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Abstract

Kasabach—Merritt phenomenon (KMP) is a rare disease that is characterized by severe thrombocytopenia and consumptive
coagulation dysfunction caused by kaposiform hemangioendothelioma or tufted hemangioma. This condition primarily occurs
in infants and young children, usually with acute onset and rapid progression. This review article introduced standardized
recommendations for the pathogenesis, clinical manifestation, diagnostic methods and treatment process of KMP in China,

which can be used as a reference for clinical practice.
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Introduction

In 1940, Kasabach and Merritt first reported a case of severe
thrombocytopenia and extensive purpura caused by a rap-
idly growing giant hemangioma in the left thigh. Since then,
a group of diseases with giant hemangioma complicated
with thrombocytopenia have been called Kasabach—Merritt
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syndrome (KMS) [1]. In the 1990s, Zukerber, Enjohras and
Sarkar et al. [2-4] found that the pathological basis of KMS
was not infantile hemangioma but rather kaposiform heman-
gioendothelioma (KHE) and tufted hemangioma (TA). Sub-
sequently, in the same year, Sarkar suggested to refer to severe
thrombocytopenia, microangiopathic hemolytic anemia, sec-
ondary fibrinogen reduction and consumptive coagulation
dysfunction caused by KHE and TA as Kasabach—Merritt
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phenomenon (KMP) to replace KMS. The latest classifica-
tion of vascular anomalies in 2018 issued by the International
Society for the Study of Vascular Anomalies ISSVA) defines
KMP as a phenomenon specifically caused by KHE or TA,
which does not include platelet and coagulation abnormalities
caused by other vascular anomaly diseases. In view of the cur-
rent controversy in the diagnosis and treatment of KMP [6], it
is very important to improve the understanding, diagnosis and
treatment of KMP and to standardize KMP clinical treatment.
This review article introduced the currents care standards for
KMP in China.

Etiology and pathogenesis

The etiology of KMP is not clear and may be related to the
following factors: (1) trapping of platelets by abnormally
proliferating vascular endothelial cells [7] promotes platelet
adhesion, accumulation and activation, leading to activation
of the coagulation cascade, deposition of a large amount
of fibrin, and formation of microthrombi, causing massive
platelet retention and exacerbating the consumption of the
platelets and coagulation factors. The corresponding hyper-
activation of the fibrinolytic system causes intratumoral
hemorrhage that leads to a new round of coagulation mate-
rial consumption and may eventually induce diffuse intravas-
cular coagulation (DIC) in severe cases. However, how the
platelets are trapped by the tumor remains unclear [§—10];
(2) the special structure of the lesion causes a combined
action of several factors, including trapping of the platelets
by vascular endothelial cells, exposure of endothelial cell
basement membrane and local turbulent formation of the
lesion, leading to the activation, accumulation and release
of coagulation factors such as platelets and fibrinogen that
form a coagulation cascade effect. This further induces intra-
tumoral hemorrhage and aggravates the disease [11, 12]; (3)
vascular endothelial growth factor (VEGF) mediated by the
VEGF R3-PI3K-AKT-mTOR pathway promotes prolifera-
tion of KHE endothelial cells through autocrine/paracrine,
thereby promoting angiogenesis and tumor growth [13, 14],
and (4) impaired maturation of the megakaryocyte system
in the bone marrow may be associated with tumor growth
and progression [15-17].

Epidemiology

The incidence of KMP is not clear. KMP does not show a
significant gender difference. KMP usually occurs in infants
and young children within 1 year of age, among whom new-
borns account for about 38.5-60% of all cases. The rate in
China is lower than that in other countries, possibly due
to limited knowledge of KMP leading to missed diagnosis.
KMP will occur in about 50-71% of patients with KHE/TA
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of whom 11% have delayed KMP, with an average delay of
5 weeks [6, 18]. The incidence of KMP gradually decreases
with increased age. The probability of KMP occurrence is
79% within 1 year, 47% between 1 and 5 years, 43% between
6 and 12 years and 10% between 13 and 21 years of age [19].
Tumor volume is also associated with KMP occurrence, with
larger tumors corresponding to a higher incidence of KMP
[20, 21]. Additionally, deep lesions are also prone to KMP.
The probabilities of KMP in the retroperitoneal and thoracic
cavity are as high as 85% and 100%, respectively [6]. In gen-
eral, a young onset age, large tumor volume and lesions in
the thoracic cavity and posterior peritoneum are risk factors
for KMP in patients with KHE and TA.

Clinical manifestations

KHE/TA lesions are mostly congenital, which grow rapidly
in the form of dark purple masses with shiny skin on the
surface, obvious edema, increased tension, touch texture
and may be accompanied by petechiae or purpura around
the tumor or in the whole body. The lesions usually occur
in the skin and subcutaneous tissue, which can also affect
muscle and skeletal tissue. The locations of KMP onset
vary greatly, with the four limbs being most common, fol-
lowed by the trunk and the head and neck region; the ratio
of the three can reach as high as 72% [22]. Additionally,
lesions in deep locations such as the mediastinum, retro-
peritoneum and pelvic cavity are not rare, with the ratio
reaching 15-23% [19, 22].

Laboratory and imaging examinations

Routine blood examination shows a decreased platelet count,
which is usually less than 50 x 10%/L and is often combined
with reduced hemoglobin. Coagulation function examina-
tion shows reduced fibrinogen and elevated D-dimer. Two-
dimensional ultrasound shows mixed echoes, mainly low
echo and unclear boundary. Color doppler shows that the
lesion blood flow signal is abundant or extremely abundant,
usually with a blood vessel density > 6 streams/cm?’. Spec-
tral doppler ultrasound indicates blood flow of the arterial
spectrum characterized by high velocity and low resistance.

CT shows uniform or uneven low-density foci, which is
significantly intensified after enhancement. MRI primarily
manifests an iso- or hypo-intense signal on T1 weighted
imaging, an iso- or hyperintense signal on T2 weighted
imaging, and a hyperintense signal on fat suppression
imaging. The signals are unevenly and significantly intensi-
fied after enhancement. And the tumor does not have clear
boundaries, with adjacent skin, subcutaneous tissue and



World Journal of Pediatrics (2021) 17:123-130

125

muscle layer all being affected. Emptying of the nutrient or
drainage blood vessels is not obvious.

Histopathological manifestations

KHE cells grow invasively, often reaching deep into the sub-
cutaneous adipose tissue and forming multiple nodules or
diffuse hyperplastic areas surrounded by a massive amount
of dilated lymphatic vessels. The tumor is composed of a
large number of spindle cells. Epithelioid endothelial cells
can be detected inside the tumor. The tumor is also accompa-
nied by fissure-like or crescent-shaped lumen differentiation,
while red blood cells can be seen inside. Some nodules form
glomerulus-like structures with the surrounding dilated lym-
phatic vessels. When accompanied by KMP, a large number
of red blood cells accumulate inside the tumor which may
even extravasate.

Immunohistochemistry staining shows that KHE cells
express vascular endothelial cell markers cluster of dif-
ferentiation 31 (CD31) and CD34. The lymphatic markers
prospero homeobox (PROX1), lymphatic vessel endothelial
hyaluronan receptor 1 (LYVEL), and D2-40 are expressed in
varying degrees. Mature vascular endothelial cells express
smooth muscle actin (SMA). And tumor cells are negative
for glucose transporter 1 (GLUT-1).

Histologically, TA is similar to KHE. Morphologically,
TA is mainly confined to the dermis; and tumor nodules
show the characteristic bullet-like change.

Diagnosis and differential diagnosis

The diagnosis of this disease is usually not difficult and
is based on the typical medical history, clinical examina-
tion, significant tendency of bleeding, reduced platelets,
and corresponding laboratory examinations. Furthermore,
lesion biopsy often indicates KHE/TA. In some cases,
platelets are not reduced in the early stage. However, KMP
should be highly suspected in patients with characteristic
lesions, abnormal elevation of D-dimers and in those who
are complicated with hypofibrinogenemia. Platelet changes
should be dynamically monitored. The degree of lesion
involvement can be determined and monitored by ultra-
sound, CT or MRI.

KHE/TA should be differentiated from vascular dis-
eases, such as congenital hemangioma, venous malforma-
tion and Kaposi’s sarcoma, and from other diseases such
as cellulitis, neonatal subcutaneous gangrene, neonatal
scleredema, lymphoma and childhood soft tissue tumors.
In particular, transient thrombocytopenia may also occur
in rapidly involuting congenital hemangioma (RICH).
Notably, venous malformation complicated with localized

intravascular coagulopathy (LIC) may also lead to elevated
D-dimers and the consumption of coagulation factors, with
some cases having thrombocytopenia, which is easily con-
fused with KMP in the clinic. Compared with KMP, LIC
patients are mainly older children or adults, with higher
levels of D-dimer (more than two times that of the normal
level and can be higher than 10,000 pg/L in severe cases)
and often not accompanied with thrombocytopenia or only
mild platelet reduction [23, 24].

Clinical classification

Clinical classification is the basis for formulating treatment
principles. KMP can further be divided into the coagu-
lopathy phase and the residual lesion phase according to
changes in the disease condition. The coagulopathy phase is
manifested by characteristic lesions complicated with throm-
bocytopenia, coagulation factor consumption and anemia.
After intervention, the coagulation dysfunction is usually
corrected after one year of age which enters the residual
lesion phase. At this point, the platelets return to normal, but
D-dimer levels remains elevated at varying degrees until it
gradually returns to normal.

Treatments

Treatments mainly include systemic drug application, local
compression therapy, mesh suture, intraluminal intervention,
surgical resection, and blood product infusion.

Systemic drug treatment
Glucocorticoids

For half a century, glucocorticoids have been the main drug
for treating KHE/TA by inhibiting the abnormal proliferation
of vascular endothelial cells and by reducing the inflamma-
tory response. However, a single steroid therapy is some-
times ineffective, in which some patients may experience
relapse. Meta-analysis and systematic literature reviews have
shown that the effective rates of glucocorticoid treatment
are 35.8% and 54.7%, respectively [25]. Steroids remain to
be primary drug of choice for the treatment of KMP due
to their low cost, ease of management, and rapid response
[26]. The recommended regimen is intravenous or oral pred-
nisone 3-5 mg/kg daily. And the clinical efficacy should be
evaluated after two weeks of continuous drug treatment to
determine whether other drugs are needed. For patients who
respond well to the glucocorticoid treatment, the drug dos-
age should be reduced gradually but not withdrawn immedi-
ately. It is generally recommended that the dose is gradually
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reduced of the course of 3—4 months until the drug is com-
pletely withdrawn.

Sirolimus

Sirolimus inhibits the expression of many cytokines,
including VEGF, by blocking the mammalian target of
rapamycin (mTOR) signaling pathway and has anti-angi-
ogenic, pro-apoptotic, and autophagy effects. In the latest
review about the treatment of KHE and TA, among the
29 cases treated with sirolimus alone and 5 cases treated
with sirolimus together with other drugs, the tumor vol-
ume of all cases was reduced, and the effective rate of 31
patients with KMP was 96.8% [19]. An increasing number
of clinical studies have shown that rapamycin is effective
for the majority of KMP cases and which is expected to
be a compelling potential drug for the treatment of KMP.
The dose of sirolimus for treating KMP is 0.8 mg/m? taken
orally twice a day. And the drug concentration in the blood
should be maintained at 8—15 ng/mL. When steroids are
taken simultaneously, the compound sulfamethoxazole
should also be taken at the same time at a dose of 25 mg/
kg, twice daily for 3 days per week. The main short-term
side effects reported in the literature include immunosup-
pression, elevated transaminases, hyperlipidemia, mucosi-
tis, failed Bacillus Calmette-Guerin (BCG) vaccination,
mild thrombocytosis, neutropenia, and headache. During
the treatment, attention should be given to the tendency of
infection in the patients. Preventive administration of anti-
biotics and monitoring the drug concentration in the blood
are important measures to prevent serious complications.
Further evaluation is needed to assess the long-term safety
and treatment specifications of sirolimus.

Vincristine

Vincristine can inhibit endothelial cell proliferation and
can significantly promote apoptosis of vascular endothelial
cells and tumor cells [30-33]. Intravenous vincristine can be
used for KMP patients who are not sensitive to steroids. The
common regimen for children less than 10 kg is 0.05 mg/
kg and 1.5 mg/m? for more than 10 kg, once every week for
4-6 weeks. Following that, the dose interval can be extended
to once per month for six months. The drug onset time, usu-
ally 2—4 weeks, is slower than steroids, the effective rate of
which is over 80%. It is important to know that vincristine
has an inhibitory effect on bone marrow in newborns, but
its side effects are mild in infants and young children. Com-
mon complications mainly include peripheral neuropathy,
abdominal pain, constipation, and mild elevation of liver
enzymes in some children. Additionally, vincristine is a
foaming agent, extravasation of which may lead to tissue
necrosis and secondary infection.
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Propranolol

Propranolol is a nonselective B3-adrenergic receptor blocker
which has different efficacies in the treatment of KHE com-
pared to the treatment of KHE complicated with KMP. It
is only effective in some cases, who can easily recur after
2-3 weeks. Therefore, propranolol has limited efficacy for
KMP. The recommended dose for propranolol is 1-2 mg/
kg/day divided into 1-2 oral administrations. The dose for
patients younger than 1.5 months is 1 mg/kg in one oral
administration and is 2 mg/kg divided into two oral admin-
istrations with an interval of 6-8 hours for patients older
than 1.5 months. Common adverse reactions of propranolol
include sinus bradycardia, diarrhea or constipation, sleep
changes, hypotension, and hypoglycemia.

Interferon-a (IFN-a)

IFN-a used to be a potential therapy [38—40] but is now
replaced by other drugs due to concerns about its toxicity.
Published studies show that the effective rate of IFN-a in
treating KHE is approximately 50%. IFN-a-2a has a ther-
apeutic efficacy similar to IFN-a-2b, with a conventional
dose of three million IU/m? by subcutaneous injection over
four weeks. IFN has the risk of causing irreversible spastic
diplegia, especially when used in infants under one year old.
Therefore, it should be used carefully and monitored closely.

Antiplatelet drugs

Platelet activation and release of pro-angiogenic mediators
are critical to the pathogenesis of KMP. As a result, anti-
platelet drugs can be used to treat KMP. Aspirin, ticlopidine
and dipyridamole can be used alone or in combination [41].
Although it is still controversial to use antiplatelet drugs for
treating KHE, there are also successful case reports. The
Spanish Society of Pediatric Oncology has included the vin-
cristine-aspirin-ticlopidine (VAT) regimen in the guidelines
for KMP treatment [33, 42], in which the dose of vincristine
is 0.05 mg/kg and the dose of both aspirin and ticlopidine
is 10 mg/kg/d. However, this regimen has not been used in
China.

Local compression therapy

Local compression therapy includes elastic compres-
sion and air pressure therapy [43—45]. Elastic compres-
sion uses elastic bandages or specially made pneumatic
cuffs lined with cotton pads to continuously apply local
pressure in the treatment area. Its possible mechanism is
to block some tumor cavities through physical compres-
sion and to induce apoptosis through local ischemia and
hypoxia. This method is convenient, noninvasive, safe and



World Journal of Pediatrics (2021) 17:123-130

127

effective and is suitable for areas that can be compressed,
including the limbs, trunk, and scalp. However, insuf-
ficient pressure will not be effective, in which too much
pressure may cause complications such as local conges-
tion and ischemia. Therefore, pressure control is essen-
tial for the efficacy of this treatment which will reduce
complications. During pressure treatment using specially
made cuffs, the therapeutic pressure is 20-25 mmHg for
patients of 1-6 months old, 25-30 mmHg for patients of
7-12 months old, and 30-35 mmHg for patients over 1
year. When an elastic bandage is used for compression
treatment, it is best when the blood supply to the hind
limb artery is normal and there is mild venous congestion
after compression. Mild edema may occur locally after
a few days of compression which is a normal reaction.
When compression therapy is used for chest lesions, the
patient’s breathing, heart rate, complexion, and nursing
activity should be closely monitored. In the beginning
of compression, the tumor is usually checked once every
2-3 hours until the tumor shrinks, platelets increase, and
the blood coagulation indices recover.

Mesh suture

Mesh suture treatment uses an absorbable suture with a
needle, which is inserted into the boundary between the
periphery of the lesion and the normal skin. The needle
penetrates in a curve deep into the base of the lesion and
exits through the surface of the lesion skin. The needle is
then inserted again at the same point deep into the tumor and
exited through boundary between the opposite side of the
tumor and normal tissue. Finally, the needle is inserted from
the opposite direction into the shallow subcutaneous area of
the lesion and exited through the initial starting point. The
thread is tightened and knotted. Usually, at one day after
the suture, the color on the lesion surface gradually changes
from dark purple to light red, the tension decreases, edema is
relieved and the skin color gradually returns to normal after
1-2 weeks. This method causes little trauma which is easy
to carry out. However, its application is restricted in regions
with important nerves and blood vessels and in deep lesions
with large areas.

Surgical treatment [46-50]

Surgery is not recommended as the first-line treatment and
is only used as a treatment alternative if systemic medica-
tion is not effective or the waiting period is long. During
the surgery, suture can be performed around the lesion to
reduce the blood supply of the tumor to facilitate tumor
resection. Surgical resection can also be performed when
the platelets return to normal after drug treatment and the
tumor shrinks.

Intervenient embolism therapy

Digital subtraction angiography (DSA)-guided interveni-
ent embolism is an important therapeutic strategy when
the lesion is extensive, cannot be surgically resected, the
drug treatment effect is not obvious, or the coagulation
function is not improved and continues to deteriorate [52].
The advantage of intervenient embolism is its rapid onset.
Embolization of the blood-supplying artery causes ischemia,
degeneration, and necrosis of the tumor so that the tumor
shrinks, reducing the capture and destruction of platelets
in the tumor. Intervenient embolism also has a good effect
on reducing the dose and course of steroid use [51-54].
Commonly used embolic agents include pingyangmycin
(bleomycin), iodine oil, polyvinyl alcohol particles (PVA)
and absolute ethanol [51-53]. The specific embolization
procedure is as follows. After confirming the lesion and the
blood-supplying artery by angiography, a microcatheter of
1.7 F or smaller is inserted into the blood supplying artery,
and a mixture of 3 mg pingyangmycin (bleomycin)+3 mg
dexamethasone +2 mL iodine oil 4+ 3-7 mL contrast
agent is injected into the artery. The injection pressure is
adjusted according to the tumor range. The embolic agent
is injected in bolus. Injection is stopped when the embolic
agent is refluxed. The position of the microcatheter is kept
unchanged. And PVA is injected to further embolize the
blood supply artery. If the efficacy is poor, vincristine
(0.050-0.065 mg/kg) can be infused transarterially [53].
Postoperative complications include blistering, ulceration,
and tumor necrosis of the lesion, which can be healed by
local dressing. It is rare to have myelosuppression, neuro-
toxicity, and serious complications involved in heart, brain,
and lung [52, 53].

Ablation therapy

Ablation includes cryoablation [54] and radio frequency
ablation [55]. Ablation therapy achieves the effect similar to
surgical resection through the action of cold and heat which
is especially suitable for deep lesion. It can be used as an
alternative treatment when other treatments are ineffective.
However, the ablation damage is not tissue selective. And its
application is restricted in positions with important nerves
and blood vessels.

Blood product infusion

Blood products include fresh frozen plasma, cryoprecipi-
tate, and fibrinogen. Clinical observation shows that some
patients have low platelet tolerance. These patients do not
have skin purpura when the platelets are below the level of
10X 10%/L. It is currently believed that frequent infusion of
platelets may aggravate the pathological process of KMP
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[42, 56, 57]. Therefore, platelet levels should not be used as
the only reference standard for blood transfusions. Platelet
transfusion is not recommended under the following situa-
tions: fibrinogen is less than 1 g/L; skin or visceral bleeding
occurs. At this point cryoprecipitate, fresh frozen plasma,
and concentrated fibrinogen can be infused.

Treatment selection

If the disease condition allows, a biopsy should be
acquired prior to treatment to confirm the diagnosis.
The treatment principle during the coagulation impair-
ment phase is to confirm diagnosis and start treatment
as early as possible to control lesion progression, cor-
rect coagulation disorders, and prevent the occurrence of
DIC. Individualized, stepwise, sequential therapy should
be adopted according to the age, lesion location, tumor
area, and the extent of thrombocytopenia and coagula-
tion dysfunction. It is recommended to first use systemic
drug treatment or noninvasive compression therapy for
the extremities, trunk, and scalp and to observe changes
in the disease condition. Glucocorticoids, local compres-
sion therapy, or mesh sutures are recommended as first-
line regimens. If these treatments are ineffective, rapa-
mycin alone or in combination with glucocorticoids, or
glucocorticoids together with vincristine can be used as
a second-line regimen. The appropriate treatment method
can be selected according to the noninvasive—minimally
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invasive—invasive treatment principle. Coagulation dis-
orders should be closely monitored and corrected during
the treatment, including appropriate use of blood products
and symptomatic supportive care (Fig. 1).

The key to the residual lesion phase is to prevent func-
tional impairment and improve appearance. The “cure”
of KMP lesions is not completely permanent [58] and is
characterized by progressive fibrosis. Residual lesion in the
muscles, bones, or joints will lead to joint contracture or
subluxation, muscle atrophy, scoliosis, and limited mobil-
ity, among which the most common symptoms include local
pain, itching, excessive sweating, and limb edema. The dis-
ease condition may aggravate by rapidly developing the
stage during puberty, after infection or trauma, and in the
period after surgery [59]. It is recommended that children
with KMP be followed up at least once per year to monitor
pain and recurrence. Local injection of suspension gluco-
corticoids or surgical correction should be performed when
necessary.

Conclusions

This review article is a summary of the experience of KMP
experts and provides standardized recommendations for the
pathogenesis, clinical manifestation, diagnostic methods and
treatment process of KMP, which can be used as a reference
for clinical practice.
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