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Abstract The Klippel-Trenaunay Syndrome (KTS)
includes congenital, low flow vascular malformation(s) that
leads to structural and functional anomalies of the vascular
system characterized by variability of presenting symptoms
and often unpredictable clinical course. Traditionally
described pathognomonic triad of findings in KTS patients
are capillary malformation, venous malformation, and
bone and/or soft tissue hypertrophy. KTS frequently
includes the presence of lymphatic malformation(s),
as well. Historically, the management of KTS was
hampered by the lack of understanding of underlying
hemodynamics and pathophysiology responsible for
development and progression of KTS symptoms, confusing
nomenclature which characterized majority of the early
literature discussing KTS, as well as by the absence of
established guidelines for KTS management. A relatively
recent advancement in the diagnostic and treatment
modalities have resulted in better understanding of the
pathophysiology and natural history of KTS and represents
a fertile environment for improved management of
these patients. Multidisciplinary approach and diagnostic
algorithm utilized to distinguish vascular malformations
from vascular tumors, arterio-venous lesions from low
flow vascular malformations have been validated as
clinically applicable for making an accurate anatomical
and hemodynamic assessment of the lesions found in KTS
and serve as a basis for proper treatment selection. It
has to be emphasized that treatment of majority KTS
patients is palliative and goal oriented. In this manuscript

we describe diagnostic protocols and therapeutic algorithms
which results in favorable outcomes with an acceptable
complication rates in the management of this frequently
challenging patient population.

Keywords Klippel-Trenaunay Syndrome,
Congenital Vascular Malformations, Venous
Malformations, Lateral Marginal Vein, Sclerotherapy

Figure 1 - The KTrenaunay webpage. DOI:

10.24019/2016.KTrenaunay
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Classification
KTS Klippel-Trenaunay Syndrome

KTW Klippel-Trenaunay-Weber syndrome
(obsolete term)

PW Parkes-Weber

PWS Parkes-Weber Syndrome

VBS vascular bone syndrome

CVM Congenital Vascular malformation

AVM Arterial-Venous malformation

CM Capillary malformation or port wine stain

VM Venous malformation

LM Lymphatic malformation

FAVA Fibro-Adipose Vascular Anomaly

HLM Hemolymphatic Malformation

MV Marginal Vein

GI Gastro-Intestinal

GU Gastro-Urinary

VLM Veno-Lymphatic Malformation

CLOVES CLOVES syndrome (representing each
component)
(C)ongenital, (L)ipomatous, (O)vergrowth,
(V)ascular malformation, (E)pidermal
nevus, (S)coliosis

ISSVA International Society for the Study of
Vascular Anomalies

IUP International Union of Phlebology

LEC Lymphatic endothelial cells

LIC localized intravascular coagulation

Table I - Classification.

History

The Syndrome of Klippel-Trenaunay (KTS) was
already discovered and described by Isidore Geoffroy

Saint-Hilaire in 18321,2, a French Zoologue and teacher
of Compared Anatomy, who studied the monstrosities in
depth and was the founder of Teratology (the Science
of monsters). He described a patient with concurrence
of osteo-muscular hypertrophy and cutaneous vascular
anomalies of the extremity. In the ensuing years other
authors have described patients presenting with similar
signs which included limb overgrowth and associated
vascular anomalies.

In 1858, Adams published the first report in English
language, where the author described a patient as "singular
case of hypertrophy of the right lower extremity with

superficial cutaneous nevus of the same side"3. This was

followed by Trélat et al.4 who published in 1869 a summary
of 12 case reports of patients with the concurrence of osteo-
muscular hypertrophy with unilateral cutaneous vascular
nevus and varicose veins.

However, it was not until 1900's when two French
physicians, Drs. Maurice Klippel and Paul Trenaunay,
first recognized above mentioned concurrence of clinical
findings as a separate clinical entity which they named

"naevus variqueux osteohypertrophique"5when describing
two patients with cutaneous vascular lesions of the skin
that were associated with asymmetric soft tissue and bone
hypertrophy, what is today known as Klippel-Trenaunay
Syndrome (KTS).

In the following years various authors have proposed
different definitions for this clinical entity. Most notably,
in 1907 Parkes-Weber described a similar case that differed

from KTS in the presence of arteriovenous malformations6.
Unfortunately, subsequently several authors merged the
two disorders together as the Klippel-Trenaunay-Weber
Syndrome, which caused confusion that persisted through

the 20th century with regards to classification and
terminology, of these two distinctly different clinical
entities. Today it is well established that KTS should be
clearly distinguished from Parkes-Weber Syndrome (PWS)
which is a high-flow vascular malformation characterized
by arterio-venous shunting. Clinically this is of a paramount
importance as clinical features, management and prognosis
of these two syndromes are distinctly different.

KTS represents a complex congenital vascular
disorder characterized by the pathognomonic triad of
findings that include capillary malformation(s) (CMs),
venous malformation(s) (VMs), and hypertrophy of
affected extremity, with or without presence of lymphatic
malformations(s) (LMs). (Figure 2) Congenital vascular
malformation(s) (CVMs) associated with KTS patients are
localized or diffused abnormalities in vasculogenesis and
angiogenesis that arise by embryologic dysmorphogenesis
without increased endothelial proliferation that causes true
structural and/or functional anomalies of the vascular

system7,8.

These anomalies in turn can lead to variable clinical
presentation and course (in both their extent and severity)
what depends upon location, size and/or the type of
vessel affected. Most frequently they cause discomfort,
pain, hemorrhage, thrombosis, negatively affect patient's
appearance, emotional well-being and can lead to a
significant reduction in daily functional capacity and
quality of life of patient.
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Figure 2 - A 32 year old KTS patient with pathognomonic

triad of findings that include extremity hypertrophy,

cutaneous capillary malformations and varicosities

affecting the left lower extremity.

For most doctors - from primary care clinicians
to subspecialists (including vascular surgeons and
phlebologists) - management of KTS represents a difficult
task and it is usually reserved for referral to specialized
centers with expertise in this area.

Relatively low frequency at which KTS occurs, the
confusing nomenclature which traditionally characterized
majority of the early literature discussing KTS, overlap
with other vascular malformation syndromes, such as PWS,
Proteus Syndrome, and hemi-hypertrophy, as well as the
absence of established guidelines for KTS management
represents the main reason why expertise for diagnosis and
treatment of KTS patients was most frequently centralized
to major medical centers.

Consequently a significant number of KTS patients
have been discouraged by the lack of correct diagnosis and
proper treatment despite numerous visits to different clinics.

Relatively recently introduced concept of the
multidisciplinary team approach, characterized by full

integration of expertise of different medical specialists,
combined with evaluation with modern diagnostic
techniques and treatment with novel therapeutic modalities
afforded the opportunity for the improvement in
understanding of the pathophysiology and the management
of KTS patients.

BB Lee reminded all the participants that such dedication for

full three weeks ONLY for the KTS issues is virtually impossible other

society/congress activity can afford! Indeed, "Vasculab is the first one

ever as I know of willing to spare/dedicate full three weeks to its

subscribers for free exchange of their opinion on the KTS as you always

wanted to know but afraid to ask… So please take advantage on this

unique opportunity Vasculab provides through full three week period

unconditionally no other group ever did.", he declared.

BB Lee added the following remarks about the history of KTS

in the XX century.

"I feel obliged to clarify on the dark side of the CVMs through

the last century. That is WRONG prejudice against the CVM as a whole

with truly biased opinion based on many hearsays. Indeed, during my

residency days in Medical College of Virginia in Richmond, Virginia in

early '70, the CVMs- in those days we called it angiodysplasia!- were

'a curse to the surgeons' so that we were warned to stay out whenever

possible.

My mentor, the late David Hume - who missed Nobel prize

to receive for his pioneering work on kidney transplant together with

Joseph Murray due to his early death by airplane accident - often

quoted Dr. Emerick Szilagyi, condemning the CVMs as a sort of four

letter words to the surgeons.

Dr. Szilagyi at Henry Ford Hospital, Detroit in '60, who is a

legendary vascular surgeon with his tremendous work as a pioneer

on the developments of vascular surgery combined with transplant

surgery, became more famous with his incredible joke to his disciples to

using the CVM cases as the tool to ruin- 'get rid of'- competing surgeon

based on his horrible experiences with CVMs/AVMs.

Indeed, through the last century, a cavalier approach to CVMs,

mostly led by surgeons alone, often resulted in disastrous outcomes

with high recurrence and high complication/morbidity due to then

limited knowledge and experiences in this unique vascular disorder.

They simply learned that CVM is a unique vascular disorder of extreme

variety with stigma of totally unpredictable behaviour. But then, they

did not know it is due to its unique embryological characteristics.

Therefore, CVM remained most difficult and confusing

diagnostic and therapeutic enigma through the century with a wide

range of the clinical presentation; unpredictable clinical course;

erratic response to the treatment with high recurrence; high morbidity

of conventional treatment; confusing terminology without proper

information on etiology, anatomy, and pathophysiology.

Such notorious reputation only added further confusion on the

management of CVMs with erroneous prejudice as 'Enigma among the

vascular disorders' (Edmondo Malan)9. And recurrence became the

trademark of CVMs.

Through last three decades, we learned a lot through many

painful lessons! Yes, it is still one of 'ultimate challenge to the

clinicians' (Stephan Belov). But now we know how much we know

and also how much we do NOT know on this unique embryological

remnants. So we will be able to guide the colleagues through this mine

field safely and further to teach how to defuse this mine: 'symbol of

humiliation'".



JN  Markovic, BB  Lee, F  Passariello - The Klippel-Trenaunay Syndrome

 Vasculab  Journal of Theoretical and Applied Vascular Research (page 104) - JTAVR 2016;1(2):101-118

Etiology

The Klippel-Trenaunay Syndrome represents a rare
congenital vascular disorder without gender predilection
that occurs with estimated incidence of approximately one

in 100,000 live births10. Most KTS cases are sporadic
without identified pattern of inheritance; however, several

studies have reported familial occurrence7,11,12.Although
the etiology of KTS still remains to be elucidated, data
from molecular studies suggest that errors in embryonic
development of the normal vasculature (which include
angiogenesis, vasculogenesis and vascular remodeling) are
responsible for development and progression of vascular

malformations associated with KTS13.

In summary, this complex biochemical process
is regulated by different vascular endothelial growth
factors (VEGFs). By binding to receptor tyrosine kinases
(VEGF-R1 and VEGF-R2) VEGF modulates endothelial

proliferation and vessel tube formation14,15. This process
is significantly influenced by an antagonist, angiopoietin-2.
VEGF also stimulate angiogenesis with the action
of angiopoietin-1 and its receptor (Tie2). Berry et
al. suggested that in KTS there is an alteration in
vascular remodeling, most likely at the level of altered

angiopoietin-2 antagonism13. Early genetic studies also
showed contradictory data. Although majority of the earlier
studies reported KTS patients to have normal karyotype,

there were studies that contradicted these findings8.

Specifically, Whelan et al. described a KTS patient
who had a reciprocal translocation of chromosomes 5

and 1116. Chromosomal translocation was supported by
Wang et al. who showed a balanced translocation involving

chromosomes 8q22.3 and 14q1317, as well as Timur et
al. who reported a mosaic de novo supernumerary ring
chromosome 18 in KTS patient18. Genetic susceptibility
for capillary malformations, as one component of the

clinical triad in KTS, was suggested by Eerola et al.19

Authors of this study identified a large genetic locus,
CMC1, on chromosome 5q and by using genetic mapping
identified heterozygous inactivating RASA1 mutations in
families manifesting capillary malformations. However in
2013 Revencu et al. published opposite data showing that

germline RASA1 mutations are not associated with KTS20.

More recent genetic studies suggest that underlying
pathophysiologic mechanisms responsible for KTS
development stem from mosaic activating mutations in the
phosphatidylinositol 3-kinase catalytic (PIK3CA) gene and
showed that several members of the PIK3/mTOR pathway
have been implicated in the pathogenesis and progression

of vascular anomalies21. Vascular endothelial growth
factor (VEGF) is a key regulator in lymphangiogenesis

and angiogenesis, and acts as both a potential upstream
stimulator of, and a downstream effector in the mTOR

signaling pathway22.

mTOR is the abbreviation term for 'mammalian target
of rapamycin' and its inhibitor (mTOR-I) has been used
extensively for decades as immunosuppressive drugs as
'sirolimus and everolimus' largely in renal transplantation.
Indeed, sirolimus was the first mTOR-I approved for use in
renal transplant and its activity is based on its binding ability
to the immunophilin FK binding protein-12 (FKBP-12) to
halt T-cell progression from the G1 to the S phase(cell
cycle) so that IL-2-induced protein synthesis and cellular
proliferation can be inhibited.

But, lately mTOR-I was found to have
antilymphangiogenic activity to induce the impairment
on downstream signalling of vascular endothelial growth
factor/VEGF-A through the inhibition of mTOR/p70S6K
pathway in lymphatic endothelial cells (LECs). Further
it was found to interfere with the intracellular pathway
activation of LEC by VEGF-C, the main initiator of

lymphangiogenesis23. In other words, mTOR inhibition
impairs downstream signalling of VEGF-A as well as
VEGF-C via mTOR to the p70S6 kinase in LECs. So,
Rapamycin can inhibit VEGF-C driven proliferation and
migration in concentrations as low as 1ng/ml.

In 2015, Luks et al. evaluated genetic aberration
responsible for lymphatic pathogenesis in patients with
lymphatic malformations (n=17) and/or syndromes in
which lymphatic malformation is present including patient
with CLOVES (n = 33), KTS (n = 21) and FAVA

(Fibro-Adipose Vascular Anomaly24) (n=8). Data from this

study showed that somatic mosaic mutations in PIK3CA25

genetic locus represent genetic mechanisms underlying
development of the above mentioned syndromes. However,
it remains to be elucidated why the same genetic PIK3CA
gene mutation causes an isolated malformation in one
patient and a different syndrome associated clinical
presentation in another patient. One of the explanations can
be based on the stage of the embryonic development when
the genetic mutation arises as well as the location of the first
mutated embryonic cell and the stem cells that arise from
that particular cell linkage.

Mammalian target of rapamycin (mTOR) is a serine/
threonine kinase regulated by phosphoinositide-3-kinase
(PI3K). mTOR acts as a master switch of numerous cellular
processes, including cellular catabolism and anabolism, cell
motility, angiogenesis, and cell growth and is becoming
a target of relatively novel pharmaceutical agents being

tested26. In 2016, in a study funded by National Institute of
Health, Dimopoulos et al. performed genotyping of DNA

from 17 KTS patients by using microarrays27.
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Authors identified 15 copy number variants in
genes involved in chromatin modification, which is a key
regulatory process of embryonic vascular development.
Specifically, authors identified deletion in two cases within
transcripts of histone deacetylase (HDAC9), which is
essential for angiogenic sprouting of endothelial cells. One
case had duplication upstream of a transcription factor

essential for embryonic development (SALL328), that
inhibits DNA methyltransferase responsible for embryonic
de novo DNA methylation (DNMT3A). Data of this
study also showed that another patient had a duplication
spanning ING5, a histone acetylation regulator which is
active during embryogenesis. Although above referenced
initial genetic data are promising, further studies (with
ideally larger number of patients) are needed for the more
accurate assessment of genetic aberrations responsible for
pathogenesis of KTS. These findings have a potential to
provide a fertile environment for development of novel
genetic diagnostic, prognostic and therapeutic modalities.

Genetics
CMC1 large locus on chromosome 5q

DNMT3A DNA methyltransferase 3 alpha

FKB9-12 immunophilin FK binding protein-12

HDAC9 histone deacetylase

ING5 histone acetylation regulator

mTOR mammalian target of rapamycin

mTOR-I mTOR inhibitor drug, like sirolimus and
everolimus

PI3K phosphoinositide-3-kinase

PI3KCA phosphatidylinositol 3-kinase catalytic
PIK3CA

RASA1 p120-RasGTPase#activating protein

SALL3 salt-like 3 DNMT3A inhibitor

Tie2 angiopoietin-1 and its receptor

VEGF-R1 Vascular endothelial growth factor
receptor-1

VEGF-R2 Vascular endothelial growth factor
receptor-2

VEGFs Vascular endothelial growth factors

Table II - Genetics

Discussion

BB Lee affirmed that marginal vein (MV) maintains embryonic

venous structure with the lack of media, NO SMOOTH MUSCLE

LAYER, besides NO VEIN VALVES!

According to NF Liu, lymphatic malformation is a common

component, but have been underreported in many studies, in part

because of difficulties in establishing a suitable proof of lymphatic

involvement of KTS. It is not possible to directly observe the abnormal

development of the lymphatic system in KTS patients until we have used

the MR lymphangiography29.

Not only lymphatic vessel is involved in KTS, the inguinal lymph

node may also affected (including lymph node aplasia, hypoplasia

or hyperplasia). Venous system and lymphatic system have close

relationship during embryonic development, it may explain in part for

the co-existence of the pathology of both systems in the disease. Recent

studies have showed that genes that regulate development of venous

system as VEGFs, Angiopoietins…, also show important effect on

lymphatic development. These study may explain the clinic phenotype

of co-involvement of the two system in KTS and primary lymphedema,

added NF Liu.

But are those veins really dysplastic following the histological

definition of dysplasia? Is there cytological atypia in biopsy samples

with atypical nuclei OR are we looking at architectural abnormality

which is not dysplasia? (asked K Parsi)

BB Lee noted that histology says simply they are "dysplastic

veins", but he was not very convinced about the usefulness of that data

to define KTS.

The cause of Klippel Trenaunay syndrome is a cellular

mosaicism. This mosaicism may be present in every cell or group of

cells, argued M Vaghi.

BB Lee remarked that in regard to the discrepancy between

the LSG and ICG lymphangiography the lymphatic defects involved to

KTS are closely linked to coexisting VM (rather than co-developed!)

as a typical 'mosaic pattern' (as already noted by M Vaghi) so

that its truncular form/primary lymphedema looks a lot different

from independent lesion, BB Lee added. As NF Liu pointed out,

MR Lymphangiography shows its dysplastic development as aplasia/

hypoplasia/hyperplasia is only a part of it along the collecting system

but we do see many defects involved to lymph nodes. So BB Lee

concurred with what Cristobal Papendieck claims as three separate

groups to 'lymphangiodysplasia/ lymphnododysplasia/ lymphangio-

adeno-dysplasia'.

We speculate this unique condition named as KTS as the

outcome of multiple genetic mutations affecting not only vascular but

also other organs/systems/tissues of mesodermal origin in particular,

most probably as a 'mosaic' pattern. So musculoskeletal overgrowth

remains to be assessed from this genetic mutation point of view as we

previously pointed out. Indeed, so far up to Year 2015, we do NOT have

any other clue and the VM as the culprit to cause abnormal long bone

growth together with LM for KTS cases remained to be verified for this

genetic mutation involved. In other words, there is no specific confirmed

gene mutation identified yet for KTS altogether. So regretfully we do

NOT have clear answer on "different therapeutic implications" and

"Why some patients present with limb length and size overgrowth and

others no if they all have VM and LM" , insisted BB Lee.

Nevertheless, a limb length discrepancy is one of secondary

phenomena caused by the primary CVM lesion in its majority, we

speculate the venous hypertension caused by (extratruncular) VM

lesions along the epiphyseal plate as a major culprit of angio-osteo-

hypertrophy. And when the VM, either extratruncular or truncular, is

intervened on time, such progress of abnormal long bone growth can

be arrested/corrected, pointed out BB Lee.

WL Olszewski underlined the important point of aplasia of

lymphatics and nodes. So far nobody proved and reported objective

data on selected ( from other coexisting developmental defects)

lymphatic aplasia. The 1962 Kinmonths concept of aplasia based on

unsuccessful lymphatic cannulation for lymphography is not more

tenable, as biopsies showed normal lymphatic wall layers with lumen

full of acellular amyloid-like masses. In the so called KTS he found

normal collectors on lymphography, on ICG thousands of fluid lakes

and on histology thousands of minute fluid cysts. Not to describe now
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the coexisting deformed blood vascular structure. Fluid lakes have no

connection with collecting trunks."

C Recek added several intriguing questions: "The limb

overgrowth in KTS is really the consequence of hemolymphatic

malformation, how does that come about? Is there at all any causal

relationship between the hemolymphatic malformation and the soft

tissue and bone hypertrophy? Or are both released by unknown

factors, e.g. epigenetically activated or suppressed genes? Anyway, the

relationship between vascular malformations and congenital vascular

bone syndrome (VBS) remains obscure. So, the enigma continues."

In addition, he stated that it was not specified how the hemodynamic

disturbance in KTS looks like.

BB Lee answered that we only speculate the etio-pathogenesis

of VBS and describe vaguely as the result of the stimulation to

epiphyseal plate by the VMs nearby before the plate is closed. But we

know the overgrowth of bones and soft tissues as well are closely related

from changes in one or more genes that regulate the growth of blood

vessels during embryonic development though no associated genes have

been identified. Nevertheless, all the conditions of KTS we know of are

almost always as the outcome of gene mutations that are not inherited,

and all these so called 'somatic mutations' present only in certain cells

- so far no associated genes have been found -, probably occurring very

early in development, and explain why the conditions of KTS are often

limited to specific areas of the body. Indeed, as you previously touched

briefly, the final answer on this mixed condition of defective genes is

the severity of 'mosaicism'- otherwise, embryo would not remain viable

as a homozygous zygote.

Classification

As mentioned earlier, historically numerous attempts
have been made to properly classify congenital vascular
malformations based on anatomic, clinical, and/or
embryologic criteria and no real consensus existed
regarding nomenclature and management of these

lesions30,31. Based on a classification of "vascular
birthmarks", initially proposed by Mulliken and Glowacki

in 198232 the International Society for the Study of
Vascular Anomalies (ISSVA) introduced a classification
system in which all vascular anomalies were divided
into two categories: vascular malformations and vascular
tumors. The differentiation of vascular anomalies into
tumors and malformations permitted more effective
communication between different medical specialists.

Unfortunately, the eponym based terminology which
characterized the ISSVA classification, as well as the lack
of clinical applicability of this classification with regards
to pretreatment planning, was believed by many to be the
major limitation for widespread acceptance and utilization
of this system. To address ISSVA classification limitations
the authors of "Hamburg" and subsequently "Modified
Hamburg Classification" developed a classification system
by incorporating malformation flow characteristics (i.e.
arterial, venous, capillary).

In addition, they defined vascular malformation
based on the stage of developmental arrest during
embryogenesis into truncular and extratruncular lesions
which is important for treatment selection and prognosis

of treatment outcomes as extratruncular lesions are
associated with significantly higher recurrence rates
and resistance to therapy, presumably because of their
preserved mesenchymal characteristics of independent

growth potential33. "Modified Hamburg Classification"
system has been considered to be "a more clinician-friendly
classification for vascular malformation management" as
outlined in the 2009 Consensus Document for the treatment
of venous malformations of the International Union of

Phlebology (IUP)34. According to this classification KTS
is a low flow vascular malformation, as it does not have an
arterial component.

Discussion

The KTS Eponym

R Mattassi noted that Edmondo Malan from Italy, considered
internationally one of the main pioneers in CVM, in 1974 reported about
460 cases of CVM (one of the main series of cases at that time). In

his book9 he wrote "the Klippel-Trenaunay-Parkes-Weber eponym is
meaningless and should be abandoned". That because he found in the
literature much confusion about.

Stefan Belov, another pioneer in CVM, described 11 different
types of CVMs with the well-known triad of signs in cases defined
as KTS. Also he was of the opinion that KTS is a confusing term to
be avoided, because the same clinical picture may be originated by
different malformations.

However, the use of KTS diagnosis is so diffuse that it is better
to maintain it, just avoiding its incorrect use. That was done partially

during the VM international consensus for IUP (Int Angiol, 2014)31.

The intention of the KTrenaunay Debate was to improve
the definition, maintaining the KTS eponym, as abolishing it seems
impossible. KTS should only be used correctly and not as a general term
for anomalous vessels, he concluded.

However, the eponym can have also advantages, as the
description terms do not include all localizations and may not highlight
complications in liver, lung and brain, noted M Vaghi. In addition,
in Italy you can have some economical support for people affected
by congenital vascular diseases, all classified with eponyms. Changing
the nomenclature will automatically exclude these patients from the
financial support, he added.

On the contrary in the USA, improper use of the term
KTS would make the clinician legally liable, so that we urge the
colleagues to use the term carefully especially on clinical document/
record, argued BB Lee, saying that they effectively replaced/renamed
KTS to Hemolymphatic malformation (HLM) based on Hamburg
Classification.

The difficulty of the matter is amplified by previous clinical
nosographic classifications as Klippel-Trenaunay-Weber syndrome
(KTW) or Parkes-Weber (PW) which are only the emerged part of the
iceberg that the modern imaging is today showing. Maybe we should
better retain the eponyms only for the history of medicine, noted C

Franceschi.

BB Lee declared that he feels ISSVA led/opened Pandora's box!
He was NOT talking about many legitimate syndromes like CLOVES
syndrome which represents each components (congenital lipomatous
overgrowth, vascular malformation, epidermal nevus, scoliosis), but
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he was talking about illegitimate(?) NAME-based syndrome which
represents NOTHING but the lists of the names of the person who
documented first.

Definition

One of the main issues in the discussion was the identification of
the primary and secondary defects in KTS, in order to achieve a better
definition.

BB Lee reminded that AVMs are absent in KTS and can be
found only in PWS instead.

R Mattassi reported about a recent ongoing statistic (46 cases,

Castellanza, 2011 - 2015, later published on Phlebolymphology35),
where all cases were studied with modern technology (Duplex scan,
MRI, Lymphoscintigraphy). While only superficial dysplastic veins
were present in all cases, other signs and vascular defects occurred in
a lesser extent.

JN Markovic affirmed that giving a clear definition of KTS is
a critical initial step. In his opinion, the definition should be based on
clinical applicability and preservation of original findings described by
M Klippel and P Trenaunay, allowing a certain degree of deviation.

As regards the clinical applicability, emerging novel
therapeutics with preliminary data show that mTOR-I are effective
in the treatment of pediatric patients only in KTS patients with LM
component. Therefore, classifying a patient as KTS with OR without
LM is clinically relevant, especially with regards to treatment planning.

The exclusion of the osteomuscular discrepancy from KTS
definition could carry the risk of contradicting findings of the original
authors and silencing the previous work that steamed from their
discovery. He suggested the definition to incorporate osteomuscular
discrepancy as a pathognomonic symptom and low flow hemodynamic
characteristics (VM/CM +/- LM) as chief symptom. In his opinion deep
venous system status should be incorporated in diagnostic work up of
KTS rather than in the definition.

BB Lee added that LM is a possible component of KTS. That
means we should not talk about KTS + LM but simply of KTS. As a
part of primary criteria, he suggested to consider the fact that (anterior)
lateral embryonic/marginal vein (MV) is ONE of unique truncular VMs
as an embryonic tissue remnant which is supposed to be involute/
regressed on the birth, but remained through due to arrested/defective
development in its later stage of embryogenesis to form the venous
trunk.

Naturally there are other risks of truncular VMs directly
involved to the (named) venous trunk like iliac vein aplasia/absence
or femoral vein hypoplasia, either as an independent VM lesion if not
combined with MV ( in our series, over 25 to 30% were identified for
'coexisting iliac/femoral/ popliteal vein dysplasia).

For secondary criteria, he stated that in his personal perception
it is hard to imagine KTS with NO port wine stain ( Maurice Klippel
included this as a triad, while LM which was added later by Paul
Trenaunay). Hence, he once defined this unique group of VM +
LM and no CM as 'veno-lymphatic malformation (VLM)' as per
recommendation by his mentor, Leonel Villavicencio. But in order
NOT to add more confusion, he stopped using this new term of VLM
for more than a decade. So his personal feeling was we should stick to
the original claim led by the late Stefan Belov of Bulgaria with all three
components as mandatory CVM components of KTS.

F Passariello noted that using simply a description instead of
using an eponym could be considered a solution, though it does not
comply with the difficult and variable clinical picture of the syndrome.

Furthermore, a good classification should be also extendible to the
future. For instance, the original KTS definition by Klippel was later
extended adding the lymphatic component. On the contrary, specifying
in details the components in the definition blocks definitely any further
improvement.

R Mattassi pointed out the question if limb overgrowth should
be mandatory for KTS. Several patients have bilateral disease and
combination of two or more vascular defects, but no limb length
discrepancy. How to define them? Another point regarding limb
shortening. Are these cases KTS or not? Some authors call them
Servelle-Martorel syndrome. He declared that CM is not a mandatory
requirement and certainly in his current paediatric list, CM is seen in
less than 30%.

K Parsi intervened saying that what we really have to be careful
about is having a circular argument. In other words, if some patients
were excluded to start with due to the wrong definition, then all statistics
will be wrong as the definition was wrong in the first place: in simple
words, using a criterion to assess the diagnosis and then finding that
item present in 100% of your sample.

This especially applies to dysplastic veins and limb length
hypertrophy. He remarked that this needs to be put in the context,
because in his paediatric population he observed that early intervention
can slow down the growth. So, while limb hyperplasia should be
considered a criteria, it is a dynamic concept and needs a further
definition.

F Passariello observed that nowadays we have the old
completely clinical KTS classification and the new diagnostic facilities,
which recognize the presence of single components and needs
sophisticated instrumental tools to assess (for instance deep veins
occlusion/dysplasia) or exclude the components (for instance AV
fistulas, which change the diagnosis towards Parke-Weber Syndrome).

The two approaches are completely different and no problem
arises if we try to use them separately, while the problem arises in the
attempt of calling KTS (old eponym) something which is investigated
in each component, using modern tools.

I Baumgartner remarked that we need a clear definition,
declaring that she does not treat the KTS, but individual problems
existing in an individual patient so that the sophisticated semantic
definition becomes less important. Open question for her is if LM is
mandatory or NOT to define classical, complete KTS.

R Mattassi noted that the extension of the defect is important.
KTS exist only if the whole limb is involved. CVM of just a limited part
of the limb (foot, calf, thigh) is not KTS.

Anyway, the term/condition of KTS can be applied to any limb,
upper or lower or both! "Involvement of other organs/systems is another
issue for KTS!", argued BB Lee. Indeed, the vascular malformation
can develop anywhere throughout the body where the arterial-venous-
lymphatic circulations reach. Lower gastro-intestinal (GI) bleeding is
one of the most common GI complications caused by the VM involved
to the colon-rectum among KTS patients, and 'lymphorrhea' including
'chyloreflux' is also a common complication of the LM involved to KTS,

with GI as well as gastro-urinary (GU) localizations36,37.

The most notorious findings are the 'vascular bone syndrome'/
angio-osteodystrophy, secondary to VM+/-LM, GI bleeding secondary
to VM and lymphorrhea and chyloreflux by LM. Regarding KTS
and chylous reflux, this type of association is infrequent, while milky
lymphorrhea can be found in Waldmann's disease, added MA Amore.

R Mattassi expressed the opinion that these locations without
limb involvement cannot be defined KTS. Reason is that definition
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of vascular defects is not possible like in the limbs: how can we
establish truncular defects in an infiltrating VM or LM of the cheek
or of the thorax wall? How can we find truncular LM in that defects?
He proposed to exclude from the definition of KTS vascular defects of
other parts of the body, without limb involvement.

Definition attempts

K Parsi proposed an interesting classification, based on primary
and secondary criteria, as follows.

The K Parsi proposal
- Primary Criteria (both required)

- 1. Presence of an embryonic Marginal vein
or diffuse and dysplastic superficial veins of the
anterolateral thigh venous system. Predominance of
lateral pathology over medial (GSV) or posterior (SSV).
- 2. Limb length or limb circumference
hypertrophy

- Secondary Criteria (2 required)
- 1. Ipsilateral lower limb, upper limb or head and
neck truncular or extratruncular VM
- 2. Ipsilateral lower limb, upper limb or head and
neck truncular or extratruncular LM
- 3. Ipsilateral CM

The primary and secondary components approach is nowadays common
to several disciplines and the first similar classification dates to 1958
with the classification of rheumatoid arthritis from the American
Rheumatic Association, based in the origin on 10 items, noted F

Passariello. According to his opinion, the classification proposed by
K Parsi was very interesting, but the criterion used to arrive to this
discriminating tool was not declared.

M Vaghi proposed to define KTS as "truncular congenital
venous anomalies associated with limb overgrowth". Other features like
naevus, lymphatic disease may be added to the original nucleus. Given
the complete classical picture (naevus, limb overgrowth, dilated veins),
I Baumgartner added a rational scheme for classification as follows.

The I Baumgartner proposal
- KTS (complete classical picture; LM?)

- give involvement and main problem for patient

- diffuse, dysplastic superficial veins, naevus, limb

hypertrophy, /// (? LM needed to define complete

classical picture ?)

- large marginal vein with localized
intravascular coagulation (LIC) and orthostatic
symptoms, aplasia of femoral vein
- painful pelvic manifestation of VM
- mild, clinically latent LM (stage I)
- naevus (non disturbing)
- limb length difference (< 2 cm)

- Incomplete KTS
- give involvement and main problem for patient

- But absence of one sign of the triad
- But absence of LM

- No KTS / diagnosis is VM or LM
- VM - patients with a single type of VM (truncular

defect, like MV or deep vein anomaly or extratruncular

forms) alone. As these cases do not meet the mandate of

"syndrome" they should not be defined as KTS

- VM & CM - patients with a single type of VM and

naevus without limb overgrowth and LM

- LM & CM - patients with a single type of LM and

with naves but no VM.

R Mattassi stated that KTS is a Syndrome (combination of defects,
not a single one!) and with diffuse, dysplastic superficial veins + other
defects. In addition, he provided an exclusion criterion, as follows.

R Mattassi exclusion criterion. KTS is NOT
- 1- all cases with AVM
- 2- all cases without VM (truncular or extratruncular)
- 3- all cases with just lymphedema. (not necessary
because included in point 2)
- 4- all cases with malformation just in one segment of the
limb and not in the whole leg

F Passariello suggested to try a description based on something similar
to the CLOVES description, based on the following items: (C)ongenital,
(L)ipomatous, (O)vergrowth, (V)ascular malformation, (E)pidermal
nevus, (S)coliosis. If better adapted to CVM, it could describe all the
component combinations, without any need to rely to the old KTS
eponym.

BB Lee intervened saying that it would be the most ideal way
to describe KTS. Indeed, the IUP tried to organize it when starting the

first VM Consensus in 200934 using the CLOVES Syndrome, though
this fruitful way was later abandoned.

He underlined the need of classifying KTS as a Hemolymphatic
Malformation (HLM) by Hamburg Classification, proposing the
following definition: "KTS is a combination of truncular and
extratruncular VM and LM which may originate secondary effects".

Possible vascular defects are 4: truncular and extratruncular
venous and truncular and extratruncular lymphatic. A fifth defect can
be added which is capillary malformation (CM) or cutaneous nevus
flammeous.

Secondary lesions/conditions (e.g. leg length discrepancy;
chyluria; hematochezia; pulmonary embolisms, etc.) can be present.
Limb length discrepancy can be overgrowth or limb shortening.
However, secondary effects are only the result of the vascular defect:
there is no limb overgrowing without vascular defect. That means that
the crucial point is the vascular defect and not the secondary effect. In
his opinion, as limb length discrepancy is secondary and may not be
present, it should not be included in the definition.

JN Markovic noted that at his Institution they define KTS as
"Low Flow Vascular Malformation (VM/ CM +/- LM) + osteomuscular
discrepancy". Defining KTS just as "combination of truncular and
extratruncular VM and LM, with requirement that the existence of two

of the above mentioned malformations are enough for definition of
KTS, allows to define erroneously the combined extratruncular VM +
extratruncular LM as KTS. These patients can be simply classified as
combined CVM instead.

Furthermore, the definition of KTS as "combination of truncular
and extratruncular VM and LM" is excellent, but it should be added
"in patients with osteomuscular hypertrophy", he argued. In absence of
hypertrophy, he would classify those patients as "Combined CVMs"
instead, as proposed in IUP 2014. It should also be emphasized that we
are not referring just to length discrepancy but also to circumference/
osteomuscular hypertrophy.

Clinical Presentation

Presentation of patients with KTS can range in
severity from trivial, mild forms such as capillary
malformations and few veracities of the affected
extremity causing only cosmetic concern to life-
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threatening, severe disability associated with massive limb
overgrowths, chronic pain, infections, thromboembolism

and/or hemorrhage from venous malformations38-40. As
mentioned in the introduction, the classic triad of
KTS findings include capillary malformation, venous
malformation, and/or soft tissue or bony hypertrophy
of affected extremity. In a significant number of KTS
abnormalities of the lymphatic system are present either
in form of primary lymphedema, cutaneous vesicles
draining lymph fluid, cystic hygromas or lymphangiectasia

associated with reflux of the chyle41.

Patients with at least two of the three classic findings

have been classified as incomplete KTS form42. Less
frequently, a shorter and smaller limb may be present
instead of hypertrophic extremity. With few exceptions,
most frequently the presence of physical exam findings
of the baby after birth will persist and will define the
appearance of a patient. Some of the findings can worsen
with triggering factors such are infection, injury, influence
of hormones during pregnancy or puberty. Occasionally
symptoms can worsen without identifying triggering factor.

A study from Mayo Clinic, that evaluated 252
KTS patients, showed that the capillary malformations,
tissue or osteo-hypertrophy and varicosities or venous
malformations were present in 246 (98%), 236 (94%) and

182 (72%) patients, respectively43. More frequently the
lower extremity was involved (70%) and the malformation
was unilateral in 81% of cases. Data from this study
also showed that most common presenting symptoms
included swelling (70%), hemorrhage (17%) and pain (7%).
15% of patients had a history of superficial phlebitis.
4% of patients had a history of deep vein thrombosis
and the same percentage had pulmonary embolism. One
pulmonary embolism was lethal. Lateral varicose veins,
medial varicosities and suprapubic varicosities (due to iliac
vein aplasia) were found in 56%, 19% and 1% of patients,
respectively.

Presence of the lateral embryonic vein deserves
special consideration since the hemodynamic alterations
associated with blood stasis in these frequently valveless
veins not only causes symptoms but is also associated

with a high risk of venous thromboembolic events44.
It has to be emphasized that there is inconsistent
terminology that characterizes majority of the literature
discussing persistent embryonic veins. The persistent lateral
(marginal) embryonic vein and the persistent sciatic vein
are the only two persistent embryonic veins found in
KTS patients. The lateral marginal vein is a superficial
vein although from the anatomical stand point the term
"superficial" is a misnomer since this vein frequently
penetrates the deep fascia and involves muscles of the deep
compartment of the lower extremity. Persistent sciatic vein
is part of the deep venous system.

Diagnostic Imaging

Historically, the diagnosis and treatment of KTS have
been hampered not only by the complex nature of these
vascular lesions, but also by the absence of defined imaging
protocols and therapeutic algorithms. Multiple diagnostic
modalities are used (alone or combined) to evaluate KTS
and to confirm the initial clinical diagnosis including
US imaging, CT scan, catheter based angiography, and

MRI45-47.

Diagnostics

CHIVA
CHIVA cure (C)onservatrice (H)emodynamique

de l'(I)nsufficense (V)eineuse en
(A)mbulatoire [Hemodynamic
Conservative cure of Venous
Insufficiency in the Ambulatory]

CS closed shunt

DPT DUS Probe compression test

OVS open vicarious shunt

ODS open deviated shunt

MRI
MRI Magnetic Resonance Imaging

dceMRI dynamic contrast enhanced MRI

STIR Short Tau Inversion Recovery

T1 Short TE and TR weighted images

T2 Long TE and TR weighted images

TE time to echo

TLPS transarterial lung perfusion scintigraphy

TR time to repetition

TREAT time resolved echo-shared angiographic
techniques

TRICKS time resolved imaging of contrast
kinetics

WBBPS whole body blood pool scintigraphy

Table III - Diagnostics

Ultrasound

Physical examination is most frequently followed by detailed
color duplex ultrasonography of the venous system of the leg.
Ultrasonography is frequently utilized as it is non-invasive,
widely available (including non-hospital settings) and inexpensive.
Ultrasonographic evaluation is utilized to establish patency and to
evaluate for any anomalies, including hypoplasia, aplasia and/or
aneurysms of the deep venous system. Complete ultrasonographic
evaluation needs also to include assessment for deep venous thrombosis
and competence of deep, superficial and perforating venous systems.
In addition to this, complete evaluation of lateral marginal vein is
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performed as well. On duplex ultrasonography venous malformations
demonstrate monophasic, biphasic and no detectable flow in 78%, 6%

and 16% of cases, respectively48.

Since the '90s, an increasing interest is seen towards the so
called hemodynamic approach to vascular malformations, especially
to KTS. This approach is derived from the CHIVA strategy for
the treatment of chronic venous insufficiency. The French acronym
CHIVA means cure Conservatrice Hemodynamique de l'Insufficense

Veineuse en Ambulatoire49 [Hemodynamic Conservative cure of
Venous Insufficiency in the Ambulatory]. As CHIVA was treated
extensively during the Debate, we will present it here its specialized
ultrasound assessment.

The modified Perthes test

The deep veins occlusion/hypoplasia/agenesia (often femoral)
and the superficial atypical venous conduct called Marginal Vein (MV)
are two important components of the venous Malformation (VM) in
KTS, though sometimes they can be absent.

The MV is an anatomic anomaly with variable functional
impairments. This vein is sometimes totally or partially compensating
a deep vein obstacle (open vicarious shunt or OVS), sometimes fed
and overloaded totally or partially during the diastole by the deep veins
(closed shunt or CS), sometimes a combination of both. In all the cases,
the associated CM is aggravated by or totally due to the increased
venous pressure due to the shunts and the residual pressure at its level is

high, cause of the low resistance of its microcirculation50-53. A detailed
venous mapping is required, with the detection of the systolic and
diastolic reflux.

The role of MV can be contextualized by the study of the Systo-
Diastolic reflux in the short saphenous vein (SSV) and MV (systolic
and diastolic ultrasound venous carthography). A "Modified Perthes
Test" can help in the selection of the patients and of the sites of

surgical intervention. The test, proposed by C Franceschi54, checks the
delayed response of the limb exposed to a long lasting exclusion of the
superficial network (including MV) . The test can be achieved also by

an eccentric compression, just limited to the MV55 and is useful in the
selection of the patients for surgery and in the choice of the possible
sites of surgical intervention.

N Morrison proposed a prolonged Perthes test with an associated
huge effort (presented during the systo-diastolic event and also later

on Vasculab56). However, during a hard exercise, after a few calf
contraction there will be no additional appreciable ejection of blood.
This fact can be easily seen in air plethysmography, where (whatever
the manoeuvre) the leg volume reaches almost a plateau after a few
repetitions. In other words, muscles during the exercise do not receive
and do not expel much blood, like they were in anaerobe metabolism.

In addition, while the Morrison manoeuvre testifies the patency
of the deep system, nevertheless if compared to the other variants of the
manoeuvre it points only approximatively to the punctual sites for the
MV interruption.

Recently, C Franceschi proposed a very promising variation of

the Perthes test, the DUS probe compression test (DPT)57 (KTrenaunay

msg 1118658), achieving the same results of the modified Perthes test,
but using a very quick procedure. The test has the aim of assessing
a compensating vein, whether a varicose or a malformed vein, and is
based on the compression by the ultrasound probe below a perforating
vein, during the activation of the venous pump.

DUS probe compression test (DPT)
- The result can be

- a venous collapse in case of closed shunt (open
deviated shunt or ODS)
- an unchanged calibre in case of deep venous
incompetence (deep competitive reflux)
- an increase of the tension of the venous wall in
case of flow compensating a deep obstacle

The modified Perthes test (any of the above cited) can be effected before
conservative procedures, showing to the surgeon (as well as to the
patient) what can be expected from the disconnection at the compressed
point.

In order to test the outflow capacity of the deep venous system,
C Recek proposed to use the occlusive plethysmography, performed
firstly with open MV and later with the compression of the MV (with
a tourniquet or digitally) to assess how much it contributes to the
outflow. The occlusive plethysmography is used in analogy to the work
of Trendelenburg, who tested the patency and outflow capacity of deep
veins in varicose vein patients using his reversed Trendelenburg test.

In the standing position, a tourniquet was placed in the thigh
to compress the incompetent GSV. Then the patient laid down and
elevated the limb. Varicose veins emptied through calf perforators and
deep venous system, also not as quickly as through the incompetent
GSV after releasing the tourniquet, Trendelenburg wrote. He insisted
that both the normal test and the reversed one should be performed
before ligation of the GSV. The same can be applied to the MV in KTS.

These investigations are not theoretical, because they help in
understanding in a rational way "if" and "in which extent" the MV can
be excised and in addition "how to deal with the naevus" and "if and
where" to operate.

Other diagnostic Imaging

Plain X-rays of the bones (scanograms) are used as a routine
radiologic test in patients with limb size discrepancy. X-rays are
performed to measure bone length. Occasionally they will demonstrate
phleboliths as well. Contrast-enhanced CT can identify the location
of the venous malformation, bony involvement, vessel ectasia, and

aneurysm formation59. True extent of the lesion into soft tissue,
however, is underestimated as only contrast-enhanced vessels opacity.
Although still frequently used US and CT scan provide variable
degrees of diagnostic accuracy or frequently insufficient information
with regards to pre-procedural planning. This is especially true for
medical centers where treating physician does not perform diagnostic
ultrasonography, as this evaluation is performed by a designated
ultrasonographer.

Given the above mentioned limitations MRI became the imaging
modality of choice in the evaluation of KTS in specialized centers.
MRI gives a bright signal on T2-weighted spin-echo sequences for
the parenchymal portions of vascular lesions which is not only useful
to delineate the extent of the malformation throughout the involved
tissues but it also allows for treatment planning and can be used for

objective assessment of the treatment efficacy60. Full extent of tissue
involvement is readily depicted when T1 and T2 or Short Tau Inversion
Recovery (STIR) images are acquired.

Venous malformations associated with KTS have
characteristically augmented intraluminal signal on T2-weighted
images. There is frequently an intraluminal signal on the T1-weighted
images as well. Low flow vascular lesions enhance with contrast and
normally do not contain flow voids. If present, macrocystic lymphatic
malformations are often differentiated from venous malformations by
their predominantly cavitary, lobulated and septated appearance that is
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characterized by hypointense signal on T1-weighted and hyperintense
signal on T2-weighted and STIR images.

Distinct from venous malformations, macrocystic lesions do not
enhance with an exception of "rings and arcs" appearance within cyst
wall or septae. Macrocystic lesions are more likely to demonstrate fluid-
fluid levels. Microcystic lesions are differentiated from macrocystic
lesions by the absence of dominant cystic spaces and lack of contrast
enhancement and this is used as criteria to differentiate them from
venous malformations. High-flow vascular malformations typically do
contain flow voids that can be identified on T1- and T2-weighted
images.

This radiologic characteristic is used for excluding arterial flow,
which is found in PWS. Conventional MRI was not used only for
evaluation of a lesion but for the evaluation of deep venous system. This
is very important as the prevalence of deep venous system anomalies
is high in KTS patients and the status of deep venous system and its
relation to the vasculature is used for treatment planning.

Although conventional MRI shows the lesion's flow
characteristics, relation to normal circulation and provides good soft
tissue definition it is frequently not adequate to provide hemodynamic
data. In addition, many particulars can mitigate conventional MRI
findings; for example: a blood vessel that courses within an imaging
plane may produce an intraluminal signal despite fairly fast flow,
falsely suggesting a low-flow malformation which can potentially
lead to catastrophic side effects if the lesion is treated as low flow
malformation. To avoid this, relatively recently dynamic contrast
enhanced MRI (dceMRI) started to be increasingly used in highly

specialized referral medical centers61.

Figure 3 - dceMRI of the right upper extremity

demonstrates absence of the appearance of the

malformation during the arterial phase of the maximum

intensity projection time-resolved imaging, which is

confirmatory to exclude arterio-venous shunting. This is a

critical step for treatment planning.

dceMRI can be used to more accurately assess flow within the
lesion since it yields more information with regards to hemodynamic

characteristics by utilizing time resolved imaging of contrast kinetics
(TRICKS) and time resolved echo-shared angiographic techniques

(TREAT) where images are acquired sequentially63,64. This dynamic
image acquisition produces multiple image volume sets, each at a
different time points that are subsequently converted to a maximum-
intensity projection, which are displayed in a way that vessel and lesion
enhancement are the only structures visualized.

This technique generates the appearance of dceMRI images
that are analogous to a display of a conventional digital arteriogram
with background subtraction. (Figure 3) In this way, main vascular
components of the lesion are enhanced, which provides better definition
and more accurate differentiation between high-flow and low-flow
lesions than conventional MRI. In addition, dceMRI has the advantage
of being able to detect dominant or multiple feeding vessels, what is
critical for treatment planning.

Image acquisition extends from the arterial to the late venous
phase using time-resolved imaging of contrast kinetics, time-resolved
echo-shared angiographic technique, or time-resolved angiography
with stochastic trajectories dynamic sequences. Besides defining the
extent of the abnormality, dceMRI results interpretations includes
information with regards to the type of vascular malformation as well
as the flow velocity within the lesion. If the dynamic gadolinium-
enhanced sequences identified flow within the lesion at or preceding
the visualization of arterial flow within normal vessels, the lesion
is considered to be a high-flow lesion and would exclude diagnosis
of KTS. The presence or absence of early venous return from veins
draining the lesion or true immediate arterial venous shunting (i.e., an
arterial venous malformation) through the lesion is used to describe the
flow characteristics.

If the lesion is not apparent on the dynamic gadolinium-
enhanced images until the capillary phase, or more typically the venous
phase, as determined by a comparison with visualization of normal
vessels, the lesion is considered to be a low-flow. In 2002, Van Rijswijk
et al. published data from a prospective study resulted from blinding
two independent observers as they reviewed conventional MRI and
dceMRI imaging performed on 27 patients with clinically suspected

high-flow vascular malformations64. All patients underwent dceMRI
as well as diagnostic angiography. Sensitivity of conventional MRI in
differentiating venous and non-venous lesions was 100%.

However, data from this study showed an increase in the
specificity of MRI from 24% - 33% to 95% with the addition of
dynamic contrast-enhanced sequences. When dceMRI is not definitive
in assessing flow status, arteriography is performed not only to confirm
the diagnosis, but also to identify the communication pattern with the
draining venous system and to provide an opportunity for treatment
planning and/or intervention. Although highly specific, arteriography
is limited in its ability to delineate a lesion relative to its adjacent
anatomic structures. This is an important limitation as malformations
can infiltrate muscle, encircle nerves and can invade adjacent vital
tissues. In addition arteriography is considered an invasive technique as
it carries significant risk for complications including groin hematoma,
pseudoaneurysm, arteriovenous fistula, acute arterial thrombo-embolic
events and infection. These complications have been reported in

approximately 1.5-9% of patients65,66.

The ability to use a single imaging modality to distinguish
between high-flow and low flow lesions is essential when the goal
is to avoid noncontributory and/or invasive imaging modalities,
select proper treatment modality, avoid unnecessary invasive catheter-
based procedures and to avoid potentially life threatening side
effects. Although multiple imaging modalities are available for the
management of KTS, dceMRI provides the most critical information.
Above described diagnostic algorithm with novel imaging techniques
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avoids non-contributory imaging and has been validated as clinically
applicable for making an accurate anatomical and hemodynamic
diagnosis and for treatment planning in majority of patients. In addition,
it avoids unnecessary diagnostic arteriograms, in most of the cases,
allowing a significant number of patients to be spared the expense,
risk, and inconvenience of a catheter-based diagnostic study, as well as
delayed or erroneous diagnosis. However it has to be emphasized that
dceMRI adds to the cost of the treatment and is currently widely utilized
only in high volume hospitals.

Figure 4 - 3-D MRI reconstruction of a 26-year-old

male demonstrates aplasia of the left common iliac vein.

Evaluation of patency and anatomical variations of the

deep venous system is vital in all KTS patients prior to

establishing a definite treatment plan, due to relatively high

incidence of deep venous system anomalies.

Discussion

R Mattassi said that the old triad of 1900, based only on clinical

data, is old enough. Today we can perform a more precise diagnosis,

which should be a step by step progression of examinations, starting

from the less invasive, as following:

Examination tools in KTS
- step by step, starting from the less invasive

- clinical examination: it is very important that the

presence of the triad should NOT bring directly to the

diagnosis but only to a suspicion

- duplex scan

- MRI: some specific settings for main veins

demonstration are required

- lymphoscintigraphy: to demonstrate main

draining lymphatics. That exam should be done not in the

standard manner but with separate morphological study

of deep and superficial lymphatics

- comparative bone X-Ray to measure limb length

difference

- other optional test

BB Lee noted that diagnosis to find out or exclude the AVM is based on

clinical evaluation/physical exam, basic combination of non-invasive

tests like DUS and MR especially when there are other CVMs as

well. We postpone further evaluation of AVM with invasive test like

arteriography till needed/indicated for the treatment but meanwhile,

we do carry CTA and/or trans-arterial lung perfusion scintigraphy

(TLPS)67-69, etc. to assess its progress, he added.

In selected cases, the edema's composition of the foot could

be analysed and might show chylous components or /and leaking skin

vesicle, losing a milky lymphorrhea, argued JP Belgrado.

BB Lee noted that 'Deep infiltrating veins/ Extratruncular VM'

can be combined with Extratruncular LM. Indeed, in his experience,

quite a few of extratruncular VM diagnosed with MRI with no contrast

was subsequently confirmed, as either combined with extratruncular

LM or pure extratruncular LM through MRI with contrast, which he

confirmed by direct needle aspiration to check its contents.

Treatment

The vast majority of practitioners consider
hemorrhage, infections, acute thromboembolism and/or
refractory ulcerations as absolute indication for treatment.
Relative indications include pain, functional impairment,
edema (secondary to chronic venous insufficiency), limb

asymmetry and/or cosmesis70,71. Pretreatment planning for
KTS patients is best done by a multidisciplinary vascular
malformation team, when possible. Prior to treatment,
every effort should be exerted to rule out the arterial
component. This differentiation is of critical significance as
treatment options for high flow and low flow malformations
are significantly different as the presence of arterio-
venous shunting represents an absolute contraindication for
sclerotherapy due to increased risk of distal embolic events.

Pretreatment planning should routinely incorporate
evaluation of patency of the deep and superficial venous
system due to the high prevalence of the deep venous
system anomalies in KTS patients. In a study of 392 patients
Eifert et al. documented aplastic or hypoplastic deep

venous trunks in 8% of vascular malformation patients72.
The prevalence of deep venous anomalies is even higher
(18%) in subgroup of patients with KTS. (Figure 4) This
assessment needs to be included in the treatment planning
since venous blood flow from the affected extremity may
depend on the malformation vessels and obliteration or
exclusion of the malformation from the circulation carries
the risk of the impairment of venous return from the
affected extremity. Surgical resection of dilated superficial
varicosities in a patient with an absent or hypoplastic
deep venous system is disastrous. The remaining venous
collateral system is not adequate to drain the limb, and
massive lower extremity swelling and ulceration can
develop.

The treatment modalities utilized for the management
of KTS can be conservative and interventional.
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Compression therapy represents the mainstay for
conservative treatment. Most commonly an elastic garment
or graded compression stockings are used on the
affected extremity, as this has been shown beneficial in
managing both lymphedema and/or symptoms of chronic
venous insufficiency. In patients with venous edema or
chronic lymphoedema physical therapy including massage
treatment and intermittent pneumatic compression therapy,
has been used with good results.

In addition to this, conservative treatment can be
supplemented with local wound care, special orthopedic
footwear as well as with lifestyle modification, as these may
be needed to improve daily functional capacity of a KTS
patient. In addition to somatic symptoms, the psychological
aspect of KTS pathology, caused by a visible deformity
of the KTS should not be underestimated. Therefore, KTS
patients should be offered a psychological counseling,
if needed, as well as participation in the KTS support

group(s)42. This participation should be offered to both
patients and their families.

Only patients who are symptomatic or have absolute
indications for the intervention (discussed above) that are
refractory to conservative treatment should be considered
candidates for therapeutic intervention, given the potential
for additional morbidity related to any intervention. The
treatment of KTS patients is characterized by multiple
treatment sessions, in significant majority of patients,
applying the treatment modality that is the most appropriate
for the location, extent and morphology of the lesion(s).

The need for multiple treatment sessions should be
discussed with a patient and their family (if applicable) prior
to initiation of treatment to increase patient's compliance
with the therapy. The possibility of recurrence following
the treatment should also be discussed with the patient prior
to starting the treatment to minimize patients' frustration
in case of the recurrence. Goals of the treatment should
be preset with each patient individually and successful
accomplishment of preset goals marks the completion of
treatment, as treatments are frequently palliative and goal-
oriented, especially in extensive lesions.

Traditionally, surgical resection was effectively used
for encapsulated and small lesions. However in patients
with diffuse and multifocal lesions, the surgical debulking
is relatively contraindicated as damage to surrounding

anatomic structures and massive hemorrhage may ensue73.
In 2016 Malgor et al. retrospectively evaluated long term
outcomes of open surgical treatment in 49 patients (53

limbs) with KTS74. The great saphenous vein stripping,
lateral embryonic vein, small saphenous vein and accessory
saphenous vein surgical removal was performed in 17
(32%), 15 (28%), 10 (19%) and nine (17%) lower
extremities, respectively. Data from this study showed

that two patients developed DVT, one had pulmonary
embolism, and one patient had peroneal nerve palsy.

Kaplan-Meier analysis demonstrated that freedom
from disabling pain at one, three and five years was
95%, 77% and 59%, respectively. Respective rates for
freedom from secondary procedures were 86%, 78% and
74%. In addition, at the last follow-up visit, the venous
clinical severity score had decreased from 9.4 ± 3.27
to 6.0 ± 3.20 (P<0.001). Data from this study showed
that surgical approach in patients with KTS is safe and
durable. Although historically surgery has been used to treat
vascular malformations associated with KTS over the last
two decades, minimally invasive procedures have emerged
as effective treatment options.

Sclerotherapy has been used as an effective
alternative to surgery in the treatment of venous
malformations. Traditionally, the most widely used
sclerosant was ethanol. Although effective, data showed
that ethanol sclerotherapy was associated with limitations
and major complications (local and systemic), including
severe pain requiring general anesthesia, ethanol toxicity,

and localized tissue necrosis75-77. In a study of 87 patients
with venous malformations treated with 98 sessions of
ethanol sclerotherapy Lee et al. reported outstanding results
with 95% initial success with no recurrence in 71 patients

at a mean follow-up of 24 months78.

Data from this study also documented complications
in 26.7% of patients which ranged from mild to severe.
There were nine cases with ischemic bullae, five with
nerve palsy, four cases of transient pulmonary pressure
elevation, two with tissue necrosis and tissue fibrosis,
one with DVT and one with pulmonary embolism. Of
the five nerve palsies, one (affecting the peroneal nerve)
was irreversible. Other studies also reported major side
effects following ethanol sclerotherapy including cardiac
arrest and episodes of transient bradycardia. Ethanol
sclerotherapy can also result in transmural vessel necrosis,
massive swelling (sometimes resulting in compartment
syndrome), depression of the central nervous system,
hypertension and pulmonary vasospasm.

Burrows and Mason reported good to excellent results
after serial sclerotherapy in 75-90% of patients with low
flow vascular malformations and showed that ethanol
injections should be avoided close to major nerves or

cutaneous lesions79. There was a 12% complication rate
per session and 28% complication rate per patient in
this series, with at least some skin necrosis occurring in
10-15%. Given that liquid sclerosants become diluted by
intralesional blood, the use of sclerosants in microfoam
form significantly improves the procedure for venous
malformations as the foam bubbles displace intralesional
blood and prevent sclerosant from becoming diluted. Foam
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bubbles achieve maximal exposure between the sclerosing
agent and the endothelial lining of malformation and
the echogenicity of the bubbles makes them visible on
ultrasonography making the procedure more effective and
easier to perform. (Figure 5)

Figure 5 - Ultrasonographic findings during sclerotherapy

treatment of low flow, venous malformation in a 21 year

old female with KTS. The echogenicity of the bubbles makes

them visible on US surveillance making the procedure

easier to perform, which is one of the major advantages of

foam sclerotherpay as compared to liquid sclerotherapy.

For these reasons foam treatments, in contrast to
liquid sclerotherapy, can be performed on ambulatory
basis under local anesthesia. In a prospective randomized
clinical trial Yamaki et al. compared efficacy of ultrasound-
guided foam sclerotherapy with ultrasound-guided liquid
sclerotherapy in the treatment of 89 symptomatic venous

malformations80. Data from this study showed that the
amount of sclerosant required to treat the lesion was
significantly smaller in patients who were treated with foam
sclerotherapy. These properties of sclerosant in the form
of microfoam make it possible to use smaller doses in
small increments what reduces the risk of side effects and
toxicity. Foam can be produced with different techniques
that result in differences in bubble size, foam stability and
reabsorption rates.

Most widely accepted method for producing stable

foam is "Tessari method" first described in 200081.
The choice of foamed sclerosant is typically physician
dependent. Currently the majority of venous malformations
are treated with 0.5%-1% sodium tetradecyl sulfate or
1% polidocanol. Alternative sclerosants such as bleomycin
or doxycycline may be used in special circumstances,
including malformations with lymphatic component. The
first large study of patients treated by foam sclerotherapy
was published by Cabrera et al. This study included
50 patients (35 with venous malformations and 15 with

KTS)82. Sclerotherapy was performed by ultrasound guided
injection of 0.25% to 4% polidocanol microfoam.

Data from this study showed that the treatment was
beneficial in 46 (92%) patients. Total disappearance of
treated malformation, reduction in size of more than 50%
and reduction in size of less than 50% was documented in
158, 15 and 13 patients, respectively. In subgroup of patient
who presented with pain (n=39), 25 experienced total relief,
and in the remaining 14 patients the pain was significantly
reduced. There were no major adverse events. Skin necrosis
developed in three patients and four patients developed skin
hyperpigmentation that was transient.

Data from another perspective study that included
14 patients (eight with KTS) treated with 1% or 2%
polidocanol, demonstrated that the use of polidocanol
foam sclerotherapy was effective, and showed no major
complications, no down time and no need for general
or regional anesthesia. Although there is a significant
amount of data that showed excellent results by evaluating
safety and efficacy of the endothermal treatment either
with radiofrequency ablation (RFA) or endovenous
laser ablation (EVLA) in patients with chronic venous
insufficiency caused by superficial venous reflux disease
there are some limitations in KTS patients who have large
incompetent superficial veins located immediately under
the skin, as treatment of these superficial veins can lead to
significant thermal injury.

Although this concern should not be underestimated
data from several case reports and smaller case series
showed that both RFA and EVLA were efficient and safe
treatment for superficial incompetent veins in KTS patients.
Frasier et al. showed that combined treatment (RFA and
sclerotherapy) was associated with markedly decreased leg
pain, edema, and varicose vein appearance in three female
KTS patient that were previously unsuccessfully treated

with the conservative therapy83. In 2014, Harris et al.
showed that RFA can be safely and effectively used for
obliteration of perforating veins in KTS patients. Data from
this study showed a significant symptomatic improvement
following staged and multimodal treatment of perforating

veins that included RFA combined with sclerotherapy84.

The specific indications for treatment of lateral
embryonic vein are based on symptom severity and the
status of the deep venous system. In symptomatic patients
(i.e. hemorrhage, debilitating pain, and/or functional
disability) with patent deep veins, treatment of the lateral
embryonic vein is indicated for the elimination of altered
hemodynamics without compromising lower extremity
blood return. This also applies to a subgroup of patients
with hypoplasia of the deep veins: in this case treatment of
the lateral marginal vein will lead to spontaneous dilation
of the deep veins, and therefore hypoplasia of deep veins
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is not a contraindication for treatment. By contrast, aplasia
of the deep veins does represent a contraindication for
intervention, as the lateral embryonic vein serves as a major
draining vein of the affected limb in these cases. A modified
Perthes text could clarify the compensating value of the
marginal vein, analyzing its exclusion at different levels.
The result can suggest a local surgical therapy.

All patients with a lateral marginal vein should
undergo a complete hypercoagulability workup (including
measurement of D-Dimer and fibrinogen) and should
be anticoagulated appropriately with weight adjusted
dose (100 U/kg/d) of low molecular weight heparin

periprocedurally31. Traditionally, as mentioned above,
surgical resection of lateral marginal vein is preferred over
endovascular treatment modalities as it is safe and durable
and due to the superficial location of this vein and the fact
that endovenous treatment modalities are associated with
the risk of skin damage.

Discussion

A quarter or more of LM components of the KTS is

extratruncular LM/lymphangioma alone as a constant source of lymph

leakage especially after ill-planned excision of coexisting marginal vein

(MV), where the complication seems to be the effect of the previous

balance disrupted by the treatment, affirmed BB Lee.

MA Amore declared that LM is often present in KTS, but we

must take care in the treatment with the massive use of Rapamycin,

owing to the Rapamycin associated lymphedema, lymphocele, chylous

ascites… etc. as secondary effect. More interesting Rapamycin was the

"STAR" of the last ISSVA meeting held in Buenos Aires one week before

the KTrenaunay debate, with a lot of groups around the world with a

high follow up of this drug.

BB Lee declared he was so disturbed by sudden enthusiasm

on Rapamycin, that transplant surgeon are already fully aware of,

about the risk involved with de novo swelling of the limb/lymphedema

together with increasing risk of the lymphocele formation following

kidney transplantation for many decades. Besides Rapamycin certainly

increased delayed wound healing with higher risk of wound disruption

in his personal experience.

As regards the surgical treatment, F Passariello reported that

in selected cases the surgical therapy has a clear beneficial effect,

for instance when an extrinsecal compression on the deep veins

increases the symptoms of deep veins KTS hypotrophy. As suggested by

Servelle85, the resection of fibrous structures can improve considerably

symptoms . Compression can be due to abnormal arterial branches or

to fibrous arcs, as it occurs in the upper limb with the Langer axillary

arc85 or in the lower limb with a fibrous-muscular fiber between the

two gastrocnemius muscles86.

The Chiva Strategy in KTS

The CHIVA strategy essentially separates the systolic
reflux from the diastolic part. Only the diastolic component
can be excised in order to preserve the compensating

veins87-89. The study of the Systo-Diastolic reflux is
essential to understand if there is a compensating pathway,
which must be respected and if there is a diastolic reflux,

which can be safely interrupted. The CHIVA strategy uses
the modified Perthes test to select the level of interruption
of the marginal vein and to achieve also a naevus reduction.

An accurate ultrasound mapping is performed,
together with dynamic tests as Valsalva, Paraná and
Perthes, in order to respect the compensating veins in
an open vicarious shunts (OVS) and disconnect the
diastolic overload of the closed shunts (CS). The surgery
is mini-invasive, performed in one or more steps with
6 months interval (time needed to let the system to
stabilize) with divisions and non-absorbable ligations at
the disconnections sites. Surgery is planned without any
excision in order to let the capillary malformation drain
properly (reduced coloration) and paying careful attention
to the uneasy haemostasis, due to fragile veins and capillary
malformation.

The intervention tries to block the diastolic overload,
pressures and flows while preserving the draining outflow,
in order to ease the skin drainage as well as the reduction
of the capillary skin malformation. These are the basics of
CHIVA management, whatever the vessels anatomy and the
cause of their dysfunction.

Such aimed punctual disconnections prevent large
bleedings caused by extended phlebotomies, ease the
skin drainage, improve the skin changes and prevent
any recurrence. As regards the neavus reduction, it is
worth noting that the CHIVA strategy is the first one
which links the skin drainage as well as CM/port wine
stain to MV drainage, as we know of. This observation/
hypothesis is certainly a new area to be included into future
research projects together with unintentionally neglected
CM altogether with microcirculation at tissue level.

Summary

Over the last two decades there has been a
significant progress in the understanding of molecular
and genetic mechanisms responsible for etiology and
pathophysiology of KTS as well as significant improvement
in the management of these patients. Data from numerous
studies provide strong evidence that experienced providers
working in the context of a coordinated and structured
multidisciplinary vascular malformation team can offer the
most efficient management of KTS patients. Diagnostic
algorithm utilized to exclude presence of arterial flow is
clinically applicable for making an accurate diagnosis and
pretreatment planning in majority of patients. For most
patients with minimal symptoms conservative treatment
seems to be the best strategy. Patients with more
severe symptomatic require treatment. Choice of treatment
modality depends upon lesion's location, extent and
morphologic as well as hemodynamic characteristics.
This management algorithm for KTS results in favorable
outcomes with reasonable complication rates in this
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frequently challenging group of patients. New expectations
come from the CHIVA approach to vascular malformations,
which detects the systolic and diastolic components of
reflux, in order to perform selective and short venous
excisions. The method is considered an effective one,
though an adequate training is required.
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