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ABSTRACT
Objective: Although the outcomes of treatment of Kasabach-Merritt syndrome (KMS) have improved over 
time, some patients succumb to uncontrollable hemorrhage. Additionally, there is no consensus guideline 
for the management of KMS. Clinical research on KMS might benefit physicians who treat such patients. 
Methods: A retrospective chart review of patients diagnosed as KMS by Siriraj Hospital from 2006 to 2016 was conducted.  
Results: Ten patients were diagnosed with KMS. Four patients underwent surgical intervention and obtained pathological 
results; 3 of them had kaposiform hemangioendothelioma (KHE), while the fourth had infantile hemangioma (IH). The 
combination of propranolol and prednisolone, with or without vincristine, was the most common first-line regimen, 
with a complete response of 37.5%. A combination of vincristine, aspirin and ticlopidine (VAT) was prescribed 
as the second-line therapy for 5 patients, but there were no responses in this cohort. Another 2 patients attained 
hematological remission with embolization and prednisolone monotherapy. A further 2 patients with KHE who were 
refractory to other treatments responded well to sirolimus, while the tenth patient died of abdominal hemorrhage. 
Conclusion: The combination of propranolol and prednisolone seems to be effective for KMS. Sirolimus may be 
considered for salvage therapy for those whose disease is recalcitrant to standard treatment, especially in cases of 
KMS secondary to KHE. However, research on a larger cohort should be conducted to substantiate the efficacy of 
such treatments.
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INTRODUCTION
	 Kasabach-Merritt syndrome (KMS) is a fatal vascular 
tumor during childhood, complicated by consumptive 
coagulopathy and thrombocytopenia. The incidence of 
KMS seems to be very low, accounting for 0.3%-1% of 
all vascular tumors,1,2 but the treatment outcomes are 
dismal, with a mortality rate ranging from 10%-37%.2 

KMS is associated with two types of vascular tumors: 
kaposiform hemangioendothelioma (KHE) and, to a much 
lesser extent, tufted angioma (TA).3-5 Several treatment 
approaches have been used, such as prednisolone,6 
vincristine,7 and propranolol,8 but the optimal treatment 

remains unclear. Studies on the clinical manifestations, 
modalities of treatment, and clinical outcomes of such 
patients may assist physicians in taking care of KMS 
patients.

MATERIALS AND METHODS
	 The medical records of patients diagnosed with KMS 
at the Department of Pediatrics, Siriraj Hospital, Mahidol 
University, between 2006 and 2016 were retrospectively 
reviewed. All patients were aged between 0 and 15 years. 
The clinical criteria of KMS were: 
(1)	 Clinical or radiographical manifestations of  
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	 cutaneous or visceral organs indicating a vascular  
	 tumor, regardless of size and site; AND
(2)	 Laboratory results indicating consumptive coagulo- 
	 pathy, i.e., thrombocytopenia and/or an abnormal  
	 coagulogram.
	 The patient data collected included sex, age at diagnosis, 
initial platelet count and coagulogram, and tumor site. 
The pathological reports of those who underwent a tissue 
biopsy or surgical intervention were recorded. Patients 
treated with propranolol-based therapy were classified 
by propranolol dosage into 2 groups: 1) standard dose (2 
mg/kg/day); and 2) high dose (> 2 mg/kg/day) combined 
with other medications. The type of supportive care and 
blood products provided (such as platelet concentrate and 
cryoprecipitate given to patients to maintain hemostasis 
which were at the physician’s discretion) were also recorded. 
A hematological response was defined as an increased 
platelet count of more than 100% of baseline that was 
sustained for over 4 weeks. A complete hematological 
remission was defined as a normalization of platelet 
number (>150,000/mm3) for more than 4 weeks without 
a platelet transfusion. A radiographical response was 
defined as a decrease in the size of the tumor mass of over 
50%, relative to the radiographical imaging baseline. The 
toxicities were classified using Common Terminology 
Criteria for Adverse Events (CTCAE), version 4.0. This 
study was approved beforehand by the Ethics Committee, 
Siriraj Institutional Review Board (Si 452/2016).

RESULTS
Patient characteristics 
	 Ten patients were diagnosed with KMS (5 females 
and 5 males). The median age at diagnosis was 2 months 
(range: 1 day to 3 years), and 3 patients were aged less than 
1 month. Four patients underwent surgical intervention 
and obtained pathological results; 3 patients had KHE, 
and the fourth had infantile hemangioma (IH). Cutaneous 
involvement was observed in 9 patients, while visceral 
organ (retroperitoneum and spleen) involvement 
without cutaneous lesion was observed in 1 patient. At 
diagnosis, thrombocytopenia presented in all patients, 
and hypofibrinogenemia presented in 5 patients, but all 
patients had normal coagulogram (Table 1).

Treatment modalities and clinical outcomes
First-line treatment 
	 Of the 10 patients, 8 were treated initially with 
propranolol-based therapy; the ninth and tenth patients 
were treated initially with vincristine monotherapy and 
prednisolone monotherapy, respectively. Four patients (40%) 
responded hematologically to their initial treatments and 
subsequently attained complete hematological remission. 
Three out of the 8 patients (37.5%) who were treated 
with the propranolol-based therapy, responded. One 
responder was treated with prednisolone monotherapy 
(Table 2). 

TABLE 1. Clinical characteristics of KMS patients.

Clinical characteristics	 N	 Median (min, max)

Sex

	 Female	 5 (50%)

	 Male	 5 (50%)

Age at diagnosis (months)		  2 (1 day, 36 months)

Abnormality of hemostatic laboratories

	 Thrombocytopenia	 10 (100%)	 10,000 (5,000/mm3, 48,000/mm3)

	 Hypofibrinogenemia	 5 (50%)	 75 (50 mg/dl, 148 mg/dl)

Co-morbidity

	 Pre mature infant 	 3 (30%)

Pathological diagnosis	 4 (30%)

	 Kaposiform hemangioendothelioma	 3 (20%)

	 Infantile hemangioma	 1 (10%)
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TABLE 2. Clinical data of 10 KMS Patients.

Patient number	 Age of onset	 Pathological	 Site	 Treatment 	 Outcomes	 Time to
		  study		  (chronological 		  hematological
				    order)		  response
						      (days)

1	 3 mo	 KHE	 Left clavicle	 1) H+P 	 CHR	 25

				    2) VAT	 Alive

				    3) Embolization

2	 1 mo	 ND	 Neck and chest	 H+P 	 CHR	 56

					     Alive

3	 36 mo	 KHE	 Retroperitoneum 	 1)  V	 CHR	 28

			   and spleen	 2) Partial 	 Alive
				    splenectomy

				    3) Si

4	 0 d	 IH	 Left thigh	 H+P 	 CHR	 28

					     Alive

5	 4 d	 KHE	 Left arm and neck	 1)  H+P 	 CHR	 15

				    2)  VAT	 Alive

				    3)  Si

6	 0 d	 ND	 Abdomen	 1) S+P 	 Dead	 N/A

				    2) VAT

7	 5 mo	 ND	 Right leg	 1)  H+P 	 Lost to	 N/A

				    2)  VAT	 follow-up

8	 8 mo	 ND	 Chest wall	 1)  H+P 	 Lost to	 N/A

				    2)  VAT	 follow-up

9	 6 mo	 ND	 Chest wall	 S+P+ V 	 CHR	 45

					     Alive

10	 1 mo	 ND	 Left thigh	 P	 CHR	 38

					     Alive	

Abbreviations: CHR, complete hematological response; d, day; H, high dose propranolol; IH, infantile hemangioma; KHE, kaposiform 
hemangioendothelioma; mo, month; ND, biopsy not done; N/A, not applicable; P, prednisolone; S, standard dose propranolol; Si,sirolimus; 
V, vincristine; VAT, vincristine + aspirin +ticlopidine 

Second-line treatment 
	 Six patients who failed their first-line treatment 
were given second-line treatment. Five patients were 
provided with a combination of vincristine, aspirin 
and ticlopidine (VAT), but the sixth patient underwent 
a partial splenectomy. Of the 5 patients treated with 
VAT, 2 patients were lost to follow-up; 1 patient died of 
severe intra-abdominal hemorrhage 3 days after receiving 
treatment; and 2 patients did not respond to treatment 
and were subsequently treated with other modalities 
(Table 2). 

Third-line treatment
	 Three patients were administered third-line therapy; 
2 were treated with sirolimus, and the other underwent 
radiological embolization. All three achieved complete 
hematological remission (Table 2).
	 The hematological response could be evaluated in 7 
patients (Table 2). The median times to the hematological 
responses for the propranolol-based therapy and sirolimus 
were 45 and 21.5 days, respectively. A radiographical 
response could be evaluated in 1 patient (patient no.3), 
and the time to that response was 180 days (Fig 1). 
Six patients were treated with high-dose propranolol-
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Fig 1. Radiographical change of kaposiform hemangioendothelioma after being treated with sirolimus (arrows indicate boundary of tumor). 
A) before treatment with sirolimus  B) 180 days after treatment with sirolimus.

containing therapy, and two patients (33.3%) responded. 
Two other patients were treated with standard-dose, 
propranolol-containing therapy, and only one (50%) 
responded. One patient developed vincristine-induced 
peripheral neuropathy grade 2, and one patient developed 
transaminitis grade 2 due to sirolimus, which gradually 
improved without dose adjustment. No patients in this 
study demonstrated side effects from propranolol.

DISCUSSION
	 Albeit rare, KMS can cause severe visceral hemorrhage 
leading to death in a few patients. KHE is commonly 
associated with KMS, and it is characterized by a lobulated, 
spindle-shaped endothelium with microthrombi. TA, a 
rare vascular tumor marked by small, tufted vessels with 
aggregations of dilated capillaries, is also associated with 
KMS.7 In our study, 3 patients had KHE associated with 
KMS, but none had TA-associated KMS.
	 Prednisolone is used as the first-line therapy for KMS,9 

and the dosage varies from 3-5 mg/kg/day.9,10 The major 
disadvantages of prednisolone include recrudescence 
after the discontinuation of treatment, and adverse effects 
such as growth retardation.11 The use of prednisolone 
monotherapy in KMS has gradually declined in our 
institute since recent studies demonstrated the efficacy 
of propranolol in infantile hemangioma (IH) and KMS.12 

Several antineoplastic agents, such as vincristine and 
cyclophosphamide, exert therapeutic efficacy in the 
treatment of vascular tumors.13,14 Vincristine is usually 
prescribed for KMS therapy because of its safety profile, 
efficacy and cost effectiveness. Patients with KMS who 
are treated with a combination of vincristine and the 
anti-platelet agents, aspirin and ticlopidine, had a 
good response, particularly in terms of normalization 
of their platelet numbers. The rationale for the use of 
anti-platelet agents is based on the mitigating role of 

disseminated intravascular coagulopathy (DIC), thereby 
inhibiting the platelet-endothelium interaction.15 All 11 
patients in a previous study achieved a hematological 
response.15 However, patients in this cohort did not attain 
normalization of their platelet numbers after treatment 
with the VAT regimen.
	 Propranolol has been widedly used as a frontline 
treatment for IH with dramatic responses.12,16 Mechanistic 
studies have revealed the role of the interference of 
endothelium proliferation and angiogenesis, the restriction 
of vascular tone, and the induction of apoptosis. The decrease 
in the release of nitric oxide from the endothelium resulting 
in vasocontriction is an early effect. By comparison, the 
inhibition of the growth factors and cytokines involved 
in vascular proliferation, and the induction of apoptosis 
of the proliferating endothelium, are intermediate and 
late effects, respectively.17 However, the response rate for 
the treatment of KHE, TA and KMS with propranolol 
was not as good as that of IH, at 36%.8 Our study also 
demonstrated similar results, i.e., 37.5% of those treated 
with the propranolol-based regimen responded. Recent 
studies have shown that patients treated with a higher dose 
(3 mg/kg/day) responded better than those treated with 
the conventional dose (2 mg/kg/day). A reduction in the 
bioavailability of propranolol, which can be overcome by 
dose increment, may contribute to the poor response.18,19 
However, our study, however, did not demonstrate a 
difference in the response rates of a high dosage and a 
conventional dosage of propranolol. 
	 The combination of propranolol and prednisolone is 
also effective in IH. Another advantage of the combination 
is that it has fewer adverse effects than a monotherapy of 
either propranolol or prednisolone. It has been hypothesized 
that both agents mitigate the adverse effects of each other, 
i.e., prednisolone has a hyperglycemic effect, which is 
potentially abrogated by propranolol, and the hypotensive 
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effect of propranolol is rescued by the salt-retention 
effect of prednisolone.20 Likewise, all of our patients 
who were treated with a combination of propranolol 
and prednisolone never experienced hypoglycemia or 
hypotension.
	 Sirolimus appears to have been effective in the 
treatment of several vascular tumors, inhibiting the 
mechanistic target of rapamycin (mTOR) pathway, which 
regulates the phosphatidylinositol 3-kinase (PI3K)/AKT 
signaling pathway, ultimately involving the switching 
process of cell growth and angiogenesis.21 In our cohort, 
1 patient with KHE had a rapid hematological response 
within 2 weeks, but the radiographical change was gradual, 
and this result was concordant with other studies.21,22 

Hematological and gastrointestinal adverse events have 
been common in large cohort studies,22 but patients in 
our study were not affected.
	 Patients with KHE seemed to respond poorly to 
conventional medications (e.g., prednisolone, propranolol 
and vincristine), but they dramatically responded to 
sirolimus. This finding might benefit physicians when 
selecting a treatment for those with KHE responding 
poorly to standard treatment. 
	 The small number of patients and the heterogeneity 
of the treatment modalities are limitations of this study. A 
further cohort study should be conducted collaboratively 
with other institutes in order to enroll more patients 
and therefore elucidate the patterns of response and the 
toxicities of the various treatment modalities. 
	 In conclusion, the combination therapy of propranolol 
and prednisolone appears to have been a safe treatment 
option in several cases of KMS. Sirolimus may be considered 
for those who do not respond, especially in cases of KMS 
secondary to KHE.
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