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Abstract

The European Reference Network (ERN) on Rare Multisystemic Vascular Diseases (VASCERN) is dedicated to gathering
the best expertise in Europe in order to improve and provide high-level healthcare to all patients with rare vascular diseases
and provide accessible cross-border healthcare to patients with rare vascular diseases. Kaposiform Hemangioendothelioma
(KHE) is a rare vascular tumour with local aggressiveness, often associated with a life-threatening coagulopathy known as
the Kasabach-Merritt phenomenon (KMP). The Vascular Anomalies Working Group (VASCA-WG) developed diagnostic
and therapeutic pathways for the management of KHE using the nominal group technique (NGT), a well-established, struc-
tured, multi-stage, facilitated group meeting technique used to generate consensus statements. The pathways were developed
following two face-to-face meetings and several web meetings to facilitate discussion.

Conclusion: VASCA has produced this expert opinion, which reflects the strategies developed by experts and patient rep-
resentatives on how to approach patients with Kaposiform Hemangiothelioma in a practical manner; here, we present an
algorithmic flow chart of this work.

What is Known:

o Kaposiform hemangioendothelioma (KHE) is a rare, locally aggressive vascular tumor, often associated with a life threatening coagulopathy,
and can be challenging to manage.

What is New:

o The diagnostic and therapeutic pathway for KHE, developed by a multidisciplinary group of experts (VASCA-VASCERN Group), offers con-
crete offers concrete help in making decisions about managing this condition.

Keywords Kaposiform hemangioendothelioma - Kasabach-Merrit phenomenon - Vascular tumour - Diagnosis - Treatment -
Algorithm - Sirolimus - Patient pathway

Introduction

Kaposiform hemangioendothelioma (KHE) is a rare vas-
cular tumour characterised by a locally aggressive behav-
iour. It is extremely rare with an incidence of approximately
Communicated by Peter de Winter 0.71/1,000,000 in North America [1]. It typically presents
in the first year of life with a predilection for the neck and
extremities [1, 2]. In most cases, it is associated with the
onset of the Kasabach-Merritt phenomenon (KMP), a
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coagulation disorder characterised by a potentially life-
threatening thrombocytopenia and consumptive coagulop-
athy [3]. It has often been misdiagnosed as an aggressive
infantile haemangioma. It can be mistaken for congenital
hemangioma, a kaposiform lymphangiomatosis, or a sar-
coma, and in particular for tufted angioma (TA) with which
it shares clinical and histopathological features, but TA
has a less aggressive clinical behaviour. Historically, the
management of this tumour has been frustrating due to the
lack of effective treatments; however, therapeutic options
have improved over the past decade with the introduction
of sirolimus, a mammalian target of rapamycin (mTOR)
inhibitor [4]. Due to the rarity of this condition, treatment
remains challenging and should be reserved for multidisci-
plinary centres with expertise in vascular anomalies.

At the European level, selected centres of expertise are
brought together in European Reference Networks (ERNs),
all with the aim of improving patient care by building on col-
lective knowledge through multidisciplinary collaboration.
VASCERN, the European Reference Network on Rare Mul-
tisystemic Vascular Diseases, is dedicated to gathering Euro-
pean expertise to help patients with rare vascular diseases
(with an estimated number of 1.3 million affected patients).
VASCERN is coordinated from Paris, France. There are six
separate working groups focusing on (i +ii) arterial connec-
tive tissue diseases (affecting major arteries from the aorta
to small arteries, HTAD and MSA), (iii) hereditary haem-
orrhagic telangiectasia (HHT), (iv) primary and paediatric
lymphedema (PPL), (v) neurovascular diseases (NEURO-
VASCA), and (vi) vascular anomalies (VASCA). VASCA
currently gathers highly specialised multidisciplinary expert
teams from 13 health care providers (HCPs), one affiliated
partner from 14 EU member states, and three developing
partners, each represented by two leads, as well as a number
of European Patient Organizations.

Patients and methods

VASCA is composed of a multidisciplinary group of experts
(dermatologists, geneticists, interventional radiologists, pae-
diatricians, paediatric surgeons, plastic surgeons, vascular
surgeons, ENT specialists, internal medicine specialists,
paediatric haematologists, and oncologists) and patient rep-
resentatives. They represent the national HCPs endorsed by
their governments as board members of the European Ref-
erence Network for Rare Multisystemic Vascular Diseases
(VASCERN).

Based on the principle that decisions made by a group
of experts are better than those made by individual experts,
VASCA decided to develop diagnostic and management
pathways for KHE using a nominal group technique (NGT),
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a well-established, structured, multi-stage, facilitated, group
meeting technique used to generate consensus documents
[5].

The pathways were generated during two face-to-face
meetings in September 2023 and October 2024 to facilitate
discussion, during TEAMS meetings in 2024, and by email
to avoid the influence of the most authoritative members.

Two facilitators were identified: one to propose initial
discussion points and draw the pathway and another to chair
the discussion. A paediatric surgeon was chosen within the
group of experts as the first facilitator due to his experience
in the management of KHE. Further decision points were
proposed by the group, and the best choices were discussed
within the panel of experts. Conflicting points were further
discussed until a conclusion was agreed by the European
multidisciplinary team. The chair of the group promoted
inputs from all members, summarised opinions and reasons
for decisions, and identified common ground. No time limit
was set for reaching consensus. After the first meeting, the
document was circulated by email in the WG to collect fur-
ther peer comments. A final face-to-face meeting was organ-
ised to validate the pathway.

The pathway represents level V evidence derived from
expert consensus.

Results

The document consists of five pages organised as follows
and illustrated in Figs. 1, 2, 3, 4, and 5. The first two pages
cover the diagnostic work-up, the third provides a flow chart
for management, the fourth gives an overview of current
treatment options, and the final page provides suggestions
for follow-up.

On the first page of the pathway, we provide an overview
of common clinical, laboratory, and imaging features of the
diagnosis (Fig. 1).

During the diagnostic work-up, lesions can be divided
into those that are visible and those that are not. In the for-
mer, the onset of a red—purple firm swelling with indetermi-
nate margins in a child suggests the diagnosis (Fig. 6). The
identification of visceral lesions without superficial involve-
ment is often challenging and requires advanced imaging.
In the case of the Kasabach-Merritt phenomenon (KMP),
the onset of typical coagulation changes should suggest the
diagnosis [6], but additional diagnostic measures such as
diffusion-weighted and dynamic contrast-enhanced MRI
sequences are needed to confirm the diagnosis and exclude
differential diagnoses. In some cases, the tumour causes
symptoms due to the involvement of nearby structures,
such as pain and reduced function, respiratory distress, or
abdominal distension, but sometimes the diagnosis is made
incidentally [2].



European Journal of Pediatrics (2025) 185:14

Page3of9 14

Kaposiform Hemangioendothelioma (KHE)
Diagnostic work-up: Overview

VISIBLE LESIONS

Solitary firm tumor of the skin, soft tissue.
Red-purple tumors or plaques
lll-defined margins, Ecchymosis with/without
telangiectasia

NONVISIBLE LESIONS

Visceral KHE may be without superficial involvement
Patients may present with or without coagulation
changes

Children under 1 year of age (90%)
Superficial / Deep (9:1)
Lateral Neck, Axilla, Groin, Extremities
Intrathoracic, Intra-abdominal, Retroperitoneal

KASABACH MERRIT PHENOMENON (KMP)
Severe thrombocytopenia (platelet count <50 x 10°/L),
Consumptive coagulopathy [hypofibrinogenemia (fibrinogen<1.6 g/L) and

elevated D-dimer (>0.5 ug/ml)]

» Blood tests: check for severe thrombocytopenia and
coagulopathy (KMP)
« Doppler ultrasound: ill-defined vascular tumor
» Contrast enhanced MRI: first assessment of size and
infiltration of structures, follow-up during therapy

LEGEND: Clinical evaluation Investigations

Fig. 1 Diagnostic work-up: overview

KHE shows a characteristic natural history. The tumour
appears in most cases before the age of one year [2, 7], and
only in 10% of cases does it present with visceral involve-
ment without visible signs on the skin. It can occur in any
part of the body, but the most frequently affected regions are
the lateral neck, axilla, groin, extremities, thorax, abdominal
cavity, and retroperitoneum.

In up to 71% of cases, KHE is associated with KMP [2],
a coagulation disorder characterised by severe thrombocy-
topenia, consumptive coagulopathy, and elevated D-dimers.
When KMP occurs, the lesion usually rapidly increases in
size and becomes purpuric, warm to palpation, and painful.
Furthermore, petechiae may appear at a distance from the
lesion, a sign that highlights the severity of the thrombocy-
topenia [3].

Early in the evaluation of a patient with suspected KHE,
laboratory tests, such as platelet count, D-dimers, and fibrin-
ogen, should be performed to assess the presence of coagu-
lation abnormalities due to the high incidence of KMP in
patients with KHE.

The first choice of diagnostic imaging is Doppler ultra-
sound, which shows a hyper-vascularised solid mass with

Tumor becomes purpuric, warm
on palpation, sudden increases
in size and painfulness
Petechiae appear elsewhere

- Biopsy for confirmation of the diagnosis is
recommended, especially in cases without KMP
- Additional procedures, if necessary to rule out
differential diagnoses

ill-defined margins. This should be followed by contrast-
enhanced MRI to define the size and extension of the mass,
which will facilitate assessment on follow-up imaging [8].
MRI features include dermal and subcutaneous thickening,
infiltrative and ill-defined margins, oedema-like appear-
ance in the surrounding tissue, and dilated fast-flow vessels.
Lesions appear iso-hypointense to muscle on T,-weighted
sequences and hyperintense on T,.

It is recommended that the diagnosis be confirmed by
histology. Although the group agreed that histopathology
should be obtained, it is recognised that in certain patients,
the periprocedural risk is too high to obtain a biopsy, and
management must be guided by the available diagnostic
tools.

Figure 2 emphasises the importance of considering the
differential diagnoses of KHE. It is particularly important
to rule out malignancies (e.g. congenital fibrosarcoma,
rhabdomyosarcoma, rhabdoid tumour, neuroblastoma), in
which an incorrect treatment could drastically change the
prognosis [9]. KHE lesions are positive for CD31, CD34,
ERG, Flil (ERGB) and SMA (partially), VEGFR3, D2-40,
Lyvel, and Prox1. Negative for GLUT1 and HHVS.
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Kaposiform Hemangioendothelioma (KHE)

Diagnostic work-up: differential diagnoses and histological features

VISIBLE LESIONS KMP and NO VISIBLE
Tufted angioma LESION
Congenital hemangioma
Kaposiform lymphangiomatosis Leukemia
Malignant tumors (e.g. congenital Sepsis
fibrosarcoma, rhabdomyosarcoma, Immunthrombocytopenia
rhabdoid tumor, neuroblastoma) (ITP)
Venous malformation Other causes of DIC

No characteristic
somatic genetic
signature has yet been

identified. Biopsy for

somatic mutations if

biopsy indicated or
safely feasible

. z . Associated

Fig. 2 Diagnostic work-up: differential diagnosis and histological features

Kaposiform Hemangioendothelioma (KHE)
Management and treatment
Response monitoring

+ Laboratory: blood counts, coagulation
profile
- + Imaging: MRI-volumetry and response
Watchful waiting ;
Consider Surgery If ssessment
y complete, without The timing for the response monitoring
Large lesion, mutilations should be individualized based on the

disfigurement and/or location and clinical course of the lesion
functional

consequences SiArolimus
consider adding Eail ¢
corticosteroids ailure of response

Sirolimus + corticosteroids Failure of
response Consider :

- embolization

- surgery

- adding cyclophosphamide

If compression of vital structures is present,
or
response to initiated therapy insufficient

Add vincristine

Tapering of the therapy, if response sufficient
» when KMP resolves, taper and stop corticosteroids
« when lesion shrinks, stop vincristine
- when KHE becomes inactive over several months,
slowly taper sirolimus: duration of therapy is unclear

LEGEND: Clinical evaluation Investigations

Fig.3 Management and treatment part 1
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Kaposiform Hemangioendothelioma (KHE)
Management and treatment

Treatment options

Medical treatments

First line:
Sirolimus
Corticosteroids

Second line/additive:

Vincristine

Third line:
Other chemotherapeutic agents (e.g. cyclophosphamide)
Re-evaluate differential diagnoses

Supportive treatment of KMP

Should involve haematologist

Fibrinogen, FFP

Platelet transfusions should be avoided

Aspirin* Ticlopidine* (often used but without evidence)

Recommended doses

Sirolimus

Target blood concentration: 5-10 ng/ml
Standard doses:

Neonates and infants need a dose
reduction e.g. to 2x 0.25 mg/m?/d,
depending on age

Children 2x 0.8 mg/m?/d

Vincristine

Per institutional guideline, dosing in
mg/kg or mg/m? depending on age and
body weight. Dose reduction in
neonates, infants and in children with
low body weight

In case of failure of medical treatment consider: Corticosteroids

+ Interventional radiology
Embolization (performed in a reference Center)
+/- medical treatment or before surgery
» Surgery
If complete resection without mutilation is feasible (rare)
(performed in a reference Center)

Fig.4 Management and treatment part 2

Kaposiform Hemangioendothelioma (KHE)
Management and treatment: Recurrence/Sequelae

Long-term follow-up
Patients should be followed clinically (with or without MRI studies, depending on KHE location and symptoms)
Watch for:

* Recurrence
+ Local sequelae (e.g. scarring, fibrosis, lymphedema)

KMP Sirolimus
Compression of

vital structures

Rapid regrowth

Recurrence

Consider watchful waiting

Residual scarring / fibrotic infiltrations
Residual discoloration and swelling

Consider surgical excision
if complete, without mutilation

Lymphoedema / Local Oedema = hf:::::r;::;: :!?:;::ge

Prednisolone 2 mg/kg/d (oral)

* used in KMP treatment protocols at some
institutions, yet poor evidence in the literature
and platelet function is already reduced in KMP.

LEGEND: Clinical evaluation Investigations

Fig.5 Management and treatment: recurrence/sequelae
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Fig.6 A A 1-month-old infant
presenting with histopatho-
logically confirmed KHE on
the back. b The same infant

3 months later, after therapy
with sirolimus and corticoster-
oids

Fig.7 A 10-year-old boy with a histopathologically confirmed tufted
angioma (TA) of the right cheek

If the main symptoms are related to coagulation abnor-
malities such as KMP without a visible lesion, other con-
ditions triggering a disseminated coagulopathy need to
be considered, especially in relation to the patient's age.
Figure 2 also describes the histological features of KHE.
Differentiation from TA can be particularly difficult, as
it shares the histopathological features with KHE and
represents a less clinically aggressive expression of this
continuum (Fig. 7) [10]. Currently, to our knowledge, no
pathognomonic genetic variants have been identified in
KHE or TA [11]. Molecular profiling is recommended to
facilitate precision medicine and future research that may
characterise the genetic abnormalities of this tumour.

Once a diagnosis of KHE is suspected, it is important to
manage the patient in coordination with a vascular anomaly
expert centre. If feasible, the family should be informed
about dedicated national and international patient associa-
tions, which can help coordinate the social and psychologi-
cal aspects not directly related to medical treatment.

As mentioned above, an important step is to assess the
presence of KMP. If KMP is ruled out, watchful waiting

@ Springer

may be considered for small lesions. In these rare cases,
radical surgery that avoids functional defects and mutila-
tion can be curative [7]. However, if the tumour is large,
disfiguring, and/or has functional or life-threatening conse-
quences, sirolimus therapy should be considered first-line
treatment [12]. In case of failure to respond, a re-evaluation
of the diagnosis is recommended, and after confirmation,
the addition of vincristine can induce a reduction in the size
of the mass.

In the presence of KMP, starting with sirolimus [13] and
corticosteroids appears to be the best option. A randomised
trial of 75 patients with KHE and KMP treated with higher
sirolimus trough levels (10-15 ng/mL) demonstrated better
outcomes when oral corticosteroids were administered for
several weeks, compared with sirolimus alone [14].

In the presence of lesions causing compression of vital
structures, or if the response to the initiated therapy appears
inadequate, it is advisable to add vincristine to the thera-
peutic protocol.

In the case of treatment failure, other options such as
embolisation [15], surgery, or cyclophosphamide [16] may
be considered after reassessing differential diagnoses.

The optimal moment for discontinuing medical treat-
ment remains unclear but should be guided by the clinical
response, safety, and tolerability of the medication. Once
KMP has resolved and the patient is in a stable clinical con-
dition, it is recommended to taper and discontinue corticos-
teroid therapy in order to limit corticosteroid exposure at
this young age. If Vincristine has been administered, it may
be discontinued should the lesion demonstrate no further
decrease in size. The duration of sirolimus treatment and
how this may affect relapse is a topic of debate. However,
when KHE becomes inactive over several months, a slow
taper to a very low dose is recommended.

The introduction of sirolimus to the treatment regimen
for KHE has significantly improved the prognosis for these
patients and has been shown to be efficacious in limiting
KMP and consequently reducing mortality [17]. Accord-
ing to recent publications, the combination of sirolimus and
corticosteroids as the first-line treatment has been shown
to provide stable resolution of coagulation abnormalities
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[12—14]. Although there are studies reporting the efficacy
of sirolimus in infants with lower ranges (25 ng/mL) [18],
the group agreed that the target blood concentration range at
trough levels should be between 5 and 10 ng/mL, with both
higher and lower doses being reported as effective in the lit-
erature. Notably, caution must be exercised in newborns and
infants, as a lower dose is sufficient to achieve these serum
concentrations [18, 19]. The risk of infections should be
taken into account, and individualised preventive measures
such as antibiotic prophylaxis could be considered. In cases
where there is a life-threatening localisation or failure to
respond to sirolimus and corticosteroids, vincristine should
be added to the therapeutic regimen. It is important to note
that vincristine requires central venous access [12].

In the event of medical treatment failing, embolisation
and surgery are considered valuable options. Embolisation of
KHE lesions can be a particularly challenging procedure as
it involves cannulation of small vessels in young paediatric
patients. It is recommended that this procedure be performed
by referral centres. In selected cases, combining the procedure
with medical therapy can stabilise the patient. Furthermore,
pre-surgical embolisation of the tumour may result in a tem-
porary reduction in volume and reduced intraoperative bleed-
ing. The surgical option should be reserved for rare cases in
which a complete excision is possible without mutilation. The
procedure should be performed by experienced surgeons, and
the decision should be made within a multidisciplinary team,
after evaluating all possible options [7].

Supportive care

KMP is a life-threatening condition, and its treatment must be
coordinated by an expert haematologist able to recognise the
progression of the disease and adapt therapy accordingly (e.g.
administration of fresh frozen plasma (FFP) or fibrinogen).
Due to their rapid inactivation and entrapment by the tumour
mass, platelet transfusions should be avoided as they cause
an increase in tumour mass and worsen thrombocytopenia.
Despite the lack of evidence in the literature and the fact that
platelet function is already impaired in KMP, some centres
include aspirin and/or ticlopidine in their treatment protocols
[20].

It is essential to closely monitor the patient's response to
treatment, which should include clinical follow-ups, labora-
tory workups (complete blood count, coagulation profile), and
radiological imaging using MRI. Due to variability in the loca-
tion and clinical course of the lesion, individualisation of the
timing of monitoring is appropriate.

We recommend that patients with KHE receive long-
term follow-up, focusing on the detection of relapses and
management of sequelae, as both are common in this patient

population [21]. MRI is the most accurate method, but timing
is highly dependent on the location of the tumour, its extension
into vital structures, and associated symptoms.

In the case of recurrence, the therapeutic approach is influ-
enced by the presence of KMP, compression of vital structures,
or rapid growth of the lesion. In these patients, it is advisable
to restart therapy with sirolimus. In all other patients, however,
it is reasonable to consider a watchful waiting approach.

In cases of residual local scarring, fibrotic infiltration,
redundant skin, residual dyschromia, and residual nodules,
surgery can be considered. Residual lymphoedema or local
oedema may be present after regression of KHE affecting
the extremity. Initiation of compression therapy or manual
lymphatic drainage can reduce swelling (22).

Discussion

In the absence of clinical trials and meta-analyses in the
field of rare diseases, expert opinion remains an appropri-
ate tool to improve the quality of care. For rare diseases,
level V evidence remains a necessary tool for clinical
decision-making. The assignment of the level of evidence
does not take into account the value of the processes used
to reach an expert opinion.

The quality of an expert panel’s opinion depends on
the experience of its members. The expertise in the field
of vascular anomalies of VASCA is suggested by the
selection of national reference centres, endorsed by their
governments and selected by the European Community's
ERN network, based on well-defined criteria, including
the publication record of the group members in the field
of vascular anomalies.

The NGT has been defined by Ven and Delbecq as “a
structured meeting which seeks to provide an orderly pro-
cedure for obtaining qualitative information from target
groups who are most closely associated with a problem
area” (Ven and Delbecq, 1974). The structured process
allows the participants to decide which issues require fur-
ther discussion, thereby avoiding the domination of the
debate by more authoritative or dominant members. Moreo-
ver, the facilitator ensures equal participation of all group
members in conflicting concepts. A limitation of the process
is the lack of anonymity guaranteed by the Delphi method,
and therefore the inability to completely avoid the authority
and personality of some experts driving the process.

Using NGT, VASCA proposes an expert opinion on the
current optimal approach to patients with KHE as a useful
tool to improve the care and management of these patients.
Further clinical studies will contribute to future updates
of this algorithm.
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