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 Diagnosis

Tufted angiomas (TA) and kaposiform heman-
gioendothelioma (KHE) are classified as benign 
vascular tumors with locally aggressive potential. 
They share many similar histologic and clinical 
features and are believed to be two entities that 
lie along a spectrum [1, 2]. Within the same 
tumor, there are focal areas of both KHE and TA 
histopathologic phenotype, and longitudinal 
transformation from TA to KHE has been 
described [3]. A unique feature of these tumors is 
their potential to develop a severe, life- threatening 

coagulopathy called Kasabach-Merritt phenom-
enon (KMP).

TA are slow-growing vascular tumors that 
develop predominantly during infancy or child-
hood but can occur at any stage of life [4]. 
They tend to be smaller in size and more local-
ized to the epidermis and dermis. They have 
less risk of developing KMP and  long-term 
musculoskeletal sequelae and may spontane-
ously resolve [5]. KHE can infiltrate deeper 
structures including bone, muscle, and fascia, 
extend to adjacent viscera and lymph nodes, 
and are associated with a higher risk for KMP. 
Tumors may decrease in size or become dor-
mant over time, but do not completely disap-
pear (Fig. 9.1).

 Clinical Features

There are four main presentations for KHE/
TA: (1) fulminant KHE with KMP in the neo-
nate/young infant, (2) large cutaneous/noncu-
taneous KHE/TA with KMP, (3) KHE/TA 
without KMP, and (4) TA with chronic coagu-
lopathy without thrombocytopenia [2]. KMP is 
associated with a mortality rate as high as 30%; 
thus, when findings of coagulopathy are pres-
ent, they should prompt immediate treatment 
[6–9].

TA has variable clinical presentations rang-
ing from deep red to purple papules or plaques 
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or an indurated vascular stain with ill-defined 
borders (Fig. 9.2) [10]. There can be associated 
hypertrichosis with increased lanugo hairs and/
or hyperpigmentation present. They enlarge 
slowly over time and are often warm and ten-
der to touch.

KHE typically presents as a solitary, indu-
rated, ill-defined, red-purple plaque in infancy or 
early childhood. They can have a nodular 
appearance, be warm to touch, have associated 
hypertrichosis or hyperhidrosis, and can have 
accompanying ecchymoses and telangiectasias. 
They can rapidly enlarge within weeks and have 

recurrent episodes of engorgement, swelling, 
pain, and purpura [11]. Multifocal KHE lesions 
have been reported, especially within the bone 
[12], but metastatic disease has not been 
observed. KHE has a predilection for the extrem-
ities but also occurs on the head and neck, trunk, 
and groin. KHE may also present in noncutane-
ous locations such as the retroperitoneum, medi-
astinum, and bone, and there have been reports 
of extension into adjacent viscera from these 
locations. The signs and symptoms of this vascu-
lar tumor are dependent on the extent of tumor 
and the tissue layers involved; for example, 
when KHE infiltrates muscle and fascial layers, 
there can be reduction in range of motion with 
risk of contracture development [13]. Visceral 
organ involvement in KHE is uncommon but 
portends a more severe clinical course. KHE is 
typically diagnosed in small children, with >90% 
of cases being apparent within the first year of 
life; identification of KHE in adults is being 
more commonly reported. Tumors in this setting 
tend to be less invasive and have not been associ-
ated with thrombocytopenia or coagulopathy 
thus far. Even after successful treatment, some 
amount of mass typically remains, and there is 
often some residual disease manifesting as skin 
discoloration, fibrosis, and occasionally lymph-
edema [14].

Fig. 9.1 KHE of face 
and infratemporal fossa 
with skull base invasion 
and bone loss causing 
repeated bouts of 
meningitis. (Photos and 
illustrations courtesy of 
Seattle Children’s 
Vascular Anomalies 
Program, Jonathan A. 
Perkins and Eden 
Palmer). (Images 
courtesy of Seattle 
Children’s Radiology, 
Giridar Shivaram, Eric 
Monroe and Kevin Koo)

Fig. 9.2 Tufted angioma on the upper lip and cheek of an 
infant. (Photos and illustrations courtesy of Seattle 
Children’s Vascular Anomalies Program, Jonathan A. 
Perkins and Eden Palmer)
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 Kasabach-Merritt Phenomenon

TA and KHE can potentially develop Kasabach- 
Merritt phenomenon (KMP) [15, 16]. KMP pres-
ents with profound thrombocytopenia thought to 
result from intralesional platelet trapping typically 
accompanied by coagulopathy as evidenced by 
elevation in d-dimer, slight prolongation of PT and 
aPTT, and reduction in fibrinogen levels. The 
thrombocytopenia in KMP can be profound, gener-
ally with platelet counts less than 50,000/uL. In one 
large series, the median platelet count reported was 
11,500/uL [6].

KMP is distinct from the coagulopathy that 
can accompany other vascular anomalies (e.g., 
venous malformation) that more closely resem-
bles disseminated intravascular coagulation with 
a marked decrease in fibrinogen, prolongation of 
PT and aPTT, and a comparatively mild reduc-
tion in platelet count. KMP can arise in any 
patient with a lesion within the KHE/TA spec-
trum but is much more common with earlier 
onset of the tumors in the neonatal and infant set-
ting and with KHE. Predictors of KMP include 
age and size and location of lesion. The propor-
tion of infants who develop KMP is much higher 
than that of older children. KMP has not yet been 
reported in adult-onset KHE. The size and extent 

of the lesion has been correlated with increased 
risk of KMP; lesions >8 cm in greatest diameter 
and lesions involving muscle, bone, and the tho-
racic cavity are at increased risk [6, 7]. Although 
most patients manifest KMP at the time of pre-
sentation, 11% developed KMP later, generally 
within the first year after diagnosis. Changes 
such as, rapid lesion growth, deepening color, 
increasing firmness, and pain, should prompt a 
reevaluation for KMP.

 Evaluation

The goal of TA/KHE evaluation is an accurate 
diagnosis and detection of KMP. This is accom-
plished with hematologic tests, imaging, and 
tissue biopsy if needed. Complete blood count 
will detect anemia and thrombocytopenia and a 
coagulation panel (PT, PTT, fibrinogen, and 
D-dimer) to identify a coagulopathy [9]. 
Imaging is important to evaluate lesion charac-
teristics and extent. Magnetic resonance imag-
ing (MRI) with and without gadolinium is the 
imaging modality of choice. MRI shows a dif-
fusely enhancing T2 hyperintense infiltrate as 
well as decreased T1 signal with ill-defined 
margins (Fig. 9.3a, b) [17]. There may be subcu-

a b

Fig. 9.3 (a, b) MRI of 
a cervical KHE 
demonstrating the 
diffusely infiltrative 
nature of KHE, which 
makes clear margins 
difficult to obtain
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taneous thickening, infiltrative margins into 
adjacent muscles and structures, and high flow 
vessels. Gadolinium- enhanced images demon-
strate  significant enhancement of the lesion. 
Understanding of the extent of the KHE/TA 
lesion will help inform treatment decision- 
making. CT can evaluate and characterize bone 
involvement, which is important in head and 
neck lesions, while ultrasound can demonstrate 
the intralesional flow characteristics (Fig. 9.1). 
Tissue biopsy is not always required for diagno-
sis if clinical appearance and imaging are char-
acteristic, especially if KMP is present. Involved 
tissue, whether deep or superficial, has a charac-
teristic appearance of irregular nodules with 
infiltrating growth leading to a dense hyaline 
stromal response [18]. The nodules of KHE/TA 
frequently coalesce and are formed by tightly 
packed capillaries focally accompanied by fas-
cicles of moderately plump spindled lymphatic 
endothelial cells with eosinophilic-to- clear 
cytoplasm and bland nuclei that form elongated, 
slit-like lumina containing erythrocytes, remi-
niscent of Kaposi’s sarcoma (Fig.  9.4) [19]. 
Lumina containing platelet-rich microthrombi 
are easily found, and the spindled cells often 
curve around epithelioid nests that are rich in 
pericytes surrounding the microthrombi [18, 
19]. Most tumors are full of thin-walled 

 lymphatic vessels that stain negatively for 
GLUT-1 [20, 1, 18, 21]. KHE endothelial cells 
are positive for CD31, CD34, and FLI 1 in spin-
dled areas as well as well canalized areas of 
KHE [18, 21]. Notably, the spindled endothelial 
cells of KHE also express lymphatic endothelial 
markers including podoplanin (recognized by 
the D240 antibody), LYVE-1, and PROX1, 
which is useful for histopathologic diagnosis.

 Treatment

Treatment considers the clinical features of TA/
KHE present, extent of involvement, presence of 
KMP, symptoms, and location to determine the 
best modality of therapy [22]. Generally accepted 
indications for initiating treatment include KMP, 
pain, or functional compromise due to an enlarg-
ing tumor. Treatment of lesions involving muscle 
or crossing joints may be appropriate in the hopes 
of reducing late complications of atrophy or con-
tracture, although whether or not treatment 
reduces development of these late complications 
is an unresolved question.

 Surgical Intervention
Complete KHE surgical resection, when possible 
in  localized lesions, is curative. However, com-
plete surgical resection may be impossible, 
 especially when there is KMP and wide infiltration 
into surrounding structures. In cases of KHE with 
KMP, severe coagulopathy and associated 
hemorrhage may worsen with surgical resection 
[17]. When medical management fails to treat 
KHE, there may be a role for partial surgical 
resection or when lesions are imminently life-
threatening and medical treatment response is 
slow [23]. Preoperative embolization may increase 
success of surgical resection by decreasing blood 
loss and preservation of normal tissues.

 Radiation/Image-Guided Therapy
Intravascular embolization is used as an adjunct to 
surgical resection, since it does not have lasting 
benefit as a primary modality [17]. In severe or 
life-threatening cases prone to hemorrhage, arte-
rial embolization may serve a temporizing role 

Fig. 9.4 Histopathology of Kaposiform Hemangioendo-
thelioma Courtesy of Dr. Paula North
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until medical therapy becomes effective. Radiation 
therapy has no role in TA/KHE treatment.

 Pharmacologic Treatment
There are no prospective studies to guide TA/
KHE medical management.

Corticosteroids and Vincristine
If KHE is not accompanied by KMP, then cor-
ticosteroids alone (oral prednisolone 2 mg/kg/
day or the IV equivalent) are appropriate as 
starting therapy [9]. Corticosteroid monother-
apy is not recommended for KMP [24]. 
Consensus guidelines recommend corticoste-
roids combined with vincristine infusion 
0.05  mg/kg/week for KMP [25, 26, 9, 27]. 
Vincristine has been reported to be effective in 
improving KMP and reducing tumor size [25, 
28]. The average time to hematologic response 
is 7.6 weeks (standard deviation of 5.2 weeks) 
[28]. Treatment duration is based on individual 
response, with a goal to wean steroids after 
3–4  weeks and stop vincristine after 
20–24  weeks. Other combination regimens 
incorporating vincristine for KHE manage-
ment include vincristine with aspirin and 
ticlopidine [29] and vincristine with sirolimus 
[30]. Combination therapy attempts to reduce 
corticosteroid side effects. Common side 
effects associated with vincristine include con-
stipation, peripheral neuropathy, and SIADH.

Sirolimus
Sirolimus has recently gained recognition for its 
potential efficacy in a wide range of vascular 
anomalies [31]. A phase 2 study of sirolimus for 
complicated vascular anomalies enrolled 13 
patients with KHE, 10 of who had KMP [32]. 
Patients received sirolimus as a single drug at a 
starting dose of 0.8  mg/m2 q12  h, and dosing 
was adjusted to maintain a trough of 10–15 ng/
ml. Patients could continue treatment for 
12 months on study; continued therapy was at 
the discretion of the treating physician. All 
patients with KMP had a partial response at 
6 months, defined as a greater than 20% reduc-
tion in size of the target vascular lesion by imag-
ing, or improvement in target organ dysfunction 

by at least one grade, or improvement in quality 
of life instruments; one patient with KHE with-
out KMP had progressive disease. Additional 
case reports suggest efficacy of sirolimus and 
other mTOR inhibitors in KHE, including cor-
rection of KMP, reduction of tumor size, and 
improvement of fibrosis [33–35]. Note that 
infants less than 3  months of age may require 
lower sirolimus doses to achieve target levels 
[36, 37]. Sirolimus is currently being compared 
to standard therapy with vincristine and cortico-
steroids in a prospective clinical trial (clinical 
trials.gov NCT00975819), which would be the 
first study of its kind for patients with vascular 
anomalies. In practice many specialists use 
combination therapy with sirolimus, vincristine, 
and nonsteroidal anti-inflammatory drugs, and 
lower- dose sirolimus may be effective [30]. 
Common side effects noted with sirolimus 
include hematologic toxicities, diarrhea, ele-
vated blood lipids, and infection [32]. Limited 
data are available regarding long-term effects of 
this medication.

Propranolol
Propranolol, a beta-blocker, has revolutionized 
the therapy of infantile hemangiomas, but its 
role in other vascular anomalies is unclear. 
Chiu et al. reported a case series of 11 patients 
with KMP related to KHE/TA who were treated 
with propranolol; 36% responded, though spe-
cific response criteria were not defined [38]. 
Improvement was relatively slow, and therefore 
propranolol would not be appropriate for 
patients with aggressive disease or KMP. Based 
on a survey of expert opinion, propranolol 
2–5 mg/kg/day may be considered for patients 
without KMP or as adjunctive therapy in 
patients who do not have a satisfactory response 
to first-line agents [27].

Interferon-Alpha
Interferon-alpha has demonstrated activity in 
KHE, but enthusiasm for this treatment has 
declined due to the risk of spastic diplegia in 
young infants [39]. Wu et  al. reviewed out-
comes of 12 children with KHE between the 
ages of 20 days and 8 months of age who were 
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treated with interferon-alpha for 3–9  months. 
Initial dosage was 1  ×  10^6  U/m2/day for the 
first week then 3  ×  10^6  U/M2/day thereafter. 
Five patients had KMP and most of the patients 
had failed prior therapies. All patients with 
KMP achieved normalization of their platelet 
counts, and 75% of patients had at regression in 
the size of their tumors by at least 80%. The 
time to response to interferon-alpha treatment 
was 10 days to 5 weeks (mean 3.6 weeks). No 
severe adverse effects were observed, and no 
patient developed spastic diplegia [40]. 
Interferon-alpha remains an option for patients 
with disease refractory to other treatments, but 
families should be informed of the warnings 
associated with its use.

Aspirin
Aspirin is a rational therapy that is postulated to 
reduce intralesional platelet trapping and inflam-
mation; however, data regarding its efficacy are 
mixed. Case reports exist in which the use of 
aspirin, either alone or in combination with 
ticlopidine, is associated with reduction of pain-
ful coagulopathy in tufted angioma [29, 41, 2]. 
In addition, low-dose aspirin (5 mg/kg/day) was 
reported to reduce tumor bulk and pain in two 
patients with tufted angioma who did not have 
Kasabach-Merritt phenomenon [42, 43]. Aspirin 
in conjunction with ticlopidine and vincristine is 
used by some in the treatment of KHE with KMP 
[29]. The most recent consensus guidelines sug-
gest that aspirin 2–5 mg/kg/day can be consid-
ered as adjunctive therapy for KHE without 
KMP [9].

Supportive Care for Coagulopathy 
in Kasabach-Merritt Phenomenon
The primary management is directed at tumor 
treatment. Platelet transfusions should be 
reserved for clinically important bleeding or 
surgery, as the half-life of the transfused plate-
lets is short and transfusions are associated 
with increased platelet trapping within the 
lesion and resultant pain and tumor growth [16, 
9]. Conversely, administration of fresh frozen 
plasma or cryoprecipitate is recommended for 
fibrinogen <100  mg/dl and may help reduce 

bleeding symptoms. Antifibrinolytic agents 
have been used with variable efficacy [44], 
though the majority of experts only recommend 
use of these agents for bleeding not responsive 
to other therapy [9, 27]. Heparin and antiplate-
let agents have not been shown to reduce plate-
let trapping and are not recommended [27].

To assist the reader in gaining familiarity with available 
evidence, the following rating system has been used to 
indicate key references for each chapter’s content:
***: Critical material. Anyone dealing with this condition 
should be familiar with this reference.
**: Useful material. Important information that is valu-
able in in clinical or scientific practice related to this 
condition.
*: Optional material. For readers with a strong interest in 
the chapter content or a desire to study it in greater depth.
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