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Background: Venous malformation (VM) is the most frequent type of congenital vascular malformation. In
terms of functional outcome local sclerotherapy remains the most important therapeutic tool. For planning
and correct estimation and prevention of complications, an exact anatomical classification of the VM is
crucial. Not only the drainage, as assessed in the established classification, but also the phlebographic aspect
of the internal VM structure itself plays a decisive role. In order to integrate this aspect, we aim to validate a
proposal for a revised phlebographic VM classification distinguishing non-lacunar (a) and lacunar (b) types.
Methods: We retrospectively analyzed all patients with VM in whom a direct puncture phlebography was
performed in our clinic between 2009 and 2018 to assess morphology and flow characteristics. Phlebographic
assessment included: (I) differentiation of non-lacunar vs. lacunar type; (II) drainage assignment according to
the existing classification; (III) adjusted classification combining both. Inter-reader agreement was measured
in percentage as well as by the Cohen’s kappa coefficient (k).

Results: Overall 26 patients were classified as non-lacunar (a) and 41 patients as lacunar (b) VM. For this
categorization, inter-reader agreement was 96% (k=0.91). Classical Puig classification into types I, II, IIT and
IV showed 87% inter-reader agreement (k=0.78). For the adjusted classification adding the non-lacunar or
lacunar characteristic to type I-IV an agreement of 82% (k=0.77) was achieved.

Conclusions: Phlebographic differentiation into non-lacunar and lacunar VM is feasible and reliable to
distinguish phenotypic subgroups of patients with VM. We therefore propose to integrate this parameter of
the internal VM structure into the existing classification.
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Introduction

Venous malformation (VM) is the most frequent type of
congenital vascular malformation with an incidence of 1 to 2
in 5,000 and a prevalence of 1.5% in the Western population
(1,2). They often manifest as a blue skin discoloration or
as a soft subcutaneous mass when superficial in cutaneous,
subcutaneous, or mucosal tissues, but may affect any tissue
or organ. Although they are congenital in nature, they
frequently become symptomatic later in life as they grow
with the child and do not spontaneously regress (3). While
their natural course is in general benign, they can cause
local and systemic complications, leading to significant
morbidity, pain and disability in affected patients. Most of
the VM are isolated, but they can occur multifocal or as part
of complex combined congenital vascular malformations
or in combination with other anomalies. Conservative
treatment options comprise symptomatic therapy with
compression garments for extensive VM of the extremities,
anticoagulation for patients with evidence of localized
intravascular coagulation and adequate pain management.
If these measures fail, a treatment aiming for complete
occlusion or resection of VM should be planned by an
interdisciplinary board of specialists (4). Not only symptoms
that limit the patient’s quality of life, but also the VM
threatening vital organs or causing complications such as
bleeding or thromboembolism warrant invasive treatment.
In terms of functional outcome local sclerotherapy remains
the most important therapeutic tool (5,6). For planning
and correct estimation and prevention of complications,
an exact anatomical classification of the VM is crucial (7).

Highlight box

Key findings
* Phlebographic differentiation into non-lacunar and lacunar
structure of venous malformations (VM) is feasible and reliable.

What is known and what is new?

¢ For treatment planning, correct estimation and prevention of
complications, an exact anatomical classification of the VM is
crucial.

¢ Not only the drainage, as assessed in the established classification,
but also the phlebographic aspect of the VM itself plays a decisive
role.

What is the implication, and what should change now?

e The internal structure of the VM distinguishing a non-lacunar
type (a) and lacunar type (b) should be integrated into the existing
classification.
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In VM with enlarged drainage veins the sclerosant can
have a reduced local effect and there is a risk of a non-
target embolization due to flushing out of the sclerosis
agent. Not only the drainage, as assessed in the established
classification, but also the phlebographic aspect of the VM
itself plays a decisive role. In our experience, the effect of a
sclerosant is different in a non-lacunar, small channel VM as
compared to ectatic, lacunar VM, in which the effectiveness
can be significantly reduced due to lower wall contact and
as emptying out of these lacunar veins often is impossible.
The combination of coils with sclerotherapy has helped us
reduce the need for high amounts of the sclerosing agents
and increase the treatment effect in large lacunar lesions
and ectatic venous channels. More recently molecularly
targeted therapeutic options have begun to play a role in
VM, as most VMs are found to be positive for somatic gain-
of-function mutations in the angiopoietin receptor gene
TEK and genes of the PIK3CA-AKT-mTOR signaling
pathway (8-13).

However, due to the varying phenotypic penetration
and extreme clinical heterogeneity, the association between
phenotype and genotype remains poor and slows the
implementation of molecularly targeted therapy (14). To
what extent an exact phlebographic classification could
allow a better understanding of genotype differences has
not yet been investigated.

Biological and clinical classifications such as the
Hamburg classification or the International Society for
the Study of Vascular Anomalies (ISSVA) classification
do not dedicatedly reflect the central angioarchitecture of
dysplastic venous channels of VM. The first phlebographic
classification by venous drainage (type I no visible drainage,
type II drainage into a normal venous system, type III
drainage into dysplastic veins) was proposed in 1991 by
Dubois ez al. (15). In 2001 the same group described three
simplified categories (type I cavitary, type II spongy, type 111
dysmorphic veins) (16). In 2003, Puig et 4/. finally proposed
a classification system combining the direct drainage of the
VM with its connection to the normal venous system by
defining four different types (17). Type I was defined as an
almost isolated VM without visible drainage, type II as VM
with drainage into normal veins, type III as VM draining
into dysplastic veins and type IV as venous ectasia. This is
the only classification system established and widely used
for VM up to now.

The aim of this study is to validate a revised phlebographic
VM classification system by distinguishing a non-lacunar
(a) and a lacunar (b) type of internal VM structure as an
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additional element to take into count the flow patterns, not
only of the draining veins, but also of the VM morphology
itself. A more precise subgroup differentiation of patients
with VM might help to improve individual treatment
planning. We present this article in accordance with
the STARD reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-23-378/rc).

Methods
Study participants

We retrospectively analyzed patients with clinically
confirmed diagnoses of VM seen in the division
of Angiology between 2009 and 2018. In 2008, a
malformation-counseling program, including standardized
diagnostic and therapeutic algorithms, was established
at the University Hospital of Bern, Switzerland. Since
then, consecutive patients with congenital vascular
malformations have been enrolled in an independently
monitored, prospective registry, the Bernese Congenital
Vascular Malformation Registry. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was conducted at the University
Hospital of Bern, but the study was approved by the ethics
committee in charge, which is in this case the Cantonal
Ethics Committee of Bern, Switzerland (No. 2019-01321).
Inclusion criteria were patients >18 years of age with a
diagnosis of VM defined by clinical characteristics, duplex
ultrasound and magnetic resonance imaging plus direct
puncture phlebography to assess morphology and drainage
of the VM performed before first embolo-sclerotherapy.
Exclusion criteria were intracranial VM of the spinal
cord, other types of congenital vascular malformations or
rejected informed consent. For the present study there
were 506 patients with congenital vascular malformations
at all sites, apart from intracranial and spinal cord, enrolled
between 2009 and 2018. Patients were retrospectively
reviewed to identify those, who have been treated by
embolo-sclerotherapy with documented direct puncture
phlebography. We identified 180 patients with VM,
of whom 92 had had direct puncture phlebography.
After exclusion of patients under the age of 18 at the
time of plebography and those with documentation of
denial to further use of patient’s data 76 patients were
included into the quality assessment of imaging. After the
exclusion of those with insufficient phlebographic quality
(n=5) or because of the phlebographic identification of
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other subtypes of congenital VMs (n=4), for which the
classification as proposed by Puig ez 4/. is not applicable, 67
phlebograms of 67 patients were included in the reading
process. All patients signed a general informed consent for
anonymized data analysis.

Data collection

Baseline demographic data, including gender and age in
years were collected at first diagnosis. Localization, size
and affected tissue (skin, subcutaneous tissue, muscle,
bone, parenchymatous organ, gastrointestinal tract), as
well as infiltration of the malformation across tissue planes
(i.e., affection of more than one tissue compartment), was
assessed based on the obtained cross-sectional imaging
(magnetic resonance imaging or computed tomography).
D-dimer levels were routinely measured in venous
blood samples. D-dimers were determined using an
immunoturbidimetric method with a pathologic result
defined as D-dimer >500 pg/L (18,19).

In all patients, which have been treated by embolo-
sclerotherapy, a direct puncture phlebogram was routinely
obtained by ultrasound-guided and fluoroscopy controlled
percutaneous puncture and direct administration of
nonionic contrast medium (iopamiro 300 mg/mL, Bracco
Suisse SA, Cadempino, Switzerland) using 21-23 G needles.

Phlebograms were analyzed in a random order by
two independent readers, which were blinded to clinical
information, in a stepwise reading protocol, performed
independently from one another. The readers had 10 and
S years experiences, respectively, in the treatment of VMs.
The first basic level of analysis (quality assessment) was to
verify whether contrast phlebograms show sufficient image
quality and evaluability to characterize phlebographic
morphology and drainage of the VM. Criteria regarding
morphological characteristics of the VM and flow
characteristics of the draining venous system were predefined
in order to guarantee a systematic analysis. Phlebographic
study assessment included:

% Central angioarchitecture of dysplastic venous channels
was assessed by visual estimation concerning the
presence or absence of lacunar spaces. More than
80% of reticular dysplastic venous channels by visual
estimation were defined as non-lacunar type “a” and
dysplastic venous channels showing >80% lacunar
spaces by visual estimation as lacunar type “b” (Figure I).

% Drainage of VM and its relation to the adjacent
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G o)

Figure 1 Direct puncture phlebography. Exemplary phlebograms of VMs type I to IV each with non-lacunar (non-lacunar >80% by visual

estimation) and lacunar (lacunar >80% by visual estimation) type are shown. Ia: intramuscular VM of the thigh type Ia; Ib: subcutaneous
cervical VM Ib; ITa: intramuscular VM of the thigh type IIa; IIb: intramuscular VM of the calf type IIb; IIla: subcutaneous VM of the foot
type IIla; ITIb: intramuscular VM of the calf type IIIb; IVa: subcutaneous VM of the calf type IVa; IVb: intramuscular VM of the thigh type

IVb. VM, venous malformations.

deep venous system according to the classification
proposed by Puig ez al.: (I) no visible drainage; (II)
normal venous drainage; (III) ectatic draining veins
into a normal deep venous system; (IV) ectatic
draining veins draining into an ectatic deep venous
system.

% Adjusted phlebographic classification, combining
assessment of drainage type (I-IV) with additional
judgement of the central angioarchitecture of
dysplastic venous channels (a or b) in a third and
separate reading process (Figure I).

In case of disagreement, an agreement was reached by
consent between the two readers.

Statistical analysis

Data analysis was conducted on the 67 patients for whom
phlebography quality was judged sufficient by the two
independent readers. Baseline characteristics of patients
with non-lacunar and lacunar VM types were compared by
the non-parametric Wilcoxon test for continuous data and
by the Fisher’s exact test for categorical data. For each of the
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steps of the reading protocol, the agreement between the
two readers in charge of interpreting the phlebograms was
measured by the percentage of agreement, as well as by the
Cohen’s kappa coefficient (k). All analyses were performed
in R version 3.6.0.

Results

The baseline data of the patients are shown in Table 1. The
majority of the VM was localized at the extremities (78%)
and was confined to a single tissue compartment (57%).
Opverall the median value of D-dimer levels was found to
be 337 pg/L [interquartile range (IQR), 208 to 870 pg/L].
Values tended to be higher in patients with lacunar type
lesions, but the difference was not significant [297 pg/L
(IQR, 215 to 583 pg/L) in the non-lacunar group versus
423 pg/L (IQR, 206 to 1,149 pg/L) in the lacunar group,
P=0.33].

The distinction of the central angioarchitecture of
dysplastic venous channels into non-lacunar and lacunar
types was reliable using a binary visual cut off of more
than 80% of the VM angioarchitecture showing lacunar
formation or not. There were 26 (39%) patients with
non-lacunar and 41 (61%) patients with lacunar type,
respectively.

The drainage classification according to Puig er al.
showed type I in 13 (19%) patients, type 1I in 39 (58%)
patients, type Il in 13 (19%) patients and type IV in 2 (3%)
patients (Iigure 2).

There was an almost perfect inter-reader reliability for
the individual characteristic of angioarchitecture (k=0.91).
Concerning the drainage types I to IV an agreement of
87% (x=0.78) was reached, that did not significantly change
for the combined classification of angioarchitecture and
drainage with 82% agreement and a substantial inter-reader
reliability (k=0.77) compared to reading the classification as
proposed by Puig et al. alone (1able 2).

Discussion

The analysis shows, that a reliable differentiation of the
central angioarchitecture of dysplastic venous channels
in patients with VMs by direct puncture phlebography
is possible. Adjusting the venous drainage classification
as suggested by Puig et 4/. by adding a binary criterion
of lacunar or non-lacunar characteristics of the central
angioarchitecture of dysplastic venous channels (Figure 3)
does not change the inter-reader reliability.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

287

Our patient population showed a comparable distribution
of VM phenotypes defined by phlebography as described by
Puig ez 4. In their series of 43 patients, used to establish the
current classification, types I and II were most common and
type IV the least common type (17). In the literature VM,
outside of the central nervous system, is described in about
40% on the extremities, 20% on the trunk and 40% in the
cervico-facial area (5). In our series we found slightly more
lesions on the extremities and less on the trunk and the
cervico-facial region. This might be due to the fact, that we
analyzed symptomatic patients in whom an interventional
treatment was indicated, as we otherwise do not routinely
obtain direct puncture phlebograms. Lesions on the
extremities might be more likely to cause symptoms than
those of the trunk (20). Concerning cervicocranial VMs,
they are mainly managed by neuroradiology in our hospital
and these patients do not show within our database.

Phlebographic classification of VMs is mainly
dedicated to allowing precise treatment planning for
embolo-sclerotherapy and better estimation of possible
complications due to the need of high volume of sclerosant.
We therefore identified the need to assess and integrate
the morphologic pattern of the central angioarchitecture
of the dysplastic venous channels themselves in addition to
the drainage pattern (Videos 1,2). With regard to embolo-
sclerotherapy this goes along with dosage adjustments
with probably more toxic effect on endothelial cells in
non-lacunar type a and more volume needs in lacunar
type b (Figure I). Although this is done by experience, this
might help to interpret treatment effects. Non-lacunar
VM is likely to be more easily completely occluded by
sclerotherapy than lacunar VM. On the other hand, non-
lacunar VM might be more difficult to treat with new
approaches such as electro-sclerotherapy, as the electrode
positioning might be more challenging (21-23). However, a
dedicated analysis of treatment outcomes in larger, probably
multi-centric cohorts is necessary to clarify these possible
implications.

The trend to show higher D-dimers in patients with
lacunar VM morphology was interesting, but did not reach
statistical significance. Other groups already described the
association of large venous lacunae within VM in association
with higher D-dimer levels (18,19,24,25). The importance
of the internal flow patterns concerning the development of
localized intravascular coagulopathy is known and needs to
be taken into count if interventional procedures are planned,
as they also impact toxicity and efficacy of sclerosants in
terms of the endothelial contact surface and the duration and
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Table 1 Patient characteristics
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Characteristics Total (n=67) Type a (non-lacunar) (n=26)  Type b (lacunar) (n=41) P value
Sex 0.31
Female 40 (60%) 18 (69%) 22 (54%)
Male 27 (40%) 8 (31%) 19 (46%)
Age at diagnosis, years, median [IQR] 2419, 37] 28 [21, 42] 22 [19, 34] 0.11
Localization 0.47
Extremities 52 (78%) 23 (88%) 29 (71%)
Trunk 8 (12%) 2 (8%) 6 (15%)
Head 5 (7%) 1(4%) 4 (10%)
Other 2 (3%) 0 (0%) 2 (5%)
Extension 0.62
Localized 38 (57%) 16 (62%) 22 (54%)
Infiltrative 29 (43%) 10 (38%) 19 (46%)
Lesion size, cm 0.67
<8 32 (48%) 14 (54%) 18 (44%)
8-10 7 (10%) 3 (12%) 4 (10%)
>10 28 (42%) 9 (35%) 19 (46%)
Compartments 0.70
S 10 (15%) 4 (15%) 6 (15%)
M 26 (39%) 12 (46%) 14 (34%)
S, M 18 (27%) 7 (27%) 11 (27%)
S, M, B 7 (10%) 1(4%) 6 (15%)
Other 6 (9%) 2 (8%) 4 (10%)
D-dimer, pg/L n=63 n=24 n=39
Median [IQR] 337 [208, 870] 297 [215, 583] 423 [206, 1,149] 0.33
<500 38 (60%) 16 (67%) 22 (56%) 0.44
>500 25 (40%) 8 (33%) 17 (44%)
Puig classification 0.74
Type | 13 (19%) 6 (23%) 7 (17%)
Type Il 39 (58%) 13 (50%) 26 (63%)
Type Il 13 (19%) 6 (23%) 7(17%)
Type IV 2 (3%) 1(4%) 1(2%)

Categorical data are compared using Fisher exact test. Continuous data are compared using Mann-Whitney test. IQR, interquartile range;
S, subcutis; M, muscle; B, bone.
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Figure 2 Flow chart of patient recruitment and study assessment (adjusted phlebographic classification of congenital venous malformation).
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Table 2 Inter-reader reliability of phlebographic venous malformation characteristics

Phlebographic study assessment Inter-reader agreement (%) K

1. Central angioarchitecture of dysplastic venous channels: non-lacunar vs. lacunar 96 0.91
2. Venous drainage of venous malformation: Puig classification (type I-IV) 87 0.78
Combination of assessment 1 and 2 82 0.77

Drainage type

Type | Type la

Type Il Type lla

X

Dysplastic veins (non-lacunar vs. lacunar)

Figure 3 Puig classification and adjusted phlebographic classification to define congenital venous malformations.

volume needed to fill the VM (26).

Moreover, with recent research identifying genetic
alterations, which occur during embryogenesis and result in
somatic mosaic pathogenic hotspot mutations as underlying
causes for VM, further investigation of genotype-phenotype
associations is essential to define meaningful molecularly
targeted therapy opportunities. This task is demanding

© Cardiovascular Diagnosis and Therapy. All rights reserved.

as identical genotypes go along with different phenotypes
and different genotypes can lead to identical phenotypes.
Further clinical differentiation of subgroups of VM patients
therefore might help to improve the understanding the
complex genetic interaction of known and unknown genetic
oncogene variants in subgroups of patients with VM.

We propose a schematic and simple adjustment of the
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Video 1 Intramuscular thigh VM type Ila. Intramuscular thigh
VM type ITa (non-lacunar >80% by visual estimation). VM, venous

malformations.

Video 2 Intramuscular calf VM type IIb. Intramuscular calf
VM type IIb (lacunar >80% by visual estimation). VM, venous

malformations.

current classification by Puig er 4/. by adding a non-lacunar
internal VM structure (type Ia, Ila, IIIa, IVa) or a lacunar
internal VM structure (type Ib, IIb, IIIb, IVDb) to the
established classification (Figure 3).

The main limitation of our analysis is the small size
of study population designed as single center project and
dedicated standards for direct puncture phlebography,
which might not coincide with other centers and therefore
differences in interpretation. With the results of this
validation study, we hope to have laid a foundation for
better comparability of data in the field of VM research and
reach wider acceptance and dissemination by expanding
our knowledge through joint efforts to further validate our
proposed revised VM classification.

We excluded intracranial and spinal VM due to
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logistic reasons, a major limitation when proposing a new
classification system that should be universally applicable.
However, based on the literature the angioarchitecture
should not be significantly affected by the localization of
extra-cranial VM (27,28). No difference was observed in
terms of inter-reader reliability between the three size
groups we defined and even small VMs can be visualized
correctly by using a sufficient magnification during image
acquisition. We therefore think, that the non-differentiation
of VM <8 c¢m, should not impact our results.

A validation of this revised classification in a prospective
context, as well as proof of the impact on treatment
outcomes is needed and should ideally be conducted by
different centers.

Conclusions

The internal structure of the VM itself is an important
element for interventional embolo-sclerotherapy
treatment planning and the differentiation of the central
angioarchitecture of dysplastic venous channels of VM
should be integrated into the existing classification in future
studies in order to validate this approach.
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