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Vascular malformations
Vascular malformations are rare congenital tangles of dysfunctional and dilated vessels.
The lesions vary in size and are often visible as a stain or three-dimensional mass
differing in colour and texture from normal tissue. All vessel types of the human body
can be affected. In 1996, the International Society for the Study of Vascular Anomalies
(ISSVA) developed a classification system which was further updated in 2014.1,2 The
lesions are classified according to the affected types of vessels and intrinsic flow velocity.
Simple types include the low-flow venous, lymphatic and capillary malformations, and
the high-flow arteriovenous malformations. Combined types affect more than one vessel
type, and can occur as part of different syndromes.

Aetiology
The lesions arise during embryogenesis as a result of post-zygotic somatic mosaic
mutations in genes which play a role in the vasculogenesis and angiogenesis cell signalling
pathways.3-5 In a few rare exceptions, the mutation occurs in the germline. Most
mutations occur in genes that are part of the TKR-PIK3CA-AKT-mTOR and TKRRAS-RAF-MEK-ERK pathways, in which approximately twenty genes are involved.6
The origin of the mutation is believed to influence the clinical manifestation, however,
mutations in the same gene may also lead to different phenotypes.6,7 The mutations
affect endothelial cell proliferation, migration, adhesion, differentiation and survival,
leading to dysfunctional endothelium and ultimately to a vascular malformation.7
The mutation can occur anytime during vasculogenesis and angiogenesis in embryonal
development.7 Depending on the timing, the mutated cell produces an amount of
offspring of mutated daughter cells. Therefore, the earlier the mutation occurs, the
larger the final size of the malformation. The mutations can occur anywhere where
vessels develop: skin, subcutaneous tissue, muscle, bone and the visceral organs. The
localisation and depth of the lesion thus vary strongly per patient.
This thesis focuses on peripheral vascular malformations, i.e. not the lesions located in
the central nervous system.
Venous malformations often present as a soft, compressible and bumpy mass.1,2 The
overlying skin can have a blue or purple hue. Because of the slow blood flow through the
weak and tortuous veins, the volume can increase due to physical activity or changes in
the position of the affected body part.
Lymphatic malformations usually appear as a soft, smooth compressible mass with
normal skin colour.1,2 Vesicles may appear on the lesion, which can be coloured pink,
12

red or black. Occasionally, transparent or white lymphatic fluid leaks from these vesicles.
Lymphatic malformations mostly occur in the head and neck region.8 The lesions are
composed of cysts filled with lymphatic fluid. The lesions are classified as macrocystic
(>2 cm), microcystic (<2 cm) or mixed.9
Arteriovenous malformations can present as firm, warm, bumpy masses.1,2 The
overlying skin may be red or ulcerated. The lesions involve direct shunts from arteries to
veins without a normal capillary network in between. The arterial blood flows directly
with high velocity into the weak veins causing them to further deform. Pulsations of the
high blood flow may thus be felt when palpating the lesion. Cardiac overload can be a
life-threatening complication.2,9
Capillary malformations are also called port-wine stains and are visible as pink/red/
purple stains on the skin.1,2 The lesions may darken with increasing age.10,11 Pure capillary
malformations mostly occur in the face and frequently do not extend deeper into the
body than the skin or mucosa.9 They thus may appear more ‘flat’ than the other types.
However, voluminous hypertrophy can be present already at birth, and with increasing
age, the lesions may thicken.10,11 Also, combinations with other vascular malformations
might be present, which may cause additional swelling.
Apart from these ‘simple’ types, combinations of the different types exist as well.
Vascular malformations can also occur as part of different syndromes. These syndromes
frequently involve simultaneous over- or undergrowth of the soft tissues.

Figure 1: From left to right: capillary malformation, venous malformation, lymphatic malformation,
arteriovenous malformation, combined capillary-lymphatic-venous malformation with overgrowth of soft tissues

Vascular malformations are present at birth. After embryogenesis is completed, the
mutation does not further spread in the body: the affected area grows proportionally
along with the body. The growth spurt during puberty, changes in hormone receptor
expression in the lesion, trauma and ischaemic stress may induce expansion of the
lesion.12-14 Without treatment, progression was seen in 32% of patients with venous
13
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malformations, probably due to the aforementioned reasons causing further dilation
of the weak vessel walls.15 The arterial aetiology of arteriovenous malformations make
these lesions even more susceptible for progression.16 Vascular malformations ought not
to be confused with haemangiomas or other vascular tumours, which differ in the fact
that they are characterised by increased endothelial proliferation, and therefore undergo
(periods of ) progressive growth.17

Epidemiology
Exact numbers on the prevalence of vascular malformations are difficult to determine
because not all patients seek treatment, and incorrect nomenclature or misdiagnosis is
common.18,19 It is estimated that vascular malformations are present in around 1.5%
of the general population.20-28 A few studies give us an idea of the epidemiology of
the different subtypes, with venous malformations being the most common with an
incidence of 5.9 in 1,000, followed by arteriovenous malformations with 4.1 in 1,000,
capillary malformations 3.0 in 1,000, and lymphatic malformations 1.4 in 1,000.5,29 No
data exist on the epidemiology of combined lesions.

Symptoms
Taking into account the variability in vessel types, flow velocity, lesion size, localisation
and involved tissues, it is clear that clinical manifestations of vascular malformations
can be extremely diverse. This heterogeneous group of patients experience a broad range
of symptoms. Vascular malformations can cause pain, a deviant appearance, impaired
physical function, compression of functional structures such as nerves, the airway or other
organs, bleedings, fluid leakage, thrombotic events, reduced mental and social health and
more.1,2,30-34 These symptoms can severely impact the patients’ quality of life.35-37

Treatments
Although vascular malformations can be gravely invalidating, the condition is
principally benign. Life-threatening complications do occur, such as massive bleeding,
cardiac overload and airway compression. The occurrence of these complications
is largely associated with the type of vascular malformation (with AVMs causing the
most severe complications such as bleeding and shunting) and the size and location
of the lesion.2,9 However, apart from these rare outliers, treatment mainly focuses on
reducing symptoms, improving function and quality of life. Originally, the hypothesis
was formed that if the lesion was completely removed, symptoms would also disappear.
However, total resection can be difficult because large amounts of soft tissue may need
to be removed, or the lesion is closely involved with functional structures which may
get damaged during surgery. Additionally, intraoperatively, the lesions are difficult to
distinguish from healthy tissue, which may further be hampered by extensive bleeding.
The surgeon, therefore, needs to be cautious and skilled not to damage involved and
14

adjacent structures, and be aware of the possible functional and cosmetic problems
induced by the surgery itself. Excellent and permanent results have been accomplished.
However, recurrences and severe complications may occur. As clear data on treatment
outcomes and subgroup analyses are lacking, it is not yet elucidated which patients may
be good candidates for surgery.
Sclerotherapy has been developed as a less-invasive treatment to reduce the volume
of the lesions.38 A sclerosing agent is injected into the lesion, which induces irritation
and subsequent inflammation of the endothelium. The aim is that the vessel walls
adhere to each other so that the dilated vessels collapse and the malformation shrinks.
Sclerotherapy has become the golden standard for treating low-flow malformations with
a venous or lymphatic origin. A variety of sclerosing agents are used such as ethanol,
bleomycin, doxycycline and more. Results are unpredictable, and multiple treatments
are often needed. Differences in effectiveness between the specific sclerosing agents are
unknown. The treatment can lead to adverse events and complications such as increased
pain, tissue necrosis and nerve damage.
Sclerotherapy is usually not suitable for arteriovenous malformations, since the fast
arterial blood flow washes the sclerosing agent away before it can induce the desired effect.
Volume reduction of arteriovenous malformations therefore requires a different approach:
completely blocking the inflow of blood.39 This treatment is called embolisation and can
be done with various materials, both liquid and solid. Embolisation is often combined
with subsequent surgical removal of the hardened core of the arteriovenous malformation.
Laser therapy is another treatment module which works by selectively targeting (oxy)
haemoglobin, which causes localised temperature rise and concomitant denaturation of
soft tissue proteins resulting in shrinkage of the lesion.40 The thermal energy is absorbed
by (oxy)haemoglobin, subsequently transferred to the endothelia, where it ultimately
destroys the vessel walls. Pulsed dye laser (PDL) therapy is the golden standard for
normalising the colour of capillary malformations, which are often localised superficially.41
For deeper lesions, several studies found promising effects with the Nd:YAG laser.42,43
With the discovery of the underlying genetic causes of vascular malformations,
genetically targeted therapies are being developed. Rapamycin is an mTOR inhibitor
that was proven effective in reducing the size of complex lymphatic and venous
malformations.44,45 Alpelisib, a PIK3CA-inhibitor, is another newly developed drug that
proved to be effective in an experimental study in reducing lesion volume and improving
the quality of life of patients with PIK3CA-overgrowth syndrome, which involves
complex lymphatic and venous malformations.46 More genetic targeted therapies are
currently being developed.
15
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An important disadvantage of genetically targeted therapies is that the effects disappear
when the drug is discontinued. To benefit from these therapies, the patient therefore
must continuously restart the treatment or even continue uninterrupted their whole
life, while there is a risk of systemic adverse events. Thus, these therapies are currently
most suitable for very severe cases or lesions that are resistant to the traditional therapies.

Problems with the evaluation of treatment effects
Though many treatments for vascular malformations are available, their effect is
unpredictable and characterised by the frequent occurrence of complications and recurrence
of symptoms.11,32,47 Vascular malformations thus often turn into a chronic condition, with
patients experiencing lifelong fluctuating symptoms and functional problems.
Since outcome data on efficacy and safety are lacking, especially for distinct subgroups,
it is difficult to choose the right treatment for the individual patient. Due to the wide
variation in the clinical presentation of the patients, it is logical that the most suitable
treatment will differ per individual patient. However, in current studies investigating
treatment effects, it is common for patients with diverse clinical presentations to be
evaluated as one single group. It is therefore unclear for which patients the wished
treatment effect can be accomplished, and for which negative outcomes can be expected.
The ISSVA classification was a big step in decreasing heterogeneity in study populations.1,2
However, the current classification focuses only on the origin of the affected vessels,
while it is known that there is a great discrepancy in clinical and histopathological
diagnosis.18 Important lesion characteristics that plausibly influence treatment effects,
such as lesion size, localisation and the involved tissues, are not taken into account. If
we could further categorise subgroups based on disease presentation and severity, we
can more adequately investigate which patients are expected to benefit from certain
treatments. In consequence, with the correct subdivision of patients and identification
of best treatment options for specific symptoms or subgroup of patients, the treatments
could be better tailored to the individual patients.
Apart from the heterogeneity in study populations, further problems lie within the
way treatment effects are determined. Currently used outcome measures vary widely.
Furthermore, many studies use their own definition of ‘success’, often not clearly defined.
The wide heterogeneity in outcome measures hampers the interpretation, comparison and
combination of results.
Another urgent problem is the lack of evaluation of treatment from the patient’s
perspective. The goal of treatment is mostly to reduce the patient’s symptoms and improve
their well-being and daily functioning. The patient’s evaluation herein is indispensable.
Most current outcome measures focus on volume reduction as determined by the
16

clinician, while it is proven that this is not necessarily correlated with a reduction of
symptoms from the patient’s perspective.48,49

The OVAMA project
In 2016, the Outcome measures for VAscular MAlformations (OVAMA) project was
started by Horbach and colleagues. The ultimate goal of this ongoing project is to
establish uniform outcome measures in clinical research on vascular malformations. This
collaboration includes clinical experts and patient/parent contributors from all over the
world.
The first step was determining what to measure. As seen in chapter 4, a core domain set
(CDS) for evaluating treatment in vascular malformations was developed.33,50 A CDS is
a set of outcome domains that should always be measured when evaluating treatment
effect in a certain health condition.51 The CDS contains patient-reported outcome
domains and clinician-reported outcome domains.
After determining the core outcome domains, the next step towards homogeneity in
outcome use and reporting is determining how to measure these core domains, i.e.
development of a core outcome measurement instrument set (COMS). This means
selecting or developing instruments that correctly measure the core outcome domains.

Patient-reported outcome measures and quality of life
This thesis focuses on the patient-reported core outcome domains. Patient-reported
outcomes are measured by patient-reported outcome measures (PROMs). Generally,
PROMs are questionnaires intended to be filled in by the patient and specially designed
to quantify their well-being. The value of PROMs has been extensively studied and is
increasing in use with the worldwide shift towards value-based health care.52-56 Valuebased healthcare focuses on achieving the most relevant outcomes for the patient divided
by the cost.
PROMs are frequently associated with measuring the outcome domain ‘quality of life’.
Quality of life is a broad and overarching outcome domain that includes one’s health:
the outcome domain in which we are mostly interested in health care. Health can be
further subdivided into physical, mental and social functioning.
Another way to explain how disease influences quality of life is described by the model
of Wilson and Cleary and its revised version (Figure 1).57,58 Biological and physiological
changes lead to symptoms, which may lead to functional impairment, which in its
turn may impact the view of one’s own health, which is part of the quality of life.
Measurement of biological and physiological changes is generally performed by the
17
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clinician, for example with blood tests or imaging. As soon as we want to measure more
‘to the right’ in the model, the patient’s perspective comes into play. It becomes clear
that when a treatment is targeted at improving symptoms or functioning, PROMs are
essential in determining treatment effectiveness.

Figure 2. Revised model of Wilson and Cleary on how disease and quality of life are connected.

An important consideration in measuring quality of life is the difference between
condition/disease-specific and generic instruments. The more ‘to the right’ in the
model of Wilson and Cleary, the more generic and less condition-specific, the outcome
domain. For example, a deviant appearance of a vascular malformation is a diseasespecific symptom, which can only be measured in patients with vascular malformations.
It makes no sense to ask someone without a vascular malformation what they find of the
appearance of a vascular malformation they do not have. This symptom is best measured
by a condition-specific instrument. However, when measuring mobility, for example, it
does not matter if the patient’s mobility is decreased because of a vascular malformation
or another condition. The level of mobility is what counts. Such outcome domains are
best measured by generic instruments.59

Validation
PROMs must be evaluated whether or not they are ‘valid’. For a PROM to be considered
‘valid’ or ‘validated’, it means that the adequateness of multiple measurement properties
has been confirmed, with emphasis on the plural. Definitions of measurement properties
are listed by COSMIN. In short: validity describes if the instrument measures what it
is intended to measure, reliability is about the stability of measurement in different
18

situations and if the obtained score is free from measurement error, and responsiveness
refers to the ability to detect changes over time.
Many current PROMs are known to have problematic measurement properties, even
though it is often stated they have been validated.60,61 However, the most common and
profound problem is that the measurement properties were not (properly) evaluated.
Before using a PROM, one should be aware of the measurement properties, and if
unknown, evaluate these before using and drawing conclusions from the PROM.
Horbach and colleagues systematically reviewed the literature for outcome measures
used in vascular malformation studies, which yielded no validated PROMs for this
population. A difficulty with current widely used generic PROMs is the use of classicaltest theory, for which many questions per measured domain are necessary to reduce
measurement error, and all questions within the instrument need to be completed to get
a score estimate.62 This often leads to a high patient burden, especially when measuring
multiple health domains.
Innovations such as the PROMIS (Patient-Reported Outcomes Measurement
Information System63) make use of item-response theory, allowing the development of
item banks. The item banks can be used to create fixed-length short forms or computerised
adaptive tests, reducing the number of questions needed to get a score estimate and
decreasing measurement error. PROMIS is validated in large patient populations
and is known to have highly satisfying measurement properties compared to other
widely used PROMs.64,65 With PROMIS, we might be able to cover the generic core
outcome domains. However, for the condition-specific core outcome domain categories
‘symptoms’, ‘anatomy’ (including appearance) and ‘satisfaction’, a new PROM needed
to be developed.
Summarizing, at the start of the research included in this thesis, several major issues
needed to be addressed for the correct evaluation of treatment outcomes in patients
with vascular malformations. At first, no data existed on the effectiveness and safety
of the most commonly used treatments. Secondly, it was unknown what needed to be
measured to correctly determine treatment effects. Thirdly, no PROMs were validated to
measure quality of life in this population. Finally, no tools existed to evaluate conditionspecific core outcome domains. This thesis aimed to address these knowledge gaps, as
outlined below.
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Aims and outline
The main aim of this thesis is to work towards uniformity in outcome measures in
clinical research on vascular malformations. The thesis is divided into six parts.
Part I
General introduction.
Part II
Evaluation of the effectiveness and safety of current treatment strategies, and how this
was determined.
Part III
Determination of what to measure to correctly determine treatment effect and safety.
Part IV
Evaluation of existing patient-reported outcome measures for measuring quality of life
in patients with vascular malformations.
Part V
Development of a condition-specific patient-reported outcome measure for measuring
the condition-specific outcome domains symptoms and appearance.
Part VI
General discussion and future perspectives.
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Summary
Background
Sclerotherapy has become the gold standard for the first-line therapy of most venous and
lymphatic malformations of the head and neck. Numerous sclerosing agents are used
to treat these low flow vascular malformations, but to date, it remains unclear which
sclerosing agent is superior in terms of effectiveness and safety.

Methods
In a systematic review of the literature (1995-present), we compare the effectiveness
and complications of the sclerosing agents most commonly used for cervicocraniofacial
venous and lymphatic malformations.

Results
The literature search yielded 1155 articles, 36 (1552 patients) were included in the
systematic review. The quality of evidence was low. Pingyangmycin, absolute ethanol,
OK-432, ethanolamine oleate, bleomycin, polidocanol, doxycycline and sodium
tetradecyl sulphate were the most reported sclerosing agents. All seem effective, with
mean overall response rates varying from 71 to 100%. Complications occurred more
frequently after ethanol (18%), compared to other sclerosing agents (0-6%). Cellulitis
and ulceration were encountered following most sclerosing agents, but skin necrosis was
particularly observed after ethanol. Facial nerve paralysis occurred only after OK-432
(0.05%) and ethanol sclerotherapy (6%).

Conclusions
This systematic review could not identify a significantly superior sclerosing agent in
terms of effectiveness, due to the low quality of the available evidence. Until stronger
evidence is available, the difference in complication rates is potentially the deciding
factor in the choice between sclerosing agents. Since a significantly higher complication
rate and more severe local complications were encountered after absolute ethanol, we
cannot recommend this agent for sclerotherapy of cervicofacial vascular malformations.
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Vascular malformations are congenital lesions of the vascular or lymphatic system, which
occur due to an erroneous vascular development during embryogenesis. These abnormal
dilated vessels grow proportionally to body size, and do not usually show spontaneous
regression. Since 1996, the International Society for the Study of Vascular Anomalies
(ISSVA) has been providing an up-to-date classification system for vascular anomalies,
in which a clear distinction between vascular tumors (such as the common infantile
hemangioma) and malformations is made.(1) Vascular malformations can be divided
into high and low flow malformations: arteriovenous malformations (AVMs) are high
flow due to the arterial blood flow pattern; capillary (CM), lymphatic (LM) and venous
malformations (VM) are low flow lesions.
The greatest proportion of low flow malformations is located in the head and neck
region.(2) A multidisciplinary treatment, which involves consultation of various head
and neck specialists, such as plastic surgeons, ophthalmologists, craniofacial surgeons
and otolaryngologists, is often required.
In general, CMs are superficial and do not usually cause mass effect. Cutaneous CMs,
also known as port-wine stains, are therefore mostly treated with laser therapy.(3) For
LMs and VMs, surgical excision was traditionally the treatment of choice.(4) However,
due to infiltration and expansion of the lesion in adjacent anatomical structures, surgery
is not always a feasible treatment option and may lead to severe complications such as
nerve damage. For these reasons, many experts nowadays consider sclerotherapy as the
first-line therapy for LMs and VMs, sometimes in combination with surgical debulking.
In sclerotherapy, intralesional injections with sclerosing agents damage the endothelium
followed by inflammation, thrombotic vascular occlusion and sclerosis, with regression
of the vascular malformation as the intended result.(5)
So far, a wide range of sclerosing agents have been used in daily practice, but to date, it
is unclear which sclerosing agent is superior in terms of safety and effectiveness.(6, 7) The
goal of this systematic review is to investigate and compare the effectiveness and safety of
the most frequently used sclerosing agents for lymphatic and venous malformations of
the head and neck. With a systematic review, we aim to aid physicians in evidence-based
therapeutic decision making.
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Methods
For this systematic review, we followed the guidelines of the PRISMA statement 2009.(8)

Literature search
A literature search was performed in PubMed (MEDLINE), EMBASE and Cochrane
Central Register of Controlled Trials. The search strategy included the MeSH terms
vascular malformations and sclerotherapy, and was amended with key words of specific
malformations types and sclerosing agents (Table 1). Furthermore, we searched for
additional eligible publications in reference lists of relevant articles and grey literature
databases WHO International Clinical Trials Register Platform, controlled-trials.com
and clinicaltrials.gov.

Inclusion and exclusion criteria
Randomized controlled trials, observational studies and case-series reporting outcome
(effectiveness and complications) of sclerotherapy in at least 10 patients with cervical and
craniofacial VMs or LMs were included. Combined lymphatic-venous malformations
(LVMs) were also included. To prevent confusion regarding the nomenclature of vascular
anomalies, we only included articles published since 1995 when the ISSVA classification
system was generally accepted. For this review, we selected the most frequently reported
sclerosing agents: pingyangmycin, ethanol, OK-432, bleomycin, ethanolamine oleate,
polidocanol, doxycycline and sodium tetradecyl sulphate (STS). Articles in which a
combination of therapies was used, were excluded. All in- and exclusion criteria are
shown in table 2.

Study selection
Two researchers (M.L. and S.H.) independently screened the articles based on title and
abstract. In a similar manner, a second selection was made based on full-text papers,
those which fulfilled the inclusion criteria were included in the systematic review.

Data extraction, analysis and quality assessment
From each included study, data were extracted by two independent authors (M.L. and
S.H.). Complete response was defined as the regression of at least 80% of the vascular
malformation, as reported by the author of the included article. Any positive response
that was reported, either in volume reduction or relief of symptoms, was summarized
as ‘overall response’. Outcome of each included study was displayed separately, metaanalysis was impossible due to considerable clinical heterogeneity. All complications
were taken into account, except for expected side-effects such as flu-like symptoms,
minor transient swelling and pain during injection. When possible, mean weighted
average percentages of effectiveness and complications were calculated.
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The quality of included studies was also independently assessed by two researchers (M.L.
and S.H.) using the GRADE approach(9), in which the quality of the article is rated
high, moderate, low or very low. The study design determines the start rating (‘high’ for
RCTs, ‘low’ for observational studies, ‘very low’ for retrospective case series). The rating
can be downgraded 1 or 2 ratings when there is a risk of bias, inconsistency, indirectness,
imprecision or publication bias. Ratings can be upgraded when a very large effect is seen
in a short period of time.(9) Any disagreement between the assessors, regarding study
selection or quality assessment, was resolved by consensus (M.L, S.H., C.H).

Results
The search revealed 1155 articles, of which 36 fulfilled our inclusion criteria (figure 1).

Figure 1. Flow diagram of systematic literature search and study selection, according to PRISMA.

The most frequently reported sclerosing agents, sorted from highest to lowest patient
number, were: pingyangmycin (PYM), absolute ethanol, OK-432 (picibanil),
ethanolamine oleate, bleomycin, polidocanol, doxycycline and sodium tetradecyl
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sulphate (STS). All articles were rated as low or very low evidence, mainly due to
retrospective study designs and small patient groups. Study characteristics and outcomes
of the included studies per sclerosing agent are displayed in table 3. Mean effectiveness
rates and complication rates are shown in respectively table 4 and table 5.

Pingyangmycin
Pingyangmycin (also referred to as bleomycin A5) is in structure similar to bleomycin
and was discovered in Pingyang County in China. Pingyangmycin is cheaper than
traditionally used bleomycin (bleomycin A2 and B2) and is particularly used in China.(10)
Pingyangmycin was used in eight retrospective case series from China, of which
one included almost 300 patients.(11-18) In total, 698 patients with LMs and VMs
were included, which makes pingyangmycin the most commonly reported drug in
monotherapy for cervicofacial vascular malformations. The effectiveness rate was high,
with an overall response of more than 95% and a complete response varying from 46
to 100%. Remarkably, the prevalence of adverse events was extremely low (2%) and in
5 of these 9 studies no adverse events were reported. Transient fever and swelling were
common side-effects after pingyangmycin sclerotherapy. Complications were scarce
(mean 2%) and included skin ulceration and subcutaneous tissue atrophy.

Absolute ethanol
Absolute ethanol denatures cellular proteins, which results in damaged endothelium of
the vascular wall and obliteration of the lumen.(19)
Six studies were included (enrolling a total of 327 patients) in which the effect of ethanol
monotherapy on vascular malformations in the cervicofacial region was studied.(20-25)
Two studies had a prospective and four a retrospective study design. The overall response
varied between 84% and 100%, while the data on complete response were mostly not
reported (widely ranging from 27% to 68%). Complications were often seen reaching
up to 61% of treated patients, with a mean weighted percentage of 18%, and included
predominantly nerve injury and local skin complications such as necrosis and ulceration.

OK-432 (Picibanil)
OK-432 is a lyophilized preparation of low-virulence group A Streptococcus
pyogenes bacteria incubated with benzylpenicillin.(26) The working mechanism of the
immunostimulant OK-432 is considered to be the induction of various cytokines.
The inflammatory response that it induces remains local, but is sufficient for inducing
endothelial damage.(27)
In total, 9 retrospective studies (204 patients) were included in which the effect of
monotherapy with OK-432 in the cervicofacial region was studied.(27-35) OK-432 was
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Ethanolamine oleate
Ethanolamine oleate is an emulsion of fatty acids and its working mechanism includes
the induction of thrombosis which damages the endothelium.(36)
Five studies with a total of 188 patients, in which the effect of ethanolamine oleate
monotherapy on VMs in the cervicofacial region was studied, were included.(36-40)
Two studies were prospective and three retrospective case series. The overall response
ranged from 88% to 100% and the complete response varied widely between 8% and
98%. Reported complications were skin ulceration and necrosis, but these were seldom
observed (0% to 5%).

Bleomycin
Bleomycin was first used as an anti-tumor agent that inhibits DNA synthesis; but it
was soon discovered that this drug also has a sclerosing effect on endothelial cells with
a non-specific inflammatory reaction.(41) In 1977, Yura et al. first used bleomycin as a
sclerosing agent in cystic hygromas.(42)
Five studies on the use of monotherapy with bleomycin in the cervicofacial region
were included (with a total of 82 patients) out of which 1 was prospective and 1 was a
retrospective cohort study comparing alcohol to bleomycin.(24, 30, 43-45) Repeated injections
were required in the majority of patients. The overall response was favorable (70 to
100%), but complete response was poorly reported and varied widely (20% to 57%).
Zhang et al(46), who compared bleomycin to ethanol, concluded that ethanol has
a higher effectiveness in deep lesions and bleomycin in superficial lesions. The most
frequent adverse events of bleomycin were minimal and transient, mostly localized pain
and swelling.(43) The mean complication rate was 6% and included skin infection and
occasionally severe nausea.

Polidocanol
Polidocanol is a nonionic detergent, which achieves lysis of the endothelial lining by
adsorbing at the cell membrane.(47)
In two retrospective studies, with a total of 39 patients, the effect of polidocanol
monotherapy on VMs and LMs in the cervicofacial region was studied.(48, 49) In one
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only used for LMs. The number of treatment sessions per patient averaged around 2 and
the overall response ranged from 50% to 95%. Complete remission was seen in 28% to
57% of the cases. Prevalence of complications varied and ranged from 0% to 30%. The
complications included transient facial nerve palsy(34) and local inflammation.
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foam preparation of polidocanol was used, in the other a liquid substance. A total
of 2 to 3 sessions were necessary in most patients. The overall response was 100%.
Complete response was not reported. The only complication reported in these studies
was superficial necrosis of the vermillion in one patient with a labial VM, which healed
by second intention.(49)

Doxycycline
Doxycycline, an antibiotic of the tetracycline group, was first used in the treatment of
LM by Molitch et al.(50) Its exact mechanism of sclerosing action is not yet clear, but its
effects are attributed to the inhibition of matrix metalloproteinases and cell proliferation,
as well as suppression of vascular endothelial growth factor induced during angiogenesis
and lymphangiogenesis.(51) It causes collagen and fibrin deposition, leading to dense
adhesions and fibrosis.
Only 2 retrospective studies (including 22 pediatric patients, all with LMs) were
available on the use of doxycycline monotherapy in the cervicofacial region.(31, 52) The
mean number of injections needed was low (1-1.6). The overall response ranged from
67% to 100%. Nehra et al.(52) as well as Burrows et al.(53) point out a better treatment
response in macrocystic compared to microcystic lymphatic malformations. In both
included articles, zero complications were reported.

Sodium Tetradecyl Sulphate (STS)
Sodium Tetradecyl Sulphate (STS), also known as Sotradecol, is a anionic detergent
which disrupt the normal architecture of the lipid bilayer of the cell membrane of the
endothelial cells and denatures proteins such as clotting factors. This leads to fibrosis
and vessel occlusion.(47) Only in one study, an acceptable outcome of STS was reported
in 12 children with cervicofacial venous malformations, without any complications.(54)

Discussion
Our data suggest that all sclerosing agents are effective when used in LMs, VMs or both,
with a mean complete response varying from 39 to 79% and excellent overall response
rates between 71 and 100%. Ethanol and STS were exclusively used for the treatment
of VMs and doxycycline and OK-432 for LMs, while the remaining sclerosing agents
were used in both malformation types. A complete response was least often observed
in patients treated with OK-432 and bleomycin. However, the small patient group
(34 patients) in which a complete response rate of bleomycin was reported, makes the
weighted mean less reliable. The same applies to the effectiveness rates of doxycycline,
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In contrast to the overall favorable effectiveness of the sclerosing agents, the impact and
rate of complications highly differed. Significantly more complications occur following
absolute ethanol sclerotherapy and severe complications, such as skin necrosis and nerve
injury, were commonly encountered. Many important anatomical structures (such as
the facial nerve) are located in the head and neck, and skin ulceration or necrosis could
be extra invalidating when located in the face. For these reasons, we discourage the use
of ethanol for sclerotherapy in the cervicofacial region, particularly in superficial lesions
and near nerves. Based on the included literature, alternatives such as bleomycins or
ethanolamine oleate have similar effectiveness rates and are less likely to cause severe
complications. In the literature, other severe complications were reported after ethanol
sclerotherapy, such as brain embolism, hemoglobinuria, deep venous thrombosis,
pulmonary embolism, pulmonary hypertension and cardiac collapse.(19, 46) It is possible
that pre-procedural planning, type of image-guidance during the procedure, injection
techniques and the experience of the treating physician influence the complication rates.
These variables were not adequately reported in the included articles of this review, but
should be evaluated in future studies.
In this systematic review, the results of pingyangmycin greatly differ from those
of bleomycin, although these substances are very similar in molecular structure and
working mechanism. The impeccable results and the absence of complications in the
pingyangmycin group were remarkable. Although reporting and selection bias could
play a role, the results of these bleomycins seem promising.
It should be taken into account that this systematic review suffers from the low quality of
the included evidence. Study and treatment protocols were heterogeneous and control or
comparison groups were mostly absent. Our results should therefore be interpreted with
caution and should be used to generate hypotheses for future research. Nevertheless,
it represents the actual status of the literature on this topic and it is a summary of the
available evidence for therapeutic decision-making in clinical practice.
In this systematic review we were not able to perform a subgroup analysis for LMs and
VMs, due to insufficient patient numbers and a lack of subgroup outcome reporting.
For the same reason, we were not able to compare the sclerosing agents in relevant
subgroups such as malformation subtypes or locations.
Another limitation of this study is the inconsistency in outcome measures. Most
authors use subjective outcome measures in which size reduction was estimated and
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polidocanol and STS. A large-scale prospective comparative trial is mandatory to
determine the true efficacy of the sclerosing agents.
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not measured with objective imaging techniques. We chose two outcome measures for
effectiveness: complete and overall response. Complete response, defined as 80% or
more reduction of the lesion, was a stronger outcome measure but was unfortunately
inconsequently reported. Reliable, valid outcome measures are needed in future research
to enable a correct interpretation of the outcomes.

Conclusion
This systematic review failed to identify the ‘optimal’ sclerotherapy. All sclerosing agents
seem to have high effectiveness rates, but we were not able to compare these agents in a
meta-analysis due to the lack of high quality controlled studies. However, until stronger
evidence is available, the difference in complication rates is potentially the deciding
factor in the choice between sclerosing agents. Since absolute ethanol leads to a high
complication rate and severe local complications, plastic surgeons and other head and
neck specialists should be cautious with the use of absolute ethanol for sclerotherapy of
vascular malformations in the cervicofacial region. Comparative, preferably randomized,
trials with validated outcome measures are mandatory for a correct interpretation of the
results and a better comparison between the various sclerosing agents.
Acknowledgments: none.
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Figure legend
Figure 1. Flow diagram of systematic literature search and study selection, according to PRISMA.
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Tables
Table 1. Search strategy PubMed/MEDLINE and EMBASE
Search strategy PubMed/MEDLINE 2-3-2015
(“Ethanol”[Mesh]) OR “Bleomycin”[Mesh] OR “Sclerotherapy”[Mesh] OR “Sodium Morrhuate”[Mesh] OR
“Picibanil”[Mesh] OR “Doxycycline”[Mesh] OR “polidocanol” [Supplementary Concept] OR ethan* [tiab])
AND
(“Vascular Malformations”[Mesh] OR “Central Nervous System Vascular Malformations”[Mesh] OR “Congenital
Lipomatous Overgrowth, Vascular Malformations, and Epidermal Nevi”[Supplementary Concept] OR vascular
malformation*[tiab] OR vascular malformation[ot] OR venous malformation*[tiab] OR venous malformation*[ot]
OR arteriovenous malformation*[tiab] OR arteriovenous malformation*[ot] OR lymphatic malformation*[tiab]
OR lymphatic malformation*[ot] OR cystic hygroma*[tiab] OR cystic hygroma*[ot] OR lymphangioma*[tiab] OR
lymphangioma*[ot])
Search strategy EMBASE 2-3-2015
exp congenital blood vessel malformation/ or (vascular malformation* or venous malformation* or lymphatic
malformation* or cystic hygroma).ti,ab,kw.
and
exp bleomycin/ or (pingyangmycin or pingyangmycin or bleomycin or bleomycin).ti,ab,kw. or exp sclerotherapy/ or
exp doxycycline/ or exp ethanol/
and
(head or neck or cervicofacial or facial or face or orbita*).ti,ab,kw

Table 2. In- and exclusion criteria.
Inclusion criteria

Exclusion criteria

 
Venous and/or lymphatic malformations in the
cervicofacial region
 
Patients treated with intralesional sclerotherapy
n≥10
 Publication year ≥2000
 
RCT’s and observational studies (case series and
cohort studies)
 
Reported outcome measures; at least volume
reduction and complications

x	
No full-text available despite contacting author
x Non-human studies
x	
Case-reports or review articles
x	
Articles researching sclerotherapy treatment
in arteriovenous, capillary malformations and
hemangiomas or other vascular tumors
x	
Articles researching a combination of (sclerosing)
therapies
x	
Articles in which the outcomes for vascular
malformations in the cervicofacial region were not
separately reported
x	
Articles in which the outcomes of different
sclerosing agents were not separately reported
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China

China

China

China

China

China

China

Yang Y, 2011

Hou R, 2010

Zheng JW, 2009

Bai Y, 2009

Chen Y, 2008

Zhi K, 2008

Zhao JH, 2004

Retrospective

Retrospective

Retrospective

Type study

India

Canada

Germany

China

South Korea VM

Spence J, 2011

Schumacher M,
2011

Su L, 2010

Lee IH, 2009

VM

VM

VM

VM

Brazil

Lamba S, 2012

VM

VM

VM

VM

LM

Retrospective

Retrospective

Prospective

Retrospective

Prospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

VM, LM, LVM Retrospective

VM

LM

VM

Type of
malformation

Orlando JL, 2014

Ethanol

China

Country

Jia R, 2014

Pingyangmycin

Author, year

none

none

none

bleomycin
(n=17)

none

none

none

none

none

none

none

none

none

none

Controls

87 (2-68y)

60 (8m-64y)

75 (4-46y)

18 (17-75y)

15 (5-52y)

51 (6-80y)

85 (NR)

82 (5-14y)

19 (8-34y)

42 (4m-17y)

297
(8m-72y)

75 (13-60y)

65 (3m-35y)

33 (4-45y)

No. of
patients
(age)

3.5

2.6

2.3

1.7

1.4

7

NR

NR

1.1

4.2

3.5

1.6

3.0

2.0
9%

79%

7%

100% 0%

100% 0%

97%

100% 9%

NR

68%

36%

NR

NR

27%

NR

NR

18%

1%

0%

84%

93%

93%

5%

18%

28%

100% 61%

100% 7%

94%

98%

96%

0.3-120

3-22

NR

>6

NR

6-72

6-60

24

6-42

12-120

12-72

6-24

6-36

2-48

Very low

Very low

Low

Low

Low

Very low

Very low

Very low

Very low

Very low

Very low

Very low

Very low

Very low

NR

Academic

Pharmaceutical**

Trust,
academic

NR

NR*

NR

NR

NR

NR

Academic

NR*

NR*

Academic

Compli Follow-up GRADE
Funding
cations (mo)
quality
sources
assessment

100% 100% 0%

43%

67%

84%

72%

76%

No. of
Effectiveness
injections CR
OR

Table 3.
Study characteristics and outcome per sclerosing agent. CR: complete response, OR: overall response, NR: not reported.*Authors declare no conflict of interest.
**Schumacher M, 2011: The study was sponsored by Orfagen, a small pharmaceutical laboratory, based in Toulouse, France. It is dedicated to the development of orphan drugs,
including biotechnological products, in the field of dermatology. There were no conflicts of interest reported.
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Israel

Finland

Canada

South Korea LM

South Korea LM

UK

Gilony D, 2012

Närkiö-Mäkelä M,
2010

Peters DA, 2006

Kim KH, 2004

Sung MW, 2001

Brewis C, 2000

US

Bangladesh

Brazil

South Korea VM

Alexander MD,
2013

Hoque S, 2011

Costa JR, 2011

Choi YH, 2002

VM

VM

LM

US

VM

LM

LM

LM

LM

LM

Alexander MD,
2013

Ethanolamine oleate

Finland

Weitz- Tuoretmaa
A, 2013

LM

US

Motz KM, 2014

Type of
malformation

South Korea LM

Country

Kim DW, 2014

OK-432

Author, year

Retrospective

Prospective

Prospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Type study

26 (0.5-37y)

No. of
patients
(age)

none

none

none

none

none

none

none

none

none

none

surgery
(n=15)
observation
(n=11)

none

16 (5-47y)

53 (14-81y)

83 (3m-21y)

10 (1m-28y)

26 (14-83y)

11
(13m-14y)

16 (2m-46y)

25 (2w-34y)

12 (5m-15y)

17 (2m-47y)

20 (5m-10y)

36 (1m-47y)

Doxycycline 11 (1-15y)
(n=11)

none

Controls

NR

1.8

2.4

1.2

2.0

1.9

2

1.9

NR

1.9

1.9

NR

1.9

1.0

NR

98%

93%

40%

8%

36%

57%

28%

33%

41%

45%

42%

64%

NR

0%

9%

5%

0%

8%

6%

30%

0

0%

88%

0%

100% 4%

100% 5%

90%

100% 0%

82%

86%

88%

75%

88%

95%

95%

0.3-72

NR

>12

0.6-22

1-79

2-24

29

20

23

26

27

6

1-46
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Very low

Low

Low

Very low

Very low

Very low

Very low

Very low

Very low

Very low

Low

Very low

Low

Very low

NR

NR

NR

NR*

NR*

NR

Academic

Academic

NR*

NR*

NR

NR*

NR

NR*

Compli Follow-up GRADE
Funding
cations (mo)
quality
sources
assessment

100% 27%

50%

No. of
Effectiveness
injections CR
OR
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India

South Korea LM

Mathur NN, 2005

Kim KH, 2004

France

Blaise S, 2011

Stimpson, 2012

UK

US

Nehra D, 2008

STS

US

Motz KM, 2014

Doxycycline

Spain

Gorriz Gomez E,
2014

Polidocanol

Canada

Spence J, 2010

VM

LM

LM

VM, LM

VM, LM

LM, VM

VM

VM

Canada

Spence J, 2011

LM

Type of
malformation

US

Country

Paramasivam S,
2014

Bleomycin

Author, year

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Prospective

Retrospective

Retrospective

Retrospective

Type study

none

none

none

none

none

none

none

none

Alcohol
(n=17)

none

Controls

12 (avg 7y)

11 (2d-21m)

11

24 (7-78y)

15 (18-71y)

10 (<18y)

10 (<18y)

31 (18-62y)

17 (18-62y)

14 (1-45y)

No. of
patients
(age)

3

1.6

1

2.3.

2.6

4.3

4.0

3.5

3.4

1-5

33%

64%

55%

NR

NR

20%

33%

NR

NR

57%

10%

0%

0%

83%

0%

100% 0%

100% 0%

100% 0%

100% 7%

70%

100% 0%

68%

88%

0-60

2-31

1-14

1-3

12

6-36

4-24

1.4-17

>6

1.5-6

Very low

Very low

Very low

Very low

Very low

Very low

Very low

Very low

Low

Very low

NR

NR

NR

NR*

NR*

Academic

NR

Trust,
academic

Trust,
academic

NR

Compli Follow-up GRADE
Funding
cations (mo)
quality
sources
assessment

100% 14%

No. of
Effectiveness
injections CR
OR
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Sclerosing agent

Systemic
Skin complications
Facial nerve
complications (ulceration, necrosis, cellulitis) injury

Others

Total

Pingyangmycin

0/698

0/698

2e/698 (0%)

13/698 (2%)

11b/306 (4%) 54/306 (18%)

11/698 (2%)

Absolute ethanol

5a/306 (2%)

19/306 (6%)

19/306 (6%)

OK-432

3f/205 (1%)

9/205 (4%)

1/205 (0.5%) 0/205

Ethanolamine oleate

0/188

6/188 (3%)

0/188

0/188

6/188 (3%)

Bleomycin

2c/82 (2%)

2/82 (2%)

0/82

1d/82 (1%)

5/82 (6%)

Polidocanol

0/39

1/39 (3%)

0/39

0/39

1/39 (3%)

Doxycycline

0/22

0/22

0/22

0/22

0/22 (0%)

STS

0/12

0/12

0/12

0/12

0/12 (0%)

13/205 (6%)

Table 5. Overview of complications per sclerosing agent.
Sclerosing agent

Total n patients

Pingyangmycin
Absolute ethanol
OK-432
Ethanolamine oleate
Bleomycin
Polidocanol
Doxycycline
STS

698
306
205
188
82
39
22
12

Complete response
Range (weighted mean)
43-100% (70%)
27-68% (44%)
28-64% (42%)
8-98% (76%)
20-57% (39%)
NR
55-64% (59%)
33%

Overall response
Range (weighted mean)
79-100% (98%)
84-100% (92%)
50-100% (71%)
88-100% (98%)
68-100% (82%)
100%
100%
83%

Hemoglobinuria. b Severe swelling and pain, respiratory difficulty, ethanol leakage due to failed injection. c Severe nausea,
infection. d Mydriasis. e Conjunctival swelling. f Infection, severe swelling.

a
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Table 4. Overview of effectiveness rates per sclerosing agent.
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Surgical Treatment of Peripheral Vascular Malformations: A Systematic Review and
Meta-Analysis

Summary
Background

Methods
PubMed, EMBASE, and the Cochrane Central Register of Controlled Trials were
searched for studies reporting outcomes of surgery in at least 15 patients with a single
type of peripheral soft tissue vascular malformation. We extracted data on patient and
lesion characteristics, treatment characteristics, and outcomes (including complications).
Meta-analysis was conducted on recurrence and complication rates.

Results
3042 articles were found of which 24 were included: 9 studies on arteriovenous
malformations (AVM), 7 on venous malformations (VM), and 8 on lymphatic
malformations (LM), totaling 980 patients. Meta-analyses showed pooled proportions
for recurrences of 11% in AVMs, 5% in VMs, and 9% in LMs. Pooled proportions of
major complications were 9% for AVMs, 3% for VMs, and 1% for LMs. We found
a 5% pooled recurrence proportion in total resections, opposed to 28% in subtotal
resections. The pooled odds ratio for recurrence in total and subtotal resections showed
a significant lower recurrence rate after total resection (odds ratio: 0.14, p=0.02).

Conclusions
Surgical treatment of vascular malformations appears to be effective and safe in many
cases. However, it seems that surgery is performed predominantly in small lesions, and
subtotal resection has a higher risk of recurrence than total resection.
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Surgical treatment of peripheral vascular malformations is widely performed as primary
and secondary treatment. Excellent results have been reported, however, it is thought
that complications are likely to occur because of damage to adjacent structures. This
systematic review aimed to elucidate the indications and outcomes of surgical treatments
of vascular malformations.
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Introduction
Peripheral vascular malformations are congenital anomalies of the vascular or lymphatic
system, often visible as a mass other in color and texture than normal skin. Present at
birth, the abnormally dilated vessels grow proportionally with the body, non-invasively,
but may expand due to trauma or hormonal changes. The lesions are classified
according vessel type and flow speed.1 Distinguished are the high-flow arteriovenous
malformations (AVM), the low-flow capillary (CM), venous (VM) and lymphatic
malformations (LM), and combined lesions. Symptoms experienced by patients vary by
type and localization and include disfigurement, pain, bleeding, functional impairment,
thrombotic complications and an overall decreased quality of life as compared to the
general population.1-7
Management of vascular malformations is often challenging and usually requires a
multidisciplinary team of specialists. Many non-surgical treatment options are available
including embolization and sclerotherapy. Additionally, with the advancement in
genetics, several targeted medical therapies are being developed, which may especially
be of use in patients with extensive lesions. Nevertheless, surgical treatment is still often
considered adequate treatment. Surgical treatments vary, including total and subtotal
resection, combinations with other treatments, and may involve complex reconstructions
of the resultant defects.
Excellent results of surgery have been accomplished. However, total resection can be
difficult because much soft tissue might need to be removed, or the lesion is closely
involved with functional structures which may get damaged during surgery. Additionally,
intraoperatively, the lesions are difficult to distinguish from healthy tissue, which may
further be hampered by extensive bleeding. Currently, it is not clear when surgical
treatment is indicated and which surgical strategy should be used, as pooled evidence
on the effectiveness and safety of surgery is lacking. To elucidate the role of surgery in
the management of vascular malformations, we performed a systematic review of the
literature, summarizing and analyzing the indications, used surgical treatments, and
outcomes.

Methods
We followed the guidelines of the PRISMA statement 2015 for this systematic review.8,9
Our systematic review protocol was registered with the International Prospective
Register of Systematic Reviews (PROSPERO) on April 18, 2016 (registration number
CRD42016037943).
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Literature search
Literature was searched on the 12th of December 2019 in PubMed (MEDLINE),
EMBASE, and the Cochrane Central Register of Controlled Trials. The search strategy
was made with the help of a clinical librarian (Table 1).

Inclusion and exclusion criteria are shown in Table 2. Included were randomized controlled
trials (RCTs), prospective observational studies, and retrospective studies reporting
outcomes of surgical therapy in at least 15 patients with a single type of peripheral soft
tissue vascular malformation (AVM, VM, LM, CM or a single type of combined lesion).
If a study included different types of vascular malformations, it was included if data were
presented separately for the different types, but again only if outcomes were reported
of ≥15 per type. Combinations with perioperative treatments were included. We only
included articles since 1995, when the ISSVA (International Society for the Study of
Vascular Anomalies) classification system10 was generally accepted.

Selection
Three researchers (M.L., F.J., S.H.) independently screened titles and abstracts, and
further selected papers based on full-text. Reasons for exclusion were collected.

Data extraction and quality assessment
The researchers (M.L., F.J., S.H.) extracted data on study design, patient and lesion
characteristics, symptoms prior to treatment, treatment characteristics, reconstruction
methods, and used outcome measures with corresponding results (including
complications). Surgeries were categorized as total resection (complete resection,
radical resection, excision) and subtotal resection (partial resection, subtotal excision,
debulking). If reported in the study, we calculated recurrence rates (defined as recurrence
per resected lesion) and complication rates. Complications were categorized as ‘major’
if they were potentially life-threatening, leading to systemic symptoms or permanent
loss of function, or requiring further invasive treatment. All other complications were
defined as ‘minor’.

Quality assessment
The researchers (M.L., F.J., S.H.) assessed the quality of each study using the GRADE
methodology.11
Disagreement on study selection, data extraction, categorization of treatment and
complications, and quality assessment was resolved by consensus (M.L., F.J., S.H., C.H.).
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Meta-analysis
Meta-analyses of proportions of recurrences and complications were calculated in
R studio version 1.2.1335. Random-effects models were used in anticipation of
heterogeneity. The pooled odds ratio (OR) of the dichotomous outcome recurrence
in total and subtotal resections was determined with the Mantel-Haenszel method, a
random-effects model, and a 95% confidence interval (CI), and was calculated using
RevMan 5.3.12 A p<0.05 was considered statistically significant. Heterogeneity was
expressed using the I2 statistic with 0-40% being considered as not important, 30-60%
as moderate, 50-90% as substantial and 75-100% as considerable heterogeneity.13,14

Results

Identification

The search resulted in 3042 articles, of which 24 met the inclusion criteria (Figure 1).
We found 9 studies on AVMs, 7 on VMs, and 8 on LMs, totaling 980 patients. No
RCTs were found. Most studies were excluded by screening title and abstract because
they studied vascular tumors, lesions localized in the central nervous system or included
less than 15 patients treated by surgery.

PubMed/MEDLINE (n = 1392)
EMBASE (n = 1650)
Cochrane CENTRAL (n = 0)

Eligibility

Screening

Records after duplicates removed
(n = 2370)

Records screened
(n = 2370)

Full-text articles assessed
for eligibility
(n = 115)

Records excluded
(n = 2255)

Full-text articles excluded, with
reasons
(n = 91)
Outcomes reported for surgically treated
n<15: 41

Included

Not 1 of following outcomes reported
separately for surgery group: size reduction,
symptom relief, recurrence, quality of life,
adverse events or patient satisfaction: 29

Studies included in
qualitative synthesis
(n = 24)

Review article or conference abstract: 15
Follow-up <6 months: 2
Full text unavailable despite contacting
author: 2
Central nervous system or visceral organ
lesions: 2

Figure 1. Flow diagram of literature search and study selection following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement.
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Study design, patient and lesion characteristics, symptoms prior to treatment and quality
assessment are reported separately for each study in Supplementary file 1. All included
studies were rated as low to very low quality, mostly because of a retrospective study
design and a low number of patients. Treatment characteristics, outcome measures and
corresponding results (including complications) are presented in Table 3. Summarized
results and meta-analyses of proportions of recurrences and complications are shown in
Table 4 per type of vascular malformation and total or subtotal resection. The pooled
OR of recurrence in total and subtotal resections showed a significantly lower recurrence
rate after total resection (Figure 2). Forest plots of the meta-analyses of proportions
are presented in Supplementary file 2. Statistical heterogeneity (I2) varied between no
important and considerable heterogeneity for recurrence and minor complication rates.
Major complication rates showed no important heterogeneity.

Figure 2. Forest plot showing the pooled odds ratio for recurrence in total and subtotal resections using
the Mantel-Haenszel method and a random-effects model with a 95% confidence interval. Included were
studies assessing recurrence in both total and subtotal resections. Events = recurrences.

Arteriovenous malformations
AVMs were surgically treated in 9 studies, in which a total of 310 patients with 312
AVMs were included.15-23 Patients’ age ranged from 2-66 years and all studies included
both children and adults. As shown in Supplementary file 1, further characteristics of
the operated AVMs varied widely.
Eight of 9 studies reported numbers on surgical treatment methods, in which most
AVM patients underwent preoperative embolization (134/212). Of 214 AVMs, 198
were resected in total and 16 were subtotally resected. Six studies reported numbers on
reconstruction methods totaling 180 patients. Forty-one patients received a free flap
reconstruction. Thirty-six patients received another form of reconstruction other than
direct wound closure of which the details are shown in Supplementary file 1.
The most used outcome measure was recurrence, which was assessed by 7 studies in
different ways: by MRI, angiography, clinical examination, or the methods were not
reported. Recurrence varied from (0-81%) after a mean follow-up ranging from 2455
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107 months. Goldenberg found regrowth in 18% of 22 total resections and 67% of 9
subtotal resections.16 All other recurrences were after total resection (with the exception
of the recurrences reported by Liu, which did not differentiate between resection types).
Liu found higher Schöbinger stages to be a significant risk factor for recurrence in
AVMs, while localization and size had no significant influence.23
In Table 3, details are shown on the other outcome measures. Five of 9 studies reported
how their outcomes were measured.
Major complications ranged from 0-16%, occurred in 13 of 137 patients, and included
intraoperative hemodynamic instability requiring blood transfusion (n=5), partial flap
loss (n=3), pulmonary embolism (n=2), infection requiring further surgery (n=1), nostril
stenosis requiring further surgery (n=1), and mortality due to hypotensive shock (n=1).
Minor complications ranged from 0-42%, occurred in 20 of 137 patients and included
wound infection (n=8), wound dehiscence (n=5), skin bullae (n=4), skin necrosis (n=3),
and hematoma (n=1).
Venous malformations
Seven studies on VMs were included with a total of 238 patients with 241 VMs.24-30 Age
ranged from 0-70 years, and 6 of 7 studies included both children and adults. Further
VM characteristics varied (Supplementary file 1).
Different surgical treatment strategies were performed. In 4 studies, patients received
additional perioperative treatments including glue embolization and sclerotherapy.25,27,28,30
Of 198 VMs, 164 were resected in total, and 34 were subtotally resected. Four studies
totaling 143 patients reported on reconstruction methods: 1 free flap reconstruction, 2
local flaps, and 1 rhinoplasty.
Five studies used recurrence as an outcome measure with total rates ranging from
0-12% after a mean follow-up ranging from 18-62 months. Recurrence was determined
differently: by MRI, clinical examination or the methods were not reported. Roh
reported 3 recurrences of 31 total resections and an increase in size in 4 of 17 subtotal
resections.28 All other recurrences were after total resections.
Roh concluded an ‘improvement’ in 80% of total resections, and in 24% of subtotal
resections (Table 3).28
Four studies focused on symptoms as outcome measures, reporting overall symptom
improvement in 75-92% of patients.25-27,29
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Major complication rates varied from 0-8%, occurred in 8 of 223 patients, and included
permanent nerve palsy (n=2), wound dehiscence requiring further surgery (n=2),
arteriovenous fistula with bleeding (n=1), skin necrosis requiring multiple skin grafts
(n=1), hematoma requiring further surgery (n=1), and abscess requiring incision and
drainage (n=1). Minor complication rates ranged from 0-12%, occurred in 11 of 183
patients, and included skin infection (n=5), transient nerve loss (n=3), wound dehiscence
(n=2), and skin necrosis (n=1).
Lymphatic malformations
Eight studies on LMs were included with a total of 432 patients with 434 LMs.31-38 Age
of the included patients ranged from 0-20 years. Further details on patient and LM
characteristics are shown in Supplementary file 1.
Out of 337 LMs, 277 were resected in total, and 60 were subtotally resected. One study
performed a combined treatment (perioperative sclerotherapy).34 Balakrishnan did not
report on surgical methods.32 None reported wound closure or reconstruction methods.
Recurrence was assessed in 5 studies ranging from 3-14% after mean follow-up periods
ranging from 18-47 months. One study reported how recurrence was evaluated (by
imaging).38 Fageeh defined recurrence as to only be possible after total resection.
Recurrence was found by Wang in 14 of 41 subtotal resections and 0 of 87 total
resections, and by Ma in 2 of 12 subtotal resections and 0 of 56 total resections. The
remaining 8 recurrences occurred after total resections.
Wang observed significantly better outcome and fewer complications in lower clinical
De Serres stages39, in less diffuse lesions, and in macrocystic lesions in contrast with
mixed and microcystic lesions.38
Jin found a significantly higher ‘excellent response rate’ after combined surgerysclerotherapy as compared with sclerotherapy.34 Balakrishnan found no significant
differences between surgery and sclerotherapy in LM disease burden and need for new
intervention.32
Other outcome measures are shown in Table 3. Two studies reported on outcome
measurement instruments.
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Other outcome measures are shown in Table 3. One study did not report how outcomes
were measured.
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Major complication rates varied from 0-3%, occurred in 2 of 335 patients and included
mortality because of respiratory and circulatory failure 1 month after surgery in another
center (n=1), and airway obstruction due to tracheomalacia (n=1). Minor complication
rates ranged from 0-17%, occurred in 30 of 335 patients, and included infection (n=9),
transient nerve loss (n=9), hematoma (n=8), dyspnea (n=3), and difficulty in feeding (n=1).

Discussion
Twenty-four studies were included, in which 980 patients with peripheral vascular
malformations underwent surgery.

Indications
We found studies evaluating surgical treatment in three subtypes of vascular
malformations: AVMs, VMs, and LMs. It is noteworthy that no studies on combined
lesions were eligible for inclusion. A possible explanation might be that it is difficult to
diagnose clinically, or that researchers define the type by the dominant vessel involved.
For all three studied subtypes, patient and lesion characteristics varied widely. For AVMs
and VMs, many studies included both children and adults, with differently localized
lesions. LM studies included only children (but one patient) with head and neck lesions.
Most studies included patients with different tissues involved. In general, it seems that
smaller vascular malformations were selected for surgery (diameter <10 cm), although
most studies did not report on the size of the lesions. For AVMs, it seems that surgery
played a part also in larger and complex AVMs, since AVM surgery often involved complex
reconstructions and long surgery durations. However, with the development of targeted
therapies, the role of surgery in large and diffuse lesions is yet to be determined: if it
becomes redundant or a useful additional treatment. Many patients with AVMs and VMs
had received previous treatments, which suggests that surgery was often only considered to
be indicated after failure of other treatments. For LMs it seems that surgery was indicated
without first trying other treatments. Symptoms prior to treatment were only reported in
a minority of the studies and were seldom mentioned as the driver for treatment.

Surgical treatment strategies
Two main types of surgery were performed: total and subtotal resection. Unfortunately,
it was not described if the choice for total or subtotal resection was made pre- or
intra-operatively, what surgical technique was used to distinguish healthy tissue
from malformation tissue, and if the radicality of total resections were confirmed by
histopathologic analyses. Complex reconstructions seem to play an important role in
AVM surgery, emphasizing the need for careful planning by a plastic surgeon.
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For VMs, several studies suggest that preoperative sclerotherapy might improve surgical
results.26-28 One study advised the use of glue-embolization preoperatively for preventing
blood loss during surgery.28 Another study used glue-embolization in the same session as
the surgery, suggesting it reduced anesthetics and converted the VM in a firm mass that
is more easily resected.25
In LMs, one study advised combined surgery with intraoperative bleomycin irrigation,
since they observed a better result than with sclerotherapy alone.34
None of the combined treatments could be compared with surgical treatment alone, but
every study using a combined treatment suggested it was beneficial.

Outcome measures
There is great heterogeneity in outcome measures and a lack of reporting on how outcomes
are determined. Outcomes were not separately reported per clinically distinct group such
as malformation type, or even per treatment. Since vascular malformations are benign
and generally not life-threatening, our opinion is that the indications and evaluation of
treatment should generally focus on the patient’s symptoms such as pain, appearance or
functional impairment. However, only 4 of 24 studies assessed treatment effectiveness
from the patient’s perspective, all with non-validated instruments. Recently, as part of the
OVAMA (Outcome measures for VAscular MAlformations) project, a core domain set for
vascular malformations was developed, including disease-specific symptoms, appearance,
and quality of life.6 Our opinion is that instead of measuring ‘recurrence’ or clinicianreported ‘success rates’, it is better to assess improvement or worsening in these core
outcome domains with validated patient-reported outcome measurements, and possibly
an additional quantitative analysis of regrowth of the lesion with imaging.

Outcomes of surgery
In general, our findings suggest that in many cases surgery can be effective, definitive, and
safe. However, poor outcome, recurrences and complications also occur. Heterogeneity
of study populations and incomplete reporting make it difficult to objectively find
factors associated with either favorable or poor outcome.
Recurrence rates generally varied between 0-14%, with only three studies exceeding
14% and Liu as outlier with 81%.23 Liu did not report on patient, lesion and treatment
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Most of AVM studies advised preoperative embolization (1-5 days preoperatively),
except for very small lesions or if a tourniquet can be used. According to the studies,
preoperative embolization reduces intraoperative blood loss, and the induced fibrosis
facilitates distinction between the AVM and healthy tissue.
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characteristics, making it difficult to explain this discrepancy. Unfortunately, most
studies did not specify their recurrence cases according lesion localization, size, tissue
involvement, or other more specific characteristics, making it difficult to identify risk
factors. Our study showed no clear differences between AVMs, VMs and LMs. Studies
found a higher Schöbinger stage for AVMs and De Serres stage for LMs as significant risk
factors for recurrence.23,38 It is plausible that the variety in recurrence rates, which was
especially present in AVMs and VMs as determined by the I2 statistic (Supplementary
file 2.), can partly be attributed to differences in how it was defined and determined.
As for surgical treatment strategies, our findings suggest that subtotal resection has a
higher risk of recurrence as opposed to total resection, which was also suggested by
several studies including all 3 subtypes.16,28,38 It is important to bear confounding by
indication in mind, as subtotal resection often involves more complex cases. Regarding
our findings, we strongly advise aiming for total resection whenever possible. However,
we do not advise to never perform subtotal resection if total resection is not possible
since 72% of subtotal resections in the included studies remained recurrence-free (Table
4). In addition, recurrence is often determined by the presence of the lesion on imaging,
while it is known that this is not necessarily correlated with the patient’s symptoms.40,41
Future studies including patient-reported outcomes must reveal if subtotal resection
must be avoided at all costs, or that it should still be considered, especially when other
treatments have failed or are not feasible.
Several studies reported improvement of pain after surgery, although simultaneously
reporting cases in which surgery had no effect on pain.25,27,29 Steiner doubts the ability
of surgery in improving appearance, because of the resultant scarring.29 However, other
studies reported complete resolution of appearance problems.26,37 These inconsistent
outcomes underline that symptoms need to be studied with validated instruments.
It seems that surgery of AVMs has higher complication rates than VMs and LMs. This
might be because of their high-flow nature, or that more complicated and severe cases
were treated since alternatives for such AVMs are lacking. Three studies concluded
poorer effect in microcystic type LMs as opposed to macrocystic LMs, which might
be because microcystic lesions are harder to distinguish from healthy tissue.31,32,38 It is
plausible that poor results and major complications mostly occur in cases in which the
vascular malformation is large or extends in deep or functional tissues, which was also
suggested by several of the included studies.26-28,33

Comparison with other treatments
Only three studies used a control group. Balakrishnan found no differences in outcomes
between surgery and sclerotherapy after 1-year follow-up.32 However, the outcome
measure ‘LM disease burden’ was measured with a non-validated tool and complications
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Except for complications, we could not compare our outcomes with literature on other
treatments, because of the heterogeneity in outcome measures. A meta-analysis of
bleomycin sclerotherapy, frequently used for VMs and LMs, showed a complication
rate of 14% (mostly minor), which is higher than the pooled complication rates of
surgery we found for VMs (9%) and LMs (8%).42 However, another review of different
sclerosing agents for head and neck VMs and LMs showed complication rates ranging
from 0-18%, with absolute ethanol as outlier, being the only agent with a complication
rate above 6%.4 To our knowledge, no clear complication rates exist on embolization
without surgery, the treatment modality for AVMs.
Our review uses the best available data, however, all studies were of very low or low
quality. The results therefore reflect what is reported in the literature, and may only give
an indication on the true numbers.

Conclusion
We conclude that surgery of peripheral vascular malformations can be effective and
safe. Though excellent and even definitive results can be achieved, poor results and
complications may also occur. It is unclear which indications yield the best results, but
it seems that surgery is mostly used for smaller lesions. Poor outcomes were correlated
with subtotal resections, which mostly involves large or deeply extending lesions. For
large and diffuse lesions, it is important that surgeons are aware of the developments
in targeted medical therapies, and consider these before operating. Unfortunately,
because of incomplete reporting and heterogeneity in outcome measures, it is difficult to
further uncover which patients and lesions are most eligible for surgical treatment. Our
opinion is that studies should report more extensively on patient, lesion and treatment
characteristics, use standardized and patient-reported outcome measures, and report
outcomes separately for clinically distinct groups and different treatments. We aim to
facilitate this by developing reporting standards.
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were not assessed. A study on AVMs found significant less recurrence in patients treated
by surgery (with or without embolization) as compared to solely embolization.23 Another
study compared a combined surgery-sclerotherapy case series with sclerotherapy only,
concluding better outcomes after the combined treatment.34 However, the risk of
confounding by indication was high.

Chapter 3

References
1

Wassef M, Blei F, Adams D et al. Vascular Anomalies Classification: Recommendations From the
International Society for the Study of Vascular Anomalies. Pediatrics 2015; 136: e203-14.

2

Dasgupta R, Fishman SJ. ISSVA classification. Semin Pediatr Surg 2014; 23: 158-61.

3

Horbach SE, Lokhorst MM, Oduber CE et al. Complications of pregnancy and labour in women
with Klippel-Trenaunay syndrome: a nationwide cross-sectional study. BJOG 2017; 124: 1780-8.

4

Horbach SE, Lokhorst MM, Saeed P et al. Sclerotherapy for low-flow vascular malformations of the
head and neck: A systematic review of sclerosing agents. Journal of plastic, reconstructive & aesthetic
surgery : JPRAS 2016; 69: 295-304.

5

Horbach SER, van der Horst C, Blei F et al. Development of an international core outcome set for
peripheral vascular malformations: the OVAMA project. The British journal of dermatology 2018;
178: 473-81.

6

Lokhorst MM, Horbach SER, van der Horst C et al. Finalizing the international core domain
set for peripheral vascular malformations: the OVAMA project. The British journal of dermatology
2019.

7

Nguyen HL, Bonadurer GF, 3rd, Tollefson MM. Vascular Malformations and Health-Related
Quality of Life: A Systematic Review and Meta-analysis. JAMA dermatology 2018; 154: 661-9.

8

Moher D, Shamseer L, Clarke M et al. Preferred reporting items for systematic review and metaanalysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015; 4: 1.

9

Shamseer L, Moher D, Clarke M et al. Preferred reporting items for systematic review and metaanalysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ (Clinical research ed.)
2015; 350: g7647.

10

Enjolras O. Classification and management of the various superficial vascular anomalies:
hemangiomas and vascular malformations. The Journal of dermatology 1997; 24: 701-10.

11

Puhan MA, Schunemann HJ, Murad MH et al. A GRADE Working Group approach for rating the
quality of treatment effect estimates from network meta-analysis. BMJ (Clinical research ed.) 2014;
349: g5630.

12

Center TNC. Review Manager (RevMan). In: (Collaboration TC, ed), Version 5.3 edn.
Copenhagen. 2014.

13

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med 2002; 21: 153958.

14

Higgins JP, Thomas J, Chandler J et al. Cochrane handbook for systematic reviews of interventions:
John Wiley & Sons. 2019.

15

Fujiki M, Ozaki M, Iwashina Y et al. Clinical outcomes and recipient vessel selection for free flap
transfer following arteriovenous malformation resection. Journal of plastic surgery and hand surgery
2018: 1-4.

16

Goldenberg DC, Hiraki PY, Caldas JG et al. Surgical treatment of extracranial arteriovenous
malformations after multiple embolizations: outcomes in a series of 31 patients. Plastic and
reconstructive surgery 2015; 135: 543-52.

62

Surgical Treatment of Peripheral Vascular Malformations: A Systematic Review and
Meta-Analysis

17

Hua C, Yang X, Jin Y et al. Treatment of Head and Neck Arteriovenous Malformations Involving
the Facial Nerve: A Tailored Algorithm. Annals of plastic surgery 2018; 81: S44-s53.

18

Kohout MP, Hansen M, Pribaz JJ et al. Arteriovenous malformations of the head and neck: natural
history and management. Plastic and reconstructive surgery 1998; 102: 643-54.

19

Kumar R, Sharma G, Sharma BS. Management of scalp arterio-venous malformation: case series
and review of literature. British journal of neurosurgery 2012; 26: 371-7.

20

Lee BB, Do YS, Yakes W et al. Management of arteriovenous malformations: a multidisciplinary
Seccia A, Salgarello M, Farallo E et al. Combined radiological and surgical treatment of arteriovenous
malformations of the head and neck. Annals of plastic surgery 1999; 43: 359-66.

22

Visser A, FitzJohn T, Tan ST. Surgical management of arteriovenous malformation. Journal of
plastic, reconstructive & aesthetic surgery : JPRAS 2011; 64: 283-91.

23

Liu AS, Mulliken JB, Zurakowski D et al. Extracranial arteriovenous malformations: natural
progression and recurrence after treatment. Plastic and reconstructive surgery 2010; 125: 1185-94.

24

Al-Qattan MM. Acquired localized subcutaneous cavernous vascular malformations of the hand.
Journal of hand surgery (Edinburgh, Scotland) 2004; 29: 139-43.

25

Chewning RH, Monroe EJ, Lindberg A et al. Combined glue embolization and excision for the
treatment of venous malformations. CVIR Endovascular 2018; 1: 22.

26

Hontanilla B, Qiu SS, Marre D. Surgical management of large venous malformations of the lower
face. The British journal of oral & maxillofacial surgery 2013; 51: 752-6.

27

Mendonca DA, McCafferty I, Nishikawa H et al. Venous malformations of the limbs: the
Birmingham experience, comparisons and classification in children. Journal of plastic, reconstructive
& aesthetic surgery : JPRAS 2010; 63: 383-9.

28

Roh YN, Do YS, Park KB et al. The results of surgical treatment for patients with venous
malformations. Annals of vascular surgery 2012; 26: 665-73.

29

Steiner F, FitzJohn T, Tan ST. Surgical treatment for venous malformation. Journal of plastic,
reconstructive & aesthetic surgery : JPRAS 2013; 66: 1741-9.

30

Park H, Kim JS, Park H et al. Venous malformations of the head and neck: A retrospective review
of 82 cases. Archives of plastic surgery 2019; 46: 23-33.

31

Bajaj Y, Hewitt R, Ifeacho S et al. Surgical excision as primary treatment modality for
extensive cervicofacial lymphatic malformations in children. International journal of pediatric
otorhinolaryngology 2011; 75: 673-7.

32

Balakrishnan K, Menezes MD, Chen BS et al. Primary surgery vs primary sclerotherapy for head
and neck lymphatic malformations. JAMA otolaryngology-- head & neck surgery 2014; 140: 41-5.

33

Fageeh N, Manoukian J, Tewfik T et al. Management of head and neck lymphatic malformations
in children. The Journal of otolaryngology 1997; 26: 253-8.

34

Jin L, Chen J, Li X. Surgical Excision With Bleomycin Irrigation: A Better Primary Treatment
Choice for Pediatric Submandibular Lymphatic Malformations. Journal of oral and maxillofacial
surgery : official journal of the American Association of Oral and Maxillofacial Surgeons 2017; 75: 437.
e1-.e7.

63

Chapter 3

approach. Journal of vascular surgery 2004; 39: 590-600.
21

Chapter 3

35

Ma J, Biao R, Lou F et al. Diagnosis and surgical treatment of cervical macrocystic lymphatic
malformations in infants. Experimental and therapeutic medicine 2017; 14: 1293-8.

36

Schoinohoriti OK, Theologie-Lygidakis N, Tzerbos F et al. Lymphatic malformations in children
and adolescents. The Journal of craniofacial surgery 2012; 23: 1744-7.

37

Theologie-Lygidakis N, Schoinohoriti OK, Tzerbos F et al. Surgical management of head and neck
vascular anomalies in children: a retrospective analysis of 42 patients. Oral surgery, oral medicine,
oral pathology and oral radiology 2014; 117: e22-31.

38

Wang S, Du J, Liu Y et al. Clinical analysis of surgical treatment for head and neck lymphatic
malformations in children: a series of 128 cases. Acta oto-laryngologica 2019; 139: 713-9.

39

de Serres LM, Sie KC, Richardson MA. Lymphatic malformations of the head and neck. A proposal
for staging. Archives of otolaryngology--head & neck surgery 1995; 121: 577-82.

40

Perkins JA, Manning SC, Tempero RM et al. Lymphatic malformations: review of current treatment.
Otolaryngology--head and neck surgery : official journal of American Academy of Otolaryngology-Head
and Neck Surgery 2010; 142: 795-803, e1.

41

Balakrishnan K, Edwards TC, Perkins JA. Functional and symptom impacts of pediatric head and
neck lymphatic malformations: developing a patient-derived instrument. Otolaryngology--head and
neck surgery : official journal of American Academy of Otolaryngology-Head and Neck Surgery 2012;
147: 925-31.

42

Horbach SE, Rigter IM, Smitt JH et al. Intralesional Bleomycin Injections for Vascular
Malformations: A Systematic Review and Meta-Analysis. Plastic and reconstructive surgery 2016;
137: 244-56.

64

Surgical Treatment of Peripheral Vascular Malformations: A Systematic Review and
Meta-Analysis
Table 1. Search strategies, performed on the 12th of December 2019.
(“Vascular Malformations”[Mesh:NoExp] OR “Arteriovenous Malformations”[Mesh:NoExp] OR vascular
malformation*[tiab] OR venous malformation*[tiab] OR arteriovenous malformation*[tiab] OR lymphatic
malformation*[tiab]) AND (“surgery” [Subheading] OR “Surgical Procedures, Operative”[Mesh] OR surgery[tiab]
OR surgical[tiab])
AND
(“Head”[Mesh] OR “Neck”[Mesh] OR “Muscles”[Mesh] OR “Subcutaneous Tissue”[Mesh] OR “skin”[Mesh] OR
head[tiab] OR neck[tiab] OR muscle*[tiab] OR subcut*[tiab] OR facial[tiab] OR skin[tiab] OR cutaneous[tiab])
AND
(“1995/1/1”[Date - Publication] : “3000”[Date - Publication])
AND
“english”[Language]
Search strategy EMBASE
(*congenital blood vessel malformation/ or *arteriovenous malformation/ or (vascular malformation* or venous
malformation* or arteriovenous malformation* or lymphatic malformation*).ti,ab,kw. )
AND
(surgery/ or exp “head and neck surgery”/ or (surgery or surgical).ti,ab,kw. ) AND
(exp head/ or exp neck/ or exp muscle/ or exp subcutaneous tissue/ or exp skin/ or (head or neck or muscle* or
subcut* or facial or skin or cutaneous).ti,ab,kw.)

Table 2. In- and exclusion criteria.
Inclusion criteria










All peripheral vascular malformations
Patients were treated by surgery

Vascular malformations in soft tissues

Original study (observational study or randomized
controlled trial)

Outcomes reported of at least 15 patients
Publication year ≥ 1995
Follow-up ≥ 6 months

At least 1 of the following outcome measures: size
reduction, symptom relief, recurrence, quality of
life, adverse events or patient satisfaction

Exclusion criteria
x	
No full-text available despite contacting author
x Non-human
x	
Articles researching surgical treatment in
hemangiomas or other vascular tumors
x	
Vascular malformations located in the central
nervous system or purely the visceral organs
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Search strategy PubMed (MEDLINE)

66

Goldenberg,
2015, Brazil

Hua, 2018,
China

AVM
Fujiki, 2018,
Japan

Author, year,
country

Perioperative
treatment

22 (10-63) Preoperative
embolization
for head/
neck 1-2 days
(unknown
agent)
19 (6-44) Preoperative
local
epinephrine:
all
Preoperative
embolization
2-5 days
(ethanol): 1
Post-operative
embolization
(ethanol): 11
31 (4-55) Preoperative
embolization
3 days
(resorbable
particles and
n-BCA): 31

No. of
patients
(age)

Local flap: 7
Axial flap: 2
Free flap: 2

Total resection:
22
Subtotal
resection: 9

Complete resolution of
symptoms and imaging
eradication: 53%
Complete resolution or
improvement of symptoms,
overall size decrease: 42%
Neither improvement nor
worsening: 0%
Recurrence: 5%
Mild worsening in facial nerve
functioning: 11%
Regrowth: 32%
Mortality: 0%
Surgery duration (h): 3.61
SD 2.64

Expanded
flap: 6
Free flap: 9

Total resection:
14
Subtotal
resection: 5

Outcome measures and
results

Free flap: 22, of Recurrence: 9%
which double
Surgery duration (h): 12.2
flap: 2
(6.7-28.1)
Blood loss (ml): 1029 (304452)

Reconstruction

Total resection:
all

Surgical
treatment

Major: 16%
Minor: 0%

Major: 5%
Minor: 42%

Clinical
evaluation,
imaging
investigation,
HBFNGS

NR

Major: 14%
Minor: 23%

NR

42 (22120)

36 (12144)

59 (2-114)

Outcome
Complications Follow-up
measurement
in months,
instruments
mean
(range)

Table 3. Treatment characteristics, outcome measures and corresponding results (including complications). AVM = arteriovenous malformation, VM = venous
malformation, LM = lymphatic malformation, NR = not reported, US = ultrasound, HBFNGS = House-Brackmann Facial Nerve Grading System, WBBPS = whole
body blood pool scintigraphy, TLPS = transarterial lung perfusion scan, VAS = visual analog scale, NRS = numeric rating scale, STS = sodium tetradecyl sulphate,
n-BCA = n-butyl cyanoacrylate, *not reported separately for surgically treated group,**not reported separately for patients of which the outcomes were presented
(respondents of questionnaire), ***”A regular follow-up evaluation of the patients was scheduled every 3 months within the first postoperative year, twice a year
during the following 2 years, and once a year afterward” … “Of the 18 patients (72.22%), 13 complied with our reevaluation schedule.”, ****0-6 months: 15, 6
months-2 years: 11, 2-7 years: 6, >7 years: 3.
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23 (665) (24
AVMs)

Visser, 2011,
New Zealand

Preoperative
embolization
2-5 days
(unknown
agent): 10

26 (13-55) Preoperative
(27
embolization
AVMs)
1-2 days
(n-BCA): 8

Kumar, 2012,
India

Perioperative
treatment

No. of
patients
(age)

Author, year,
country

Total resection:
19
Total
resection after
embolization: 6
Total
resection of
recurrence after
embolization: 2
Total resection:
22
Subtotal
resection: 2

Surgical
treatment

Recurrence: 9%

Recurrence: 4%

Skin graft: 1

Local flap: 9
Free flap: 8
Nasal
reconstruction:
2
Tissue
expansion: 4
Osseointegration: 1
Skin graft: 5
Combination
of above: 14
Total with
some form of
reconstruction:
16

Outcome measures and
results

Reconstruction

Chapter 3

Clinical
findings:
presence
of warmth,
pulsation
or bruit,
angiography
in case of
suspected
recurrence

Major: 9%
Minor: 13%

54 (10135)

Outcome
Complications Follow-up
measurement
in months,
instruments
mean
(range)
NR
Major: 4%
28 (6-152)
Minor: 15%
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89 (NR*)

16 (6-62)

16 (8-55)

Liu, 2010,
USA

Lee B.B.,
2004, South
Korea

Seccia, 1999,
Italy

Preoperative
embolization
wherever
feasible
2-4 weeks
(n-BCA,
ethanol,
coils, contour
particles)

With or
without
embolization

Perioperative
treatment

Preoperative
embolization
2-5 days
(glue): 16
Post-operative
embolization
(glue): 2
Kohout, 1998, 59 (2-66*) Preoperative
USA
embolization
2 days-5 weeks
(unknown
agent): 46

No. of
patients
(age)

Author, year,
country

NR

Local flap or
skin graft: ‘very
few’

Total resection:
all

Total resection:
all

Total resection: Skin graft: 2
13
Local flap: 2
Total
Free flap: 11
resection after
embolization: 46

NR

Reconstruction

NR

Surgical
treatment

No persisting AVM: 62% for
primary resection, 60% for
resection with pre-operative
embolization

Absence of AV-shunts: 80%

Recurrence: 81%
Of which after:
<1y: 57%
1-5y: 30%
6-10y: 8%
>10y: 5%
Less recurrence than
embolization alone
Recurrence: 0%

Outcome measures and
results

Doppler US
or MRI

NR

Major: 6%
Clinical
Minor: 0%
symptoms:
subjective
scale 0-10,
clinical signs:
scale 0-5,
duplex US,
WBBPS,
TLPS,
angiography
Clinical data, NR
color Doppler

55 (3-252)

12-120

24

Outcome
Complications Follow-up
measurement
in months,
instruments
mean
(range)
NR
NR
107 (±62)*
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Chewning,
2018, USA

VM
Park, 2019,
South Korea

Author, year,
country

Perioperative
treatment

63 (1-25)
(66 VMs)

Perioperative
glueembolization
(n-BCA)

40 (0-70*) Combination
with
sclerotherapy
(STS or
bleomycin):
26

No. of
patients
(age)

Primary total
resection: 26
Secondary total
resection: 37

Total resection
or subtotal
resection

Surgical
treatment

None

NR

Reconstruction

Surgery alone, surgery +
sclerotherapy
Little or no improvement:
14%, 31%
Significant decrease in size and
symptoms: 21%, 46%
Radiological obliteration:
43%, 15%
Lost to follow-up: 21%, 8%
Recurrence: 6%
Technical success embolization:
100%
Technical success surgery: 94%
Clinical success: 92%
Symptom improvement: 92%
Complete elimination of pain:
65%
NRS follow-up (mean, median):
1.2, 0
Blood loss (ml): 131 (0-2300)
Requiring planned second stage
procedure: 5%
Able to resume full activities
following treatment: 71%

Outcome measures and
results

Chapter 3

NRS, ROM
assessments

Doppler US
or MRI

Major: 3%
Minor: 10%

0

18

53

Outcome
Complications Follow-up
measurement
in months,
instruments
mean
(range)
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No. of
patients
(age)

38 (1-76)

17 (4-34)

Author, year,
country

Steiner, 2013,
New Zealand

70

Hontanilla,
2013, Spain

None

None

Perioperative
treatment

Secondary total
resection: all

Total resection:
all

Surgical
treatment

Free flap: 1

NR

Reconstruction

Recurrence: 3%
Before; after:
Background pain: 5.3; 1.2
Acute episodic pain: 7.9; 0.9
Contour deformity: 6.7; 1.5
Skin discoloration: 5.5; 2.4
Bleeding: 7.8; 0
Eye proptosis: 5.0; 0 Globe
dystopia: 10.0; 1.0
Appearance: 6.5; 2.5
Function: 5.8; 1.9
Quality of life: 5.4; 2.1
Satisfaction with treatment:
8.9
Recurrence: 0
Satisfied with treatment:
100%
Willing to undergo treatment
again: 100%
Pain (n=6):
Complete relief: 67% Partial
relief: 17%
No relief: 17%
Swelling (n=17):
Complete relief: 100%
Functional impairment (n=17):
Complete relief: 82%
Partial relief: 12%
Worsening: 6%
Cosmesis (n=17):
Complete relief: 100%

Outcome measures and
results

Standard
photographs,
MRI, nonvalidated
questionnaire

Major: 0%
Minor: 6%

40 (23-65)

Outcome
Complications Follow-up
measurement
in months,
instruments
mean
(range)
Major: 5%
62 (6-182)
VAS per
Minor: 11%
symptom
(only when a
symptom was
present before
treatment, the
corresponding
VAS was
completed)

Chapter 3

Ma, 2017,
China

None

Total resection:
87 Subtotal
resection: 41

128 (0-12) None

68 (0-3)

Total resection:
all

15 (19-50) None

Total resection:
56
Subtotal
resection: 12

Subtotal
resection: all

Al-Qattan,
2004, Saudi
Arabia
LM
Wang, 2019,
South Korea

Mendonca,
2010, UK

NR

NR

None

None

Complete disappearance: 37%
Minimal residual lesion: 34%
Partial improvement in
morphology and function:
28%
No improvement or
worsening in morphology and
function: 0.8%
Recurrence: 12% of 118 patients
with complete follow-up
Recurrence: 3%

Symptoms improved: 82%
Worsened: 0
Unchanged: 18%
(pain, swelling, function,
bleeding, ulceration)
Recurrence: 0%

Remission: 52%
Improvement: 2%
No change: 25%
Recurrence: 19% (of 31 total
resections)
Increase in size: 24% (of 17
subtotal resections)

Local flap: 2
Rhinoplasty: 1

Preoperative
sclerotherapy
(ethanol): 16
Preoperative
glueembolization
(unknown
agent): 12
17 (0-18*) Sclerotherapy
(STS): no
number

Total resection:
31
Subtotal
resection: 17
2 surgeries: 4
>2 surgeries: 3

48 (0-58)

Outcome measures and
results

Reconstruction

Surgical
treatment

Roh, 2012,
South Korea

Perioperative
treatment

No. of
patients
(age)

Author, year,
country

Chapter 3

NR

Reviewing
records, US
and MRI

NR

Reviewing
records
and clinical
photographs

Major: 0%
Minor: 3%

Major: 1%
Minor: 13%

NR

Major: 0
Minor: 12%

28 (3-60)

47 (11120)

(12-60)

29 (7-84)

Outcome
Complications Follow-up
measurement
in months,
instruments
mean
(range)
MRI, duplex Major: 8%
45 (0-111)
US, whole
Minor: 0%/
body blood
NR
pool scan
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72

None

53 (0-10)

29 (****)

Bajaj, 2011,
UK

Fageeh, 1997,
Canada

None

None

Schoinohoriti, 18 (0-14)
2012, Greece

97 (0-20*) None

Total resection:
22
Subtotal
resection: 7

Total resection:
all
Two surgeries: 2
Total resection:
all

NR

Total resection:
all

17 (0-13)
(19 LMs)

TheologieLygidakis,
2014, Greece
Balakrishnan,
2014, USA

None/NR

22 (0-12*) Irrigation with Total resection:
bleomycin
22

Surgical
treatment

Jin, 2017,
China

Perioperative
treatment

No. of
patients
(age)

Author, year,
country

NR

NR

Soft tissue
advancement: 9

NR

NR

NR

Reconstruction

No residual lesion: 53%
Minimal residual lesion: 26%
Significant ongoing lesion:
21%
Recurrence: 14%

Satisfactory functional and
esthetic outcome: 100%
Recurrence: 12%
No need for new intervention
<1 year: 75%
LM disease burden: no
significant difference with
sclerotherapy
Recurrence: 11%

>90% volume decrease: 73%
50-90% volume decrease:
18%
<50% volume decrease: 9%

Outcome measures and
results

NR

NR

Cologne
disease score,
non-validated
composite
system
NR

Major: 3%
Minor: 17%

Major: 0%
Minor: 11%

Major: 0%
Minor: 0%

NR

≥12

30

***

12

Outcome
Complications Follow-up
measurement
in months,
instruments
mean
(range)
CT, MRI or
Major: 0%
29 (6-72)
US, nonMinor: 5%
validated selfmade scoring
system
NR
Major: 0%
18 (9-144)
Minor: 0%
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ND
ND
P: 28%, CI: 15-46%, R: 0-67%
Subtotal resection

P: 7%, 3-14%, R: 0-17%

ND

P: 1%, CI: 0-2%, R: 0-3%

ND

P: 9%, CI: 6-14%, R: 3-14%

P: 5%, CI: 2-9%, R: 0-19%

LM

Total resection

P: 10%, CI: 3-30%, R: 0-42%
P: 9%, CI: 6-16%, R: 0-16%

P: 3%, CI: 1-8%, R: 0-8%

P: 11%, CI: 3-37%, R: 0-81%

P: 5%, CI: 1-17%, R: 0-12%

AVM

VM

P: 5%, 2-12%, R: 0-12%

Major complications
Recurrence

Minor complications

Table 4. Summarized results and meta-analyses of proportions of recurrences and complications.
Recurrence rates were calculated per resected lesion, and complication rates were calculated per patient.
AVM = arteriovenous malformations, VM = venous malformations, LM = lymphatic malformations, P =
Pooled proportion with random effects model, CI = 95% confidence interval, R = range of proportions,
ND = not enough data reported separately for group.
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Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Goldenberg,
2015, Brazil

Kumar, 2012,
India

Visser, 2011,
New Zealand

Liu, 2010,
USA

Retrospective

Study type

Hua, 2018,
China

AVM
Fujiki, 2018,
Japan

Author, year,
country

98 (NR)

23 (6-65)
(24 AVMs)

26 (13-55)
(27 AVMs)

31 (4-55)

19 (6-44)

22 (10-63)

No. of
patients
(age)

NR

Head/neck: 18
Arm: 1
Leg: 5

Head/neck: 27

Head/neck: 31

Head/neck
(involving facial
nerve): 19

Head/neck: 11
Arm: 8
Leg: 3

Localization
of vascular
malformation

NR

Mean: 7x5.7
cm
Range: 2x2 cm
– 15x12 cm
NR

NR

NR

NR

NR

Parotid gland: 2
Bone: 3
Schöbinger stage:
II: 14, III: 9

NR

Facial nerve: 19
Bone: 0
Schöbinger stage:
II: 5, III: 14
Schöbinger stage:
I-IV

Schöbinger stage:
I: 0, II: 4, III: 18,
IV: 0

Size of vascular Tissue involvement
malformation

Supplementary file 1. Study, patient and lesion characteristics. AVM = arteriovenous malformation, VM
= venous malformation, LM = lymphatic malformation, NR = not reported, *not reported separately for
surgically treated group, **not reported separately for the patients of which the outcomes were presented
(respondents), ***0-6 months: 15, 6 months-2 years: 11, 2-7 years: 6, >7 years: 3.
GRADE

NR

Embolization: 31

Very low

Very low

Very low

Very low

Embolization: 5
Very low
Sclerotherapy: 6
Partial resection: 3
Ligation of external
carotid artery: 3
NR
Very low

Contour deformity, None/NR
tenderness, bleeding
after minor trauma,
ischemic pain,
profuse spontaneous
bleeding
NR
NR

Appearance
problems: 31
Functional
impairment: 23
Bleeding: 11
NR*

NR*

NR

Symptoms prior to Prior treatment
treatment

Chapter 3

38 (1-76)
17 (4-34)

Retrospective,
cross-sectional
questionnaire

Arm: 7
Trunk: 8
Leg: 48

63 (1-25)
(66 VMs)

Prospective

Head/neck

40 (0-70*)

Kohout, 1998, Retrospective
USA
VM
Park, 2019,
Retrospective
South Korea
Chewning,
Retrospective
2018, USA

Steiner, 2013,
New Zealand
Hontanilla,
2013, Spain

Head/neck: 59

59 (2-66*)

Retrospective

Lower face

NR**

Head/neck: 16

16 (8-55)

Retrospective

Lee B.B.,
2004, South
Korea
Seccia, 1999,
Italy

NR*

Bone: 5
Cartilage: 4
Schöbinger stage:
II: 14, III: 2
NR*

Mean: 3.4x3.3
cm

NR

Mean:
Subcutaneous (S): 21
3.0x2.9x5.7 cm Intramuscular (IM):
28
Intra-articular (IA): 2
Intratendinous (IT):
1
IM, IA: 7
S, IM: 6
S, IA: 3
IM, IT: 1
S, IM,
retroperitoneal: 1
NR
NR

NR

NR

NR

Localization
Size of vascular Tissue involvement
of vascular
malformation
malformation
Extratruncular: 14 NR
NR
Trunk: 2

No. of
patients
(age)
16 (6-62)

Study type

Author, year,
country

Very low
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Pain: 6
Swelling: 17
Functional
impairment: 17
Appearance
problems: 17

NR

No prior treatment: Low
all
Sclerotherapy: 17
Very low
Laser: 5

Sclerotherapy alone: Very low
22 (35%)
Surgery alone: 11
(17%)
Both surgery and
sclerotherapy: 4
(6%)
No prior treatment:
26 (40%)
Pain: 63 (100%)
Swelling: 14 (22%)
Limited ROM: 10
(16%)
Gait disturbance: 4
(4.6%)
Bleeding: 1 (2%)

Very low

Very low

NR

NR*

Primary resection: 4 Very low

NR

GRADE

NR

NR*

NR

NR*

Symptoms prior to Prior treatment
treatment
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Study type

Retrospective

Retrospective

Retrospective

Author, year,
country

Roh, 2012,
South Korea

Mendonca,
2010, UK
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Al-Qattan,
2004, Saudi
Arabia

15 (19-50)

17 (0-18*)

No. of
patients
(age)
48 (0-58)

Hand

Arm: 11
Leg: 6

Localization
of vascular
malformation
Head/neck: 17
Trunk: 4
Arm: 12
Leg: 15

‘Few
millimeters up
to 3 cm’

NR

0-10 cm: 37
10-20 cm: 7
20-30 cm: 1
>30 cm: 3

Skin/subcutaneous:
10
Intramuscular: 3
Bone/joint
involvement: 4
Subcutaneous

Subcutaneous: 27
Intramuscular: 19
Bone or viscera: 2

Size of vascular Tissue involvement
malformation

NR
Swelling with or
without a small
area of bluish
discoloration of the
overlying skin: 15
Mild throbbing
pain: 6
Dull aching pain: 5
Triad of pain,
tenderness and cold
intolerance: 2
Minor bleeding
following trauma: 1
Ridging of the
nail: 1

Very low

Mass or swelling: 48 NR
(100%)
Pain: 11 (23%)
Limb length
discrepancy: 7
(15%)
Bleeding: 3 (6%)
ROM limitation: 1
(2%)
NR*
Sclerotherapy: no
number

Very low

Very low

GRADE

Symptoms prior to Prior treatment
treatment

Chapter 3

Balakrishnan,
2014, USA

Head/neck

97 (0-20*)
Retrospective,
comparison with
sclerotherapy
control group,
unknown agent
(n=61)

Submandibular

22 (0-12*)

Head/neck

Head/neck

Head/neck

Localization
of vascular
malformation

68 (0-3)

128 (0-12)

No. of
patients
(age)

17 (0-13)
(19 LMs)

Retrospective,
non-controlled
comparison
with bleomycin
sclerotherapy
(n=10)
Retrospective

Jin, 2017,
China

TheologieLygidakis,
2014, Greece

Retrospective

Retrospective

Study type

Ma, 2017,
China

LM
Wang, 2019,
South Korea

Author, year,
country

NR

Range: 0.8 cm
– 4.5x3x3 cm
Range: 0.26
cm3 – 40.5
cm3

Mean: 4.5x6.2
cm
Range: 2.8x3.2
– 6x7.8 cm
NR

NR

GRADE

Chapter 3

Very low

Very low

NR
Ulceration and
bleeding, impaired
feeding, masticatory
dysfunction, airway
obstruction, esthetic
problems
De Serres stage: mean NR*
NR*
2.52
Skin/oral mucosa: all

Very low

NR
Very low
Painless mass in
head and neck: 99
Snoring or
breathing problems:
13
Infection: 13
Difficulty eating
and swallowing: 3
NR
Surgical resection: 9 Very low

Symptoms prior to Prior treatment
treatment

Swelling and
NR
breathing problems:
5

NR

Facial nerve: 4

De Serres stage:
I: 29
II: 43
III: 38
IV: 10
V: 8

Size of vascular Tissue involvement
malformation
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Study type

Prospectively
collected
database

Retrospective

Bajaj, 2011,
UK

Fageeh, 1997,
Canada

Schoinohoriti, Retrospective
2012, Greece

Author, year,
country

29 (***)

53 (0-10)

No. of
patients
(age)
18 (0-14)

Head/neck

Head/neck

Localization
of vascular
malformation
Head/neck

NR

NR

<10 cm3: 14
≥10 cm3: 6

NR

Very low

NR
Bleeding: 9
Impaired feeding
and masticatory
dysfunction: 2
Airway obstruction:
1
Appearance
problems: 8
NR
Tracheostomy: 15

Very low

Low

GRADE

Symptoms prior to Prior treatment
treatment

Parotid gland: 13
Laryngo-pharynx: 4
Oral cavity: 16
Submandibular: 10
Parapharyngeal: 10
Retroparapharyngeal:
2
Parotid gland: 1
NR*

Soft tissue: all

Size of vascular Tissue involvement
malformation
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Figure 1: Pooled proportion of recurrences in studies on arteriovenous malformations. I2 showed considerable
heterogeneity.
Figure 2: Pooled proportion of recurrences in studies on venous malformations. I2 showed substantial heterogeneity.
Figure 3: Pooled proportion of recurrences studies on lymphatic malformations. I2 showed no important heterogeneity.
Figure 4: Pooled proportion of recurrences after total resections. I2 showed substantial heterogeneity.
Figure 5: Pooled proportion of recurrences after subtotal resections. I2 showed moderate heterogeneity.
Figure 6: Pooled proportion of major complications in surgical treatment of arteriovenous malformations. I2 showed
no important heterogeneity.
Figure 7: Pooled proportion of major complications in surgical treatment of venous malformations. I2 showed no
important heterogeneity.
Figure 8: Pooled proportion of major complications in surgical treatment of lymphatic malformations. I2 showed no
important heterogeneity.
Figure 9: Pooled proportion of minor complications in surgical treatment of arteriovenous malformations. I2 showed
substantial heterogeneity.
Figure 10: Pooled proportion of minor complications in surgical treatment of venous malformations. I2 showed
moderate heterogeneity.
Figure 11: Pooled proportion of minor complications in surgical treatment of lymphatic malformations. I2 showed
moderate heterogeneity.
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Supplementary file 2. Forest plots of pooled proportions of recurrences and complications. Recurrence rates were
calculated per resected lesion, and complication rates were calculated per patient. CI = confidence interval.
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Part III
Determination of what to measure to
correctly determine treatment effect
and safety.
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There is a variety of outcome reporting in the clinical research on peripheral vascular
malformations1-3 including capillary, venous, lymphatic, arteriovenous and combined
malformations. Without harmonization of outcome measures, treatments cannot
be properly compared. This hampers the development of evidence-based treatment
guidelines, urgently needed for these challenging congenital conditions. The mission of
the Outcome measures for VAscular MAlformations (OVAMA) project is to uniform
outcome reporting in clinical research.
To evaluate treatment efficacy, the first step is deciding on what to measure. In a previous
study, we developed a core domain set (CDS) for peripheral vascular malformations,
excluding capillary malformations.4 A CDS is a minimum set of outcome domains
that should be measured when evaluating treatment outcomes in health conditions.5
This international consensus project, involving 167 physician and 134 patient/parent
contributors, consisted of a three-round e-Delphi study and an online consensus meeting.
For some domains consensus was not achieved, specifically ‘recurrence’, ‘appearance’,
‘radiological imaging’ and ‘lymphatic fluid leakage’.4 A face-to-face consensus meeting
was organized to establish the final CDS.
As an addendum to the previous study, this letter describes the conclusions of this faceto-face meeting and reports the final CDS for peripheral vascular malformations.
The meeting was chaired by the then coordinator of the OVAMA project, and was held
at the International Society for the Study of Vascular Anomalies (ISSVA) conference
May 28th-June 1st 2018 in Amsterdam, the Netherlands. All previous study participants
(n=301)4 were invited to join. Participants included 26 experts of the OVAMA
Consensus Group; 85% represented various medical specialities (surgery, otolaryngology,
paediatrics, paediatric haematology/oncology, radiology and dermatology) and 15%
were patient organization representatives.
An overview of the e-Delphi and online consensus meeting results was sent to all
participants beforehand, and printed summaries were provided. The undecided domains
were then separately discussed by the whole group and a final consensus reached. In
order to reach different results than in the online consensus meeting, group unanimity
on including/dropping/changing each outcome domain was required before proceeding
to the next. The final CDS is presented in Figure 1.
The provisionally included domain ‘recurrence’ was excluded from the final CDS,
as participants agreed that it was a reflection of other domains rather than a distinct
domain.
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‘Radiological imaging’ was found to be the instrument by which the radiological
characteristics are evaluated, so this domain was changed to ‘radiological characteristics’.
Because follow-up radiological imaging is not routinely performed in all cases, the
domain ‘radiological characteristics’ was not considered obligatory, hence excluded
from the final CDS. However, if radiological imaging is performed before and after
treatment, it should be reported.
The group concluded that diagnosing ‘lymphatic fluid leakage’ requires medical
knowledge which cannot be expected from the patients. Consequently, it was moved
from the patient-reported ‘symptoms’ to the clinician-reported ‘signs’ in the final CDS.
The general opinion of the group was that the domain categories ‘patient satisfaction’
and ‘adverse events’ should be included in the final CDS, but were only relevant after
treatment has started, and therefore should only be measured at follow-up.
No other domains or discussion points were left unresolved.
With this face-to-face consensus meeting, we successfully finalized the CDS for clinical
research in peripheral vascular malformations (Figure 1).
Since measurement of these domains does not require invasive or costly techniques,
measurement of the relative high number of domains is still considered feasible. By
including many international experts in the field and patients, this process ensured a
diversity of perspectives. The face-to-face set-up and information provided beforehand
enabled in-depth discussion and enhanced participant engagement. An unavoidable
limitation was that only stakeholders present at the ISSVA conference were able to
participate.
This project represents a significant step towards meaningful assessment and comparison
of treatments for peripheral vascular malformations. The next step towards uniform
outcome reporting is determining how to measure these core domains, i.e. developing
89
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The domain ‘appearance’, defined as the visible anatomical characteristics of the vascular
malformation such as size, colour, and texture, was excluded in the e-Delphi study.
However, it was considered essential during the online consensus meeting. Participants
noted during the e-Delphi study that ‘appearance’ may be confused with ‘body image’.
Since ‘appearance’ often initiates treatment, participants argued that it should be
incorporated in the final CDS. As it was considered relevant from both the patient’s as
the clinician’s perspective, ‘appearance’ was included as a patient-reported and clinicianreported core domain.

Chapter 4

a core outcome measurement set. This project, involving an appraisal of available
instruments and development of a new disease-specific instrument, is currently being
carried out by the OVAMA Steering Group.

Figure 1: Core domain set for peripheral vascular malformations. Domain categories and domains
were based on the classification as reported in Appendix S2 of the previously published core
outcome set development study.4 AVM = only for arteriovenous malformations, LM = only for
lymphatic malformations, VM = only for venous malformations, *only relevant at follow-up.
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Abbreviation list
OVAMA project=Outcome measures for vascular malformations project
QoL=quality of life
PRO=patient-reported outcome
PROM=patient-reported outcome measure
CM=capillary malformation
VM=venous malformation
LM=lymphatic malformation
AVM=arteriovenous malformation
CDS=core domain set
COMS=core outcome measurement set
SF-36=Medical Outcomes Study Short Form 36
SF-36 GH=general health subscale of the SF-36
SF-36 BP=bodily pain subscale of the SF-36
SF-36 PF=physical functioning subscale of the SF-36
SF-36 SF=social functioning subscale of the SF-36
SF-36 MH=mental health subscale of the SF-36
SF-36 RP=role physical subscale of the SF-36
SF-36 RE=role emotional subscale of the SF-36
SF-36 PCS=physical health component score of the SF-36
SF-36 MCS=mental health component score of the SF-36
Skindex S=symptoms subscale of the Skindex-29
Skindex F=functioning subscale of the Skindex-29
Skindex E=emotions subscale of the Skindex-29
GRC scale=global rating of change scale
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Summary
Introduction
The OVAMA (Outcome measures for vascular malformations) project determined
quality of life (QoL) as a core outcome domain for patients with vascular malformations.
In order to measure how current therapeutic strategies alter QoL in these patients,
a patient-reported outcome measurement (PROM) responsive to changes in QoL is
required.
We therefore assessed the responsiveness of two widely used generic QoL PROMs, the
Medical Outcomes Study Short Form 36 (SF-36) and Skindex-29, in adult patients
with vascular malformations.

In an international multicentre prospective study, treated and untreated patients
completed the SF-36 and Skindex-29 at baseline and after a follow-up period of 6-8
weeks. Global Rating of Change (GRC) scales assessing various QoL-related outcome
domains were additionally completed. Per subscale, responsiveness was assessed using
two methods: by testing hypotheses on expected correlation strength between change
scores of the questionnaires and the GRC scales, and by calculating the area under
the receiver operating characteristics curve (AUC). The questionnaires were considered
responsive if ≥75% of the hypotheses were confirmed or if the AUC was ≥0.7.

Results
Eighty-nine participants were recruited in three centres in the Netherlands and United
States, of which 67 completed all baseline and follow-up questionnaires. For all subscales
of the SF-36 and Skindex-29, less than 75% of the hypotheses were confirmed and the
AUC was <0.7.

Discussion
Our findings suggest that the SF-36 and Skindex-29 seemed unresponsive to change
in QoL. This suggests that alternative PROMs are needed to measure – and ultimately
improve - QoL in patients with vascular malformations.
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Introduction
Vascular malformations are rare congenital vascular anomalies, which grow proportionally
with age, and can be of venous (VM), lymphatic (LM), arteriovenous (AVM), capillary
(CM) or combined origin.1 Patients with peripheral vascular malformations commonly
experience disfigurement, pain, bleeding, impaired mobility, growth disturbances and
bleeding and thrombotic complications.1-5 Patients suffer from an overall poorer quality
of life (QoL) compared to the general population.6 Some lesions can be life-threatening,
but most patients seek treatment to improve aspects of their QoL.
QoL and other patient-reported outcomes (PROs) were therefore recently included in
the core domain set (CDS) for clinical research in vascular malformations (excluding
CM).3 A CDS is a minimum set of outcome domains that should be measured when
evaluating treatment outcomes in a certain health condition.7 The CDS results from an
international consensus project; the Outcome measures for VAscular MAlformations
(OVAMA) project3,8, which aims at uniform outcome reporting by determining what
and how to measure.
PROs included in the CDS are ‘appearance’, ‘overall symptom severity’, ‘pain’,
‘satisfaction with treatment outcome’, ‘satisfaction with treatment’, and multiple aspects
of QoL, namely ‘activities of daily living’, ‘mobility’, ‘ability to work/study’, ‘confidence
and self-esteem’, and ‘emotional well-being’.
The next step of the OVAMA-project is deciding how to measure these core outcome
domains. This comprises selecting or developing outcome measurement instruments
measuring the core domains, in other words: developing a core outcome measurement
set (COMS).7,9
PROs are measured by patient-reported outcome measurements (PROMs). There
is currently no consensus on how to measure QoL and other core PROs in vascular
malformations. Consequently, much is unclear about if and how current treatment
strategies improve QoL in this patient population.
To improve QoL outcome, the ability to correctly determine the effect of treatment on
different aspects of QoL is essential. This, in turn, requires a measurement instrument
that can detect change in the desired outcome domains over time.10 Identifying such an
instrument involves evaluation of the measurement property ‘responsiveness’.
Responsiveness is defined as “the ability of an instrument to detect change over time in
the construct to be measured.”11,12 Responsiveness can be assessed by comparing change
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scores of the measurement instrument and change scores of instruments measuring
change in similar outcome domains.10,12
In adult patients with peripheral vascular malformations, we assessed responsiveness of
two widely used QoL questionnaires: the Medical Outcomes Study Short Form 36 (SF36) and the Skindex-29. We thereby evaluated the suitability of these questionnaires to
assess treatment effect on the core aspects of QoL in this population, and therefore if
they should be considered for inclusion in the COMS for vascular malformations.

Methods
Data were collected prospectively from October 2016 until September 2017 from adult
patients (≥18 years) with peripheral vascular malformations (CM, VM, LM, AVM or
combined vascular malformations) visiting the outpatient clinics of the Amsterdam
University Medical Centre in Amsterdam, Radboud University Medical Centre in
Nijmegen, and the Vascular Birthmark Institute in New York. Informed consent was
obtained from all participants.
Data on patient characteristics (gender, age at start of treatment, type of vascular
malformations, size (<5 cm, 5-10 cm, ≥10 cm), location (head/neck, trunk, upper
extremities, lower extremities, combined), lesion depth (skin/subcutaneous tissue,
muscle, organs/bone), previous treatments were extracted from the electronic patient
files.
We registered whether the patient received conservative treatment (watchful waiting
or with compression stockings) or invasive treatment (including sclerotherapy, laser
therapy and surgery). Follow-up occurred 6-8 weeks post-treatment, which is customary
for evaluating effect of the treatment in these clinics.

Outcome measures
SF-3613
The SF-36 is a generic QoL questionnaire consisting of an item measuring health
transition and 35 items forming eight subscales: (1) physical functioning, (2) social
functioning, (3) role physical, (4) role emotional, (5) mental health, (6) vitality, (7)
bodily pain and (8) general health. Multiple versions are available, we used the freely
available RAND-36. Scoring went according to the RAND-36 scoring instructions.14
Higher scores indicate a better QoL.
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Using all items a physical health component score (PCS) and mental health component
score (MCS) can be derived. We computed Z-scores using age- and gender-specific
Dutch population normative data.15
For the SF-36 missing items were handled following the rules of the SF-36 scoring
manual.16 For a scale with <50% of missing items, an imputation method is provided
per subscale for the missing items. If a scale has ≥50% missing items, the scale scores
were not calculated.
Skindex-2917
The Skindex-29 is a ‘dermatology-specific’ QoL questionnaire, containing 29 items
forming three subscales: (1) symptoms, (2) functioning and (3) emotions. It also
contains an additional item measuring adverse events. Questions refer to the previous
4 weeks. Higher scores indicate a worse QoL. For easy interpretation, we calculated
Skindex-29 change scores so that a positive change score means improvement, and a
negative change score means worsening.
Missing items for the Skindex-29 were computed following the Skindex-29 scoring
instructions.18 When ≥25% of the items were missing from a scale, the scale score was
not calculated.

Global Rating of Change scales
At follow-up, patients filled in global rating of change (GRC) scales, asking about change
in various QoL domains since the baseline measurement.
We formulated 7 GRC scales corresponding with the constructs measured by subscales
of the SF-36 and Skindex-29, based on the subjective significance questionnaire
of Osoba et al. (Supplemental file 1).19 Patients were asked how much change they
had experienced in ‘overall health’, ‘pain’, ‘physical condition’, ‘social relationships
and activities’, ‘emotional well-being’, ‘ability to perform work/study’, and ‘symptom
severity’. Questions were formulated by thoroughly examining individual items of the
SF-36 and Skindex-29 subscales.
Patients also filled in 2 GRC scales about other core PROs for vascular malformations not
explicitly covered by the SF-36 and Skindex-29, namely ‘appearance’ and ‘mobility of
the affected body part’. These were based on preliminary results of the CDS development
study.3 No GRC scale for the SF-36 subscale ‘vitality’ was formulated, because it was not
considered a core outcome domain for patients with vascular malformations.3,8
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The change was reported on a 7-point Likert scale, based on previously reported GRC
scales and the subjective significance questionnaire of Osoba et al.19,20 Response options
included ‘very much worse’, ‘worse’, ‘somewhat worse’, ‘no change’, ‘somewhat better’,
‘better’, and ‘very much better’.
Difference between the conservative and invasive treatment group were assessed using
the Mann-Whitney U test.

Evaluating responsiveness

The first method involved the construct approach, by testing predefined hypotheses
on comparison with other outcome measurement instruments (the GRC scales).
Seven hypotheses were formulated per subscale (Table 1). These hypotheses were
based on previous studies assessing responsiveness and methodology guidelines by
COSMIN (COnsensus-based Standards for the selection of health Measurement
Instruments).10,12,21-28
The first four hypotheses referred to the strength of correlations between change scores
of the PROMs, and the GRC scale scores. For each PROM subscale, correlation strength
was calculated with a GRC scale measuring change in a similar construct (hypothesis
1), two GRC scales measuring related, but dissimilar constructs (hypotheses 2 and 3),
and one GRC scale measuring an unrelated construct (hypothesis 4). Two independent
researchers (M.L., S.H.) defined these expected relations beforehand (Table 2) by
thoroughly reviewing the subscales. Disagreement was resolved by consensus (M.L.,
S.H.). Correlations between PROM change scores and GRC scale scores were assessed by
calculating Spearman’s rank correlation coefficients. Correlation was interpreted as high
(≥0.5), moderate (0.3-0.5), and low (<0.3), based on previous studies and guidelines
for assessing responsiveness.10,12,21-29 The next hypotheses (5, 6, 7) concerned the mean
PROM change scores of improved, unchanged, and worsened patients according to the
associated GRC scale, i.e. the GRC scale measuring a similar construct. These hypotheses
therefore use the same data as the first hypothesis, but add more detailed insight on the
data. A subscale was considered responsive to change if ≥75% of the hypotheses were
confirmed, as shown in Table 1.10,12
The second method for assessing responsiveness involved calculating the area under
the receiver operating characteristics curve (AUC). The AUC indicates how good the
instrument is at discriminating patients who improved from those unchanged. The
unchanged and improved groups were based on the associated GRC scale. Since it
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Responsiveness was assessed using two methods for the 7 of the SF-36 subscales
(excluding ‘vitality’) and its 2 composite scores, and for the 3 Skindex-29 subscales.
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dichotomizes the data, it is a rougher, but more comprehensible method of interpreting
the data. An AUC of ≥0.7 is considered appropriate.12,30
All data were analyzed with IBM SPSS statistics 25.0.

Results
A total of 109 patients were approached of which 89 patients were included. 67 (75%)
of included patients completed the SF-36 and Skindex-29 at baseline and follow-up,
and also filled in the GRC scales. An overview is shown in Table 3.

Baseline characteristics
Baseline characteristics of all patients who completed the questionnaires at baseline and
follow-up and the GRC scales are shown in Table 3. Compared to the 89 included
patients, the 20 excluded patients had significantly less patients in the >10 cm size
category (p=0.003). No statistically significant differences in baseline characteristics
were found between patients who completed both baseline and follow-up, and those
who did not.

Descriptive data SF-36 and Skindex-29
Supplemental Table 1 shows descriptive data of SF-36 and Skindex-29 scores at baseline
and follow-up. This includes patients that filled in the questionnaires at both baseline and
follow-up. For all SF-36 and Skindex-29 subscales, no significant change was observed
between baseline and follow-up. No significant differences were found between the
conservative and invasive management groups in baseline scores and change scores. At
baseline measurement, 1 patient had missing data on the SF-36 ‘role physical’ subscale,
and 1 different patient had missing data on the SF-36 ‘role emotional’ subscale.

GRC scale responses
An overview of results of the GRC scales is shown in Supplemental Table 2. Patients
who received an invasive treatment indicated more improvement than the conservative
group in all GRC scale domains, of which significant by Mann-Whitney U test in
‘overall health’ (p=0.01), ‘pain’ (p=0.04), ‘emotional well-being’ (p=0.02), ‘ability to
perform work/study’ (p=0.02), ‘symptom severity’ (p=0.003), ‘appearance’ (p=0.008)
and ‘mobility of the affected body part’ (p=0.005).

Correlation between SF-36 and Skindex-29 score changes and GRC scale scores
An overview of the Spearman’s rank correlation coefficients between the SF-36 and
Skindex-29 scales and all GRC scales is presented in Supplemental Table 3. No SF-36
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or Skindex-29 sum- or subscale had high correlation with the GRC scale for which high
correlation was expected (GRC scale measuring a similar construct). The Skindex-29
‘symptoms’ subscale came closest with a moderate correlation (0.34) with its predefined
GRC scale measuring a similar construct (symptom severity). No SF-36 or Skindex-29
scale reached moderate correlation with GRC scales for which moderate correlation
was expected (GRC scales measuring related, but dissimilar constructs). All SF-36 or
Skindex-29 scales had low correlation with GRC scales for which a low correlation was
expected (GRC measuring an unrelated construct).

Responsiveness: hypotheses testing and area under the receiver operating
characteristics curve

Correlation between SF-36 change scores and Skindex-29 change scores
An overview of Spearman’s rank correlation coefficients between SF-36 change scores
and Skindex-29 change scores is presented in Supplemental Table 5. We chose to
calculate these correlations with the Spearman’s rank test, since the change scores
were not normally distributed. Only the SF-36 ‘social functioning’ subscale correlated
moderately with the Skindex-29 ‘functioning’ subscale (0.33). All other correlations
were low.

Discussion
These data suggest that all subscales of both the SF-36 and Skindex-29 were
unresponsive to change in QoL in this study population of patients with peripheral
vascular malformations. Our study therefore implies that these PROMs are not ideal
to assess the effect on QoL over time of treatment strategies for peripheral vascular
malformations. As of yet, they seem unreliable for inclusion in the COMS for peripheral
vascular malformations.
To our knowledge, this was the first study assessing responsiveness of QoL questionnaires
in patients with vascular malformations. In a systematic review on measurement
instruments used in patients with vascular malformations (unpublished), we found no
studies assessing responsiveness in this population or similar populations. Very little
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Table 4 shows hypotheses testing results and the AUC values for each subscale. For no
sum- or subscale ≥75% hypotheses were correct. In addition, for no sum- or subscale
the AUC was ≥0.7. Consequently, all scales of both the SF-36 and Skindex-29 were
considered not responsive to change. Supplemental Table 4 shows the exact values on
which the hypotheses were confirmed or rejected.

Chapter 5

was found on responsiveness assessment of the SF-36 and Skindex-29 in other patient
populations, and in the found studies mostly outdated methods were used.31-35
Our hypotheses for testing responsiveness were formulated according to the COSMIN
methodology and previous studies assessing responsiveness. The hypotheses for
determining responsiveness are somewhat subjective, however, as none of the numerous
hypotheses were confirmed, the results seem undisputable.
Although GRC scales are viewed as the best single measure of the importance of change
from the patient’s perspective36, it is difficult to establish evidence that this is the correct
assessment of change. It is impossible to determine responsiveness to change of GRC
scales, since it directly assesses change with a single measurement. What supports the
accuracy of the GRC scales in this study, is that patients treated invasively indicated
significantly more improvement in almost all GRC scales than patients treated
conservatively. Also, the low correlation coefficients between SF-36 and Skindex-29
scales measuring similar or related constructs, support our conclusion that these
questionnaires may not correctly detect change in the constructs they aim to measure.
Symptoms of vascular malformations are known to vary according to type, size and
location. This, combined with the rarity of the disease, makes a heterogeneous study
population unavoidable. Responsiveness to change of these questionnaires might
differ for certain subgroups. However, our objective is to find a PROM suitable for
all peripheral vascular malformations. The COMS for vascular malformations should
include outcome measurements responsive to change for all patients with peripheral
vascular malformations.
A sample size of >50 is considered adequate for studies on responsiveness37, although
in another guideline, sample size standards were explicitly removed.21 Either way,
our sample is more than sufficient, especially considering a study population of 67 is
exceptionally high for studies on this rare disease. If a much larger study population is
needed for being able to observe differences, this would mean that the questionnaire
might not be a feasible option to measure treatment effect in this patient population.
A possible explanation for the difference in size between the in- and excluded patients
might be that patients with larger vascular malformations are more willing to fill in the
questionnaires, since their life might be impacted more by the disease. Future research
with an adequate quality of life measurement instrument must uncover the relation
between malformation size and quality of life.
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Interpretability, mostly determined by the minimal important change (MIC) and
smallest detectable change (SDC) of the questionnaire, is an important characteristic
of a PROM,10 defined as “the degree to which one can assign qualitative meaning to an
instrument’s quantitative scores or change in scores.”12 Only one subscale satisfied the
criteria for calculating the MIC and SDC (≥0.3 correlation with its anchor: the associated
GRC scale): the Skindex-29 ‘symptoms’ scale. Using different methods, we found MICs
of 5-8 points, next to a very large SDC (37 points). Interpretability is however only
meaningful if the measurement instrument shows agreeable responsiveness. I.e., in order
to calculate which ‘changes’ in questionnaire scores are clinically important, there have
to be actual measurable ‘changes’ in the questionnaire scores, which we did not find in
this study. Thus, the MIC values are not reliable and would be unfitting to show in the
results section. However, in light of the large measurement error it suggests that, if this
scale were responsive to change, it would probably not be able to detect meaningful
change on an individual level.
We found similar large measurement errors for the other subscales, which possibly is the
reason these PROMs showed insufficient responsiveness. It is possible that in larger study
populations, responsiveness might improve because of a smaller measurement error. Clinical
research on vascular malformations however mostly involves smaller patient groups, so a
PROM with smaller measurement error is needed. Causes of the large measurement errors
might be that the PROMs were developed for use in larger populations, or that the items
and response options are not appropriate for this population. Another reason for low
responsiveness might be that the subscales of the SF-36 and Skindex-29 measure multiple
constructs of interest, averaging out possible change in one of these constructs. In addition,
the scales might contain irrelevant questions for patients with vascular malformations,
masking change in the items of interest.
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Even though a period of 6-8 weeks post-treatment is standard procedure for evaluating
treatment effect, a longer follow-up period may be necessary to measure some QoL
aspects. This may especially be the case for the outcome domains ‘social relationships
and social activities’ and ‘ability to perform work/school/study’. On the contrary, the
same constructs measured by the GRC scales were often considered improved by the
participating patients. In seven of the outcome domains there were more than ten
patients indicating improvement. Moreover, a large group of patients underwent invasive
treatment; change could be expected in this group. Although significant differences were
found between the invasive group and the conservatively managed group in seven of
nine GRC scales, there were no significant differences in the corresponding SF-36 and
Skindex-29 change scores.
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If we want to improve the most important outcomes from the perspective of patients
with vascular malformations, we need a PROM that can detect changes in the core
PROs (including QoL) over time to evaluate effects of treatment strategies.
The next step in improving assessment of QoL in patients with vascular malformations
is therefore identifying PROMs that are capable of detecting change in the core PROs
over time. Other existing PROMs may be explored, or a new disease-specific PROM
will have to be developed. The solution might be using PROMs that have smaller
measurement error, good content validity and measure the core PROs for vascular
malformations more ‘unidimensionally’.
New methodologies such as item response theory (IRT) and computer adaptive tests
(CAT) enables tailoring questionnaires to the individual, which improves precision and
accuracy.38 Especially in a heterogeneous patient population such as this, this might
have better measurement properties. We plan on exploring the measurement properties
of the unidimensional Patient-Reported Outcomes Measurement Information System
(PROMIS) item banks, which were developed with item response theory and can
be administered as CATs.39 Because not all outcome domains from the CDS can
potentially be covered by PROMIS scales, we also plan on developing a disease-specific
questionnaire, with a focus on appearance and disease-specific symptoms for vascular
malformations.
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Table 1: Hypotheses for testing responsiveness. Per SF-36 and Skindex-29 subscale these 12 hypotheses
were tested. If ≥75% of these hypotheses were confirmed for a subscale, the subscale was considered
responsive to change.
1.	High positive correlation between SF-36 or Skindex-29 change scores and the GRC scale measuring a similar
construct
2.	Moderate positive correlation between SF-36 or Skindex-29 change score and a GRC scale measuring a related,
but dissimilar construct
3.	Moderate positive correlation between SF-36 or Skindex-29 change score and a second GRC scale measuring a
related, but dissimilar construct
4.	Low positive or negative correlation between SF-36 or Skindex-29 change score and a GRC scale measuring an
unrelated construct
5.	Patients indicating improvement on the associated GRC scale should have a positive mean change score
6.

Patients indicating worsening on the associated GRC scale should have a negative mean change score

7.	The mean change score of patients indicating improvement should be higher than the mean change score of
unchanged patients, which in turn should be higher than the mean change score of worsened patients
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Overall health
Emotional well-being

Overall health

Skindex sum

Skindex E

Physical condition
Overall health
Overall health
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Pain
Social relationships and social
activities
Symptom severity
Pain
Ability to perform work, study or
school-related activities
Social relationships and social
activities
Symptom severity

Overall health
Overall health

Mobility of affected body
part
Appearance

Appearance
Mobility of affected body
part
Appearance
Appearance
Appearance

Mobility of affected body
part

Appearance
Appearance
Appearance
Mobility of affected body
part
Mobility of affected body
part
Appearance

Emotional well-being
Symptom severity
Pain
Ability to perform work, study or
school-related activities
Social relationships and social
activities
Physical condition

Emotional well-being

GRC scale measuring
unrelated construct
(expected low correlation)

GRC scale measuring related, but
dissimilar construct #2 (expected
moderate correlation)

Overall health

Overall health

Overall health
Symptom severity
Social relationships and social
activities
Emotional well-being

Ability to perform work,
study or school-related
activities
Ability to perform work,
study or school-related
activities
Physical condition
Emotional well-being

SF-36 sum
Skindex S
Skindex F

SF-36 PCS
SF-36 MCS

SF-36 RE

SF-36 RP

SF-36 MH

SF-36 GH
SF-36 BP
SF-36 PF
SF-36 SF

GRC scale measuring
related, but dissimilar
construct #1 (expected
moderate correlation)
Overall health
Physical condition
Pain
Overall health
Physical condition
Overall health
Social relationships and social Overall health
activities
Emotional well-being
Overall health

GRC scale measuring
similar construct (expected
high correlation)

Responsiveness of quality of life measures in patients with peripheral
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Table 2: Predefined expected correlations between SF-36 and Skindex-29 change scores and GRC scales.
Per SF-36 and Skindex-29 subscale, a GRC scale measuring change in a similar construct was determined,
with which a high correlation was expected. Moderate correlation was expected with GRC scales measuring
change in a related, but dissimilar construct (two defined per subscale). Low correlation was expected
with a GRC scale measuring change in an unrelated construct. Correlation was interpreted as high (≥0.5),
moderate (0.3-0.5), and low (<0.3). GRC scale=global rating of change scale. GH=general health, BP=bodily
pain, PF=physical function, SF=social function, MH=mental health, RP=role physical, RE=role emotional,
VT=vitality, PCS=physical health component score, MCS=mental health component score, S=symptoms,
F=functioning, E=emotions.
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Table 3: Baseline characteristics of the 67 patients who completed the questionnaires at baseline and followup, and the GRC scales.
Total n=67
Median
39
Frequency

IQR (25th-75th percentile)
39 (26-50)
Percentage

Female
Type

43

64.2

Venous

37

55.2

Arteriovenous

8

11.9

Venous, capillary

6

9.0

Lymphatic

5

7.5

Venous, lymphatic

5

7.5

Venous, lymphatic, capillary

3

4.5

Arteriovenous, capillary

1

1.5

Capillary

1

1.5

Not specified
Localization

1

1.5

Lower extremity

21

31.3

Head/neck

19

28.4

Trunk, lower extremity

9

13.4

Trunk

8

11.9

Upper extremity

6

9.0

Head/neck, trunk, upper extremity

2

3.0

Head/neck, trunk, upper extremity, lower extremity

1

1.5

1

1.5

<5cm

20

29.9

5-10cm

12

17.9

35

52.2

Skin/subcutaneous tissue

23

34.3

Muscle

29

43.3

15

22.4

No prior treatment

22

32.8

Surgery

11

16.4

Elastic stockings

7

10.4

Embolization

3

4.5

Laser therapy

2

3.0

Sclerotherapy

2

3.0

Anticoagulants

1

1.5

A combination of the above

19

28.3

Age at baseline
Gender

Trunk, upper extremity, lower extremity
Size

≥10cm
Depth/extension

Bone/organs
Treatment history
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Total n=67
Age at baseline

Median
39
Frequency

IQR (25th-75th percentile)
39 (26-50)
Percentage

Conservative

		Expectant management
		Elastic stockings
Invasive

		Sclerotherapy
		Laser therapy
		Surgery
		Embolization
		Rapamycin
		Sclerotherapy, laser therapy

42

62.7

34

50.7

7

10.4

25

37.3

15

22.4

4

6.0

4

6.0

1

1.5

1

1.5

1

1.5
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Treatment during study period
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SF-36 GH
SF-36 BP
SF-36 PF
SF-36 SF
SF-36 MH
SF-36 RP
SF-36 RE
SF-36 PCS
SF-36 MCS
SF-36 sum
Skindex S
Skindex F
Skindex E
Skindex sum

Spearman’s rank correlation coefficients with GRC scales
1. Similar
2. Related #1
3. Related #2
(expected: high)
(expected:
(expected:
moderate)
moderate)
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Moderate
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

AUC=area under the receiver operating characteristics curve.

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

4. Unrelated
(expected: low)

<0.7
<0.7
<0.7
<0.7
<0.7
<0.7
<0.7
<0.7
<0.7
<0.7
<0.7
<0.7
<0.7
<0.7

No
No
No
No
No
No
No
No
No
No
No
No
No
No

14%
29%
57%
29%
57%
29%
29%
29%
57%
57%
57%
14%
29%
29%

No
No
Yes
No
Yes
No
No
No
Yes
Yes
Yes
No
No
No

Negative
Positive
Positive
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive

Positive
Positive
Negative
Negative
Negative
Positive
Positive
Positive
Negative
Negative
Negative
Positive
Positive
Positive

%
AUC Responsive
hypotheses
to change
confirmed

5. Mean 6. Mean 7. Mean change
change
change
improved>
improved worsened unchanged>
worsened

Mean change improved=the mean change score of the patients indicating improvement on the associated GRC scale. Mean change worsened=the mean change score
of the patients indicating worsening on the associated GRC scale.

Similar=correlation strength with the GRC scale measuring a similar construct as defined in Table 1. Related #1=correlation strength with the first GRC scale
measuring a related, but dissimilar construct as defined in Table 1. Related #2=correlation strength with the second GRC scale measuring a related, but dissimilar
construct as defined in Table 1. Unrelated=correlation strength with the GRC scale measuring an unrelated construct as defined in Table 1. Correlation was
interpreted as high (≥0.5), moderate (0.3-0.5), and low (<0.3).

GRC scale=global rating of change scale. GH=general health, BP=bodily pain, PF=physical function, SF=social function, MH=mental health, RP=role physical,
RE=role emotional, VT=vitality, PCS=physical health component score, MCS=mental health component score, S=symptoms, F=functioning, E=emotions.

Table 4: Testing results of the hypotheses for evaluation of responsiveness. Exact definition of the hypotheses is shown in Table 2. Bold=confirmed hypothesis.
A subscale was considered responsive to change if ≥75% of the hypotheses were confirmed.
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All patients
N Baseline
Mean SD
SF-36 GH
67 65.7 17.7
SF-36 BP
67 71.1 21.6
SF-36 PF
67 83.2 16.6
SF-36 SF
67 81.2 19.7
SF-36 MH
67 74.2 15.4
SF-36 RP
66 69.7 39.3
SF-36 RE
66 81.3 35.1
SF-36 VT
67 63.9 18.5
SF-36 PCS
66 45.8 11.1
SF-36 MCS 66 47.6 9.7
SF-36 sum
67 74.2 15.1
Skindex S
67 28.0 18.0
Skindex F
67 21.5 20.3
Skindex E
67 29.2 20.5
Skindex sum 67 25.7 17.1

Follow-up
Mean SD
62.4 17.9
73.4 22.0
84.6 18.4
79.1 22.1
74.2 15.5
73.1 40.9
82.6 35.5
62.7 19.2
46.5 10.4
47.3 9.6
74.4 15.7
28.0 19.3
22.1 20.1
27.8 20.6
25.5 17.8

Change
Mean SD
-3.3 12.8
2.3
15.3
1.4
13.8
-2.1 16.7
0.0
11.7
3.0
33.3
1.5
31.2
-1.1 13.0
0.6
6.8
-0.2 6.3
0.2
9.8
0.0
17.4
-0.6 18.3
1.4
16.1
0.2
14.6

Conservative treatment group
N Baseline
Follow-up
Mean SD Mean SD
42 64.8 16.6 61.1 17.2
42 70.5 20.4 75.6 20.9
42 83.9 15.5 84.4 17.0
42 81.5 20.7 80.4 22.3
42 74.6 16.5 75.0 15.6
41 67.1 40.5 75.0 40.9
41 82.9 35.1 84.9 33.1
42 64.6 18.6 64.3 19.3
41 44.5 11.0 45.9 10.7
41 47.2 10.4 47.3 10.1
42 74.3 14.4 75.0 15.1
42 26.3 15.6 28.9 19.8
42 19.9 16.6 20.5 19.2
42 26.9 19.0 26.4 19.4
42 23.9 14.9 24.6 17.2
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Change
Mean SD
-3.7 14.1
5.1
14.2
0.5
11.1
-1.2 17.0
0.4
11.5
7.3
34.6
2.4
31.1
-0.3 12.7
1.2
6.9
0.2
6.5
0.8
9.2
-2.6 18.7
-0.6 19.6
0.5
18.5
-0.7 17.2

Invasive treatment group
N Baseline
Follow-up
Mean SD Mean SD
25 67.2 19.6 64.6 19.3
25 72.1 23.8 69.7 23.7
25 82.0 18.5 85.0 20.9
25 80.5 18.4 77.0 22.2
25 73.6 13.7 73.0 15.6
25 74.0 37.8 70.0 41.5
25 78.7 35.8 78.7 39.5
25 62.6 18.5 60.1 19.2
25 47.8 11.1 47.5 10.1
25 48.2 8.6 47.4 8.9
25 74.0 16.4 73.2 16.9
25 30.9 21.4 26.6 18.9
25 24.2 25.5 24.8 21.5
25 33.1 22.7 30.3 22.5
25 28.9 20.1 27.1 19.0
Change
Mean SD
-2.6 10.6
-2.4 16.3
3.1
17.6
-3.5 16.3
-0.6 12.3
-4.0 30.3
0.0
31.9
-2.5 13.8
-0.3 6.8
-0.8 6.1
-0.7 10.9
4.4
14.3
-0.6 16.5
2.8
11.4
1.8
8.8
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Supplemental Table 1: Descriptive data of the SF-36 and Skindex-29.
GH=general health, BP=bodily pain, PF=physical function, SF=social function, MH=mental health,
RP=role physical, RE=role emotional, VT=vitality, PCS=physical health component score, MCS=mental
health component score, S=symptoms, F=functioning, E=emotions.

115

116
2
2
2
3
4
4
4

0

2
0

0

2

0

Emotional well-being
Ability to perform work/study

Symptom severity

Appearance

Mobility of affected body part

10

2

9

8
2

4

8

39

45

35

42
56

55

45

9

8

12

10
4

5

8

13

5

2

6

3
2

1

4

5

0

4

1

0
0

0

0

2

0

1

0

1
0

0

0

0

0

Social relationships and activities 0

35

2

Physical condition

7

4

5

14

0

36

3

2

3

1
2

1

1

4

3

7

2

8

7
2

3

7

5

5

29 3

34 2

24 6

29 4
37 1

36 2

29 4

24 7

27 5

0

1

1

0
0

0

1

1

1

0

0

0

0
0

0

0

1

1

+1 +2 +3

Pain

7

0

4

-1

0

-2

Overall health

+1 +2 +3

-3

0

Conservative treatment group

-1

-2

-3

Response (n)

All patients

GRC scale

0

1

0

1
0

0

0

0

0

-3

1

2

1

1
1

1

1

1

1

-2

3

0

1

1
0

1

1

2

2

-1
9

10 6

11 6

11 6

13 6
19 3

19 3

16 4

5

1

5

3
2

1

3

4

3

0

4

1

0
0

0

0

1

1

+1 +2 +3

11 6

9

0

Invasive treatment group
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Supplemental Table 2: Global rating of change scale responses. GRC scale=global rating of change scale.

SF-36 GH
SF-36 BP
SF-36 PF
SF-36 SF
SF-36 MH
SF-36 RP
SF-36 RE
SF-36 PCS
SF-36 MCS
SF-36 sum
Skindex S
Skindex F
Skindex E
Skindex sum

-0.007
0.018
0.147
0.242
0.075
0.249
0.145
0.239
0.194
0.246
-0.006
-0.038
0.151
0.049

0.126
0.004
0.109
-0.008
0.056
0.112
-0.110
0.152
0.030
0.140
-0.069
-0.331
-0.214
-0.205

-0.067
-0.014
0.199
0.130
0.095
0.173
-0.072
0.130
0.061
0.098
0.256
-0.181
0.057
0.036

0.080
0.114
0.266
0.047
0.055
0.303
-0.092
0.271
0.127
0.258
0.287
-0.070
0.013
0.112

Physical Social relationships
condition and social activities

GRC scale
Overall Pain
health
0.082
-0.099
0.123
0.141
0.136
0.135
-0.100
0.112
0.090
0.123
0.071
-0.059
0.180
0.090

Emotional
well-being

Chapter 5

Ability to perform work,
study or school-related
activities
-0.105
-0.065
0.438
-0.049
-0.083
0.118
-0.033
0.196
-0.039
0.207
0.061
-0.145
-0.075
-0.066
0.012
-0.021
0.334
0.131
0.057
0.297
-0.053
0.267
0.080
0.241
0.335
-0.127
0.163
0.159

Symptom
severity
-0.193
-0.188
0.114
0.186
-0.003
-0.008
-0.143
-0.033
-0.066
-0.068
0.144
-0.119
0.143
0.043

Appearance

0.040
-0.001
0.328
0.073
0.003
0.287
-0.089
0.279
0.068
0.228
0.131
-0.144
-0.050
0.001

Mobility of
affected body part
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Supplemental Table 3: Spearman’s rank correlation coefficients between SF-36 and Skindex-29 change scores and
GRC scales. GRC scale=global rating of change scale.

GH=general health, BP=bodily pain, PF=physical function, SF=social function, MH=mental health, RP=role physical,
RE=role emotional, VT=vitality, PCS=physical health component score, MCS=mental health component score,
S=symptoms, F=functioning, E=emotions
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SF-36 GH
SF-36 BP
SF-36 PF
SF-36 SF
SF-36 MH
SF-36 RP
SF-36 RE

SF-36 PCS
SF-36 MCS
SF-36 sum
Skindex S
Skindex F
Skindex E
Skindex sum

0.298
-0.273
0.584
-1.071
-0.569
-0.774
-1.964

1.999
0.983
0.824
6.955
-2.083
6.153
2.072

-0.033
0.068
-0.068
0.144
-0.119
-0.050
0.043

0.152
0.090
0.098
0.335
-0.038
0.180
0.036

0.271
0.194
0.241
0.287
-0.145
0.151
0.159

-4.167
-0.500
1.929
1.591
0.881
1.818
-0.606

-4.000
7.125
3.333
-6.250
1.539
12.500
5.556

0.130
0.061
0.140
0.256
-0.181
0.057
0.090

6. Mean change
unchanged

5. Mean change
improved

Spearman’s rank correlation coefficients with GRC scales
1. Similar 2. Related #1 3. Related #2 4. Unrelated
-0.067
0.126
0.082
-0.193
0.114
-0.014
-0.021
-0.188
0.109
0.199
0.266
0.114
0.242
0.130
-0.049
0.073
0.136
0.095
0.075
0.003
0.118
0.173
0.112
-0.008
-0.033
-0.072
-0.100
-0.089

AUC=area under the receiver operating characteristics curve.

0.376
-1.258
-2.136
-7.418
0.347
3.750
3.997

0.909
2.292
-3.000
-31.250
-4.667
5.000
20.000

7. Mean change
worsened

0.574 (0.395-0.753)
0.557 (0.363-0.751)
0.519 (0.346-0.693)
0.675 (0.522-0.829)
0.455 (0.214-0.695)
0.654 (0.484-0.823)
0.544 (0.383-0.704)

0.531 (0.374-0.689)
0.615 (0.448-0.782)
0.531 (0.344-0.718)
0.336 (0.139-0.534)
0.504 (0.307-0.701)
0.555 (0.334-0.775)
0.552 (0.316-0.787)

AUC

Mean change improved=the mean change score of the patients indicating improvement on the associated GRC scale. Mean change worsened=the mean change score
of the patients indicating worsening on the associated GRC scale.

GH=general health, BP=bodily pain, PF=physical function, SF=social function, MH=mental health, RP=role physical, RE=role emotional, VT=vitality, PCS=physical
health component score, MCS=mental health component score, S=symptoms, F=functioning, E=emotions.

GRC scale=global rating of change scale. Similar=correlation with GRC scale measuring a similar construct as defined in Table 1. Related #1=correlation with first
GRC scale measuring a related, but dissimilar construct as defined in Table 1. Related #2=correlation with the second GRC scale measuring a related, but dissimilar
construct as defined in Table 1. Unrelated=correlation with GRC scale measuring an unrelated construct as defined in Table 1.

Supplemental Table 4: The exact values on which the hypotheses for evaluating responsiveness were confirmed or rejected. Exact definition of the hypotheses is
shown in Table 2.
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Supplemental Table 5: Spearman’s rank correlation coefficients between SF-36 and Skindex-29 change scores.

Skindex S

Skindex F

Skindex E

Skindex sum

SF-36 GH

0.056

0.145

0.022

0.129

SF-36 BP

-0.117

0.260

-0.088

0.050

SF-36 PF

-0.055

0.165

0.008

0.126

SF-36 SF

-0.154

0.327

0.167

0.212

SF-36 MH

-0.072

0.268

0.156

0.205

SF-36 RP

0.014

0.180

0.126

0.216

SF-36 RE

-0.162

0.109

0.163

0.116

SF-36 PCS

0.011

0.277

0.069

0.214

SF-36 MCS

-0.059

0.289

0.180

0.251

SF-36 sum

-0.039

0.254

0.077

0.199
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GH=general health, BP=bodily pain, PF=physical function, SF=social function, MH=mental health,
RP=role physical, RE=role emotional, VT=vitality, PCS=physical health component score, MCS=mental
health component score, S=symptoms, F=functioning, E=emotions.
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Supplemental file 1. Global rating of change scales

1.	To what extent has your overall health with respect to your vascular malformation
changed when compared to your situation when you filled out the previous
questionnaire? In other words: has anything changed since the last time you filled
out the questionnaire (concerning the vascular malformation or any complaints you
might have had)?
-3
Much worse

-2
Worse

-1
Somewhat worse

0
No change

+1
Somewhat better

+2
Better

+3
Much better

To what extent has the pain in (or caused by) your vascular malformation changed
when compared to your situation when you filled out the previous questionnaire?
-3
Much worse

-2
Worse

-1
Somewhat worse

0
No change

+1
Somewhat better

+2
Better

+3
Much better

To what extent has your physical condition changed when compared to your
situation when you filled out the previous questionnaire?
-3
Much worse

-2
Worse

-1
Somewhat worse

0
No change

+1
Somewhat better

+2
Better

+3
Much better

To what extent has your situation with regard to social relationships and social
activities changed when compared to your situation when you filled out the previous
questionnaire?
-3
Much worse

-2
Worse

-1
Somewhat worse

0
No change

+1
Somewhat better

+2
Better

+3
Much better

To what extent has your emotional well-being changed when compared to your
situation when you filled out the previous questionnaire?
-3
Much worse

-2
Worse

-1
Somewhat worse

0
No change

+1
Somewhat better

+2
Better

+3
Much better

To what extent has your ability to perform work, study or school-related
activities changed when compared to your situation when you filled out the previous
questionnaire?
-3
Much worse

-2
Worse

-1
Somewhat worse

0
No change

+1
Somewhat better

+2
Better

+3
Much better

To what extent has the severity of your symptoms changed when compared to your
situation when you filled out the previous questionnaire?
-3
Much worse
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-2
Worse

-1
Somewhat worse

0
No change

+1
Somewhat better

+2
Better

+3
Much better

Responsiveness of quality of life measures in patients with peripheral
vascular malformations: the OVAMA project

2.	To what extent has your appearance (how your vascular malformation looks) changed
when compared to your situation when you filled out the previous questionnaire?
-3
Much worse

-2
Worse

-1
Somewhat worse

0
No change

+1
Somewhat better

+2
Better

+3
Much better

To what extent has the mobility of the body part in which your vascular malformation
is located changed when compared to your situation when you filled out the previous
questionnaire?
-2
Worse

-1
Somewhat worse

0
No change

+1
Somewhat better

+2
Better

+3
Much better

Chapter 5

-3
Much worse

121

6

Chapter 6
Responsiveness of quality of life measures
in children with peripheral vascular
malformations: the OVAMA project

Authors:
M.M. Lokhorst1, S.E.R. Horbach1, M. Waner2, T.M. O2, C.J.M. van der Vleuten3, P.I. Spuls4,, and
C.M.A.M. van der Horst1
Institutions:
Department of Plastic, Reconstructive and Hand Surgery, Amsterdam University Medical Centers,
University of Amsterdam, the Netherlands
2
Vascular Birthmark Institute of New York, Department of Otolaryngology, Lenox Hill and Manhattan
Eye, Ear, and Throat Hospitals, New York, New York, U.S.A.
3
Department of Dermatology, Radboud University Medical Center, Nijmegen, the Netherlands
4
Department of Dermatology, Amsterdam University Medical Centers,
University of Amsterdam, Amsterdam Public Health, Infection and Immunity, the Netherlands
1

Chapter 6

Summary
Background
The OVAMA (Outcome Measures for VAscular MAlformations) project determined
quality of life (QoL) as a core outcome domain for evaluating treatment effect in vascular
malformations. To correctly evaluate treatment effect on QoL, patient-reported outcome
measures (PROMs) are needed that are responsive to changes. In children with vascular
malformations, we explored if 2 widely used PROMs were responsive to changes: the
Pediatric Quality of Life Inventory (PedsQL) and the Children’s Dermatology Life
Quality Index (CDLQI).

Methods
In an international multicenter prospective study, conservatively and invasively treated
children completed the PedsQL and CDLQI at baseline and after follow-up of 6-8
weeks. At follow-up, change in health was assessed by a Global Rating of Change (GRC)
scale. Responsiveness was assessed by testing hypotheses on expected correlation strength
between change scores of the PROMs and the GRC scale, and by calculating the area
under the receiver operating characteristics curve (AUC). The PROMs were considered
responsive if ≥75% of the hypotheses were confirmed or if the AUC was ≥0.7.

Results
Twenty-nine children were recruited in 3 centers in the Netherlands and United States,
of which 25 completed all baseline and follow-up measurements. For both the PedsQL
and CDLQI, less than 75% of the hypotheses were confirmed and the AUC was <0.7.

Discussion
The results suggest that these PROMs are not sufficiently responsive for evaluating
treatment effect in peripheral vascular malformations. Our study emphasizes the need
for assessing responsiveness before using a PROM in evaluating treatment effect.
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Introduction
Vascular malformations are rare congenital vessel anomalies. The tangles of dilated vessels
often present as a visible mass leading to a distorted appearance. Apart from the cosmetic
problems, patients commonly experience pain, bleeding, functional impairment and
thrombotic complications.1-5 Symptoms and complications vary depending on the type,
extent and localization of the lesion.
The lesions are classified according flow velocity and the types of vessels involved. Simple
types include the high-flow arteriovenous malformations, and the low-flow venous,
lymphatic and capillary malformations.3 Lesions may additionally be of combined
origin, and can occur as part of different syndromes.

Many treatments are available such as surgical excision, sclerotherapy, embolization, laser
therapy, conservative management with analgesia or compression stockings, targeted
medicaments, and combinations. Treatment effect is unpredictable, as both excellent
and poor results are observed. However, the patient’s perspective in evaluating treatment
effect is often overlooked.
Different aspects of QoL, including emotional wellbeing, mobility, social functioning
and other patient-reported outcomes (PROs) were recently included in the core domain
set (CDS) for vascular malformations.7 A CDS is a minimum set of outcome domains that
should be measured when evaluating treatment outcomes in a certain health condition.8
The CDS results from the OVAMA (Outcome Measures for VAscular MAlformations)
project, an international consensus project which aims at uniform outcome reporting by
determining what and how to measure.2,7
The next step is selecting or developing appropriate outcome measurement instruments
for measuring the core domains, i.e. developing a core outcome measurement set
(COMS).8,9 QoL and other PROs are measured by patient-reported outcome measures
(PROMs). To correctly evaluate treatment outcome on QoL, PROMs are needed that
are able to detect changes in QoL before and after treatment, which means that the
PROMs must be responsive to changes.10,11 It is of great clinical relevance to be familiar
with the term responsiveness, since every measurement tool must be sufficiently responsive
in order to evaluate changes over time, such as before and after treatment.
125

Chapter 6

The anomalies may impact different aspects of quality of life (QoL), and are associated
with an overall poorer QoL when compared to the general population.6 Since the clinical
presentation varies widely, depending on subtype, localization, size, and extension, the
impact on QoL varies as well, ranging from no impact at all to a very poor QoL.6
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Additionally, it is crucial for clinicians that research is conducted on how their treatments
affect different aspects of the patient’s life. This allows for clinicians to better inform
the patient, which improves shared-decision making, and ultimately enables more
personalized care tailored to the specific problems of the individual. Again, for this field
of research to advance, a responsive PROM is needed.
In children with vascular malformations, we explored whether two widely used QoL
PROMs showed responsiveness to changes in overall health regarding the vascular
malformation: the Pediatric Quality of Life Inventory (PedsQL) and the Children’s
Dermatology Life Quality Index (CDLQI). We investigated if these PROMs can be
used for assessing treatment effect and should be considered for inclusion in the COMS
for peripheral vascular malformations.

Methods
Patients and data collection
From October 2016 until September 2017, data was collected prospectively of children
under the age of 18 with a diagnosed peripheral vascular malformation at the outpatient
clinics of the Amsterdam University Medical Centre in Amsterdam, Radboud University
Medical Centre in Nijmegen, and the Vascular Birthmark Institute in New York. This
study was approved by the Medical Ethics Institutional board of the Amsterdam University
Medical Centers. Written informed consent was obtained from all participants.
Patient and vascular malformation characteristics were extracted from the patient files.
This included gender, age at start of treatment, type of vascular malformation, size
(maximal diameter of <5 cm, 5-10 cm, ≥10 cm), localization (head/neck, trunk, upper
extremities, lower extremities, combined), involved tissues (skin/subcutaneous tissue,
muscle, organs, bone), and previous treatments.
Patients could receive conservative treatment (watchful waiting or compression
stockings), or invasive treatment (including laser therapy, sclerotherapy and surgery).
Follow-up measurement was 6-8 weeks post-treatment, which is customary for
evaluating treatment effect in these clinics.

Outcome measures
PedsQL
The PedsQL is a generic QoL PROM for children and adolescents, containing 23 items
measuring 4 domains of QoL: ‘physical functioning’, ‘emotional functioning’, ‘social
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functioning’, and ‘school functioning’.12 Additionally, a composite ‘psychosocial’ score
can be derived. Higher scores indicate a better QoL.
CDLQI
The CDLQI is a PROM measuring the impact of skin disease on QoL in children. The
questionnaire consists of 10 items forming 6 scales: ‘symptoms and feelings’, ‘leisure’,
‘school or holidays’, ‘personal relationships’, ‘sleep’, and ‘treatment’.13 Higher scores
indicate a worse QoL.
All change scores were calculated such that a positive change score reflects improvement.

At follow-up, the children additionally filled in a global rating of change (GRC) scale
for measuring experienced change since baseline in overall health regarding their vascular
malformation. The question was as follows: ‘To what extent has your overall health with
respect to your vascular malformation changed when compared to your situation when
you filled out the previous questionnaire? In other words: has anything changed since the
last time you filled out the questionnaire (concerning the vascular malformation or any
complaints you might have had)?’ Response options included ‘very much worse’, ‘worse’,
‘somewhat worse’, ‘no change’, ‘somewhat better’, ‘better’, and ‘very much better’.
All questionnaires were suitable for self-report from 8-17-years old. Parents were allowed
to help with completing the GRC scale.

Evaluating responsiveness
The first method for evaluating responsiveness used the ‘construct approach’.
This involves testing predefined hypotheses on correlations with other outcome
measurement instruments, in this case: the other PROM and the GRC scale. For both
the PedsQL and the CDLQI we formulated 7 hypotheses (Table 1). These hypotheses
were based on previous studies assessing responsiveness and methodology guidelines
by COSMIN (COnsensus-based Standards for the Selection of Health Measurement
INstruments).11,14-17 As advised, if ≥75% of the hypotheses were confirmed, the
questionnaire was considered responsive.11,14
The hypotheses were formulated beforehand by two independent researchers (M.L.,
S.H.). Disagreement was resolved by consensus (M.L., S.H.). Spearman’s rank
correlation coefficients were calculated for assessing correlation strength. Correlation
strength was interpreted as high (≥0.5), moderate (0.3-0.5), and low (<0.3), based on
previous studies and guidelines for assessing responsiveness.11,14-18 Hypotheses 5, 6, and
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7 concerned the mean change scores of improved, unchanged, and worsened patients
according to the GRC scale.
With the second method, responsiveness was assessed by calculating the area under the
receiver operating characteristics curve (AUC). The AUC is a value representing the
instrument’s ability to discriminate between improved and unchanged patients. Patients
were categorized as improved or unchanged according to their GRC scale response.
With an AUC of ≥0.7, an instrument can be considered responsive.11,19
All data were analysed with IBM SPSS statistics 25.0.

Results
A total of 44 children were asked to participate of which 29 were included. Twenty-five (86%)
children completed both PROMs at baseline and follow-up and completed the GRC scale.

Baseline characteristics
An overview of the included children’s baseline characteristics is presented in Table 2. No
significant differences were found in baseline characteristics between ex- and included
children, and between children who completed follow-up and those who did not.

Descriptive data
Descriptive data of the PedsQL and CDLQI at baseline and follow-up is shown in Table
3. For all domains of both PROMs scores ranged widely from no impact to large impact.
GRC scale responses are presented in Table 4. All 12 patients indicating ‘no change’
received conservative treatment. Five of 6 invasively treated patients indicated
improvement.
No significant differences were found between different types of vascular malformation,
size groups in PedsQL, CDLQI and GRC scale outcomes. The tissue involvement
groups differed significantly in baseline PedsQL emotional functioning (p=0.033),
school functioning (p=0.020) and baseline CDLQI symptoms and feelings (p=0.046),
leisure (p<0.001) and CDLQI total score (p=0.005).

Responsiveness: hypotheses testing and area under the receiver operating
characteristics curve
Full hypotheses testing results are shown in Table 5. For both the PedsQL and CDLQI,
1 of 7 (14%) hypotheses were confirmed. The AUC for the change in total score of the
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PedsQL was 0.375 (95% confidence interval (CI): 0.101-0.649), and for the CDLQI
0.429 (CI: 0.155-0.702).

Correlation between PedsQL and CDLQI score changes and GRC scale scores
The Spearman’s rank correlation coefficients between the PedsQL and CDLQI score
changes and the GRC scale are shown in Supplementary file 1. All correlations were
low, except for a moderate correlation between the CDLQI ‘personal relationships’ scale
and the GRC scale.

Correlation between PedsQL change scores and CDLQI change scores
The Spearman’s rank correlation coefficients between the PedsQL score changes and the
CDLQI score changes are shown in Supplementary file 2. All correlations were low or
moderate, except between the PedsQL ‘emotional’ scale and the CDLQI total score,
which was high.

This exploratory study suggests that the PedsQL and CDLQI are insufficiently responsive
for measuring vascular malformation related health problems in children. Clinicians and
researchers should be aware that changes in PedsQL and CDLQI scores over time might
not reflect the true change these patients experienced. Responsiveness was assessed using
two methods, both suggesting that these PROMs might not be suitable for evaluating
treatment effects in children with vascular malformations, and thereby should not be
included in the COMS.
It is notable that the group who indicated ‘no change’ on the GRC scale had a broad
range of PROM change scores, suggesting the PROMs have large measurement errors
(insufficient reliability), which might explain insufficient responsiveness. A study on
responsiveness of two generic QoL measures in adult patients with vascular malformations
also found insufficient responsiveness, plausibly caused by large measurement errors.20
A systematic review on outcome measurement instruments in vascular malformations
found no other studies on responsiveness in this patient group or similar groups.21
It is known that most generic PROMs have large measurement errors, because they are
often designed for cross-sectional use in very large populations.22 Most of the widely
used generic PROMs make use of classical-test theory, for which many questions per
measured domain are necessary to reduce measurement error.23 This is however limited
by question burden, especially when measuring multiple health domains.
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We believe researchers should be aware of this, and not blindly use a generic PROM
for interpreting treatment effects without first ensuring if its responsiveness is evaluated
correctly. Even the best-known PROMs are often not evaluated for responsiveness.24
Insufficient responsiveness could also be found if the GRC scale did not measure
change correctly. However, as one would expect, the invasively treated group indicated
more improvement with the GRC scale than the conservatively treated group, which
predominantly indicated no change, supporting the GRC scale’s ability in measuring
change.
Although differences were seen between the different tissue involvement groups in
baseline scores, no differences were seen between these groups in GRC scale scores. This
suggests that tissue involvement might be a predictor of symptom severity and quality
of life, while it has no influence on treatment effects. However, we must not draw firm
conclusions, since the subgroups in these analyses are very small.
Another possible cause is that treatment effect of vascular malformations is too subtle
to detect, or the follow-up period was too short. However, this was contradicted by the
GRC scale responses, since 71% of the patients indicating improvement rated their
change as +2 or +3. Additionally, the goal is to find responsive PROMs with which all
clinically relevant effects of treatment of vascular malformations can be measured.
Most correlations between PedsQL and CDLQI subscales were low to moderate,
suggesting the two PROMs do not measure the same domains (convergent validity).
The slightly higher correlations between the two PROMs as opposed to with the GRC
scale suggest that health regarding vascular malformations might be attributed to other
domains than the ones measured by the PedsQL and CDLQI. It might be that not
all relevant items for this population are included (content validity), even though the
domains match with the core domains for vascular malformations.
Mean scores of both PROMs at baseline show that the children’s QoL was impacted
moderately. However, QoL ranged broadly from normal to very poor, which may be
caused by the heterogeneity of the disease, or the measurement error of the PROMs.
Evidence is lacking for what clinical characteristics are associated with poor QoL. If
reporting standards would be developed, it will be possible to identify clinically distinct
groups, allowing the study of more homogeneous groups.
The study population seems small; however, in a recent guideline there is explicitly
no statement on sample size for evaluating responsiveness, since it involves evaluation
of correlations in which significance plays no part.15 Additionally, our goal with this
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exploratory study was to investigate if these widely used PROMs showed promising
responsiveness, and therefore used the lowest cut-off values for ‘high’, ‘medium’ and
‘low’ correlations. Regarding the rarity of the disease, our goal is to find a PROM that is
responsive in smaller study populations.
Innovations such as PROMIS (Patient-Reported Outcomes Measurement Information
System) make use of item-response theory, reducing the number of needed items and
decreasing measurement error, which is tested in different patient populations.23,25 We
believe PROMIS might be a solution, and we are evaluating responsiveness of different
PROMIS item banks in children with vascular malformations for measuring the more
‘universal’ core domains. For the remaining disease-specific domains, a disease-specific
PROM is currently developed. Disease-specific domains, such as vascular malformation
symptoms and appearance, might be targeted more directly by therapy, and therefore
might be more suitable for detecting changes over time.

This exploratory study suggests that the PedsQL and CDLQI are not sufficiently responsive
for evaluating treatment effect in children with peripheral vascular malformations. Our
study casts doubts on the applicability of PROMs in evaluating treatment effect in
specific conditions if the measurement properties, especially responsiveness, are not
evaluated. Since PROMs are increasingly used to evaluate treatment effect, it is crucial
that clinicians and researchers know about the responsiveness of the PROMs they
use. Otherwise, treatment effects might be wrongly assessed. Many PROMs are not
developed for smaller patient populations, hence the responsiveness will be problematic
in such study populations and daily care. The solution might lie in developing a PROM
focusing on disease-specific health aspects, and concurrent use of innovations such as
the thoroughly evaluated PROMIS for measuring more universal health aspects.
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Table 1: Hypotheses for testing responsiveness of the PedsQL and CDLQI total scores. If ≥75% of these
hypotheses were confirmed, it was considered responsive to change.
PedsQL
High positive correlation (>0.5) between PedsQL total change score and the GRC scale
High positive correlation (>0.5) between PedsQL total change score and CDLQI total change score
Moderate positive correlation (0.3-0.5) between PedsQL total change score and the CDLQI leisure subscale change score
Low positive (<0.3) or negative correlation between PedsQL total change score and the CDLQI treatment subscale
change score
Patients indicating improvement on the GRC scale should have a positive mean change score
Patients indicating worsening on the GRC scale should have a negative mean change score
The mean change score of patients indicating improvement should be higher than the mean change score of unchanged
patients, which in turn should be higher than the mean change score of worsened patients
CDLQI
High positive correlation (>0.5) between CDLQI total change score and the GRC scale
High positive correlation (>0.5) between CDLQI total change score and PedsQL total change score
Moderate positive correlation (0.3-0.5) between CDLQI total change score and the PedsQL physical subscale change score
Low positive (<0.3) or negative correlation between CDLQI total change score and the PedsQL school subscale change score
Patients indicating improvement on the GRC scale should have a positive mean change score
Patients indicating worsening on the GRC scale should have a negative mean change score
The mean change score of patients indicating improvement should be higher than the mean change score of unchanged
patients, which in turn should be higher than the mean change score of worsened patients
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Table 2: Baseline characteristics of the 25 children who completed the questionnaires at baseline and
follow-up, and the GRC scales.
Total n=25

Gender
Female
Type
Venous
Lymphatic
Arteriovenous
Venous, capillary
Venous, lymphatic
Arteriovenous, capillary
Localization
Lower extremity
Head/neck
Upper extremity
Trunk, lower extremity
Trunk, upper extremity
Trunk
Head/neck, trunk
Size (maximal diameter)
<5 cm
5-10 cm
≥10 cm
Depth/extension
Skin/subcutaneous tissue, muscle
Skin/subcutaneous tissue
Skin/subcutaneous tissue, muscle, bone
Skin/subcutaneous tissue, muscle, airway involvement
Skin/subcutaneous tissue, muscle, visceral organs
Muscle
Bone
Treatment history
No prior treatment
Sclerotherapy
Surgery
Elastic stockings
Embolization
Laser therapy, elastic stockings
Surgery, sclerotherapy
Treatment during study period
Conservative
Expectant management
Elastic stockings

IQR (25th-75th percentile)

21

84

15
4
2
2
1
1

60
16
8
8
4
4

10
5
4
2
2
1
1

40
20
16
8
8
4
4

13
1
11

52
4
44

11
6
3
2
1
1
1

44
24
12
8
4
4
4

11
6
3
2
1
1
1

44
24
12
8
4
4
4

14
5

56
20

14 (12-17)
Percentage
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Age at baseline

Mean
(range)
14 (8-17)
Frequency
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Total n=25

Age at baseline
Invasive
Sclerotherapy
Surgery

136

Mean
(range)
14 (8-17)
Frequency

IQR (25th-75th percentile)

5
1

20
4

14 (12-17)
Percentage

1.00
0.75
0.14
0.92
0.56
0.44

25

25

25

25

CDLQI personal relationships

CDLQI school or holidays

CDLQI sleep

CDLQI treatment

6.44

25

CLDQI total

25

80.6

25

PedsQL psychosocial

CDLQI leisure

78.8

25

PedsQL school

CDLQI symptoms and feelings 25

85.0

25

PedsQL social

0.77

0.77

1.04

0.37

0.71

0.79

5.75

15.2

18.2

16.0

17.4

0.56

0.52

0.80

0.24

0.69

0.82

6.08

79.5

77.2

85.0

76.4

78.0

25

PedsQL emotional

0.57

0.59

3.80

11.0

12.7

11.5

19.0

0.61

0.67
19 0.53

19 0.74

19 1.16

19 0.18

19 0.75

19 1.13

19 7.32

19 78.7

19 76.1

19 82.1

19 77.9

19 73.2

0.84 0.63

0.81 0.58

1.07 0.95

0.42 0.29

0.68 0.67

0.81 0.87

6.12 6.47

16.5 77.5

19.3 75.5

17.0 83.9

18.4 73.2

23.1 73.1

0.55

0.61

3.59

12.0

12.7

11.2

20.0

11.0

0.60

0.71

0.96 -0.11 1.24

0.77 0.16

1.08 0.21

0.63 -0.11 0.39

0.72 0.09

0.70 0.26

6.17 0.84

16.7 -1.1

19.4 -0.5

17.5 1.8

20.6 -4.7

22.9 0.0

Conservative treatment group
N Baseline
Follow-up
Change
Mean SD Mean SD Mean SD
19 76.8 17.1 76.0 17.1 -0.8 10.2
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0.92 -0.12 1.17

0.71 0.04

1.04 0.12

0.56 -0.10 0.35

0.78 0.05

0.73 0.18

6.08 0.36

16.1 -1.1

19.1 -1.6

17.4 0.0

19.2 -1.6

12.0

PedsQL physical

22.0 0.1

75.3

75.3

25

PedsQL total
22.2

Follow-up
Change
Mean SD Mean SD
78.1 16.7 -0.7 9.9

All patients
N Baseline
Mean SD
25 78.7
16.1

Table 3. Descriptive data of the PedsQL and CDLQI. Positive change scores reflect improvement.

6

6

6

6

6

6

6

6

6

6

6

6

0.17

0.00

0.17

0.00

0.72

0.58

3.67

86.7

87.5

94.2

78.3

81.8
88.3
85.8

0.41 0.33

0.00 0.33

0.41 0.33

0.00 0.08

0.85 0.78

0.58 0.67

3.39 4.83

8.4

11.3 82.5

7.4

15.4 86.7

19.1 82.3

8.3

8.0

13.4

11.6

12.1

16.2

-0.08 0.49

0.82 -0.17 0.98

0.52 -0.33 0.52

0.82 -0.17 0.41

0.20 -0.08 0.20

1.00 -0.06 0.68

.88

6.18 -1.17 4.36

13.5 -0.8

18.9 -5.0

18.1 -5.8

8.8

18.7 0.5

Invasive treatment group
N Baseline
Follow-up
Change
Mean SD Mean SD Mean SD
6 85.0 11.7 84.6 15.2 -0.4 9.8
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Table 4. Global rating of change (GRC) scale responses.
GRC scale response (n)

-3

-2

-1

0

+1

+2

+3

All patients

0

3

3

12

2

4

1

Conservative treatment group

0

3

2

12

0

2

0

Invasive treatment group

0

0

1

0

2

2

1
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14%
0.43 (0.16-0.70)
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1.33
0.67
-1.00
0.30

4. PedsQL
school

0.45
CLDQI

-0.10

3. PedsQL
physical
2. PedsQL
total
1. GRC
scale

0.31

Hypotheses
confirmed

14%
0.38 (0.10-0.65)
-4.5
1.9

5. Mean change 6. Mean change 7. Mean change AUC
improved (n=7) unchanged
worsened (n=6)
(n=12)

-1.7
0.25
0.17
0.45
0.19
PedsQL

Spearman’s rank correlation coefficients

4. CDLQI
treatment
3. CDLQI
leisure
2. CDLQI
total
1. GRC
scale

Spearman’s rank correlation coefficients

5. Mean change 6. Mean change 7. Mean change AUC
improved (n=7) unchanged
worsened (n=6)
(n=12)

Hypotheses
confirmed

Table 5: The exact values on which the hypotheses for evaluating responsiveness were confirmed or
rejected. Values in bold indicate a confirmed hypothesis. Definition of the hypotheses is shown in Table
1. GRC scale=global rating of change scale, mean change improved=the mean change score of the patients
indicating improvement on the GRC scale, mean change worsened=the mean change score of the patients
indicating worsening on the GRC scale, AUC=area under the receiver operating characteristics curve for
discriminating between unchanged and improved patients.
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Supplementary file 1. The Spearman’s rank correlation coefficients between the PedsQL and CDLQI total
score changes, and the global rating of change (GRC) scale.

PedsQL total
PedsQL physical
PedsQL emotional
PedsQL social
PedsQL school
PedsQL psychosocial
CLDQI total
CDLQI symptoms and feelings
CDLQI leisure
CDLQI personal relationships
CDLQI school or holidays
CDLQI sleep
CDLQI treatment
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Correlation with GRC scale
0.19
0.15
0.055
-0.21
0.15
0.13
-0.10
-0.14
-0.26
0.35
0.030
-0.15
-0.074

PedsQL total
PedsQL physical
PedsQL
emotional
PedsQL social
PedsQL school
PedsQL
psychosocial
0.37
0.32
0.34

0.31
0.30
0.47

0.45
0.31
0.51

CDLQI symptoms
and feelings
0.40
0.39
0.17

CDLQI total

0.15
0.11
0.20

0.17
0.14
0.34

CDLQI leisure
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0.21
0.36
0.46

CDLQI personal
relationships
0.44
0.29
0.31
-0.066
0.31
0.040

CDLQI school or
holidays
0.23
0.31
-0.007
0.30
0.064
0.33

0.29
0.19
0.33

CDLQI sleep

0.244
0.27
0.21

0.24
0.23
0.086

CDLQI treatment

Responsiveness of quality of life measures in children with peripheral
vascular malformations: the OVAMA project

Supplementary file 2. The Spearman’s rank correlation coefficients between the PedsQL score changes and
the CDLQI score changes.
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Summary
Importance
Vascular malformations can severely harm patients’ quality of life (QoL). Hence, the
aim of treating vascular malformations is generally to improve the patient’s QoL. It is
therefore highly important to evaluate treatment effects from the patient’s perspective.

Objective
To determine whether Patient-Reported Outcome Measurement Information System
(PROMIS) computerized adaptive tests (CATs) measure QoL core outcome domains
reliably in patients with vascular malformations, and if so, to obtain reference values for
this population.

Design
In this observational study, adults and children with vascular malformations were invited
to complete PROMIS CATs measuring QoL core outcome domains. Participants were
additionally invited for a retest seven days after completing the first questionnaires.

Setting
Tertiary referral center for vascular malformations.

Participants
Adults and children of 8-17 years old were eligible. One-hundred-eighty-four patients
completed at least one CAT and 62 completed the retest of at least one CAT.

Exposures
Adults completed PROMIS CATs on pain interference, physical function, anxiety,
depression, ability to participate in social roles and activities, and the PROMIS numeric
rating scale (NRS) on pain intensity.
Children completed pediatric PROMIS CATs on pain interference, physical function
mobility, physical function upper extremity, anxiety, depressive symptoms, peer
relationships, and the PROMIS NRS on pain intensity.

Main Outcomes and Measures
Test–retest reliability was quantified by calculating intraclass correlation coefficients
(ICC), standard errors of measurement (SEM) and smallest detectable changes (SDC).
Moreover, descriptive statistics for each CAT were calculated.
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Results
For adults, all ICCs were above 0.85, SEMs were under 5 points and SDCs were around
10 points, indicating adequate test-retest reliability and measurement errors. The sample
of children was insufficient. According to PROMIS norms, patients with vascular
malformation reported average QoL as compared to the general population. However,
for every domain, about a quarter of patients experienced mild or moderate problems.

Conclusions and Relevance
This study suggests that PROMIS CATs measure QoL core outcome domains reliably
in patients with vascular malformations. The wide variation in QoL levels urge the need
for further distinction of subgroups based on QoL.

Vascular malformations are rare congenital anomalies of the vascular system, which may
cause a broad range of symptoms including disfigurement, pain, bleeding, functional
disabilities and thrombotic complications.1-5 The malformations can be of venous (VM),
lymphatic (LM), arteriovenous (AVM), capillary (CM) or combined origin.3 This study
focuses on patients with peripheral vascular malformations, i.e. not localized in the
central nervous system. Symptoms vary widely depending on subtype, localization, size
and involved tissues. Consequently, the desired outcomes and effectiveness of treatment
also varies. Historically, measuring treatment outcome in this patient group has been
challenging, as it was not clearly defined which outcomes were essential to measure and
how to take into account the patient’s perspective. The patient’s perspective is essential
because the quality of life (QoL) is often affected.6
The mission of the Outcome measures for VAscular MAlformations (OVAMA)
initiative has been to harmonize outcome reporting for clinical research on vascular
malformations by developing a core outcome set (COS) with experts and patients
worldwide.5,7,8 Previously, in close collaboration with patients, the OVAMA initiative
started determining a core outcome domain set (CDS, what to measure) and a core
outcome measurement instrument set (CMS, how to measure).2,9,10 The core outcome
domains and the envisioned outcome measurement instruments are listed in Figure
1.2 A systematic review and quality assessment concluded with respect to “how to
measure” the patient-reported core outcome domains, concluded that there were no
condition-specific outcome measurement instruments available for patients with
vascular malformations, and no generic outcome measurement instruments had been
evaluated regarding measurement properties in this population.11 For the core outcome
domains ‘symptoms’, ‘appearance’ and ‘satisfaction’, a condition-specific questionnaire
for patients with vascular malformations was developed by the OVAMA initiative.12
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Figure 1.

The CDS also includes more generic outcome domains, specifically the outcome domains
falling under QoL. Generic outcome domains can be measured in any population,
as opposed to condition-specific (disease-specific) outcome domains, which are only
relevant for a population with a certain condition. It is generally advised to measure
generic outcome domains with generic instruments.13 Two patient-reported outcome
measures (PROMs) for adults (i.e., SF-36 and Skindex-29) and two for children (i.e.,
PedsQL and CDLQI) were appraised and found to be unresponsive to changes, and
therefore not suitable for measuring treatment effects on QoL in this population.14,15
This was plausibly caused by insufficient reliability and a large measurement error, two
measurement properties which indicate if the obtained score represents the true score.16
If these properties are inadequate, one does not know if a change in score is a true
change or measurement error. Thus, in order to measure treatment effects, it is essential
that these properties are adequate.
Moreover, for the selection of the right measurement instrument, it is important to take
into account the domain coverage, test length and other measurement properties.16-18
For rare diseases, the use of item banks, such as those of the Patient-Reported Outcomes
Measurement Information System (PROMIS), have been suggested to measure
QoL.13,19 PROMIS is a collection of instruments covering multiple health domains,
designed to be universally applicable, reducing the need for validation in each specific
patient population. PROMIS consists of item banks, developed with item response
theory (IRT) methodology, and can be administered as short-form or computerized
adaptive test (CAT).20 In a CAT, the patient receives questions which are selected based
on their previous answers. This reduces test length, while providing accurate and precise
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estimates, making it appropriate for measuring multiple domains with less patient
burden.21 PROMIS has been extensively validated and showed good measurement
properties in a wide variety of populations. It was translated into multiple languages
including Dutch.22-29 PROMIS has also shown better measurement properties than
legacy QoL-instruments such as the SF-36 in several rare diseases.30,31 This makes
PROMIS a promising option for inclusion in the CMS to measure QoL in patients
with vascular malformations.
The aim of this study was to determine whether PROMIS CATs measure reliably in
patients with vascular malformations, and if so, to obtain reference values for PROMIS
CATs in this population. Therefore, we evaluated the measurement properties testretest reliability and measurement error of the PROMIS CATs measuring the QoL core
outcome domains in a cohort of patients with vascular malformations.

Methods
All 330 adult patients and 94 parents of children with a vascular malformation in our local
prospective database with an email address available, received an invitation to complete
questionnaires on a secure website for completing PROMs (i.e. KLIK; Kwaliteit van
Leven In Kaart, Quality of Life in Clinical Practice).32 Included were children from 8-17
years old and adults. If the patients created an account on KLIK without completing the
questionnaires, they received a reminder after seven days. Patients who completed the
first questionnaire, received an invitation for the retest questionnaire seven days later.
This study received a waiver for full ethical review by the Amsterdam UMC Medical
Ethics Committee, because patients were not subjected to interventions or behavioral
rules. Informed consent was obtained digitally from every patient.

Measures
Demographic data
For all participants, data was collected on age, gender, type of vascular malformation
according the ISSVA classification3, localization, size, tissue involvement and prior
treatments.
PROMIS measures
Adult patients completed six PROMIS measures in three categories: physical health:
pain intensity numeric rating scale (NRS), pain interference CAT, physical function
CAT, mental health: anxiety CAT, depression CAT, and social health: ability to
participate in social roles and activities CAT.
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Children completed seven pediatric PROMIS measures in three categories: physical
health: pain intensity NRS, pain interference CAT, mobility CAT, upper extremity
CAT, mental health: anxiety CAT, depressive symptoms CAT, and social health: peer
relationships CAT.
Data-analysis
Test–retest reliability was quantified by calculating intraclass correlation coefficients
(ICC), the standard error of measurement (SEM) and smallest detectable change (SDC).
For the ICC, a two-way random effects model for absolute agreement was used. An ICC
≥0.7 was considered to be adequate.33 Formulas for measurement error statistics were as
follows: SEM = SDdifference / √2, wherein SDdifference is the standard deviation of the difference
between the test and the retest. SDCindividual = 1.96 * √2 * SEM. SDCgroup = SDCindividual /
√n.34 According to the COSMIN guidelines, test-retest reliability and measurement errors
were only calculated if at least 50 patients completed the CAT at both measurements.16
Descriptive statistics for each CAT were calculated. The CAT scores are expressed as
T-scores, wherein 50 represents the score of the general population with a standard
deviation of 10. The NRS pain intensity is scored from 0-10. A higher score indicates
more presence of the domain at issue. Thus, higher scores reflect better health for the
PROMIS CATs physical function (mobility or upper extremity), ability to participate
in social roles and activities, and peer relationships, whereas, lower scores reflect better
health for the PROMIS CATs pain interference, anxiety, depression (or depressive
symptoms), and the NRS pain intensity. Norms for ‘normal’, ‘mild’, ‘moderate’ and
‘severe’ health problems were based on available PROMIS validation studies.35
Spearman’s rank tests were used for assessing correlations between the different PROMIS
CATs. A positive or negative result <0.3 was interpreted as low correlation, 0.3-0.5 as
medium and >0.5 as high correlation.34 In case of high correlation, in future consensus
meetings, it can be decided that one of the CATs suffices, narrowing down the amount
of CATs. All data were analyzed with IBM SPSS (version 26).

Results
A total of 424 patients/parents were invited to participate of which 148 (35%) completed
at least one CAT (125 adults (38%) and 23 children (24%)). Sixty-two patients
completed the retest of at least one CAT. Baseline characteristics of the participants are
shown in Supplement 1. We found no statistically significant differences in baseline
characteristics between non-responders and responders (data not shown).
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Test-retest reliability and measurement errors
An overview of the statistics for test-retest reliability and measurement errors are shown
in Table 1. All ICCs were 0.85 or higher and thus amply adequate. For children, the
threshold of 50 patients filling in the retest was not met.

PROMIS scores
Descriptive statistics of the PROMIS CATs and NRS are summarized in Table 2.

Physical health
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Pain intensity
A total of 106 (72%) patients indicated they experienced pain in the last week. The
mean for pain intensity NRS was 4.0 for adults and 4.4 for children (i.e. 0 is no pain,
10 is the highest possible pain).
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Pain interference
In adults, the mean level of pain interference was similar to the general population (51.0
vs 50). Children reported less pain interference as compared to the general population
(43.0 vs 50). In both adults and children, the mean fell in the ‘normal’ category. In
adults, 34.2% had at least mild pain interference or worse, in children this was 17.3%.
Physical function
Physical functioning for adults was similar to the general population (51.8 vs 50). These
scores fell in the ‘normal’ category. A total of 26.0% adults reported at least mild problems
with physical function. The mean for pediatric mobility was similar to the general
population (50.3 vs 50). Upper extremity functioning was higher (53.5), indicating
slightly better physical functioning when compared to the general population (50). No
cutoff values exist for the pediatric mobility and upper extremity function CATs.

Mental health
Depression
On average, less depression was found in adults (47.6 vs 50) and in children (44.3 vs 50)
as compared to the general population. Mean scores fell in the ‘normal’ category. Mild
depression or worse was seen in 27.2% of adults and 18.2% of children.
Anxiety
Mean levels of anxiety were comparable with the general population for adults (49.9 vs
50), and lower in children (44.5 vs 50). Both mean scores fell in the ‘normal’ category.
Mild or worse anxiety was seen in 28.4% of adults and 30.1% of children.

Social health
Ability to participate in social roles and activities
The mean for the domain ability to participate in social roles and activities indicated
better social function as compared to the general population (54.5 vs 50) and fell in the
‘normal’ category. A total of 11.5% of adults indicated mild or worse impairment in this
domain.
Peer relationships
For children, the mean of the peer relationships domain was comparable with the general
population (49.3 vs 50) and categorized as ‘good’. A total of 9.1% scored ‘excellent’ in
this domain and 9.1% scored ‘fair’.

Correlations
Correlations between the PROMIS CATs are summarized in Table 3. In adults, high
positive correlations were found between pain interference and pain intensity. This
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was also found between depression and anxiety. High negative correlations were seen
between physical function and pain intensity, and between pain interference and
physical function.
In children, high positive correlations were found between pain interference and pain
intensity, between depressive symptoms and pain intensity , between anxiety and pain
intensity , between pain interference and anxiety, and between depressive symptoms
and anxiety. High negative correlations were seen between pain interference and
mobility, between mobility and pain intensity, between depressive symptoms and peer
relationships, and between anxiety and peer relationships.

Discussion

Although PROMIS has been developed in order to be universal applicable, we evaluated
its performance in a population of patients with vascular malformation. Previously, other
generic PROMs showed inadequate measurement properties in our population.14,15
Therefore, we performed a proper evaluation of two important PROMIS measurement
properties for measuring treatment effects, which showed promising results. Furthermore,
the previously determined core outcome domains sanctioned the relevance of the used
PROMIS scales. Recently, a qualitative study by England and colleagues also confirmed
the relevance of several of the PROMIS scales that were used in our study in terms of
content validity.36
Since vascular malformations are a rare disease, the sample size used in this study may
be considered large (especially in comparison to other studies within the field). By using
a large cohort of patients with vascular malformations, the obtained data on the core
aspects of quality of life can be used as a reference for this population. According to
PROMIS cutoff values, patients with vascular malformation experience on average
normal physical, mental and social functioning as compared to the general population.
However, for every domain, a relatively large subgroup of patients experienced
mild or moderate impairment. This was most prominent for physical and mental
functioning related scales, despite previously having received treatment for their vascular
malformation. This emphasizes the chronic aspect of the condition and the need for
improving treatments and additional support.
151

Chapter 7

Measurement properties found in this study suggest that PROMIS CATs are reliable
in measuring core outcome domains falling under QoL in patients with vascular
malformations. Adequate measurement errors were found, and adequate test-retest
reliability was found in adults.
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Physical health
The domains pain intensity and pain interference showed that a large group of patients
with vascular malformations suffer from pain that interferes with their daily lives. Pain
seems to correlate highly with reduced physical functioning, moderately with reduced
social health, and weakly with reduced mental health. Since pain is such a complex
symptom, we will evaluate in detail which clinical characteristics are associated with
pain in a separate study. In future consensus studies, it may be decided that the physical
function CAT is redundant when also administering the pain interference CAT.
More than a quarter of adult patients experienced physical impairment in this relatively
young group. Results of the pediatric mobility scale showed a similar pattern as the adult
physical function scale, whereas less problems seem to be present in pediatric upper
extremity functioning (Supplement 2).

Mental health
In adults, symptoms of depression and anxiety seem to occur at a similar rate, both in
more than a quarter of the patients. In children, anxiety symptoms were more prevalent
than depressive symptoms. Vascular malformations can cause pain, disfigurement and
functional problems, all of which can have bidirectional associations with depression
and anxiety.37-42 However, pain and physical functioning correlated weakly with
depression and anxiety. It might be that mental health is affected separately, or that
more condition-specific symptoms correlate with mental health, such as appearancerelated issues, which are not being measured by the PROMIS CATs. This will be studied
by assessing correlations with the appearance scale of the condition-specific OVAMA
questionnaire in future studies.

Social health
The CATs that were measuring ability to participate in social roles and activities in adults,
and peer relationships in children, both indicate mild impairment of social health in
around 10% of this patient group. Correlations are strongest with the mental functioning
CATs, followed by pain and physical functioning. While adults score high on social
health, children score slightly lower as compared to the general population. Since vascular
malformations often affect a patient chronically, it might be that the patients learn how
to cope with social problems which they experience during childhood, resulting in good
social health when older. This phenomenon of reconceptualization and recalibration of the
perceived symptoms and well-being occurs in many chronic diseases.43,44
When evaluating the individual responses, we found that patients who indicated relevant
impairment were still often being categorized as ‘normal’ according to the PROMIS
cutoff values. In the future, it might be necessary to define cutoff values for the vascular
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malformation population specifically, or to use cutoff values adjusted for age. Another
important consideration is the use of US norms instead of country-specific norms,
which are currently not available for the Netherlands. Future research must explore
whether this has consequences.45
The PROM response rate seems low. This might be because patients were invited by
email only. Other contributing factors might be that our database includes patients who
last visited our clinic years ago, finished treatment or only visited once for diagnosis,
and therefore felt less prompted to participate. However, we decided to not pre-select
a subgroup of participants and invite every patient that ever visited our center of
which we had an email address. This allowed us to include a large number of clinically
heterogeneous patients, which we believe is most representative of the population.
Additionally, we performed a sub-analysis on clinical characteristics between responders
and non-responders, which showed no statistically significant or clinically relevant
differences between these two groups. Notable is the difference in response rates between
adults and children. It might be that parents did not want to burden their child with
filling in questionnaires, and that adolescents felt less obliged to participate.

Although most patients function normally according to PROMIS reference values,
a large subgroup of patients experience functional impairment in different health
domains. If we can better define this subgroup based on specific clinical characteristics,
the clinical course can be predicted more reliably and treatment could be initiated earlier
in an effort to prevent impaired functioning and well-being. In future studies, data
gathered with PROMIS CATs will be correlated with other patient-reported outcomes
such as condition-specific symptoms and appearance as measured by the OVAMA
questionnaire. The wide spread of levels in functioning urge the need for distinction of
subgroups based on disease severity in patients with vascular malformations.
In conclusion, the results suggest that the selected PROMIS CATs can be used reliably
for measuring physical, mental and social functioning in adult patients with vascular
malformations. These results may be used as reference data for PROMIS scores in patients
with vascular malformations. By using the condition-specific OVAMA questionnaire
alongside the PROMIS CATs, a complete assessment of the patient-reported core
outcome domains can be obtained. This enables us to fill in important knowledge gaps
on disease patterns and treatment effects, which will improve the care for patients with
vascular malformations.
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The sample of children was not sufficient for assessing test-retest reliability and
measurement errors. Therefore, it is important for future studies to collect higher numbers
of measurement properties in children to fully grasp how PROMIS functions in this group.
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Test mean (SD)

N retest

Adults

46.5 (8.7)
44.9 (9.9)
45.1 (4.1)

3.7 (3.2)
43.6 (9.9)
47.9 (8.6)
51.7 (6.1)

3.8 (2.6)
49.8 (7.7)
52.3 (7.4)
45.7 (8.5)
48.0 (8.9)
55.5 (7.7)

Retest mean (SD)

ND
ND
ND

ND
ND
ND
ND

0.88
0.86
0.88
0.85
0.89
0.87

ICC

ND
ND
ND

ND
ND
ND
ND

1.2
4.0
3.2
4.3
3.9
3.7

SEM

ND
ND
ND

ND
ND
ND
ND

3.4
11.0
8.8
11.9
10.9
10.2

SDCindividual

ND
ND
ND

ND
ND
ND
ND

0.5
1.5
1.2
1.7
1.5
1.4

SDCgroup

Measuring quality of life in patients with vascular malformations
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Table 1. Test-retest reliability and measurement error statistics. ICC = intraclass correlation coefficient,
SEM = standard error of measurement, SDCindividual = smallest detectable change in the individual, SDCgroup
= smallest detectable change in the group, ND = not enough data.
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Table 2. Results of the PROMIS CATs. SE = standard error of the mean, NA = no cutoff values available.
*A higher score indicates more of the domain at issue. †A higher score means better function.
Adults

N

Mean (SE)

Normal

Mild

Moderate

Severe

Pain intensity*

115

4.0 (0.3)

NA

NA

NA

NA

Pain interference*

114

51.0 (0.8)

65.8%

16.7%

14.9%

2.6%

Physical functioning†

123

50.4 (0.7)

74.0%

17.9%

7.3%

0.8%

Depression*

114

47.6 (0.8)

72.8%

16.7%

10.5%

0%

Anxiety*

116

49.9 (0.7)

71.6%

14.7%

13.8%

0%

Social roles and activities†

113

54.5 (0.7)

88.5%

6.2%

5.3%

0%

Pain intensity*

23

4.4 (0.7)

NA

NA

NA

NA

Pain interference*

23

43.0 (1.6)

82.6%

13.0%

4.3%

0%

Physical functioning – mobility†

25

50.3 (1.5)

NA

NA

NA

NA

Physical functioning – upper extremity†

23

51.7 (0.6)

NA

NA

NA

NA

Depressive symptoms*

22

44.3 (2.0)

81.8%

4.5%

9.1%

4.5%

Anxiety*

23

44.5 (1.9)

69.9%

17.4%

8.7%

4.3%

Peer relationships†

22

49.3 (1.5)

9.1%

81.8%

9.1%

0%

Childs
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NRS pain
Pain interference
Mobility
Upper extremity
Depressive
symptoms
Anxiety
Peer relationships

NRS pain
Pain interference
Physical function
Depression
Anxiety
Social
Children

Adults

-0.70
0.23
0.29
-0.46

-0.73
-0.25
0.45

0.56
-0.20

0.65
-0.24

-0.24
0.35

-0.33
0.17

Chapter 7

0.80
-0.46
-0.49

Anxiety
0.28
0.29
-0.23
0.80

0.69
-0.55

Depressive symptoms
0.63
0.45
-0.33
0.11

Depression
0.20
0.23
-0.18

Upper extremity
-0.15
-0.25
0.33
0.11

-0.18
-0.23
0.46

Physical function
-0.61
-0.70

0.33
-0.33

Mobility
-0.71
-0.73

Pain interference
0.88

Pain interference
0.85

0.85
-0.71
-0.15
0.63

NRS pain

0.88
-0.61
0.20
0.28
-0.41

NRS pain

-0.65

Anxiety
0.65
0.56
-0.33
-0.24
0.69

Social
-0.41
-0.46
0.46
-0.46
-0.49

-0.65

Peer relationships
-0.24
-0.20
0.17
0.35
-0.55

Measuring quality of life in patients with vascular malformations
with PROMIS® computerized adaptive tests

Table 3. Spearman’s rank correlation coefficients between the different PROMIS computer adaptive test
results. A positive or negative score of 0-0.3 is interpreted as low correlation, 0.3-0.5 as moderate, and >0.5
as high. NRS=numeric rating scale. High correlations are shown in bold.
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Supplement 1. Baseline characteristics of the participants.
Total n=148
Mean (range)
36.2 (8-87)
Frequency

Median (IQR (25th-75th percentile))
31 (21-53)
Percentage

Female
Type

95

64.2

Venous

68

45.9

Combined

37

25.0

Arteriovenous

22

14.9

Lymphatic

13

8.8

Capillary

7

4.7

Unclear
Overgrowth

1

0.7

Yes
Syndrome

19

12.8

Klippel-Trenaunay

17

11.5

Sturge-Weber

1

0.7

5

3.4

Head/neck

55

37.2

Upper extremity

33

22.3

Trunk

40

27.0

54

36.5

<5 cm

43

29.1

5-10 cm

35

23.6

10-30 cm

39

26.4

≥30 cm

28

18.9

3

2.0

Skin/subcutaneous tissue

64

43.2

Skin/subcutaneous tissue, muscle

34

23.0

Skin/subcutaneous tissue, muscle, bone

17

11.5

Muscle

14

9.5

Skin/subcutaneous tissue, bone

4

2.7

Muscle, bone

4

2.7

Bone

2

1.4

Skin/subcutaneous tissue, muscle,
airway involvement

2

1.4

Unclear
Treatment history included

7

4.7

No prior treatment

23

15.5

Surgery

66

44.6

Elastic stockings

39

26.4

Age at baseline
Gender

Other
Localization involved

Lower extremity
Size (largest diameter)

Unclear
Tissues involved
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Total n=148

Embolization

Mean (range)
36.2 (8-87)
Frequency
25

Median (IQR (25th-75th percentile))
31 (21-53)
Percentage
16.9

Laser therapy

22

14.9

Sclerotherapy

59

39.9

Rapamycin

1

0.7

Anticoagulants

7

4.7

Age at baseline

Supplement 2. Histograms of PROMIS CAT results.
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Part V
Development of a condition-specific
patient-reported outcome measure
for measuring the condition-specific
outcome domains symptoms and
appearance.
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Summary
Background
The symptoms and appearance of vascular malformations can severely harm a patient’s
quality of life. The aim of treatment of vascular malformations generally is to improve
condition-specific symptoms and/or appearance. Therefore, it is highly important to
start testing treatment effects in clinical studies from the patient’s perspective.

Objectives
The objective of this study was to develop a patient-reported outcome measure (PROM)
for measuring symptoms and appearance in patients with vascular malformations.

Methods
A first draft of the PROM was based on the previously internationally developed core
outcome set. The qualitative part of this study involved interviews with 14 patients,
which led to a second draft. The second draft was field-tested cross-sectionally, after
which groups of items were evaluated for adequate internal consistency (Cronbach’s
alpha >0.7) to form composite scores. Construct validity was evaluated by testing 13
predefined hypotheses on known-group differences.

Results
The patient interviews ensured adequate content validity and resulted in a general
symptom scale with 6 items, head/neck symptom scale with 8 items and an appearance
scale with 9 items. Cronbach’s alpha was adequate for two composite scores: a general
symptom score (0.88) and an appearance score (0.85). Ten out of 13 hypotheses on
known-group differences were confirmed, confirming adequate construct validity.

Conclusions
With the development of the OVAMA questionnaire, outcomes of patients with
vascular malformations can now be evaluated from the patients’ perspective. This may
help improve the development of evidence-based treatments and the overall care for
patients with vascular malformations.
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Introduction
Vascular malformations are congenital deformities, characterized by dilated and tortuous
vessels. These benign tangles can occur anywhere in the soft tissues, grow proportionally
with the body, and are often visible as a mass differing in colour and texture compared to
normal skin. Subtypes are distinguished by the kind of vessel involved: capillary (CM),
venous (VM), lymphatic (LM), arteriovenous (AVM) and combined malformations.1,2
Clinical presentation varies widely depending on type, localization, extensiveness and involved
tissues. Apart from a distorted appearance, patients frequently experience pain, swelling,
bleeding, fluid leakage, physical impairment and functional problems.2-4 These symptoms
can severely harm the patient’s quality of life, impacting physical, mental and psychosocial
well-being.5 The aim of treatment is generally to improve condition-specific symptoms and
quality of life. Treatment can additionally be imperative to preserve or recover vital functions.
However, despite the abundance of treatment options, treatment remains challenging as it
rarely leads to a complete cure. Many vascular malformations can therefore be seen as a
chronic condition, with patients experiencing lifelong symptoms and appearance issues.

Chapter 8

A strong contributing factor to current treatment difficulties is the lack of knowledge
on the treatments’ effect from the patient’s perspective.4 Additionally, contemporary
evaluation of treatment is impeded by heterogeneous outcome measures.4,6,7 This
hampers the development of evidence-based treatments and treatment guidelines, which
are urgently needed to improve outcomes for patients with vascular malformations.

Figure 1. Core domain set for vascular malformations. AVM = arteriovenous malformation, LM =
lymphatic malformation, VM = venous malformation.
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The mission of the Outcome measures for VAscular MAlformations (OVAMA) project
is to establish homogeneity in outcome use and reporting. This collaboration includes
clinical experts and patient/parent contributors from all over the world. The first step
was deciding what to measure. In previous studies, the OVAMA collaborative developed
a core domain set (CDS) for evaluating treatment in vascular malformations (Figure
1).8,9 A CDS is a set of outcome domains that should be measured at the minimum
when evaluating treatment effect in a certain health condition.10
The next step towards homogeneity in outcome use and reporting was determining
how to measure these core domains. Non-condition-specific domains are advised to
be measured by non-condition-specific outcome measurement instruments.11 However,
broadly used instruments such as the Short Form-36 and Skindex-29 seem to fall
short for detecting changes in outcome over time in this specific patient population.12
Newer instruments such as the PROMIS (Patient-Reported Outcomes Measurement
Information System13) item banks may be used in this patient population as they are
more likely to adequately capture small differences in the domains falling under quality
of life.14,15 To fully capture those domains, the following PROMIS scales were identified:
‘pain interference’, ‘physical functioning’, ‘anxiety’, ‘depression’ and ‘social participation’.
However, no patient-reported outcome measures (PROMs) were available for the
patient-reported domain categories ‘symptoms’, ‘anatomy’ (including appearance) and
‘satisfaction’.16 We therefore developed a condition-specific PROM to measure vascular
malformation symptoms and appearance, called the OVAMA questionnaire. Satisfaction
with treatment and outcome is only relevant at follow-up and thus follows a different
development process on which we will report in a separate publication (‘OVAMA
follow-up questionnaire’). It is highly important to start testing treatment effect in
clinical studies from the patient’s perspective since the aim of treatment of vascular
malformations is to improve the patient’s symptoms or appearance-related issues. Here
we report on the development and field-test of the OVAMA questionnaire, measuring
symptoms and appearance in vascular malformations.

Methods
wInstruments) ‘study design for PROMs’ checklist was followed for this study.17 This
study adhered to the Declaration of Helsinki, and was exempted from full ethical review
by the Medical Ethics Committee of the Amsterdam UMC, since patients were not
subjected to interventions or rules of conduct. Informed consent was obtained from all
participants. A flowchart of the methods is presented in Supplement 5.
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First draft development
Concepts of interest were identified in previous studies.8,9,16 At first, the literature
was searched extensively to determine all outcome domains measured in research
on peripheral vascular malformations.16 Based on these outcome domains, via an
international e-Delphi study and two consensus meetings, a CDS was developed wherein
outcome domains were defined (Figure 1).8,9 In total, 167 physicians and 134 patients/
parents of younger patients participated to ensure inclusion of the patient’s perspective.
No instruments were available for the condition-specific domains falling under ‘anatomy’,
(including ‘appearance’) and ‘symptoms’ (including ‘pain’, ‘location-specific symptoms’,
and ‘type-specific symptoms’). Hence, based on these core domains, a first Dutch draft
of the OVAMA questionnaire was made with the vascular anomaly expert group of the
Amsterdam UMC. It followed the definitions of the domains as determined in the first
consensus study and consisted of 5 items on vascular malformation symptoms, 9 items
on head/neck symptoms and 7 items on appearance. Symptom items were structured in
a way that a patient first answers if they experienced the symptom in the past 4 weeks.
If yes, two additional items were presented on frequency and severity, as was determined
in the first international consensus study.8

Hybrid concept elicitation with cognitive interviews were conducted in patients with
vascular malformations. This allowed for immediate matching of emerging concepts of
interest to the concepts already included in the first draft.11 Participants were recruited
at the outpatient clinic and from the vascular malformation database of the Amsterdam
UMC. Demographic data were collected on age, gender, ethnicity, level of education,
type of vascular malformation, lesion localization, lesion size, tissue involvement of
lesion, previous treatments. Regarding sample size for the interviews, 5-10 participants
were considered sufficient according to a rare disease PROM workgroup and ≥7
according to the COSMIN guidelines.11,17 At first, 11 patients ≥18 years with a
diagnosed peripheral vascular malformation were interviewed. Secondly, 3 adolescents
(age 14-17) were additionally interviewed to evaluate if the concepts of interest were
the same and/or if the items were also comprehensible for this age group. We aimed
for a heterogeneous group by including at least one of the following subtypes: venous,
arteriovenous, lymphatic, capillary, combined; one of the maximal diameter categories:
<5, 5-15, 15-30, >30 cm; one of the localization categories: head/neck, upper extremity,
trunk, lower extremity; and one of the tissue involvement categories: skin/subcutaneous,
muscle, bone. All interviews were conducted by two Medical Doctors, both conducting
a PhD on outcome measures in vascular malformations; M.M. Lokhorst (male) and
M.L.E. Stor (female). Both were trained in conducting qualitative interviews. A semistructured interview guide was followed with a standard set of questions.
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Second draft development: concept elicitation and cognitive interviews
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The first part of the one-on-one, in-person or telephone-based, interviews involved
concept elicitation. The interviewer asked open-ended questions to identify the most
important problems each patient experiences from their vascular malformation. Further
open-ended questions were directed at what patients considered the most important
aspects of the spontaneously raised concepts of interest and of the previously established
concepts of vascular malformation symptoms (including pain, bleeding, fluid leakage
and location-specific symptoms) and appearance.
The second part involved cognitive interviews during which the patients extensively
reviewed the draft. Patients evaluated the appropriateness of concepts of interest,
domains, items, response options, recall period, and ability to understand the
instructions, items and response options. Only the patients in which the head/neck area
was affected reviewed the head/neck symptoms scale.
The interviews were then coded by two independent researchers (M.L. and M.S.).
All concepts were coded and it was scored if a concept was mentioned by the patient
spontaneously, after probing or when reading the questionnaire.
After each interview, recall periods, wording of the items and response options were
changed according to relevant patient feedback. All interviews were audio-recorded and
transcribed. The version after the last interview was translated to English (using two
forward and two backwards translations) and evaluated by the international OVAMA
Steering Group, after which the second draft was finished in both Dutch and English.

Field-testing the second draft
The Dutch second draft was distributed among patients who were identified through
the vascular malformation database of the Amsterdam UMC. Adult patients and parents
of children with a vascular malformation received an invitation by email to complete
the questionnaire on the KLIK PROM portal. This is an online secure platform for
patients to fill in PROMs and to receive feedback of their scores using a personal
account.18 Parents of children 14-17 years old were instructed to let the child complete
the questionnaire themselves. Parents of children 0-13 years old were instructed to
help their child (where needed). The version for children (0-17) only differed from the
adult version in form of address (informal and formal). Patients completed the vascular
malformation symptom scale, appearance scale and if the head/neck region was affected,
also the head/neck symptom scale. If the patients created an account on KLIK but
did not fill in the questionnaire, they received a reminder after seven days. Descriptive
statistics were analysed for each item individually. All items were scored ordinally. Most
items refer to a separate outcome domain and should therefore be evaluated individually.
However, we additionally evaluated if groups of items had adequate internal consistency
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(Cronbach’s alpha >0.7) to also form a composite score. Such composite scores may
function as a quick indication for disease severity. The following groups of items were
analysed: 1. all items from the general symptoms scale, 2. severity and frequency items
for every single symptom individually, 3. all items from the head/neck symptoms scale,
4. all items from the appearance scale. If internal consistency was adequate to form a
composite score, the scores were converted to a 0-100 scale for easy interpretation (in
which higher scores mean more symptom severity).

Construct validity (known-groups validity)
Beforehand, hypotheses on differences in outcome between known-groups were defined
(Table 1). Definition of known-groups was based on clinical characteristics (such as
lesion localization or maximal diameter as measured with MRI) and clinician-reported
outcomes (such as clinician-reported presence of pain in the medical file) from our
vascular malformation database. Hypotheses on clinical characteristics were formulated
based on common knowledge and patterns we encountered in our database.1,2,19
All data were analysed with IBM SPSS (version 26).

Results
Fourteen patients were interviewed of which the baseline characteristics are shown in
Supplement 1. An overview of the interview results is shown in Supplement 2. The
interviews showed that pain and appearance were the most relevant concepts according
to patients. Bleeding, fluid leakage and several head/neck symptoms were also mentioned
spontaneously by patients in the concept elicitation phase of the interview. It became
apparent that temporary enlargement of the vascular malformation, which was not
yet included, was a major problem for patients. Regarding appearance, most patients
thought of the swelling or mass of the lesion as the major aspect of appearance, followed
by colour and texture. Additionally, being stared at by other people appeared to be a
major problem related to appearance. Patients mentioned that several of these issues
were generally not discussed by physicians during regular follow-up, although they are
important to their daily functioning.
After probing or during the revision of the questionnaire, all items were noted to be
relevant by patients except for problems with the sense of smell. The item on problems
with the sense of smell was removed. No further concepts of interest were identified.
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Concept elicitation and cognitive interview results
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The 4-week recall period was deemed the most appropriate by patients, since several
symptoms were experienced only once a month, but were considered relevant
nonetheless. One patient preferred a recall-period of 6 months, however, this was not
considered to be appropriate for measuring and evaluating treatment effect. No patient
wished for a shorter recall-period, since several symptoms that were considered relevant
for measuring treatment effects occur sporadically or with longer symptom-free periods.
The second draft consisted of a general symptom scale with 6 items, head/neck symptom
scale with 8 items and an appearance scale with 9 items (Supplement 3). All responses
are scored in ordinal fashion to allow for statistical analysis. For example, items with two
options as 1-2, or items with five options as 1-2-3-4-5.
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Field-test
A total of 475 patients were invited by email to complete the final concept version. Onehundred-thirty-four patients (28%) completed the questionnaire including 98 adults
and 36 children. Baseline characteristics of participants in the field-test are shown in
Supplement 3. An overview of the results of the field-test is presented in Supplement 4.

Scoring
Cronbach’s alpha was adequate for two composite scores: using the severity and
frequency of general problems of vascular malformation items (0.88) and the nine-item
appearance scale (0.85). Cronbach’s alpha was inadequate for a composite score for
the items on pain frequency and severity (0.54), and a composite score for the items
on temporary enlargement frequency and severity (0.45). There were too few cases to
calculate Cronbach’s alpha for a composite score of all items on symptoms, a composite
score of frequency and severity of bleeding and fluid leakage or a composite score of all
items on head/neck symptoms.

Construct validity (known-groups validity)
An overview of the results of the hypotheses is shown in Table 1. Ten out of 13 hypotheses
were confirmed.

With this extensive international project, including extensive input from patients and
leading clinical experts worldwide, a condition-specific PROM for patients with vascular
malformations was developed. The OVAMA questionnaire enables measurement
of symptoms and appearance in cross-sectional and prospective research. With the
addition of the OVAMA follow-up questionnaire (measuring satisfaction) and the
PROMIS scales, this will cover all patient-reported core outcome domains as previously
determined by the international vascular malformation community.
International consensus with patients and experts had previously been reached on core
outcome domains for measuring treatment effect in vascular malformations. The same
domains emerged in our cognitive patient interviews.8,9 We believe that the participation
of patients throughout several steps in the process was essential, and has led to excellent
content validity of the PROM according to the COSMIN checklist. By including a
clinically representative and heterogeneous group, we incorporated the most common
problems for all types of patients with vascular malformations.
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The field-test showed that the symptoms of pain and temporary lesion enlargement are
common, while bleeding, fluid leakage and head/neck symptoms are rare but relevant
nonetheless. As for appearance, the problems seem fairly normally distributed. Since
bleeding, fluid leakage and the head/neck symptoms were included in the CDS, and also
emerged in the interviews, we decided to keep them in the final instrument. In a later
stadium, we may be able to tailor the questionnaire more to the specific characteristics
of the patient, so that only questions specifically relevant to that ‘type’ of patient and
lesion are presented to patients. In the current situation, patients who do not experience
a certain symptom can skip the frequency and severity items for that symptom.
Construct validity was considered to be good since most known-group hypotheses were
confirmed. Results of the three rejected hypotheses were in the expected direction, however,
not statistically significant. Furthermore, this concerned small subgroups, thus the
hypotheses may potentially be confirmed with an increased sample size in future studies.
Formulation of hypotheses was limited since there is a paucity of knowledge on what
clinical characteristics determine disease and symptom severity, and appearance problems.
One of the goals of the OVAMA questionnaire is to investigate such clinical patterns and
thereby define clinically distinct groups, which will also be evaluated in future studies.
The e-Delphi study and consensus meetings involved both adult patients and parents
of children with vascular malformations. Thus, the core domains pertain for both
groups, making the questionnaire suitable for both adults and children, and allowing
for comparison between groups.
Below the age of 8, it is generally advised to let parents fill in questionnaires.20 Since one
of the main goals of the OVAMA project is to increase comparability, we chose to let
parents fill in the PROM for patients up to 14 years, instead of developing a separate
PROM for children between the ages of 8 to 14. This this would have resulted in two
different PROMs and comparison would then be impossible.

Scoring
The ordinal rating of the response options allows for statistical analysis. Since most
items refer to a separate outcome domain, the individual item outcome is relevant. All
items should be analysed and reported separately. Additionally, two composite scores
can be calculated reliably: general problems and appearance. These scores will quickly
give the clinician or researcher an idea of disease severity. Subsequent evaluation of
the individual items will then reveal specifically what causes the severity. However, for
evaluating treatment effect, we urge to only evaluate changes in the individual items,
since the composite scores are still rough, and clinically important changes can occur
in separate symptoms or aspects of appearance. In the future, after refining the scoring
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model based on more data, it could potentially become possible to form additional
composite scores for other symptoms.
We chose to develop a questionnaire for all patients with vascular malformations for
several reasons. Currently, there is little evidence of what problems are subtype-specific.
With this questionnaire, we can compare the presence and severity of symptom and
appearance problems between the different subtypes, which will provide evidence on
what problems are more relevant for the specific subtypes. Also, the lesions are often of
combined origin, clinical diagnoses show discrepancy with histopathological diagnoses,
and future classification is likely to change based on genetic mutations.21
In this study, we interviewed 14 patients and reached saturation, so we consider this
sample to be adequate for draft development. In contrast, the response rate of the fieldtest was low in certain subgroups but adequate for the overall group. A large group of
eligible patients were treated years ago. Such patients may not have felt prompted to
participate. However, we believe that by avoiding a selection of certain patients of our
database, we were able to investigate a relatively large representative sample size which
reflects the whole group in the best possible way.

The OVAMA questionnaire will allow us to tackle the current heterogeneity in outcome
measures within the field of vascular malformations and thereby allow for comparison
of treatments. This PROM allows us to identify which treatment options affect which
specific symptom or appearance problem. Treatments can then be tailored more to
the individual patient, since the clinician has more scientific evidence at hand on how
treatments affect certain subgroups or specific symptoms differently. This is especially
important in this heterogeneous patient group. Additionally, the OVAMA questionnaire
enables definition of clinically distinct groups, which allows for classification on disease
severity based on the severity of symptoms and appearance problems. This is even more
pressing with the emerging gene-targeted therapies, which will predominantly play a
role in more severe cases, for which a proper definition is currently lacking.
To conclude, with the development of the OVAMA questionnaire, problems that matter
most to patients with vascular malformations can be studied scientifically.
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The OVAMA questionnaire will be freely available online (www.ovama.org) to stimulate
wide use. The final version is available in Dutch and English, after it was translated
into English following the COSMIN linguistic validation standards.17 A protocol for
translation to other languages is being developed, enabling easy and correct translation
by local groups independently.
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The many applications of the OVAMA questionnaire may significantly improve research,
and ultimately, the care for patients with vascular malformations.
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Hypothesis
Higher presence of pain in patients with clinician-reported (medical history of ) pain
Higher presence of pain in patients with intramuscular lesions
Higher presence of pain in patients with lower extremity lesions
Higher presence of bleeding in patients with clinician-reported (medical history of ) bleeding
Higher presence of fluid leakage in patients with lymphatic component
Higher presence of temporary lesion enlargement in patients with venous or lymphatic
component
High correlation (>0.5 Spearman’s rho) between clinician-reported lesion size and patientreported lesion size
Less swelling/mass in patients with pure capillary malformations
Less color difference with skin in patients with pure lymphatic malformations
More color difference with skin in patients with skin/subcutaneous tissue involvement
More texture difference with skin in patients with skin/subcutaneous tissue involvement
More facial distortion in patients with head and neck lesions
More bodily distortion in patients with arm, trunk and leg lesions
13 vs 121
13 vs 121
109 vs 25
109 vs 25
55 vs 79
86 vs 48

134

Group size
80 vs 54
61 vs 73
48 vs 86
22 vs 111
19 vs 115
96 vs 38

2.08 vs 2.69 (p=0.079)
2.00 vs 2.88 (p=0.053)
3.09 vs 1.48 (p<0.000)
2.54 vs 2.08 (p=0.14)
2.58 vs 1.15 (p<0.000)
2.65 vs 1.38 (p<0.000)

Spearman’s rho: 0.558

Result
73% vs 20% (p<0.000)
69% vs 37% (p<0.000)
67% vs 43% (p=0.009)
23% vs 6% (p=0.013)
16% vs 3% (p=0.025)
68% vs 38% (p=0.001)

Rejected
Rejected
Confirmed
Rejected
Confirmed
Confirmed

Confirmed

Confirmation
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed

Development of a condition-specific patient-reported outcome measure for measuring
symptoms and appearance in vascular malformations: the OVAMA questionnaire

Table 1. Hypotheses on known-group differences. NA = not applicable.
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Supplement 1: Baseline characteristics of the interview participants.
Total n=14
Median (range)
33.3 (14-58)
Frequency

Median, IQR (25th-75th percentile)
32.0 (17.8-49.5)
Percentage

7

50.0

Dutch

10

71.4

Dutch/Indonesian

1

7.1

Aruban

1

7.1

Syrian

1

7.1

Chinese
Education

1

7.1

High school

4

28.6

Post-secondary vocational education

6

42.9

Higher vocational education

2

14.3

Bachelor’s University

1

7.1

1

7.1

Venous

3

21.4

Arteriovenous

3

21.4

Venous, capillary

2

14.3

Lymphatic

2

14.3

Venous, lymphatic

2

14.3

Capillary, venous, lymphatic

1

7.1

Capillary
Overgrowth

1

7.1

Yes
Localization

2

14.3

Head/neck

6

42.9

Lower extremity

3

21.4

Upper extremity

2

14.3

Trunk

1

7.1

Upper extremity, trunk

1

7.1

1

7.1

<5 cm

3

21.4

5-10 cm

5

35.7

10-20 cm

1

7.1

20-30 cm

1

7.1

3

21.4

Skin/subcutaneous tissue

5

35.7

Skin/subcutaneous tissue, muscle

3

21.4

Muscle

2

14.3

Age at baseline
Gender
Female
Ethnicity

Master’s University
Type

Trunk, upper extremity, lower extremity
Size (largest diameter)

≥30 cm
Tissues involved

186
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Skin/subcutaneous tissue, muscle, bone

Median (range)
33.3 (14-58)
Frequency
1

Median, IQR (25th-75th percentile)
32.0 (17.8-49.5)
Percentage
7.1

Muscle, intra-articular

Age at baseline

1

7.1

Skin/subcutaneous tissue, muscle, airway
involvement

1

7.1

Skin/subcutaneous tissue, muscle, intraabdominal
Treatment history included

1

7.1

No prior treatment

2

14.3

Surgery

6

42.9

Elastic stockings

3

21.4

Embolization

2

14.3

Laser therapy

2

14.3

Sclerotherapy

5

35.7

Rapamycin

1

7.1

Anticoagulants

1

7.1

Tracheostomy

1

7.1
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Total n=14

187

188

Symptoms
Pain
Bleeding
Fluid leakage
Temporary enlargement*
Breathing problems
Vision problems
Hearing problems
Smelling problems
Swallowing problems
Speech problems
Chewing problems
Tasting problems
Drooling
Appearance
Appearance in general
Swelling/mass
Colour
Texture
Distortion of face
Distortion of body
Staring*
Reduced self-confidence*

Patient
Type
Size
Localization

S
S
S
Q
S
S

-

2
CM
5-15 cm
Head/
neck

S
P
P
-

1
VM
5-15 cm
Abdomen

S
S
P
Q
Q
S
S

P
S
S
S
Q
-

3
LVM
>30 cm
Head/
neck

S
S
S
S
Q
-

S
S
-

4
VM
5-15 cm
Knee

S
S
S
P
S
-

Q
Q
Q
Q
Q
Q
Q

5
CVM
15-30 cm
Head/
neck

S
S
S
S
S

S
-

6
AVM
5-15 cm
Head/
neck

P
S
P
-

S
S
-

7
VM
<5 cm
Wrist

S
S
S
S
Q
S

S
S
S
Q
Q
Q
-

8
AVM
5-15 cm
Head/
neck

S
P
S
S
S
S
S

P
P
-

9
LM
15-30 cm
Arm/
trunk

-

S
P
-

10
LM
5-15 cm
Leg

S
S
Q
S
P

S
P
S
S
-

11
CLVM
>30 cm
Arm/
trunk/
abdomen/
leg

S
S
S
Q
S
Q
Q

S
Q
S
-

12
AVM
5-15 cm
Arm

S
S
Q
Q
-

S
P
S
-

13
CVM
>30 cm
Leg

S
Q
Q
Q
Q
Q
-

S
S
S
Q
Q
Q

86%
79%
71%
64%
43%
29%
57%
50%

71%
43%
43%
71%
7%
21%
7%
0%
14%
7%
21%
7%
14%

14
Total
LVM
<5 cm
Head/
neck

Supplement 2. Coding results of the interviews. S = mentioned spontaneously, P = mentioned after probing, Q = mentioned during questionnaire review. *Added
later after spontaneous mention in first interviews.
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Supplement 3: Baseline characteristics of the field-test participants.

Age at baseline
Gender
Female
Type
Venous
Arteriovenous
Lymphatic
Capillary
Combined
Overgrowth
Yes
Localization involved
Head/neck
Lower extremity
Upper extremity
Trunk
Size (largest diameter)
<5 cm
5-10 cm
10-30 cm
≥30 cm
Tissues involved
Skin/subcutaneous tissue
Skin/subcutaneous tissue, muscle
Skin/subcutaneous tissue, muscle, bone
Muscle
Skin/subcutaneous tissue, bone
Unclear
Muscle, bone
Bone
Skin/subcutaneous tissue, muscle, airway
involvement
Treatment history included
No prior treatment
Surgery
Elastic stockings
Embolization
Laser therapy
Sclerotherapy
Rapamycin
Anticoagulants

Mean (range)
32.6 (1-78)
Frequency

Median (IQR (25th-75th percentile))
28 (17.0-51.0)
Percentage

87

64.9

61
19
13
13
26

45.5
14.2
9.7
9.7
19.4

18

13.4

55
48
27
37

41
35.8
20.1
27.6

41
27
38
24

30.6
20.1
28.6
18.0

62
23
17
16
5
4
3
2
2

46.3
17.2
12.7
11.9
3.7
3.0
2.2
1.5
1.5

19
57
36
23
22
55
1
6

14.2
42.5
26.9
17.2
16.4
41.0
0.7
4.5
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Total n=134

189

190

0 (0%)

n (%)

1. <1 minute

6 (50%)

Duration

n (%)

0 (0%)

n (%)

8 (10%)

n (%)

19 (24%)

2.A little bit

16 (20%)

19 (24%)

1. Not at all

n (%)

Bother

2. +-1 a week

0 (0%)

2. A little bit

1. <1 a week

Temporary enlargement n=80 (60%)

2 (29%)

1. Not at all

0 (0%)

4 (33%)

2. 1-5 minutes

0 (0%)

2. +-1 a week

n (%)

Frequency

11 (16%)

3

2. +-1 a week

8 (12%)

2

2. +-1 a week
17 (25%)

1. <1 a week

Bother

Frequency

Fluid leakage n=7 (5%)

1. <1 a week

10 (83%)

Frequency

5 (7%)

n (%)

Bleeding n=12 (9%)

0

Severity

1

1. <1 a week

13 (19%)

Frequency

n (%)

36 (27%)

5 (71%)

31 (39%)
24 (30%)

24 (30%)

4. A lot

3. Several times a week

2 (29%)

4. A lot

8

7 (10%) 4 (6%)

7

3. Several times a week

2 (17%)

3. >5 minutes

1 (8%)

3. Moderately

5 (71%)

14 (20%)

6

3. Several times a week

10 (14%)

5

16 (12%)
3. Several times a week
27 (39%)

3. Moderately

8 (12%)

4

40 (30%)

4. A lot

2 (3%)

9

0 (0%)

10

0 (0%)

5. Extremely

5 (6%)

5. Extremely

14 (18%)

4. Every day

0 (0%)

4. Every day

0 (0%)

4. Medical assistance needed to stop

1 (8%)

4. Every day

12 (17%)

4. Every day

5 (4%)

5. Extremely

26 (19%)

2.99 (1.10)

2.50 (1.04)

2.29 (0.49)

2.43 (0.98)

1.67 (0.78)

1.42 (1.00)

4.62 (2.12)

2.55 (0.99)

2.37 (1.12)

37 (28%)

Pain n=69 (51%)

3. Moderately

29 (22%)

n (%)

2. A little bit

25 (19%)

1. Not at all

Bother

15 (11%)

39 (29%)

n (%)

5. Every day

2.91 (1.51)

4. Several times

Mean (SD)
3. +-1 a week

1. Never

2. <1 a week

General symptoms n=134 (100%)

Frequency

3

3

2

3

1.5

1

5

3

2

3

Median

Supplement 4: Results and descriptive statistics of the field-test in which a total of 134 patients participated. All questions on symptoms referred to the past 4 weeks.
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1. Very small

8 (6%)

1. Not visible

29 (22%)

1. Not at all

43 (32%)

1. Not at all

50 (37%)

1. Not at all

91 (68%)

1. Not at all

64 (48%)

1. Not at all

43 (32%)

1. Not at all

56 (42%)

1. Very satisfied

20 (15%)

Size

n (%)

Swelling/mass

n (%)

Color difference
with normal skin

n (%)

Texture difference
with normal skin

n (%)

Facial distortion

n (%)

Bodily distortion

n (%)

Staring

n (%)

Self-esteem
reduction

n (%)

Satisfaction with
appearance

n (%)

Appearance n=134 (100%)

General symptoms n=134 (100%)

Chapter 8

29 (22%)

2. Satisfied

39 (29%)

2. A little bit

26 (19%)

2. Rarely

22 (16%)

2. Slightly

16 (12%)

2. Slightly

25 (19%)

2. Slightly

19 (14%)

2. Slightly

35 (26%)

2. Small

22 (16%)

2. Small

46 (34%)

3. Not satisfied or
dissatisfied

23 (17%)

3. Moderately

36 (27%)

3. Sometimes

18 (13%)

3. Moderately

7 (5%)

3. Moderately

20 (15%)

3. Moderately

24 (18%)

3. Moderately

34 (25%)

3. Medium-sized

49 (37%)

3. Medium-sized

26 (19%)

4. Dissatisfied

10 (7%)

4. A lot

21 (16%)

4. Frequently

18 (13%)

4. Very

11 (8%)

4. Very

26 (19%)

4. Very

19 (14%)

4. Very

28 (21%)

4. Large

39 (29%)

4. Large

13 (10%)

5. Very dissatisfied

6 (4%)

5. Extremely

8 (6%)

5. All the time

12 (9%)

5. Extremely

9 (7%)

5. Extremely

13 (10%)

5. Extremely

29 (22%)

5. Extremely

8 (6%)

5. Very large

16 (12%)

5. Very large

2.87 (1.18)

2.04 (1.14)

2.44 (1.25)

2.19 (1.39)

1.74 (1.27)

2.46 (1.40)

2.79 (1.55)

2.63 (1.21)

3.25 (1.06)

Mean (SD)

3

2

2

2

1

2

3

3

3

Median
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192

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

1 (50%)

1 (20%)

0 (0%)

1 (25%)

2 (50%)

0 (0%)

0 (0%)

5. Extremely

2.00 (0.00)

4.50 (0.71)

3.20 (1.30)

2.40 (0.55)

3.00 (1.41)

3.75 (1.50)

2.71 (0.49)

2.67 (0.82)

49.80
(17.14)

0 (0%)

1 (50%)

1 (20%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

1 (17%)

4. A lot

Appearance (0-100)

0 (0%)

0 (0%)

1 (20%)

2 (40%)

1 (25%)

1 (25%)

5 (71%)

2 (33%)

3. Moderately

52.84
(25.09)

5 (100%)

0 (0%)

2 (40%)

3 (60%)

2 (50%)

1 (25%)

2 (29%)

3 (50%)

2. A little bit

Mean (SD)

General problems (0-100)

Composite scores n=134 (100%)

Bother n (%)

Saliva leakage n=5 (10%)

Bother n (%)

Taste problems n=2 (4%)

Bother n (%)

Chewing problems n=5 (10%)

Bother n (%)

Speech problems n=5 (10%)

Bother n (%)

Swallowing problems n=4 (8%)

Bother n (%)

Hearing problems n=4 (8%)

Bother n (%)

Eyesight problems n=7 (14%)

Bother n (%)

Breathing problems n=6 (12%)

1. Not at all

Head and neck symptoms n=51 (38%)

General symptoms n=134 (100%)

48.89

60.00

2

4.5

3

2

2.5

4

3

2.5

Median
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Supplement 5. Flowchart of the methods. *Will be reported in a separate study.
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Supplement 6. The OVAMA questionnaire

The OVAMA questionnaire
This questionnaire is intended for patients with a vascular malformation and assesses the
symptoms they may experience. ‘Vascular malformation’ is the medical term for a group of vascular
anomalies that one can be born with. If you are 14 years or older, you can fill in the questionnaire
by yourself. For children of the age 0-13 years, parents can complete the questionnaire together
with the child as much as possible.

General symptoms scale
1. General problems
How often were you bothered by the vascular malformation in the past 4 weeks?
□ Never
□ Less than once a week
□ On average once a week
□ Several times a week
□ Every day
2. General problems
How much were you bothered by the vascular malformation in the past 4 weeks?
□ Not at all
□ A little bit
□ Moderately
□ A lot
□ Extremely
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3. Pain because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 4)		
↓
				If you had this problem:
				
A. How often did you have pain in the past 4
weeks?
				□ Less than once a week
				□ About once a week
				□ Several times a week
				□ Every day
B. If you were in pain, how severe was this on
average in the past 4 weeks?
				0 – 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10
				No pain			
Most severe pain imaginable
4. Bleeding because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 5)		
↓
				If you had this problem:
				
A. How often did you have bleeding episodes in
the past 4 weeks?
				□ Less than once a week
				□ On average once a week
				□ Several times a week
				□ Every day
				
B. How long did these bleeding episodes last?
				□ The bleeding stopped within a minute
				□ The bleeding stopped within 5 minutes
				□ 
The bleeding stopped but lasted longer than 5
minutes
				□ The bleeding could not be stopped without medical
assistance
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5. Leakage of fluid (other than blood) from the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 6)		
↓
				If you had this problem:
				
A. How often did the vascular malformation leak
fluid in the past 4 weeks?
				□ Less than once a week
				□ On average once a week
				□ Several times a week
				□ Every day
				
B. How much did the leakage of fluid bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely
6. Temporary enlargement of the vascular malformation
For example: after exercise, in warm weather or in a certain pose.
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 7)		
↓
				If you had this problem:
				
A. How often did you experience enlargement of
the vascular malformation in the past 4 weeks?
				□ Less than once a week
				□ About once a week
				□ Several times a week
				□ Every day
				

B. 
If the vascular malformation enlarged, how
much did this bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely
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Head and neck symptoms scale
The following questions are about possible head and neck symptoms of the vascular malformation.
You only have to fill in the following questions if the vascular malformation affects the head and
neck region. If you experience a problem as a result of treatment of the vascular malformation,
you can also fill this in.
1. Breathing problems because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 2)			
↓

				If you had this problem:
				
A. How much did this problem bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely

Chapter 8

2. Eyesight problems because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 3)		
↓
				If you had this problem:
				
A. How much did this problem bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely
3. Hearing problems because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 4)		
↓
				If you had this problem:
				
A. How much did this problem bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely
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4. Problems with swallowing because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 5)			
↓
				
If you had this problem:
				
A. How much did this problem bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely

5. Speech problems because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 6)		
↓
				If you had this problem:
				
A. How much did this problem bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely
6. Problems with chewing because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 7)		
↓
				If you had this problem:
				
A. How much did this problem bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely
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7. Problems with taste because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
(go to question 8)		
↓
				If you had this problem:
				
A. How much did this problem bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely
8. Saliva leakage from the mouth because of the vascular malformation
In the past 4 weeks …
□ I did not have this problem
□ I had this problem
				↓
				If you had this problem:
				
A. How much did this problem bother you?
				□ Not at all
				□ A little bit
				□ Moderately
				□ A lot
				□ Extremely

The following questions are about the appearance of the vascular malformation. If the
vascular malformation has completely disappeared (for example after surgical removal),
please assess the spot where the vascular malformation used to be.
1. Size of the vascular malformation
How large is your vascular malformation?
□ Very small
□ Small
□ Medium-sized
□ Large
□ Very large
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2. Visible swelling/mass
Do you have a visible swelling or mass of the vascular malformation?
□ No visible swelling
□ Small swelling
□ Medium swelling
□ Large swelling
□ Very large swelling
3. Color of the vascular malformation
Is the color of the vascular malformation different from that of your normal skin?
□ Not at all
□ Slightly different
□ Moderately different
□ Very different
□ Extremely different
4. Surface/texture of the vascular malformation
Is the surface/texture of the vascular malformation different from your normal skin? For
example irregular, rough, or bumpy.
□ Not at all
□ Slightly different
□ Moderately different
□ Very different
□ Extremely different
5. Alteration of facial features
Do you find that your face looks different or distorted because of the vascular malformation?
□ Not at all
□ Slightly distorted
□ Moderately distorted
□ Very distorted
□ Extremely distorted
6. Alteration of bodily features
Do you find that your body (except your face) looks different or distorted because of the
vascular malformation?
□ Not at all
□ Slightly distorted
□ Moderately distorted
□ Very distorted
□ Extremely distorted
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7. Staring
Do other people stare at you because of your vascular malformation?
□ Not at all
□ Rarely
□ Sometimes
□ Frequently
□ All the time
8. Self-confidence
Is your self-confidence reduced because of the vascular malformation?
□ Not at all
□ A little bit
□ Moderately
□ A lot
□ Extremely

Calculation of the composite scores:
General problems: ((item 1 of general symptoms scale + item 2 of general symptoms
scale) / 2) * 20
Appearance: ((sum of all 9 items of appearance scale) / 9) * 20
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9. Satisfaction with the appearance of the vascular malformation
How satisfied are you with the appearance of the vascular malformation?
□ Very satisfied
□ Satisfied
□ Not satisfied or dissatisfied
□ Dissatisfied
□ Very dissatisfied

Part VI
General discussion and
future perspectives.
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Overview
In this thesis, steps were made towards harmonising outcome measures in the clinical
research on peripheral vascular malformations. This thesis highlights the need for the
use of uniform outcome measures in the evaluation of treatment effects on vascular
malformations and the use of patient-reported outcome measures (PROMs). In a
worldwide collaborative effort between patients and clinical experts, we determined
what needs to be measured when evaluating treatment effects. Existing PROMs were
evaluated and selected for measuring generic core outcome domains related to quality
of life. For the measurement of condition-specific core outcome domains, no adequate
instruments were identified, after which a new condition-specific PROM was developed
and presented in this thesis.
As a result, with the completion of this thesis, it has become more clear what and how to
measure when evaluating treatment effects from the perspective of patients with vascular
malformations.

Evaluation of current treatments
The first chapters in this thesis involve an appraisal of the effectiveness and safety of
two commonly used treatment modalities for vascular malformations: sclerotherapy and
surgery. Both reviews use the best available data. However, all the identified studies were
of low quality. This was mostly because of small sample sizes and retrospective study
designs. Because of these limitations, the results reflect what has been reported in the
literature throughout the years, but may only give an estimate of the true treatment
effects. Higher quality, well-designed studies are required to provide a more valid
estimate of the true effects. The rarity of the disease complicates designing studies of
high quality, however, several options do exist. In general, we emphasise the need for
prospective studies with larger samples, for which a solution might lie in conducting
multicentre and multinational studies.
Chapter 2 shows that the many different sclerosing agents are considered to be effective in
treating low-flow head and neck vascular malformations with lymphatic and/or venous
components.1 With regards to safety, ethanol was reported to induce significantly more
frequent and more severe complications, such as skin necrosis and nerve damage. Many
important anatomical structures (such as the facial nerve) are located in the head and
neck region, and skin ulceration or necrosis could be extra invalidating when located
in the face. For these reasons, we discourage the use of ethanol for sclerotherapy in the
head and neck region, particularly in superficial lesions and lesions adjacent to nerves.
Based on the included literature, alternatives such as bleomycin, pingyangmycin or
ethanolamine oleate may have similar effectiveness rates and appear less likely to cause
severe complications.1 However, as several studies also indicated, skilled clinicians with
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much experience with using ethanol can also establish effective and safe outcomes with
ethanol. Despite the overall favourable effects of sclerotherapy, recurrences and adverse
events are common, and multiple treatments are frequently needed.
In chapter 3, it became clear that surgical resection of vascular malformations can be
effective and safe.2 Although excellent and permanent results can be achieved, poor
results and complications also occur regularly. It remains unclear which indications
yield the best results, but in the assessed samples surgery was mostly performed for
smaller lesions. These smaller lesions were likely selected for surgery by the physicians
as total resection was deemed feasible in these cases. Poor outcomes were correlated
with subtotal resections, which generally involved large or deeply extending lesions. For
large and diffuse lesions, surgeons need to be aware of the developments in genetically
targeted therapies and consider these before suggesting surgery. However, even in light
of all new treatment modalities, surgery itself or in combination with other therapies
can still result in excellent and permanent results with the correct patient selection.
Unfortunately, because of study limitations such as incomplete reporting and heterogeneity
in so far used outcome measures, it is difficult to further uncover which patients and
lesions are most eligible for sclerotherapy and surgical treatment. Additionally, since the
current study populations are often very diverse, it is difficult to identify specific patient
and lesion characteristics associated with a positive or negative effect of treatment. In
future research, we consider it of the utmost importance to evaluate treatment effects
in clinically distinct groups. With this approach, the prediction of treatment effects is
likely to improve, as well as the indication criteria for specific treatment approaches. We
consider it crucial to include a detailed description of the patient, lesion and treatment
characteristics. Moreover, the use of standardised and patient-reported outcome
measures is indispensable, as well as the inclusion of homogenous groups of patients
and standardised therapies.

After systematically reviewing treatment effectiveness studies in chapter 2 and 3, the
necessity for uniform outcome measures became apparent.1,2 The shortcomings in these
studies, particularly the heterogeneity in study populations, treatment characteristics and the
applied outcome measures were striking. This heterogeneity is hampering the comparison
of study results. Additionally, the way treatment effects were determined was often not
evidence-based and even arbitrary, with no input on what matters from the perspective of
patients who receive the treatment. It is crucial to assess treatment effects from the patient’s
perspective, since the aim of treatment of vascular malformations is generally to improve
the patient’s symptoms, appearance or functioning. To genuinely determine treatment
effects, we first needed to determine what exactly needed to be measured.
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What to measure? Core outcome domains
The Outcome measures for VAscular Malformations (OVAMA) project was started to
tackle heterogeneity in outcome measures in clinical research on vascular malformations.
The first step towards solving the problem was the determination of core outcome
domains for measuring treatment effects (chapter 4).3 Of the utmost importance was
the participation of clinical experts and (parents of ) patients from all over the world.
By selecting such a heterogeneous group of participants, a great diversity of perspectives
was included. This ensured the applicability of the core outcome domains in the
comprehensive group of vascular malformations. The inclusion of 301 participants from
all over the world additionally facilitated international implementation.
The core outcome domains were divided into patient-reported and clinician-reported
outcome domains. Patient-reported core outcome domains included appearance, overall
condition-specific symptoms, pain, bleeding, location-specific symptoms, overall quality
of life, activities of daily living, mobility, ability to participate in work/study, confidence/
self-esteem, emotional wellbeing, and satisfaction with treatment and outcome. Clinicianreported core outcome domains included appearance, bleeding, leakage of lymphatic fluid,
infection, localised thrombosis, location-specific signs and adverse events. As measurement
of these domains does not require invasive or costly techniques, the relatively high number
of domains is still considered feasible and acceptable to patients.
To ensure the correct development of our core outcome set, the OVAMA project
collaborated with multiple authorities on core outcome set development. The OVAMA
project is registered at the Core Outcome Measures in Effectiveness Trials (COMET)
initiative, which raises awareness for core outcome sets.4 It also provides guidelines for
the development of core outcome sets, to which the OVAMA project adhered. COMET
collaborates with the Cochrane Skin - Core Outcome Set Initiative (CS-COUSIN),
of which the OVAMA project is also part. CS-COUSIN is an international initiative
that supports the development and implements core outcome sets in dermatology.5
This initiative provides assistance and guidance for the development of core outcome
sets in dermatology following a structured peer guidance workflow. The core outcome
set development guidelines of CS-COUSIN are based on the Harmonising Outcomes
for Eczema (HOME) roadmap, a methodological framework for the development of
core outcome sets in dermatology.6 Additionally, the OVAMA project followed the
Core Outcome Set–STAndards for Reporting (COS-STAR) Statement as a reporting
guideline.7 By following this checklist, we ensured transparency and completeness of our
core outcome set development studies.
This thesis further focused on how to measure the patient-reported core outcome domains,
i.e. the selection and development of patient-reported outcome measures (PROMs).
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How to measure? Evaluation of available quality of life instruments
After completion of the core domain set, the search began for suitable outcome
measurement instruments covering the core outcome domains. A systematic review and
quality assessment by Horbach et al. yielded no condition-specific outcome measurement
instruments for vascular malformations and concluded that no generic outcome
measurement instruments had been evaluated regarding measurement properties in this
population.8
As shown in chapter 5 and 6, four frequently used generic PROMs (two for adults,
two for children) were evaluated for suitability in detecting changes in quality of life.9,10
All four PROMs were found to be insufficiently responsive to quality of life changes
in patients with vascular malformations. The problems with responsiveness may have
been caused by insufficient reliability and large measurement errors, two measurement
properties which indicate whether the obtained score represents the true score.11 If these
measurement properties are inadequate, it remains unclear if a change in the score is
because of a true change, or because of an error. Thus, to measure true treatment effects,
these measurement properties must be adequate.

Additionally, before selecting an instrument, it is important to take into account
the domain coverage, test length and other measurement properties.11,15,16 For rare
diseases, the use of item banks, such as those of the Patient-Reported Outcomes
Measurement Information System (PROMIS)17, has been suggested to measure quality
of life.18,19 PROMIS consists of item banks, developed with item response theory (IRT)
methodology, and can be administered as a short-form or computerized adaptive test
(CAT). In a CAT, the patient receives questions that are selected based on their previous
answers, and each patient receives the set of questions closest to their level of functioning.
This reduces test length while providing accurate and precise results, making it ideal for
measuring multiple domains with less patient burden.14 PROMIS has been extensively
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It is known that many PROMs have problematic measurement properties, despite being
stated that the PROM is valid and validated.12,13 A difficulty with current widely used
generic PROMs is the use of classical-test theory, for which many questions per measured
domain are necessary to reduce measurement error.14 This is hampered by question
burden, especially when measuring multiple health domains. However, the most common
and profound problem with current PROMs is that the measurement properties are not
evaluated at all. Chapter 5 and 6 emphasise that clinicians and researchers should be
careful with using generic PROMs in the field of vascular malformations. Before using
a PROM, one should be aware of its measurement properties, and if unknown, evaluate
these before using and drawing conclusions about the feasibility and appropriateness of
the PROM in the desired patient population.
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validated and shows good measurement properties in a wide variety of populations, and
is translated into multiple languages including Dutch.20-27 PROMIS has also shown
better measurement properties than legacy quality of life instruments such as the SF-36
in several rare diseases.28,29 Therefore, we studied whether PROMIS item banks have
adequate measurement properties to reliably measure treatment effects in patients with
vascular malformations. Therefore, we evaluated the measurement properties test-retest
reliability and measurement error of the PROMIS item banks and CATs covering the
core outcome domains falling under quality of life in a large cohort of patients with
vascular malformations (n=148).
The measurement properties reported in chapter 7 suggest that PROMIS CATs are
reliable in measuring core outcome quality of life-related domains in patients with
vascular malformations. Adequate measurement errors were found, and adequate testretest reliability was found in adults. The sample of children was not sufficient for
assessing test-retest reliability and measurement errors. Therefore, future studies will
have to be conducted in children to fully apprehend how PROMIS functions in this
group after an adequate sample size has been reached. Our research group has continued
studying PROMIS in the pediatric patient population to gather a large enough sample
for such a study in the near future.
Although the PROMIS philosophy states that the item banks are validated for use in
every population, we evaluated its performance in a population of patients with vascular
malformations. As shown in chapter 5 and 6, other generic PROMs demonstrated
inadequate measurement properties in this patient population.9,10 Therefore, we
performed an appropriate evaluation of two important PROMIS measurement properties
for measuring treatment effects, which showed promising results. Furthermore,
the previously determined core outcome domains confirm the relevance of the used
PROMIS scales. Recently, a qualitative study by England and colleagues also confirmed
the relevance of several of the PROMIS scales that were used in our study in terms of
content validity.30
The results of chapter 7 suggest that the selected PROMIS items banks and CATs can be
used reliably for measuring quality of life in adult patients with vascular malformations,
covering all generic patient-reported core outcome domains.
According to PROMIS norms, patients with vascular malformation experience on
average normal physical, mental and social functioning as compared to the general
population. However, for every domain, a relatively large subgroup of patients
experienced mild or moderate impairment. This was most prominent for physical and
mental functioning related scales, despite previously having received treatment for their
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vascular malformation. This emphasises the chronic aspect of the condition and the need
for improving treatment options and additional support. Nonetheless, these results may
be used as reference data for PROMIS scores in patients with vascular malformations.
Although most patients with vascular malformations function normally according
to PROMIS reference values, a large subgroup of patients experiences functional
impairment in different health domains. If we can better define this subgroup based
on specific clinical characteristics, we could predict the clinical course more reliably,
and the indication for earlier initiation of treatment, or perhaps even more aggressive
therapy can be set, in an effort to prevent impaired functioning and well-being. In future
studies, data gathered with PROMIS item banks and CATs will be correlated with other
available PROMs such as condition-specific symptoms and appearance as measured by
the OVAMA questionnaire. The previously found wide variation in levels of functioning
underlines the need for a distinction of subgroups based on disease severity in patients
with vascular malformations.

Development of a condition-specific outcome measure

With this extensive international project, which included input from patients and
leading clinical experts worldwide, a condition-specific PROM for patients with vascular
malformations was developed. The OVAMA questionnaire enables the measurement
of symptoms and appearance in cross-sectional and prospective research. With the
addition of the OVAMA follow-up questionnaire (measuring satisfaction) and the
PROMIS scales, all patient-reported core outcome domains as previously determined
by the international vascular malformation community can be covered.
International consensus among patients and experts had previously been reached on
core outcome domains for measuring treatment effect in vascular malformations. The
same domains emerged in our cognitive patient interviews.3,32 We believe that the
participation of patients throughout several steps in the process was essential, and has
led to excellent content validity of the PROM according to the COSMIN (COnsensusbased Standards for the selection of health Measurement INstruments) checklist.11
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After covering the generic core outcome domains falling under quality of life, there still
needed to be an instrument to measure the condition-specific core outcome domains,
i.e. the domains related to the condition-specific symptoms, appearance and satisfaction
with treatment and outcome. Chapter 8 describes the development of the OVAMA
questionnaire, a condition-specific PROM specifically developed to measure symptoms
and appearance in patients with vascular malformations.31 Satisfaction with treatment
and outcome is only relevant at follow-up and thus follows a different development
process, which will be reported separately (‘OVAMA follow-up questionnaire’).
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By including a clinically representative and heterogeneous group, the most common
problems for all types of patients with vascular malformations were incorporated.
The OVAMA questionnaire will be made freely available online (www.ovama.org) to
stimulate its wide use within the field of interest. The final version is already available in
Dutch and English after it was translated into English following the COSMIN linguistic
validation standards.11 A protocol for translation to other languages has been developed,
enabling easy and correct translation by local groups independently.
The OVAMA questionnaire will allow us to tackle the current heterogeneity in outcome
measures within the field of vascular malformations and thereby allow for comparison
of treatments. This PROM allows us to identify which treatment options are superior
to treat various specific symptoms or appearance-related problems. Treatments can then
be further tailored to the needs of the individual patient. The scientific evidence will
aid the clinician in recognizing the effects of various treatments in certain subgroups
or on specific symptoms, which is especially important in this heterogeneous group of
patients. Additionally, the OVAMA questionnaire enables defining clinically distinct
groups, which enables the classification of disease severity based on the severity of
symptoms and appearance problems. This is even more pressing with the emerging
gene-targeted therapies, which will predominantly play a role in more severe cases, for
which an accurate definition is currently still lacking.
Currently, studies are underway to further validate important measurement properties
of the OVAMA questionnaire. Preliminary results suggest that its test-retest reliability
and measurement errors are adequate. For the evaluation of responsiveness, a large
sample of patients must be included in which the OVAMA questionnaire is completed
before and after treatment. We expect to reach the needed sample size in 2021, since the
questionnaire has been implemented in the vascular malformation outpatient clinics in
the Amsterdam UMC after it became available.
To conclude, with the development of the OVAMA questionnaire, problems that matter
most to patients with vascular malformations can be studied scientifically. The many
applications of the OVAMA questionnaire may significantly improve the way clinical
research is conducted, and ultimately, the care for patients with vascular malformations.
We expect that our work will form a platform for the evaluation of novel treatment
modalities and will improve the care for all those affected by vascular malformations.

Future perspectives
With the outcome measures developed in this thesis, the effects of treatments on
specific symptoms, functioning and overall quality of life can be evaluated. The previous
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arbitrary, clinician-determined definitions of ‘success’ can be replaced by patientcentred parameters of treatment effect. Study results and treatments can be compared
for effectiveness and safety. It can be studied what effect the different treatments have on
different specific symptoms. If it is known which treatment has the best effect in reducing
a certain symptom, the right treatment can be selected when a patient experiences this
specific symptom. In other words, the clinician and patient can then better choose a
treatment course tailored to the patient’s individual problems and treatment goals.

Implementation of the core outcome domain set and core outcome measurement
instruments is facilitated by cooperating with many international experts and patients/
parents. The OVAMA initiative is supported by the International Society for the Study
of Vascular Anomalies (ISSVA), which is expected to lead to increased publicity and
trust in the outcome measures. Additionally, the European Reference Network (ERN)
for vascular anomalies (VASCA) is currently developing a registry for all patients
with vascular malformations in Europe. Part of this registry is evaluating the status
of the patient’s quality of life and symptoms. This will be covered by the in this thesis
selected and developed outcome measurement instruments: the PROMIS measures
and the OVAMA questionnaire. Apart from the Dutch and English version, different
translations are currently underway, ensuring further international use.
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Another important opportunity to use the outcome measures is exploring associations
between lesion characteristics and disease severity, i.e. the severity of the patient’s
symptoms, and the degree of impairment in functioning and wellbeing. With this data,
clinically distinct groups can be defined based on disease severity. This will be an important
step forward since the broad variety of patients are currently often analysed as one group,
while it is known that different lesions and patients react differently to treatments. Apart
from the current classification based on histopathological characteristics, the causal gene
mutation will play a role in future classification. We believe adding parameters on disease
severity is essential for choosing the right treatment strategy. A large amount of data
has already been gathered by our research group to study associations between lesion
characteristics and disease severity as measured by the OVAMA questionnaire and the
PROMIS measures. These data are expected to advance the development of evidencebased treatment guidelines, for which the need is becoming increasingly pressing with
the upcoming genetic targeted therapies. These novel medications often required longterm use. Their possible complications (and costs) represent a significant drawback
and makes this treatment modality suitable for more severe cases. Before large-scale
deployment of these therapies, we first need to define which vascular malformations can
be regarded as ‘severe’. The outcome measures provided in this thesis will be useful in
developing such a classification based on disease severity.
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The different translations, and by making the OVAMA questionnaire freely available
for everyone, assure that researchers around the world can study vascular malformation
treatments free from inconvenient barriers, such as financial restrictions. An additional
advantage is that this will facilitate the use of the OVAMA questionnaire for patients
in lower-income countries, as these are now generally underrepresented in current
literature. Various research groups in the Netherlands, Denmark, Spain and United
States are already starting clinical projects using the OVAMA questionnaire. We hope
and expect that many future clinical studies on vascular malformations will incorporate
the OVAMA questionnaire, and by doing so, will help reach the ultimate goal of the
OVAMA project: uniformity in outcome measures.
The construction of this thesis and the included studies can serve as a blueprint for other
conditions. Generic quality of life domains can be measured by generic, universally
validated outcome instruments, which use the newest technologies. Innovations such
as computerised adaptive tests allow measuring precisely and accurately with less
patient burden.14 This increases the feasibility of correctly measuring multiple outcome
domains and thereby obtaining a full picture of the patient’s health-related quality of
life and functioning. This way, researchers do not have to re-invent how to measure
general health domains related to quality of life for every specific condition. The use
of generic instruments for generic outcome domains allows for comparison with the
general population and other populations. For condition-specific outcome domains, a
condition-specific instrument can be developed which focuses solely on these conditionspecific outcome domains. The combination of generic instruments and a conditionspecific instrument can result in a complete assessment of the patient’s well-being and
clinical results.
Evaluation of outcomes with PROMs is expected to become increasingly important in
health care across all conditions. The value of PROMs has been studied extensively and will
increase in demand with the worldwide shift to value-based health care.33-37 Value-based
healthcare focuses on achieving the most relevant outcomes for the patient divided by the
cost. Herein it is essential to measure patient-reported outcomes and track the progression
of individual patients. Another development in health care involves shared-decision
making, in which the patient has an active voice in deciding the course of treatment. The
demand for shared-decision is widespread, however, implementation is often considered
to be challenging.38,39 The use of PROMs has proven to aid in establishing adequate
shared-decision making.33 At last, especially in current coronavirus-plagued times, a rapid
increase in digitalisation of health care proved to be essential and beneficial. In conclusion,
digital outcome measurement with PROMs will prove to be indispensable, also in times
of worldwide lockdowns, downscaling of clinical visits and research activities. PROMs
allow for assessments at home, at any time, using a mobile device.
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Conclusion
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With the completion of this thesis, outcome measures for evaluating treatment effect
in patients with vascular malformations have been determined. This thesis provided
valuable insight into what and how to measure when evaluating patient-centred
treatment effects for patients with vascular malformations. Our findings are expected to
allow for the determination of disease severity and uniform assessment of the effects of
treatments, which has been lacking up till now. The work presented in this thesis enables
us to fill in many essential knowledge gaps in the field of vascular malformations, with
the ultimate goal to improve the care for patients with vascular malformations.
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Part I: Introduction
Vascular malformations are rare congenital tangles of dysfunctional and dilated vessels.
The lesions vary in size, can occur anywhere in the body and are often visible as a stain
or three-dimensional mass differing in colour and texture from normal tissue. This thesis
focuses on peripheral vascular malformations, i.e. not those located in the central nervous
system. The lesions can be of venous, lymphatic, arteriovenous, capillary or combined
origin. Common symptoms are pain, disfigurement, impaired physical functioning and
psychosocial problems.
At the start of the research included in this thesis, several major issues needed to be
addressed for the correct evaluation of treatment outcomes in patients with vascular
malformations. At first, no data existed on the effectiveness and safety of the most
commonly used treatments. Secondly, it was unknown what needed to be measured to
correctly determine treatment effects. Thirdly, no patient-reported outcome measures
(PROMs) were validated to measure quality of life in this population. Finally, no tools
existed to evaluate condition-specific core outcome domains. This thesis aimed to address
these knowledge gaps. The main aim of this thesis is working towards uniformity in
outcome measures in the clinical research on vascular malformations. The summarised
results are presented below.
Part II: Evaluation of current treatments
Many treatments are available for vascular malformations. However, treatment outcomes
are unpredictable, and recurrences and complications are common. No clear data on
treatment outcomes are available. Part II of this thesis addressed the effectiveness and
safety of two of the most widely used treatment strategies: sclerotherapy and surgery.
In Chapter 2, a systematic review shows that the many different available sclerosing agents
are reported to be effective in treating low-flow head and neck vascular malformations
with lymphatic and/or venous components. The literature search yielded 1155 articles,
among which 36 (1552 patients) were included in the systematic review. The overall
quality of evidence was low. Pingyangmycin, absolute ethanol, OK-432, ethanolamine
oleate, bleomycin, polidocanol, doxycycline, and sodium tetradecyl sulphate were
the most reported sclerosing agents. All agents seem effective, and the mean overall
response varies from 71% to 100%. Complications occurred more frequently after
ethanol sclerotherapy (18%), compared to other sclerosing agents (0-6%). Cellulitis and
ulceration were encountered following sclerotherapy with most sclerosing agents, but
skin necrosis was particularly observed after ethanol. Facial nerve paralysis occurred only
after OK-432 (0.05%) and ethanol sclerotherapy (6%). Despite the overall favourable
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effects of sclerotherapy, recurrences and adverse events are common, and multiple
treatments are frequently needed.
Chapter 3 aimed to elucidate the indications and outcomes of surgical treatments
of vascular malformations by systematically reviewing the literature and conducting
meta-analyses. It became clear that surgical resection of vascular malformations can
be effective and safe. A total of 3042 articles were found of which 24 were included:
9 studies on arteriovenous malformations (AVM), 7 on venous malformations (VM),
and 8 on lymphatic malformations (LM), totalling 980 patients. Meta-analyses showed
pooled proportions for recurrences of 11% in AVMs, 5% in VMs, and 9% in LMs.
Pooled proportions of major complications were 9% for AVMs, 3% for VMs, and 1%
for LMs. We found a 5% pooled recurrence proportion in total resections, opposed to
28% in subtotal resections. The pooled odds ratio for recurrence in total and subtotal
resections showed a significant lower recurrence rate after total resection (odds ratio:
0.14, p=0.02).
Though excellent and permanent results can be achieved, poor results and complications
also occur regularly. It remains unclear which indications yield the best results, but in
the assessed samples surgery was mostly performed for smaller lesions. These smaller
lesions were likely selected for surgery by the physicians as total resection was deemed
feasible in such cases. Poor outcomes were correlated with subtotal resections, which
generally involved large or deeply extending lesions.
Part III: Core outcome domains

In a previous study, a core domain set (CDS) for peripheral vascular malformations
was developed. A CDS is a minimum set of outcome domains that should be measured
when evaluating treatment outcomes in health conditions. This international consensus
project, involving 167 physician and 134 (parent of ) patient contributors, consisted of
a three-round e-Delphi study and an online consensus meeting. For several domains,
consensus was not achieved, specifically ‘recurrence’, ‘appearance’, ‘radiological imaging’
and ‘lymphatic fluid leakage’.
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After systematically reviewing treatment effectiveness studies in chapter 2 and 3, the
necessity for uniform outcome measures became apparent. Heterogeneity in outcome
measures was hampering the comparison of study results. In 2016, the Outcome measures
for VAscular MAlformations (OVAMA) project was started by Horbach and colleagues.
The ultimate goal of this ongoing project is to establish uniform outcome measures in
clinical research on vascular malformations. To genuinely determine treatment effects,
we first needed to determine what exactly needed to be measured.
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Chapter 4 reports on a face-to-face consensus meeting to establish the final CDS.
Consensus was reached on a final CDS. The core outcome domains were divided
into patient-reported and clinician-reported outcome domains. Patient-reported core
outcome domains included appearance, overall condition-specific symptoms, pain,
bleeding, location-specific symptoms, overall quality of life, activities of daily living,
mobility, ability to participate in work/study, confidence/self-esteem, emotional
wellbeing, and satisfaction with treatment and outcome. Clinician-reported core
outcome domains included appearance, bleeding, leakage of lymphatic fluid, infection,
localised thrombosis, location-specific signs and adverse events. With this face-to-face
consensus meeting, we successfully finalised the CDS for clinical research in peripheral
vascular malformations.
Part IV: Core outcome measurement instruments: existing instruments
After completion of the core domain set, the search began for suitable outcome
measurement instruments covering the core outcome domains, which is addressed in part
IV of this thesis. A systematic review and quality assessment by Horbach et al. yielded
no condition-specific outcome measurement instruments for vascular malformations,
and concluded that no generic outcome measurement instruments had been evaluated
regarding measurement properties in this population. This thesis further focused on
how to measure the patient-reported core outcome domains, i.e. the selection and
development of patient-reported outcome measures (PROMs).
In chapter 5, in adult patients with vascular malformations, the ability to detect quality
of life changes over time (responsiveness) of two widely used generic quality of life
PROMs were evaluated: the Medical Outcomes Study Short Form 36 (SF-36) and the
Skindex-29. In this international multicentre prospective study, 67 treated and untreated
patients completed the SF-36 and Skindex-29 at baseline and after a follow-up period
of 6-8 weeks. Global Rating of Change (GRC) scales assessing various quality of liferelated outcome domains were additionally completed. Per subscale, responsiveness was
assessed using two methods: by testing hypotheses on expected correlation strength
between change scores of the questionnaires and the GRC scales, and by calculating the
area under the receiver operating characteristics curve (AUC). The questionnaires were
considered responsive if ≥75% of the hypotheses were confirmed or if the AUC was
≥0.7. For all subscales of the SF-36 and Skindex-29, less than 75% of the hypotheses
were confirmed and the AUC was <0.7. These findings suggest that the SF-36 and
Skindex-29 are unresponsive to change in quality of life. This suggests that alternative
PROMs are needed to measure – and ultimately improve – quality of life in patients
with vascular malformations.
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Chapter 7 aimed to determine whether Patient-Reported Outcome Measurement
Information System (PROMIS) computerised adaptive tests (CATs) measure quality
of life-related core outcome domains reliably in patients with vascular malformations,
and if so, to obtain reference values for this population. In this observational study,
adults and children with vascular malformations were invited to complete PROMIS
CATs measuring quality of life-related core outcome domains. Participants were
additionally invited for a retest seven days after completing the first questionnaires.
One-hundred-twenty-five patients completed PROMIS CATs on pain interference,
physical function, anxiety, depression, ability to participate in social roles and activities,
and the PROMIS numeric rating scale (NRS) on pain intensity. Twenty-three children
completed paediatric PROMIS CATs on pain interference, physical function mobility,
physical function upper extremity, anxiety, depressive symptoms, peer relationships, and
the PROMIS NRS on pain intensity. Test–retest reliability was quantified by calculating
intraclass correlation coefficients (ICC), standard errors of measurement (SEM) and
smallest detectable changes (SDC). Moreover, descriptive statistics for each CAT were
calculated. For adults, all ICCs were above 0.85, SEMs were under 5 points and SDCs
around 10 points, indicating adequate test-retest reliability and measurement errors. The
number of children who completed the retests did not exceed the limit of 50 patients
and thus could not be evaluated. According to PROMIS norms, patients with vascular
malformation reported average quality of life as compared to the general population.
However, in every domain, about a quarter of patients experienced mild or moderate
problems as compared to the general population. This study suggests that PROMIS
CATs measure quality of life core outcome domains reliably in patients with vascular
malformations. The wide variation in quality of life levels underlines the need for further
distinction of subgroups based on quality of life.
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Chapter 6 describes an international multicentre prospective study, in which 25 either
conservatively or invasively treated children completed both the Pediatric Quality of Life
Inventory (PedsQL) and the Children’s Dermatology Life Quality Index (CDLQI) at
baseline and after follow-up of 6-8 weeks. At follow-up, change in health was assessed by
a GRC scale. Responsiveness was assessed by testing hypotheses on expected correlation
strength between change scores of the PROMs and the GRC scale, and by calculating
the AUC. The PROMs were considered responsive if ≥75% of the hypotheses were
confirmed or if the AUC was ≥0.7. For both the PedsQL and CDLQI, less than 75%
of the hypotheses were confirmed and the AUC was <0.7. The results suggest that these
PROMs are not sufficiently responsive for evaluating treatment effect in peripheral
vascular malformations. This study emphasises the need for assessing responsiveness
before using a PROM in evaluating treatment effect.
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Part V: Core outcome measurement instruments: development of a new instrument
After covering the generic core outcome domains falling under quality of life, there
still remained a need for an instrument, which could measure the condition-specific
core outcome domains, i.e. the domains related to the condition-specific symptoms,
appearance and satisfaction with treatment and outcome. Part V describes the
development of the OVAMA questionnaire, a condition-specific PROM specifically
developed to measure symptoms and appearance in patients with vascular malformations.
Chapter 8 addressed a qualitative and subsequent cross-sectional study to develop a
PROM for measuring symptoms and appearance in patients with vascular malformations.
A first draft of the PROM was based on the previously internationally developed CDS.
The qualitative part of this study involved interviews with 14 patients, which led to a
second draft. The second draft was field-tested cross-sectionally, after which groups of
items were evaluated for adequate internal consistency (Cronbach’s alpha >0.7) to form
composite scores. Construct validity was evaluated by testing 13 predefined hypotheses
on known-group differences. The patient interviews ensured adequate content validity
and resulted in a general symptom scale with 6 items, head/neck symptom scale with
8 items and an appearance scale with 9 items. Cronbach’s alpha was adequate for two
composite scores: a general symptom score (0.88) and an appearance score (0.85). Ten
out of 13 hypotheses on known-group differences were confirmed, confirming adequate
construct validity. With the development of the OVAMA questionnaire, outcomes of
patients with vascular malformations can now be evaluated from the patients’ perspective.
This may help improve the development of evidence-based treatments and evaluate the
overall care for patients with vascular malformations.
Part VI: General discussion
In part VI, the results described in this thesis are discussed in relation to contemporary
literature data and future perspectives are depicted. With the completion of this
thesis, outcome measures for evaluating treatment effects in patients with vascular
malformations have been determined. This thesis provides insight into what and how to
measure when evaluating patient-centred treatment effects in vascular malformations.
Further, our findings are expected to allow the measurement of disease severity and
permit the uniform assessment of the treatment effects, which has been so far lacking.
The work presented in this thesis resolves the essential knowledge gaps in the field of
vascular malformations, with the ultimate goal to improve the care for patients with
vascular malformations.
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Samenvatting (Dutch summary)
Uitkomstmaten in vasculaire malformaties
Deel I: Introductie
Vasculaire malformaties zijn zeldzame kluwens van disfunctionele en verwijde vaten.
De laesies variëren in grootte, kunnen overal in het lichaam voorkomen en zijn vaak
zichtbaar als een vlek of driedimensionale massa die qua kleur en textuur anders is dan
normaal weefsel. Dit proefschrift richt zich op perifere vasculaire malformaties, dat wil
zeggen, niet die gelegen in het centrale zenuwstelsel. De laesies kunnen van veneuze,
lymfatische, arterioveneuze, capillaire of gecombineerde origine zijn. Veelvoorkomende
symptomen zijn pijn, een afwijkend uiterlijk, verminderd lichamelijk functioneren en
psychosociale problemen.
Bij de start van het in dit proefschrift opgenomen onderzoek moesten verschillende
belangrijke problemen worden aangepakt om behandeluitkomsten op een juiste manier
te kunnen evalueren bij patiënten met vasculaire malformaties. In eerste instantie waren
er geen gegevens over de effectiviteit en veiligheid van de meest gebruikte behandelingen.
Ten tweede was het niet bekend wat er moest worden gemeten om de behandeleffecten
correct te bepalen. Ten derde waren er geen patiënt-gerapporteerde uitkomstmaten
gevalideerd om de kwaliteit van leven in deze populatie te meten. Ten slotte bestonden
er geen instrumenten om aandoening-specifieke kern-uitkomstdomeinen te evalueren.
Dit proefschrift had als doel deze problemen op te lossen. Het belangrijkste einddoel
hierbij is uniformiteit in uitkomstmaten in het klinisch onderzoek naar vasculaire
malformaties. Hieronder worden de samengevatte resultaten weergegeven.
Deel II: Evaluatie van huidige behandelingen

In Hoofdstuk 2 laat een systematisch literatuuronderzoek zien dat de vele verschillende
beschikbare scleroserende middelen naar verluidt effectief zijn bij het behandelen van
vasculaire malformaties met lymfatische en/of veneuze componenten in de hoofd/hals
regio. Het literatuuronderzoek leverde 1155 artikelen op, waarvan 36 (1552 patiënten) in
de studie zijn opgenomen. De algehele kwaliteit van het bewijs was laag. Pingyangmycine,
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Er zijn veel behandelingen beschikbaar voor vasculaire malformaties. De uitkomsten van
behandeling zijn echter onvoorspelbaar en recidieven en complicaties komen regelmatig
voor. Er zijn geen duidelijke gegevens beschikbaar over de effectiviteit van behandelingen.
Deel II van dit proefschrift gaat over de effectiviteit en veiligheid van twee van de meest
gebruikte behandelstrategieën: sclerotherapie en chirurgie.
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absoluut ethanol, OK-432, ethanolamine-oleaat, bleomycine, polidocanol, doxycycline
en natriumtetradecylsulfaat waren de meest gerapporteerde scleroserende middelen.
Alle middelen lijken effectief en de gemiddelde algehele behandelrespons varieerde van
71% tot 100%. Complicaties kwamen vaker voor na sclerotherapie met ethanol (18%)
in vergelijking met andere scleroserende middelen (0-6%). Qua complicaties werden
cellulitis en ulceratie bij het merendeel van de scleroserende middelen gerapporteerd.
Huidnecrose werd vooral waargenomen na sclerotherapie met ethanol. Verlamming van de
aangezichtszenuw trad alleen op na sclerotherapie met OK-432 (0,05%) en ethanol (6%).
Ondanks de over het algemeen gunstige effecten van sclerotherapie, komen recidieven en
bijwerkingen regelmatig voor, en zijn er vaak meerdere behandelingen nodig.
Hoofdstuk 3 had als doel de indicaties en uitkomsten van chirurgische behandeling van
vasculaire malformaties te verhelderen door systematisch literatuuronderzoek en metaanalyses uit te voeren. Hieruit bleek dat chirurgische resectie van vasculaire malformaties
effectief en veilig kan zijn. In totaal werden 3042 artikelen gevonden, waarvan er 24
werden geïncludeerd: 9 onderzoeken naar arterioveneuze malformaties (AVM), 7
naar veneuze malformaties (VM) en 8 naar lymfatische malformaties (LM), in totaal
980 patiënten. Meta-analyses toonden samengevoegde proporties voor recidieven van
11% bij AVM’s, 5% bij VM’s en 9% bij LM’s. Samengevoegde proporties van ernstige
complicaties waren 9% voor AVM’s, 3% voor VM’s en 1% voor LM’s. We vonden een
samengevoegd recidiefpercentage van 5% in totale resecties, in tegenstelling tot 28%
in subtotale resecties. De samengevoegde odds ratio voor recidief in totale en subtotale
resecties vertoonde een significant lager recidiefpercentage na totale resectie (odds ratio:
0,14, p = 0,02).
Hoewel er uitstekende en permanente resultaten kunnen worden bereikt met chirurgie,
komen slechte resultaten en complicaties ook regelmatig voor. Het blijft onduidelijk welke
indicaties de beste uitkomsten opleveren, maar opvallend was dat in de geïncludeerde
studies overwegend kleinere laesies werden geopereerd. Deze kleinere laesies werden
waarschijnlijk geselecteerd voor chirurgie omdat een totale resectie in dergelijke gevallen
haalbaar werd geacht. Slechte uitkomsten waren gecorreleerd met subtotale resecties,
waarbij doorgaans sprake was van grote of diep uitbreidende laesies.
Deel III: Kern-uitkomstdomeinen
Na systematisch literatuuronderzoek naar de effectiviteit van de behandeling in Hoofdstuk
2 en 3, werd de noodzaak duidelijk voor uniforme uitkomstmaten. Heterogeniteit
in uitkomstmaten bemoeilijkte de vergelijking van studieresultaten. In 2016 werd
het Outcome measures in VAscular MAlformations (uitkomstmaten in vasculaire
malformaties, OVAMA) project gestart door Horbach en collega’s. Het uiteindelijke doel
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van dit lopende project is om uniforme uitkomstmaten te bewerkstelligen in klinisch
onderzoek naar vasculaire malformaties. Om de behandeleffecten op een juiste manier
te kunnen bepalen, moesten we eerst bepalen wat er precies moest worden gemeten.
In een eerdere studie werd een set van kern-uitkomstdomeinen (CDS) voor perifere
vasculaire malformaties ontwikkeld. Een CDS is een set van uitkomstdomeinen die
tenminste moeten worden gemeten bij het evalueren van behandeluitkomsten bij een
bepaalde aandoening. Dit internationale consensusproject, waarbij 167 artsen en
134 (ouders van) patiënten betrokken waren, bestond uit een e-Delphi-studie van
drie rondes en een online consensusvergadering. Over verschillende domeinen werd
geen consensus bereikt, namelijk ‘recidief ’, ‘uiterlijk’, ‘radiologische beeldvorming’ en
‘lymfevochtlekkage’.
Hoofdstuk 4 doet verslag van een fysieke consensusvergadering om de definitieve
CDS vast te stellen. Er werd succesvol consensus bereikt over een definitieve CDS. De
kern-uitkomstdomeinen werden onderverdeeld in patiënt-gerapporteerde en clinicusgerapporteerde uitkomstdomeinen. Patiënt-gerapporteerde kern-uitkomstdomeinen
waren onder meer uiterlijk, algemene aandoening-specifieke symptomen, pijn, bloedingen,
locatie-specifieke symptomen, algehele kwaliteit van leven, dagelijkse activiteiten, mobiliteit,
vermogen om deel te nemen aan werk/studie, zelfvertrouwen, emotioneel welzijn en tevredenheid
over de behandeling en uitkomst. Clinicus-gerapporteerde kern-uitkomstdomeinen waren
uiterlijk, bloedingen, lymfevochtlekkage, infectie, plaatselijke trombose, locatie-specifieke
symptomen en bijwerkingen. Met deze fysieke consensusvergadering hebben we met
succes de CDS voor klinisch onderzoek naar perifere vasculaire malformaties afgerond.

Na voltooiing van de set van kern-uitkomstdomeinen begon de zoektocht naar
geschikte meetinstrumenten om deze kern-uitkomstdomeinen te meten. Dit wordt
behandeld in deel IV van dit proefschrift. Een systematisch literatuuronderzoek en
studiekwaliteitsbeoordeling door Horbach et al. vond geen aandoening-specifieke
meetinstrumenten voor vasculaire malformaties, en concludeerde ook dat er geen
generieke meetinstrumenten waren gevalideerd in deze populatie. Dit proefschrift richtte
zich verder op het meten van de patiënt- gerapporteerde kern-uitkomstdomeinen, in
andere woorden: de selectie en ontwikkeling van patiënt-gerapporteerde uitkomstmaten
(PROMs) voor patiënten met vasculaire malformaties.
In Hoofdstuk 5 werd bij volwassen patiënten met vasculaire malformaties geëvalueerd
of twee veelgebruikte generieke PROMs veranderingen in kwaliteit van leven over tijd
konden detecteren (responsiviteit): de Medical Outcomes Study Short Form 36 (SF-36)
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Deel IV: Kern-meetinstrumenten: bestaande instrumenten
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en de Skindex-29. In deze internationale multicenter prospectieve studie voltooiden
67 behandelde en onbehandelde patiënten de SF-36 en Skindex-29 bij aanvang en
na een follow-up periode van 6-8 weken. Daarnaast werden Global Rating of Change
(globale beoordeling van verandering, GRC) schalen ingevuld die verschillende
uitkomstdomeinen met betrekking tot kwaliteit van leven uitvroegen. Per subschaal
werd responsiviteit beoordeeld met behulp van twee methoden: door hypothesen te
testen op de verwachte correlatiesterkte tussen veranderingsscores van de vragenlijsten
en de GRC-schalen, en door het gebied onder de receiver operating characteristics curve
(AUC) te berekenen. De vragenlijsten werden als responsief beschouwd wanneer ≥75%
van de hypothesen bevestigd was of als de AUC ≥0,7 was. Voor alle subschalen van de
SF-36 en Skindex-29 werden minder dan 75% van de hypothesen bevestigd en was
de AUC <0,7. Deze bevindingen suggereren dat de SF-36 en Skindex-29 inadequaat
veranderingen detecteren in kwaliteit van leven. Dit impliceert dat er andere PROMs
nodig zijn om de kwaliteit van leven van patiënten met vasculaire malformaties te meten
- en uiteindelijk te verbeteren.
Hoofdstuk 6 beschrijft een internationale multicenter prospectieve studie, waarin 25
conservatief of invasief behandelde kinderen zowel de Pediatric Quality of Life Inventory
(PedsQL) als de Children’s Dermatology Life Quality Index (CDLQI) invulden bij
aanvang en na follow-up van 6-8 weken. Bij de follow-up werd verandering in gezondheid
beoordeeld met een GRC-schaal. De responsiviteit werd beoordeeld door hypothesen
te testen op de verwachte correlatiesterkte tussen veranderingsscores van de PROMs
en de GRC-schaal, en door de AUC te berekenen. De PROMs werden als responsief
beschouwd als ≥75% van de hypothesen bevestigd was of als de AUC ≥0,7 was. Voor
zowel de PedsQL als de CDLQI werd minder dan 75% van de hypothesen bevestigd en
was de AUC <0,7. De resultaten suggereren dat deze PROMs niet voldoende responsief
zijn om behandeleffectiviteit bij kinderen met vasculaire malformaties te evalueren.
Deze studie benadrukt de noodzaak om de responsiviteit te bepalen voordat een PROM
wordt gebruikt om behandeleffect te evalueren.
Hoofdstuk 7 had als doelstelling te bepalen of Patient-Reported Outcome Measurement
Information System (PROMIS) computergestuurde adaptieve tests (CATs) betrouwbaar
kern-uitkomstdomeinen gerelateerd aan kwaliteit van leven konden meten bij patiënten
met vasculaire malformaties. Indien dit het geval was, dan konden de resultaten worden
gebruikt als grove referentiewaarden voor deze populatie. In deze observationele
studie werden volwassenen en kinderen met vasculaire malformaties uitgenodigd om
PROMIS CATs te voltooien om kern-uitkomstdomeinen gerelateerd aan kwaliteit van
leven te meten. De deelnemers werden vervolgens zeven dagen na het invullen van de
eerste vragenlijsten uitgenodigd voor een hertest. Honderdachtentwintig volwassenen
voltooiden PROMIS CATs over belemmeringen door pijn, fysiek functioneren, angst,
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depressie, het vermogen om deel te nemen aan sociale rollen en activiteiten, en de PROMIS
numerieke beoordelingsschaal (NRS) voor pijnintensiteit. Drieëntwintig kinderen
voltooiden pediatrische PROMIS CATs over belemmeringen door pijn, mobiliteit,
functie van de bovenste extremiteit, angst, depressieve symptomen, relaties met peers en de
PROMIS NRS over pijnintensiteit. Test-hertest betrouwbaarheid werd gekwantificeerd
door het berekenen van intraclass correlatiecoëfficiënten (ICC), standard errors of
measurement (SEM) en smallest detectable changes (SDC). Hiernaast werden voor elke
CAT beschrijvende statistieken berekend. Voor volwassenen waren alle ICC’s hoger dan
0,85, SEMs waren minder dan 5 punten en SDC’s ongeveer 10 punten, wat duidt op
een valide test-hertest betrouwbaarheid en adequate meetfouten. Het aantal kinderen
dat de hertest voltooide behaalde niet de limiet van 50 patiënten en kon dus niet
worden geëvalueerd. Volgens PROMIS-normen rapporteerden patiënten met vasculaire
malformaties gemiddeld een normale kwaliteit van leven in vergelijking met de algemene
bevolking. In elk domein ondervond echter ongeveer een kwart van de patiënten milde
of matige problemen in vergelijking met de algemene bevolking. Deze studie suggereert
dat PROMIS CATs de kwaliteit van leven gerelateerde kern-uitkomstdomeinen
betrouwbaar kunnen meten bij patiënten met vasculaire malformaties. De grote variatie
in kwaliteit van leven benadrukt de noodzaak om subgroepen te onderscheiden op basis
van kwaliteit van leven.
Deel V: Kern-meetinstrumenten: ontwikkeling van een nieuw instrument

Hoofdstuk 8 omvat een kwalitatieve en daaropvolgende cross-sectionele studie om een
PROM te ontwikkelen voor het meten van symptomen en uiterlijk bij patiënten met
vasculaire malformaties. Een eerste opzet van de PROM was gebaseerd op de eerder
internationaal ontwikkelde CDS. Het kwalitatieve deel van dit onderzoek omvatte
interviews met 14 patiënten, wat leidde tot een tweede concept. Het tweede concept
werd cross-sectioneel in de praktijk getest, waarna groepen items werden geëvalueerd
op voldoende interne consistentie (Cronbach’s alpha >0,7) om samengestelde scores te
vormen. Constructvaliditeit werd geëvalueerd door 13 vooraf gedefinieerde hypothesen
te testen op bekende verschillen tussen groepen. De patiëntinterviews zorgden voor
voldoende inhoudsvaliditeit en resulteerden in een algemene symptomen-schaal met
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Met de PROMIS uitkomstmaten kunnen de generieke kwaliteit van leven gerelateerde
kern-uitkomstdomeinen worden gemeten. Echter, voor de aandoening-specifieke
kern-uitkomstdomeinen was er nog geen geschikt meetinstrument. Specifiek betreft
dit de domeinen gerelateerd aan de aandoening-specifieke symptomen, het uiterlijk en
tevredenheid met behandeling en uitkomst. Deel V beschrijft de ontwikkeling van
de OVAMA-vragenlijst, een aandoening-specifieke PROM die is ontwikkeld om
symptomen en uiterlijk te meten bij patiënten met vasculaire malformaties.

Chapter 10

6 items, hoofd/hals symptomen-schaal met 8 items en een uiterlijk-schaal met 9
items. Cronbach’s alpha was voldoende voor twee samengestelde scores: een algemene
symptomen score (0,88) en een uiterlijk score (0,85). Tien van de 13 hypothesen
over bekende verschillen tussen groepen werden bevestigd, wat een adequate
constructvaliditeit onderschrijft. Met de ontwikkeling van de OVAMA-vragenlijst
kunnen de behandeluitkomsten geëvalueerd worden vanuit het perspectief van de
patiënt. Dit kan de ontwikkeling van evidence-based behandelingen vergemakkelijken
en de algehele zorg voor patiënten met vasculaire malformaties verbeteren.
Deel VI: Algemene discussie
In deel VI worden de in dit proefschrift beschreven resultaten besproken in relatie
tot hedendaagse literatuurgegevens en worden toekomstperspectieven gegeven. Met
de afronding van dit proefschrift zijn uitkomstmaten bepaald voor het evalueren van
behandeleffecten bij patiënten met vasculaire malformaties. Dit proefschrift geeft
inzicht in wat en hoe te meten om behandeleffect te evalueren vanuit het perspectief van
patiënten met vasculaire malformaties. Verder verwachten we dat, door de bevindingen
in dit proefschrift, we nu de ernst van de ziekte kunnen bepalen per patiënt, en er een
uniforme beoordeling van behandeleffectiviteit mogelijk is, wat tot dusverre ontbrak.
Het werk dat in dit proefschrift wordt gepresenteerd vult cruciale kennishiaten op in
het onderzoeksgebied van vasculaire malformaties, met als uiteindelijk doel de zorg voor
patiënten met vasculaire malformaties te verbeteren.
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