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Abstract

Introduction: Low-flow vascular malformations are congenital abnormalities of the veins, capillaries or lymphatic

vessels or a combination of the previous. Compressive garments are frequently used as a first-line treatment option

for low-flow vascular malformations of the extremities with the purpose of relieving symptoms. Yet, the benefits and

harms of compression stockings remain unclear.

Methods: A systematic search was performed in MEDLINE, Embase, Cochrane Central Register of Controlled Trials

including a hand search for studies measuring the benefits and harms of compression garments in treating low-flow

vascular malformations. Two investigators performed study selection, quality assessment and data extraction

independently.

Results: Of the 565 studies found, eventually five (totalling 101 patients with venous malformations or Klippel–

Trenaunay syndrome receiving compression therapy) observational studies were included in the systematic review.

Although the overall quality of these studies was poor, results suggest that compression garments might lessen intra-

vascular coagulation, improve symptoms and appearance, diminish oedema, and protect against minor trauma. None of

the studies quantified any harms of compression therapy.

Conclusion: Even though compression therapy is commonly used in the treatment of low-flow vascular malformations,

available literature does not provide high-quality evidence to validate its use. We therefore advocate the need for pro-

spective comparative trials with standardised outcome measures to study the benefits and harms of this treatment option.
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Introduction

Vascular malformations have been defined as congeni-
tal anomalies of the blood vessels or lymphatic vessels.1

These are typically present at birth, as the result of a
derailed vascular development. After growing pari
passu with the child, the lesions usually do not regress.1

Vascular malformations can be categorised into high-
flow and low-flow malformations: the latter category
consists of capillary (CM), lymphatic (LM), venous
(VM) or combinations of the previous, whereas
high-flow malformations include arteriovenous mal-
formations (AVMs) or arterial fistulas.2,3 The largest
proportion of low-flow vascular malformations
occurs in the head and neck region, followed by the
extremities.4

Proposed treatment options for vascular malforma-
tions of the extremities include invasive therapies
such as sclerotherapy, endo-venous laser therapy and
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surgical excision.5–7 Yet, evidence-based treatment
guidelines are not readily available.8–10 Compressive
garments, such as elastic stockings, are commonly
proposed by clinicians as a simple, non-invasive first-
line treatment option for low-flow vascular malforma-
tions of the extremities, with the intention to relieve
symptoms.11 However, it is unclear what the exact
effectiveness and possible harms of compression stock-
ings are. Hence, the aim of this systematic review is
to summarise available evidence on the benefits and
harms of compression garments in the management of
patients with low-flow vascular malformations of the
extremities.

Methods

For this systematic review, the guidelines of the
PRISMA statement were applied.12

Literature search

A comprehensive literature search was performed
in PubMed (MEDLINE), EMBASE, and Cochrane
Central Register of Controlled Trials from their
inception to June 2016. The search strategy included
the MeSH terms vascular malformations, compression
bandages and extremities and was augmented with
key words describing specific types of vascular

malformations, compression therapy and synonyms.
The full search strategy is shown in Table 1. In add-
ition, the reference lists of included articles were hand-
searched to identify potential relevant articles. Dutch
compression garment suppliers were contacted and
asked to provide scientific information on the effective-
ness and complications of their products.

Inclusion and exclusion criteria

Inclusion criteria were: (1) all space-occupying low-flow
soft tissue vascular malformations, including combined
low-flow vascular malformations and vascular malfor-
mations in patients with Klippel–Trenaunay syndrome
(KTS). KTS involves (combinations of) low-flow
vascular malformations accompanied by varices and
hypertrophy of soft tissue and/or bones of the
extremities.13

(2) Randomised clinical trials and observational stu-
dies (i.e. cohort studies and case series).

The following outcome measures of interest, either
quantitative or qualitative, were pre-defined: change in
size of the lesion, change in general appearance of the
lesion, adverse effects of treatment (e.g. pain, bleeding
or decreased quality of life), (prevention of) disease
complications, change in signs/symptoms, pain evalu-
ation, and quality of life. We did not apply an age limit
for patients or a publication language restriction for

Table 1. Search strategy: PubMed/MEDLINE, EMBASE and Cochrane Central Register of Controlled Trials.

Search strategy PubMed/MEDLINE 23-06-2016

(‘‘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 lymphatic malformation*[tiab] OR lymphatic malformation*[ot] OR lymphangioma*[tiab] OR

lymphangioma*[ot])

AND

(‘‘Compression Bandages’’[Mesh] OR ‘‘Compression bandage’’[tiab] OR ‘‘Compression bandages’’[tiab] OR ‘‘Compression

stocking’’[tiab] OR ‘‘Compression stockings’’[tiab] OR ‘‘Elastic bandage’’[tiab] OR ‘‘Elastic stocking’’[tiab] OR Compress*[tiab]

OR Stocking*[tiab] OR Bandage*[tiab] OR Dressing*[tiab])

AND

(‘‘Extremities’’[Mesh] OR ‘‘lower extremity’’[tiab] OR ‘‘upper extremity’’[tiab] OR ‘‘lower extremities’’[tiab] OR ‘‘upper extre-

mities’’[tiab] OR extremit*[tiab] OR leg[tiab] OR legs[tiab] OR foot[tiab] OR feet[tiab] OR arm[tiab] OR arms[tiab] OR

hand[tiab] OR hands[tiab] OR buttock*[tiab] OR Hip[tiab] OR Hips[tiab] OR Knee*[tiab] OR Thigh*[tiab] OR Axilla*[tiab] OR

Elbow*[tiab] OR Forearm*[tiab] OR Shoulder*[tiab])

Search strategy EMBASE 23-06-2016

exp congenital blood vessel malformation/ or (vascular malformation* or venous malformation* or lymphatic malformation* or

lymphangioma*).ti,ab,kw.

AND

compression bandage/ or (compression bandage* or compression stocking* or elastic bandage* or elastic stocking* or stocking* or

bandage* or compress* or dressing*).ti,ab,kw.

AND

exp limb/ or (extremit* or leg* or foot or feet or arm* or hand* or buttock or hip* or knee* or thigh* or axilla* or elbow* or

forearm* or shoulder*).ti,ab,kw.

Search strategy Cochrane Central Register of Controlled Trials 23-06-2016

vascular malformations AND (elastic OR compression OR stocking OR stockings OR compressive OR bandage) AND Extremities
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inclusion in the review. Authors were contacted for art-
icles of which only the abstract was available. Articles
of which no full-text was available were excluded from
this systematic review. Relevant full papers, abstracts
and conference proceedings were hand-searched.
All inclusion and exclusion criteria are presented in
Table 2.

Study selection and data collection

Two researchers (GBL and SERH) independently
screened the articles based on their title and abstract.
A second selection round was performed based on
full-text articles. The articles that met the inclusion
criteria (Table 2) were included in the systematic
review. Three authors (GBL, SERH and CJMV) inde-
pendently extracted data from each included study.
Extracted data included the number of patients treated,
patients’ age, type and duration of compression ther-
apy, type and location of vascular malformation, and
data on predefined outcome measures as previously
described.

Quality assessment

Two researchers (GBL and CJMV) independently eval-
uated the quality of the included studies by means of

the Effective Public Health Practice Project (EPHPP)
tool for the quality assessment of quantitative studies.14

This tool addresses selection bias, study design, con-
founders, blinding, data collection method, with-
drawals and dropouts. These components were rated
as ‘strong’ (three points), ‘moderate’ (two points) or
‘weak’ (one point). Subsequently, a global rating for
the article was given based on an averaged total score
and categorised as ‘weak’ (1.00–1.50 points), ‘moder-
ate’ (1.51–2.50 points) or ‘strong’ (2.51–3.00 points).14

Whenever necessary, disagreement between the evalu-
ators (GBL, SERH and CJMV) with regard to study
selection, data extraction or quality assessment was
resolved by consensus.

Results

The literature search yielded 565 articles. After screen-
ing of the articles, we found 10 articles describing
the application of compression garments in low-flow
vascular malformations of the extremities. However,
five of these articles15–19 were excluded because they
did not report on either predefined outcomes measures
or any other treatment related outcomes. The remain-
ing five articles were included for review. The flow of
study inclusion is shown in Figure 1. Dutch compres-
sion garment suppliers did not have any scientific infor-
mation available on the effectiveness and complications
of their products.

All included studies were retrospective case series
ranging from 24 to 176 participants, and were pub-
lished between 1995 and 2010. Three articles presented
patients with VMs of the extremities, while two articles
included patients with KTS. All patients enrolled in
the included studies were children with mean ages
ranging from 4.7 years to 13 years. In four articles,
vascular malformations were located in both the
upper and lower extremities. In the remaining article,
vascular malformations were exclusively located in
the lower extremities. Pain and bleeding caused by the
vascular malformation were commonly described
symptoms in all articles. The included articles did not
report the brands of the compression garments.
Duration of treatment was not reported. Only two
studies20,21 described the frequency of compression
therapy (continuous versus intermittent use), without
presenting a detailed time frame. None of the included
articles reported on the brands of the compression gar-
ments or treatment duration. Study characteristics
and outcomes of the included studies are presented
in Table 3. The overall quality of the included art-
icles20–24 was considered poor due to the retrospective
study designs of the included studies, data collection
methods and lack of blinding and control groups
(Table 4).

Table 2. Study selection criteria.

Inclusion criteria Exclusion criteria

Low-flow vascular malforma-

tions of the extremities

Low-flow vascular malformations

in other body parts

Patients, of all ages, undergo-

ing compression therapy

No full-text available despite

contacting the author

Systematic reviews, RCTs,

cohort studies and case

series (n� 2)

Case reports

Combined low-flow vascular

malformations or the

Klippel–Trenaunay

syndrome

Non-human studies

Articles describing benefits

and harms of compression

therapy

Articles about compression

therapy for hemangiomas or

high-flow vascular

malformations

Articles not differentiating

between low-flow and high-

flow vascular malformations

Articles describing the use of a

combination of therapies, in

which the benefits and harms

of compression therapy are

not reported separately

Langbroek et al. 3



Benefits of compression therapy

All included articles described beneficial effects of com-
pression therapy in the treatment of low-flow vascular
malformations. However, treatment outcomes were
defined and assessed differently after diverging follow-
up periods among the studies. Hence, meta-analysis of
these data was impossible. As a result, the results for
each study are summarised separately.

Enjolras et al.22 examined 27 patients with wide-
spread VMs located in the upper or lower extremities
and involving both skin and muscles. Pain due to the
malformation was present in all patients. All patients
were treated with elastic garments and 19 patients add-
itionally underwent surgery or sclerotherapy. Fifteen
out of seventeen patients (88%) with VMs, of which a
coagulation profile was established, had long-lasting
localised intravascular coagulopathy due to the malfor-
mation. Thrombosis and bleeding were often, though
not quantified, coexistent with the coagulopathy and
the symptoms aggravated when the application of com-
pression garments was terminated. The authors con-
clude that compression stockings can diminish
intravascular coagulation by compressing the vascular
anomaly and thereby reducing blood stasis in the mal-
formation. Furthermore, the authors stated that com-
pression garments resulted in more comfort, protected
against minor trauma to the skin and confined swelling.
Yet, the authors did not specify how they measured any
of these treatment outcomes.

In 2002, some of the same authors further elaborated
on the prevalence of coagulopathies within VMs of the

extremities. Mazoyer et al.20 included 24 patients with
VMs located in skin and muscles. All patients experi-
enced pain in the affected areas accompanied by
decreased joint functioning due to the vascular malfor-
mation. Coagulation factors were measured, such as
factor V, fibrinogen, plasma D-dimers, and plasma-
soluble fibrin complexes. Furthermore, both platelet
count and prothrombin time were assessed. These
tests showed coagulation anomalies that differed in
severity. The VMs decreased in size with continuous
use of compression stockings. The precise amount of
size reduction and the number of patients experiencing
size reduction were not reported. The progression of the
localised intravascular coagulopathy altered when com-
pression therapy was stopped. Specifically, the VM
promptly became larger since more blood retained in
the malformation. The authors did not elaborate on
the exact changes in coagulation factors pre- and
post-compression therapy. Yet, they do state that com-
pression garments offered comfort, diminished blood
stagnation (but no metrics were given) and thereby
reduced intralesional coagulopathy.

Samuel and Spitz21 examined 47 cases of children
with KTS involving the upper or lower extremity.
Pain in the affected limb was experienced by 31 patients
(i.e. 66% of the children). Moreover, 21 patients (45%)
reported bleeding and presented with associated clot-
ting abnormalities. It was not described how clotting
factors were measured. Treatment included compres-
sion therapy in most patients. Some patients required
additional treatment, such as radiotherapy, surgical

Figure 1. Flow chart of study inclusion, according to PRISMA guidelines.
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excision or laser therapy. In addition to the study by
Enjolras et al.,22 they also observed that compression
stockings have the ability to protect the skin and limit
swelling. They stated that compression garments dimin-
ished oedema attributable to stagnation of lymphatic flow
in 26 patients (i.e. 55% of the children) solely treated with
compression therapy. Additionally, compression stock-
ings shielded against minor trauma and improved symp-
toms resulting from long-lasting venous disease.
However, from the article it remains unclear what symp-
toms were improved and how the authors measured
change in oedema and improvement in symptoms.

Hein et al.23 examined the diagnosis and manage-
ment of intramuscular VMs in 176 patients. Pain in
rest or with dependence was a frequently reported
symptom (37%), as well as intermittent swelling of
the involved area (24%). Solely one patient was
reported with localised intravascular coagulopathy.
Treatment effects of various therapies were evaluated
in 122 patients. Twenty-five of these patients were trea-
ted with compression garments and aspirin. The authors
determined treatment outcome by examining changes in
contour, appearance and symptoms. The effectiveness
outcomes were categorised as ‘improved’, ‘same’ or
‘worse’. Improvement of the vascular malformation
was observed in 24% (6/25) of the patients, while 4%
(1/25) remained the same. Compression stockings gen-
erally did not worsen the vascular malformation or asso-
ciated symptoms. However, treatment outcomes of the
remaining eighteen patients were not reported.
Moreover, the authors neither reported who the out-
come assessor(s) were nor how the reported effectiveness
methods and outcomes were measured (e.g. blinding).

Jung et al.24 studied 87 patients with KTS by exam-
ining symptoms and treatment effectiveness. The lower
extremities were predominantly affected and 37% of
the patients described pain attributable to KTS.
Various treatment modalities were used, including
sclerotherapy, surgery and compression garments.
Treatment results were defined by evaluating follow-
up radiologic images, patient records and patients’ indi-
vidual symptoms. Medical photographs were available
for only 26 patients who had been monitored for more

than two years. The authors did not specify on the types
of imaging modalities used. Similar to the study by Hein
et al.,23 the effectiveness outcomes of these 26 patients
were assessed by labelling them with ‘improvement’, ‘no
change’, or ‘aggravation’. The ‘improvement’ group
comprised of patients who indicated their symptoms
had improved and who had follow-up images that did
not demonstrate aggravation, according to the radiolo-
gist. Patients with radiologic images who did not show
any difference at the follow-up visit were categorised in
the ‘no change’-group. Patients with worsened symp-
toms and worsened radiologic images upon follow-up
were sorted in the ‘aggravated’-group. Among the 26
patients, six patients were solely treated with compres-
sion garments. Improvement was seen in two out of six
of these patients upon re-examination. Moreover, two
out of six patients worsened upon receiving compression
therapy while another two patients remained the same.
It was not reported whether radiologic images were
made in the period the compression garments were
worn. The authors admit the lack of standardised meth-
ods for outcome assessment, which obscured quantifica-
tion of the effect of compression therapy.

Harms of compression therapy

None of the included studies described or discussed the
harms or safety of compression therapy for low-flow
vascular malformations. For example, pain caused by
the vascular malformation was mentioned in all included
studies as a disease symptom, but was never assessed as a
possible side-effect of compression therapy.

Discussion

This systematic review shows that, although compres-
sion therapy is frequently used as a first-line therapy for
low-flow vascular malformations for the alleviation of
symptoms,11 there is no high-quality evidence available
to support this practice. Many articles mention the use
of compression garments, but quantify neither benefits
nor harms. The available evidence suggests that com-
pression therapy may reduce intravascular coagulation,

Table 4. Quality assessment of included studies using the Effective Public Health Practice Project tool.

Study

Selection

bias

Study

design Confounders Blinding

Data collection

methods

Withdrawals

and dropouts

Final

rating

Enjolras22
� � � � � � �

Hein23
� � � � � � �

Jung24
� � � � � � �

Mazoyer20
� � � � � � �

Samuel and Spitz21
� � � � � � �

� : moderate; �: weak.
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improve symptoms and appearance, diminish oedema,
and protect against minor trauma. Nevertheless, these
results are based on only five articles providing poor
qualitative evidence and very limited quantitative data
on the benefits or effectiveness of compression therapy.
Furthermore, three of the seven important pre-defined
outcome measures were not reported in the included art-
icles: pain evaluation, quality of life and adverse effects.

Nonetheless, this systematic review is a reflection of
the current evidence regarding compression therapy for
vascular malformations. Unfortunately, the majority of
the included studies lacked sufficient methods for out-
come measurement or adequate reporting of these
methods. For example, change in size of the malforma-
tion was estimated and no objective imaging techniques
were applied. This resulted in heterogeneous, possibly
non-reproducible and subjective study outcomes that
make it impossible to perform a quantitative comparison
of the included studies. Furthermore, the study outcomes
reported in this systematic review primarily concerned
paediatric and adolescent patients and may not be gener-
alisable to the adult patient population. Also, the com-
bined use of compression stockings and pain medication
might have overestimated the effectiveness of compres-
sion garments in some of the included studies.23

Of all articles screened in this systematic review, only
one article19 described the brand of the compression
garment, the type of textile of the compression garment
and the amount of pressure applied. In order to
improve clinical practice, it is essential to have more
specific information about the type of compression gar-
ment and possible differences in effectiveness among the
brands. The amount of compression exerted on the
limb and the elastic features (stiffness) of the garment
are two essential elements that have a crucial role in
reaching the desired benefits of compression ther-
apy.25–28 Immoderate pressure may cause harm to the
skin, hinder arterial flow and affect mobility, whereas
too little pressure may not lead to the desired effect of
compressing the vascular malformation and can
thereby precipitate swelling and oedema. To effectively
treat low-flow vascular malformations, the applied
pressure should be sufficient and constant over time.29

Therefore, the compression–response relationship for
different compression garment brands, materials, pres-
sures and durations in treatment of vascular malforma-
tions should be strongly considered in future studies.

Therapeutic compliance is another major issue in the
application of compression garments, which was not
addressed in the studies included in this systematic
review. None of the authors commented on the dur-
ation of compression therapy. Yet, the authors of
two included articles commented on the frequency
(continuous versus intermittent treatment) of compres-
sion therapy. Compression garments may be

experienced by patients as ‘‘uncomfortable, unsightly
and laborious to put on’’.30 Yet, compliance could be
enhanced by instructing and training patients.
Consequently, there is a need for standardised patient
education and intention to treat analyses in future
therapeutic effectiveness studies.

One reason for the limited amount of evidence on
the effectiveness of compression therapy in the treat-
ment of congenital vascular malformations might be
the difficulty to carry out large prospective comparative
studies due to the low prevalence of vascular malfor-
mations. Another explanation could be that physicians
regard the perks of compression therapy as self-evident,
and therefore deem further research unnecessary. This
would be plausible if the beneficial effects of compres-
sion garments in other lymphatic and venous diseases
of the extremities were well established. However,
also comparable evidence for compression therapy
in patients with acquired varicose veins, bearing the
largest resemblance to venous malformations, remains
rather controversial. The authors of two systematic
reviews conclude that the application of compression
garments in treating varicose veins could alleviate
symptoms, such as itches, pain and swelling but
acknowledge the methodological weaknesses of the
included studies.31,32 Furthermore, there is some evi-
dence regarding the effectiveness of compression therapy
in venous ulcer healing and diminishing venous ulcer
recurrence in chronic venous disease.33,34 As for condi-
tions resembling lymphatic malformations, compression
therapy has been associated with diminishing limb girth
in patients with primary and secondary lymphedema.35

Although compression garments may be beneficial in
previously mentioned acquired diseases of blood vessels
and lymphatic vessels, it remains unclear if these study
results can be extrapolated to congenital vascular mal-
formations. Disease mechanisms such as venous reflux,
oedema and thrombo-embolic obstruction may be com-
parable in congenital and acquired disorders, but anat-
omy and genetics differ between these conditions.

Localised intravascular coagulopathy is a unique
disease phenomenon of venous malformations, which
is often neglected and improperly recognised.36 This
condition is caused by prolonged blood stagnation in
the ectatic, tortuous blood vessels of a venous malfor-
mation. Intravascular coagulopathy is often associated
with localised pain.36 Besides a direct pre- and post-
treatment evaluation of pain, assessment of localised
intravascular coagulopathy should therefore not be for-
gotten in future therapeutic effectiveness studies on vas-
cular malformations. Quality of life is another
important and patient-relevant outcome parameter in
patients with vascular malformations. Breugem et al.37

performed a baseline measurement of the quality of life
of patients with vascular malformations using the
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Multiple Outcomes Study (MOS) Short Form Health
Survey Questionnaire (SF-36TM).38,39 Questionnaire
scores were presented on a 0–100 scale, with higher
values representing a better quality of life. It was
found that the subgroup of patients using compression
therapy reported a lower quality of life (Mean SF-36
score ranging between 58.3 and 78.1) compared to
patients without compression therapy (Mean SF-36
score ranging between 74.7 and 86.5). This could
imply that compression therapy has a decreasing
effect on the patients’ quality of life. However, as the
authors did not perform pre-treatment and post-treat-
ment measurements, this study does not provide actual
information about the effect of compression therapy on
the quality of life of patients with low-flow vascular
malformations. The worsened quality of life could be
explained by other confounding factors, such as sever-
ity of the symptoms of the malformation in the sub-
group of patients treated with compression therapy.

The absence of convincing evidence for compression
stockings is problematic, since there are many other
treatment options available (e.g. sclerotherapy, surgery)
which could potentially be more effective or cheaper in
the long term. In patients treated for varicose veins,
Marsden et al.40 found that invasive interventional
therapies, such as endothermal ablation (ETA), ultra-
sound-guided foam sclerotherapy (UGFS) and surgery
were cost-effective when compared to compression
stockings. It should, however, be considered that it is
unclear whether this also applies to patients with VM,
since invasive interventions may be more extensive and
perhaps less effective in this patient category. In add-
ition, it should be noted that the treatment goal of com-
pressive therapy is generally not to permanently reduce
or eliminate the pathologic vascular structures, in con-
trast to invasive treatment strategies.

Gaining evidence about the effectiveness of compres-
sion therapy for the management of vascular malfor-
mations is not only important for cost-effectiveness
analyses. It is also essential for adequate patient
involvement in the treatment decision-making process,
as there are several, more or less equally effective
treatment options to choose from. In shared decision-
making, patients participate in treatment decision-
making by expressing their own values and preferences
for the available treatment options.41 Evidence about
potential risks and benefits is needed to enhance patient
information about the feasible treatment options and to
facilitate shared decision-making.

Conclusion

Compression therapy is considered a simple,
non-invasive first-line therapy for low-flow vascular
malformations of the extremities. However, there is

no high-quality evidence available to justify its use. In
order to determine the role of compression therapy for
these disorders, prospective comparative trials with
standardised outcome measures are required to gain
more knowledge about the benefits, harms, effective-
ness and cost-effectiveness of this treatment option.
This will also enable comparison of the treatment
options as part of shared decision-making.
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