA and DC
are plastic surgeons and MH is an interventional radiologist. The vascular
anomalies clinic team is also composed of a specialist nurse, an
otolaryngologist, medical genetics, pediatrics, dermatology, orthopedics,
occupational therapy.

Ethics approval and consent to participate
This study is not a randomized control trial so it isn’t registered. It is a
retrospective study with research ethics board approval. This study was
approved by, and a waiver of consent was obtained from the University of
British Columbia Children’s and Women’s Research Ethics Board, H13–01399.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1University of British Columbia, Vancouver, BC V6T 1Z1, Canada. 2Department
of Surgery, University of British Columbia, British Columbia Children’s
Hospital, Vancouver, BC V6H 3V4, Canada. 3Department of Surgery, Division
of Plastic Surgery, University of British Columbia, British Columbia Children’s
Hospital, K3-131 4480 Oak St., Vancouver, BC V6H 3V4, Canada. 4Department
of Radiology, University of British Columbia, British Columbia Children’s
Hospital, Vancouver, BC V6H 3V4, Canada.

Received: 27 November 2017 Accepted: 2 May 2018

References
Alakailly X, Kummoona R, Quereshy FA et al (2015) The use of sodium tetradecyl

sulphate for the treatment of venous malformations of the head and neck.
Journal of Maxillofacial and Oral Surgery 14:332–338. https://doi.org/10.1007/
s12663-014-0623-y

Berenguer B, Burrows PE, Zurakowski D, Mulliken JB (1999) Sclerotherapy of
craniofacial venous malformations: complications and results. Plast Reconstr
Surg 104(1–11– discussion):12–15

Burrows PE, Mason KP (2004) Percutaneous treatment of low flow vascular
malformations. J Vasc Interv Radiol 15:431–445. https://doi.org/10.1097/01.RVI.
0000124949.24134.CF

Ernemann U, Kramer U, Miller S et al (2010) Current concepts in the classification,
diagnosis and treatment of vascular anomalies. Eur J Radiol 75:2–11.
https://doi.org/10.1016/j.ejrad.2010.04.009

Greene AK (2011) Vascular anomalies: current overview of the field. Clin Plast
Surg:1–5. https://doi.org/10.1016/j.cps.2010.08.004

Horbach SER, Lokhorst MM, Saeed P et al (2016) Sclerotherapy for low-flow
vascular malformations of the head and neck: a systematic review of
sclerosing agents. J Plast Reconstr Aesthet Surg 69:295–304. https://doi.org/
10.1016/j.bjps.2015.10.045

Lee BB, Do YS, Byun HS et al (2003) Advanced management of venous
malformation with ethanol sclerotherapy: mid-term results. J Vasc Surg
37:533–538. https://doi.org/10.1067/mva.2003.91

Legiehn GM, Heran MKS (2008) Venous malformations: classification, development,
diagnosis, and interventional radiologic management. Radiol Clin N Am
46:545–597. https://doi.org/10.1016/j.rcl.2008.02.008

Mulliken JB, Glowacki J (1982) Hemangiomas and vascular malformations in
infants and children: a classification based on endothelial characteristics.
Plast Reconstr Surg 69:412–422

Odeyinde SO, Kangesu L, Badran M (2013) Sclerotherapy for vascular malformations:
complications and a review of techniques to avoid them. J Plast Reconstr
Aesthet Surg 66:215–223. https://doi.org/10.1016/j.bjps.2012.09.002

https://doi.org/10.1007/s12663-014-0623-y
https://doi.org/10.1007/s12663-014-0623-y
https://doi.org/10.1097/01.RVI.0000124949.24134.CF
https://doi.org/10.1097/01.RVI.0000124949.24134.CF
https://doi.org/10.1016/j.ejrad.2010.04.009
https://doi.org/10.1016/j.cps.2010.08.004
https://doi.org/10.1016/j.bjps.2015.10.045
https://doi.org/10.1016/j.bjps.2015.10.045
https://doi.org/10.1067/mva.2003.91
https://doi.org/10.1016/j.rcl.2008.02.008
https://doi.org/10.1016/j.bjps.2012.09.002


Gorman et al. CVIR Endovascular             (2018) 1:2 Page 6 of 6
Prasetyono TOH, Kreshanti P (2010) Efficacy of intra-lesional alcohol injection as
alternative and/or complementary treatment of vascular malformations: a
systematic review. Brit J Plast Surg 63:1071–1079. https://doi.org/10.1016/
j.bjps.2009.04.020

Puig S, Aref H, Chigot V et al (2003) Classification of venous malformations in
children and implications for sclerotherapy. Pediatr Radiol 33:99–103.
https://doi.org/10.1007/s00247-002-0838-9

Puig S, Casati B, Staudenherz A, Paya K (2005) Vascular low-flow malformations in
children: current concepts for classification, diagnosis and therapy. Eur J
Radiol 53:35–45. https://doi.org/10.1016/j.ejrad.2004.07.023

Stuart S, Barnacle AM, Smith G et al (2015) Neuropathy after sodium Tetradecyl
sulfate sclerotherapy of venous malformations in children. Radiology
274:897–905. https://doi.org/10.1148/radiol.14132271

Su L, Fan X, Zheng L, Zheng J (2010) Absolute ethanol sclerotherapy for venous
malformations in the face and neck. J Oral Maxillofac Surg 68:1622–1627.
https://doi.org/10.1016/j.joms.2009.07.094

https://doi.org/10.1016/j.bjps.2009.04.020
https://doi.org/10.1016/j.bjps.2009.04.020
https://doi.org/10.1007/s00247-002-0838-9
https://doi.org/10.1016/j.ejrad.2004.07.023
https://doi.org/10.1148/radiol.14132271
https://doi.org/10.1016/j.joms.2009.07.094

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

