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Abstract

Some vascular anomalies can present with challenging hematologic aberrations. Kaposiform hemangioendothelioma (KHE) may

be complicated with Kasabach-Merritt phenomenon (KMP) and stagnant blood flow in slow flow malformations can promote

activation and consumption of coagulation factors which results in bleeding and clotting known as localized intravascular

coagulopathy (LIC). These patients can experience significant morbidity secondary to pain due to thrombosis and are at higher

risk of hematologic complications during surgical procedures. No standard of care has been established to prevent or manage

these complications. This review focuses on the management of coagulopathy in children and adults with vascular anomalies.

How we approach coagulopathy with vascular anomalies

Joana M. Mack, MDa, b | Shelley E. Crary, MD, MSa, b

aDepartment of Pediatrics, Division of Hematology/Oncology, University of Arkansas for Medical
Sciences.bArkansas Children’s Hospital.

Abstract

Some vascular anomalies can present with challenging hematologic aberrations. Kaposiform hemangioen-
dothelioma (KHE) may be complicated with Kasabach-Merritt phenomenon (KMP) and stagnant blood flow
in slow flow malformations can promote activation and consumption of coagulation factors which results in
bleeding and clotting known as localized intravascular coagulopathy (LIC). These patients can experience
significant morbidity secondary to pain due to thrombosis and are at higher risk of hematologic compli-
cations during surgical procedures. No standard of care has been established to prevent or manage these
complications. This review focuses on the management of coagulopathy in children and adults with vascular
anomalies.

Abbreviations

KHE - Kaposiform hemangioendothelioma

KMP - Kasabach-Merritt phenomenon

PT - prothrombin time

aPTT - activated partial thromboplastin time

VTE - venous thromboembolism

LIC - localized intravascular coagulopathy

CBC - complete blood count

ITP - idiopathic thrombocytopenia
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IVIG - intravenous immunoglobulin

CT - computed tomography

MRI - magnetic resonance imaging

KTS - Klippel-Trenaunay syndrome

LMWH - low-molecular-weight heparin

MOCA - mechanochemical ablation

DIC - disseminated intravascular coagulopathy

KLA - Kaposiform Lymphangiomatosis

MLT - multifocal lymphangioendotheliomastosis with thrombocytopenia

FDA - Food and Drug Administration

DOAC - Direct oral anticoagulant

1 | INTRODUCTION

Kasabach-Merritt phenomenon (KMP)

Kasabach-Merritt phenomenon a severe coagulopathy disorder characterized by severe thrombocytopenia
(platelet count < 50,000/mm3), elevated D-dimer, hypofibrinogenemia and prolonged prothrombin time (PT)
and activated partial thromboplastin time (aPTT)1. Anemia may be present especially if bleeding symptoms.
KMP is known to occur as an association with specific vascular tumors - Kaposiform hemangioendothelioma
(KHE) or Tufted Angioma (TA). KHE is a rare, life-threatening vascular tumor and frequently presents
with KMP in up to 70% of cases2. The KHE lesion most commonly presents as an enlarging, firm mass
with red-purple discoloration if the skin is involved, typically presenting shortly after birth or during early
childhood. When associated with KMP it is generally rapidly enlarging, warm to touch and very purpuric in
coloration. Not all KHE have cutaneous involvement and diagnosis may be delayed2. Often patients without
cutaneous involvement present with signs of thrombocytopenia and mucocutaneous bleeding. Intrathoracic
and retroperitoneal KHE may be at higher risk for KMP as these lesions are often very large and expansive1-3.
The etiology of the coagulopathy in KHE is not well-understood. It likely involves platelet trapping within the
vascular lesion followed by activation of the platelets and further platelet aggregation3,4. This ultimately leads
to activation of the coagulation cascade and consumption of factors. Intralesional thrombi and subsequent
hemorrhage leads to the clinical findings of “growth”, deepening of color and warmth of the lesions1.

Localized Intravascular Coagulopathy

Slow-flow vascular malformations, especially those with a large venous component can frequently be com-
plicated by intralesional thrombosis and if ectatic vessels are connected to larger feeding veins this can put
patients at risk for venous thromboembolism (VTE)5-11. Although the mechanism is not fully elucidated,
venous stagnation can lead to activation and consumption of coagulation factors and platelets and result in
localized intravascular coagulopathy (LIC). Pain is often correlated to LIC and is a common symptom of
slow-flow vascular malformations resulting in decrease of quality of life and worse outcomes12,13. Pain in this
group is complex occurring in the acute and chronic setting often associated with intralesional thrombi. The
pain may also involve several contributing factors which include chronic venous insufficiency, inflammation,
infection, arthritis, and neuropathic pain14.

LIC may worsen during a surgical or interventional procedure where the abnormal vasculature is perturbed
leading to post-operative bleeding or thrombotic complications. Large excisions or prolonged intravascular
procedures seem to be the highest risk procedures. There are no evidence-based guidelines for peri-operative
management of LIC to mitigate the risk of hematologic complications. Sirolimus has been shown to reduce
the coagulopathy and for minor procedures these patients may not require additional anticoagulation15.
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However, for complex surgical procedures and in patients with laboratory evidence of LIC, anticoagulation
before and after the procedure may be warranted16.

Recognizing pediatric and adult patients with vascular tumors and malformations that are predisposed
to coagulopathy is important. The rapidly growing field of surgical and medical management of vascular
anomalies include medications that may improve or worsen the coagulopathy. Early identification will help
improve outcomes in this patient population. Although there are no consensus guidelines, this review will
help provide guidance in the therapeutic approach for management of coagulopathy in patients with vascular
anomalies based on our current practice and review of the available literature.

2 | DIAGNOSTIC APPROACH

Appropriate management relies on accurate diagnosis. Historical data of the vascular malformation such as
first appearance, growth, and aggravating factors are important. Physical exam, imaging and laboratory
evaluation are essential in diagnosis and determining what treatment, if any, is needed. Conventional co-
agulation parameters that include complete blood count (CBC), prothrombin time (PT), activated partial
thromboplastin time (aPTT), fibrinogen, and D-dimer vary in specific vascular anomalies that are predis-
posed to coagulopathy (Table 1).

3 | CONSULTATION WITH THE HEMATOLOGIST

3.1 | Case 1: KHE with KMP

Patient 1 presented at 3 months of age with petechiae and purpura on his extremities. He had been diagnosed
with an upper respiratory infection and placed on a 10-day course of antibiotics within the previous 2 weeks
from presentation. Upon presentation to the emergency department his platelet count was 2,000/mm3.
Given his presentation and recent viral illness, he was initially diagnosed with idiopathic thrombocytopenia
(ITP) and was given intravenous immunoglobulin (IVIG) 1g/kg. The following day his platelets remained
at 11,000/mm3 and hemoglobin declined to 8.7 g/dL. [Figure 1]

Ultrasound of the abdomen was performed as there was concern for splenomegaly and due to the atypical
ITP presentation at this age. A retroperitoneal mass was discovered that appeared to be coming from the
tail of the pancreas. Computed tomography (CT) was performed for better visualization and confirmed a
6.2 cm x 3 cm mass with heterogeneous attenuation encompassing the splenic artery and extending into
celiac axis. Patient went to the operative room for biopsy of the lesion. Prior to the procedure he was
transfused platelets and platelet count increased to 55,000/mm3. He had no bleeding complications with
the procedure. Coagulation panel was obtained on hospital day 2 and revealed fibrinogen of 163 mg/dL and
elevated d-dimer of 22. This was repeated on hospital day 6 and fibrinogen was 299 mg/dL and d-dimer
21.7.

Pathology was consistent with KHE. Given the thrombocytopenia and elevated D-dimer he was diagnosed
with KMP and prednisone 2mg/kg/day was initiated. Consent was obtained from the family and he was
started on weekly intravenous vincristine 0.05mg/kg. His fibrinogen initially dropped to 90 mg/dL and he
was given cryoprecipitate, but his platelets began to improve after only a couple of days of corticosteroids.
Over the subsequent 4 weeks his fibrinogen fluctuated from 86 mg/dL to 178 mg/dL and his platelets from
37,000/mm3 to 206,000/mm3. Steroids were very slowly weaned and were discontinued once fibrinogen and
platelets had consistently normalized. The lesion was imaged with magnetic resonance imaging (MRI) every
3 months and saw initial shrinkage but then remained stable. He was treated with 3 12-week cycles of
vincristine and at the end of therapy, his blood counts were normal and the KHE lesion was stable at 1.4
cm x 4 cm. He is now 5 ½ years off therapy and doing well with no recurrent of the KMP and no evidence
of progression of the tumor.

3.2 | Case 2: Pain and VTE risk in complex vascular malformations

Patient 2 is a 15-year-old male with extensive Klippel-Trenaunay syndrome of the left lower extremity.
Her vascular malformation includes a significant ectatic slow-flow vessel. Growth, infections and pain have

3



P
os

te
d

on
A

u
th

or
ea

8
A

p
r

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

79
04

83
.3

06
51

76
1/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

been fairly controlled since starting sirolimus 3 years ago. Over the past year, she has become more active in
sports. She presented with localized left leg pain with palpable knots and an elevated D-dimer (4 times ULN)
consistent with LIC. A short 2 week treatment with low-molecular-weight heparin (LMWH) was initiated
which resulted decreased pain, resolution of palpable knots, and decreased D-dimer. However, within a couple
of weeks of completing the course of anticoagulation, her pain and D-dimer elevation recurred. A left lower
extremity recurrent thrombus was confirmed on ultrasound. After a 12 week course of anticoagulation, risks
and benefits were discussed and she was transitioned to rivaroxaban. Anticoagulation was continued due to
patient’s recurrent VTE and increased risk of thrombosis due to the extensive ectatic slow-flow vessel. She
is currently managed on sirolimus and rivaroxaban with plans to decrease her VTE risk by obliterating the
ectatic slow-flow vessel through mechanicochemical ablation with ClariVein.

3.3 | Case 3: Perioperative management in patient with LIC

Patient 3 is a 25-year-old male with a history of multifocal venous malformation of the chest wall, back,
retroperitoneum, abdomen, scrotum, buttocks and right lower extremity. [Figure 2] He had a history of signi-
ficant bleeding after a knee surgery (synovectomy) at age 15 years complicated by a report of disseminated
intravascular coagulopathy (DIC). Upon presentation to hematology 4 years ago he had the following labs:
Platelet count 121,000/mm3, PT 13.6 sec, aPTT 27 sec, fibrinogen <80 mg/dl, d-dimer 24.22 mg/L FEU.
He had significant pain and hard nodules in his malformation and was started on rivaroxaban 10mg daily
and titrated up to 20 mg daily. Sirolimus was subsequently added and pain and coagulation labs improved
some. He underwent a surgical debulking of a lesion on his back and developed a significant hematoma at
the surgical site while on LMWH 1mg/kg/dose twice daily. Due to the persistent pain he was scheduled
for glue embolization and resection followed by sclerotherapy of several of the malformations on his back
and chest. Prior to this procedure he had the following labs: platelet count 164,000/mm3, fibrinogen 148
mg/dl, d-dimer 6.37 mg/L FEU. He was switched to LMWH 40mg once daily for the procedure given his
previous history of bleeding complication. He tolerated procedure without bleeding complications but labs
after procedure showed d-dimer >30mg/L FEU, fibrinogen <80 mg/dl and platelets 77,000/mm3. LMWH
was increased to therapeutic dosing and he received several transfusions of cryoprecipitate and platelets for
some bleeding from the wound and development of a large flank wall hematoma. On therapeutic LMWH
his platelets improved to 244,000/mm3, fibrinogen to 260 mg/dl and d-dimer to 8.92 mg/L FEU and the
bleeding ceased. He is currently managed on ongoing rivaroxaban 20 mg daily with normal platelet count
and fibrinogen level and d-dimer is 0.79 mg/L FEU.

4 | MANAGEMENT

4.1 | KMP

Diagnosis of KMP

Diagnosis of KHE is often made by clinical findings, imaging (usually MRI or ultrasound) and hematological
findings alone17. Biopsy with histologic confirmation is the gold standard; however, biopsy is often diffi-
cult or dangerous due to the coagulopathy and clinical diagnosis must suffice. For atypical lesions, biopsy
can be safely performed after administration of blood products such as platelets, fresh frozen plasma or
cryoprecipitate.

Differential diagnosis of coagulopathy in vascular anomalies

It is important to be certain of the diagnosis as clinically the differential diagnosis of a vascular lesion
with coagulopathy may overlap with other conditions (Table 1). Kaposiform lymphangiomatosis (KLA) is a
very rare lymphatic disorder that usually presents with multifocal or diffuse involvement of the mediastinum,
lungs, bones and abdomen. These patients can have very severe thrombocytopenia with coagulopathy similar
to KMP18-20. They do not typically respond to corticosteroids. They can be differentiated from KHE by the
presence of a somatic activating NRAS mutation which have not been shown in KHE21. Both KLA and
KHE have elevation of angiopoetin-2 (Ang-2)22 but this may be a helpful biomarker to distinguish from
other vascular lesions. Another vascular disorder that may present with bleeding and thrombocytopenia

4
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is multifocal lymphangioendotheliomatosis with thrombocytopenia (MLT). MLT, however, does not usually
have the findings of intravascular coagulopathy (hypofibrinogenemia, elevated d-dimer, prolonged PT/aPTT)
and bleeding typically occurs directly from the lesions present in the gastrointestinal tract or lungs23,24. Some
congenital hemangiomas may also present with a mild consumptive coagulopathy, but it is typically not as
severe, and the congenital hemangiomas do not continue to enlarge after birth as the KHE with KMP typically
do25. Large venous malformations may also have evidence of LIC presenting with very elevated d-dimer and,
when severe, thrombocytopenia and hypofibrinogenemia26,27. These lesions should be differentiated from
KHE with imaging findings.

Management of coagulopathy of KHE

Management of KMP is emergent as it may result in life-threatening bleeding complications (Table 2).
Although surgical resection can result in cure, this is often unsafe due to coagulopathy and the extensive,
infiltrative nature of the KHE. Embolization has also been successful in select cases28. However, medical
management by a hematologist is currently the standard in the US. There are no randomized clinical trials
for KHE and therefore most of the evidence for treatment is through expert opinions or observational studies.
Historically corticosteroids have been successful in initial management of KMP but is rarely successful
as monotherapy29. Due to adverse effects of prolonged corticosteroids in infants and young children, the
dose should be weaned rapidly once evidence of control of coagulopathy. Vincristine in combination with
corticosteroids has been recommended in previous consensus statements to be the treatment of choice but
has recently been supplanted by sirolimus (plus corticosteroids) as the first line choice17,30,31. A randomized
control trial of vincristine versus sirolimus was discontinued early due to poor accrual primarily because of
the provider and family preference of sirolimus despite lack of rigorous evidence. Vincristine is now primarily
preferred for refractory or recurrent cases. Topical sirolimus or tacrolimus have been shown in small studies
to be beneficial for superficial cutaneous lesions32,33. Antiplatelet therapy such as aspirin or ticlopidine
in combination with vincristine have also shown success34-37. Although it appears counterintuitive to most
hematologists to treat a patient with severe thrombocytopenia with antiplatelet agents, this may be an option
to prevent continued platelet aggregation and activation as this is the primary trigger for the coagulopathy.
Antiplatelet therapy is used more frequently in European centers and has not been widely adopted in North
American centers. However, for cases refractory to corticosteroids and/or sirolimus or recurrent KMP upon
tapering current medical therapy, antiplatelet therapy should be considered as an adjuvant. Some reports of
fibrinolytic agents have been reported38, but we do not currently routinely recommend these therapies.

Supportive care is critically important in the early management of KMP. Platelet transfusions should be
avoided unless indicated for severe bleeding or prior to biopsy or resection17. Platelets contain pro-angiogenic
growth factor which may potentiate growth of the vascular lesion. In addition, the transfused platelets will
be further trapped within the lesion resulting in further immediate growth and will promote activation and
consumption of coagulation factors39,40. It is generally accepted that cryoprecipitate or fresh frozen plasma
be transfused for active bleeding or prior to procedures if the fibrinogen is less than 100mg/dL. Routine
administration of cryoprecipitate for asymptomatic mild hypofibrinogenemia is not indicated. Transfusion of
packed red blood cells is indicated for severe or symptomatic anemia17.

4.2 | Risks and management of LIC

Pain management

Treatment with compression is usually the first intervention for pain secondary to a vascular malformation.
Subsequently, systemic treatment of pain is targeted at associated phleboliths and localized intra-lesion
thrombosis. Aspirin, an antiplatelet agent, was initially used and shown to be helpful in a subset of patients41.
With an increased severity in pain and evidence of phleboliths, LMWH is commonly prescribed. In recent
years, newer oral anticoagulants such as rivaroxaban have become available. Rivaroxaban, a direct factor Xa
inhibitor can prevent and treat venous thrombosis. At this time, all anticoagulants used in the standard of
care for pediatric population are prescribed without formal FDA-approved indication. By directly inhibiting
the coagulation factors, it should have clinical efficacy equivalent to heparins. Several case reports of pediatric

5



P
os

te
d

on
A

u
th

or
ea

8
A

p
r

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

79
04

83
.3

06
51

76
1/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

and adult patients with slow-flow vascular malformations refractory to LMWH had improvement in LIC and
pain from rivaroxaban42-44. Sirolimus therapy has also been shown to improve pain and LIC in some patients
with slow-flow vascular malformations15,30.

VTE prophylaxis and management of pain

Management for VTE risk and pain due to microthrombi secondary to LIC begins with conservative manage-
ment utilizing compression garments to help flow return, decrease stagnant blood flow and maintain integrity
of the flaccid vessel45,46. The approach in our practice is that treatment for pain should be considered if
there is evidence of LIC (D-dimer > 2 times ULN) and/or one or more of the following: decreased fibrinogen,
decreased platelet count, presence of phleboliths, or localized pain. Anticoagulation may be initiated at the
following recommended doses according to our practice:

- LMWH 0.5 mg/kg/dose every 12 hours, increase to 1 mg/kg/dose every 12 hours at 2 weeks if no or
minimal benefit

OR

- Rivaroxaban 10 mg PO daily, increase to 15 mg at 2 weeks if no or minimal benefit (for patients >50kg
and 15 years of age)

Duration of anticoagulation can vary from a minimum of 2 weeks to long-term treatment. Follow up is
recommended at 2 weeks, 4 weeks, 12 weeks and every 3 months until off anticoagulation. This approach is
currently being investigated in a multi-institutional prospective clinical trial. [Figure 3]

4.3 | Perioperative risk with LIC

Risk stratification

Prior to procedures, patients with extensive slow-flow vascular malformations should be evaluated by a he-
matologist. Laboratory values obtained should include: PT, aPTT, CBC, fibrinogen and d-dimer. Patients
with significant elevation of d-dimer (>5 times ULN) and hypofibrinogenemia (<100 mg/dl) or thrombocy-
topenia will likely benefit from anticoagulation7,9,10,26,47. The risk appears to be higher with more invasive
procedures such as excision or extensive sclerotherapy48. If only d-dimer is elevated but venous ectasia is
present, the patient may also be at risk of VTE following the procedure and the management must be
individualized and compression garments at minimum may be utilized.

Approach to management of LIC perioperatively

Figure 3 summarizes our current approach to these patients. While LMWH has been the anticoagulant most
used49, some have experience with direct oral anticoagulants (DOAC) as an alternative42,44,50-52. DOAC may
be a reasonable therapy post-operatively for patients at low risk of bleeding or who are strongly opposed to
a subcutaneous injection.

SUMMARY

Bleeding and clotting in patients with vascular anomalies can come with significant morbidity and mortality.
Therefore, it is essential to have an experienced multidisciplinary team which includes a hematologist well-
versed in management of coagulopathy in patients with vascular anomalies. Most recommendations are based
on small studies, case series and institutional experience. As the field grows and advances, larger prospective
studies are needed to identify those patients who are at risk of coagulopathy and establish evidence-based
guidelines for evaluation and treatment.
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Table 1: Clinical features of coagulopathy with various vascular anomalies

Features KMP KLA MLT Congenital Hemangioma LIC
Platelets ——— ——— —— - ——— — - - ——
Fibrinogen — - —— — - —— - - - — - - ——
D-dimer — - —— — - —— - - - — —— - ———
Other distinguishing features Enlarges after birth; infiltrative Involves multiple sites and organs Lungs, skin and GI tract primarily Does not enlarge after birth; may involute rapidly Worsens with manipulation of malformation; pain and/or palpable phleboliths; at risk for VTE
Bleeding risk Minimal High High Minimal High with procedures

Table 2: Recommendation for Management of Unresectable KHE with KMP

First line medical management:

Start oral prednisolone or IV methylprednisolone 2mg/kg/day plus sirolimus 0.8mg/m2/day twice daily
(target trough 8-12)

Begin to taper dose once KMP resolves (platelets >100K, fibrinogen >100) to off or to lowest tolerable dose

• Vincristine IV 0.05 mg/kg once weekly may also be considered instead of sirolimus based on family
and provider preferenceSupportive Care:

• Cryoprecipitate for active bleeding, planned invasive procedure and fibrinogen < 100 mg/dL
• Platelet transfusion ONLY for active bleeding or planned invasive procedures if < 50,000/mm3

• PRBC transfusion for severe and/or symptomatic anemia (usually Hb < 8 g/dL)Second line for recur-
rent or refractory KMP:

Add aspirin 10 mg/kg/day and/or ticlopidine 10 mg/kg/day

Figure 1 Laboratory trend for Case 1 showing fibrinogen and d-dimer over time and in relation to treatments.
Also depicted are transfusions of platelets (*) and cryoprecipitate (#).

Figure 2 Extensive venous malformation of the anterior hip (left) and posterior back (right).

Figure 3 Institutional guideline for perioperative management of slow-flow vascular malformations. This is
not consensus-driven or based on high-quality clinical trial data.
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