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Abstract

Background The clinical features and surgical outcomes of patients with Kaposiform hemangioendothelioma (KHE) is not fully
clear. The purpose of this study is to better understand the therapeutic effect and hematological indices of surgical therapy
for KHE. Procedure A retrospective study was conducted to review the medical documents of 43 patients with KHE who were
treated with surgical resection at our hospital between February 2016 and November 2019. Multiple anatomical sites were
involved. The curative effect was evaluated according to the tumor volume shrinkage, color shade, and blood examinations
including platelet count, hemoglobin level, red blood cell number, clotting time and D-dimer concentration. Results For all cases
underwent surgical treatment, the curative effects accounted for 100%. At the end of the treatment, 9 children were followed up
for 6 months, and no evidence of the recurrence of KHE was not found in any case. The number of red blood cells and clotting
time were maintained at normal levels during different stage of treatment. The concentrations of hemoglobin and fibrinogen
and the average number of platelets increased significantly after surgical treatment. The concentrations of D-dimer were much
higher than normal value during admission with a high variability, and significantly decreased after surgery treatment. Further
analysis found that the changing trends of D-dimer was positively correlated with fibrinogen protein or platelet number, but
not clotting time. Conclusions The surgical treatment method is highly effective and of great significance for KHE therapy in

pediatric clinic.

Abstract
Background

The clinical features and surgical outcomes of patients with Kaposiform hemangioendothelioma (KHE) is
not fully clear. The purpose of this study is to better understand the therapeutic effect and hematological
indices of surgical therapy for KHE.

Procedure

A retrospective study was conducted to review the medical documents of 43 patients with KHE who were
treated with surgical resection at our hospital between February 2016 and November 2019. Multiple anatom-
ical sites were involved. The curative effect was evaluated according to the tumor volume shrinkage, color
shade, and blood examinations including platelet count, hemoglobin level, red blood cell number, clotting
time and D-dimer concentration.

Results

For all cases underwent surgical treatment, the curative effects accounted for 100%. At the end of the
treatment, 9 children were followed up for 6 months, and no evidence of the recurrence of KHE was not
found in any case. The number of red blood cells and clotting time were maintained at normal levels
during different stage of treatment. The concentrations of hemoglobin and fibrinogen and the average



number of platelets increased significantly after surgical treatment. The concentrations of D-dimer were
much higher than normal value during admission with a high variability, and significantly decreased after
surgery treatment. Further analysis found that the changing trends of D-dimer was positively correlated
with fibrinogen protein or platelet number, but not clotting time.

Conclusions

The surgical treatment method is highly effective and of great significance for KHE therapy in pediatric
clinic.
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Introduction

Kaposiform hemangioendothelioma (KHE) is a form of vascular tumor with poor prognosis, and is often hard
to regress spontaneously. KHE affects approximately 0.91 in 100 000 children 2. According to the updated
classification system issued by The International Society for the Study of Vascular Anomalies (ISSVA) in
August 20183, KHE is classified as aggressive but benign vascular tumor with a tendency to metastasize.
The guidelines for KHE treatment is not available yet, and there are various treatment options including
drugs (such as corticosteroids, vincristine, propranolol and interferon) intervention and surgical therapy *.
Surgical resection is the optimal treatment for KHE among these treatment strategies; however, the clinical
features and surgical outcomes of patients with KHE is not fully understood.

More than 70% patients with KHE develop a life-threatening complication called Kasabach—Merritt phe-
nomenon (KMP) 2% which was characterized by blood coagulation disorder and thrombocytopenia®. The
thrombocytopenia is usually severe, with platelet counts of 21 x 10°/L 7 or 4 x 109/L ® at the initial pre-
sentation of KMP. Moreover, Elevated D-dimer and reduced fibrinogen levels in blood were often observed
during or even before KMP onset”. D-dimer is degraded product of fibrin, and is formed by cross-linking of
two D-domain fibrin monomers. The D-dimer level is usually undetectable under normal condition; however,
the level of D-dimer will be elevated during clot formation. In spite of this, the changing trend of D-dimer
during the occurrence of KMP and its correlations with other coagulation indexes such as fibrinogen level,
platelet count and clotting time are still unclear.

KHE is found in varied locations, and the tumor is commonly localized in extremities and trunk '°. Several
vascular lesions such as Kaposiform lymphangiomatosis (KLA), infantile haemangioma (IH) resemble KHE
clinically ', and may be localized in the mediastinum, lung, and thorax, etc. '2. Thus, investigate the
occurring rule of predilection sites might be beneficial for the KHE diagnosis.

In order to evaluate the curative effect of surgical resection in the treatment of KHE, the basic characteristics
of patients with KHE from February 2016 to November 2019 in our hospital and hematological factors are
discussed in this study. Moreover, the relationship between D-dimer and KHE, and the long-term outcome
of surgical treatment of KHE were systematically assessed.

Materials and methods

General data. Forty-three children with KHEs treated in Henan Renmin hospital from February 2016 to
November 2019 were selected, including 26 males and 17 females aged 5 days to 2 years. All children were
diagnosed as KHEs. Inclusion criteria: 1) Kaposiform Hemangioendotheliomas with or without Kasabach-
Merritt Phenomenon; 2) the age range is 0 - 12 years; 3) no other treatment option was given to these
patients before; 4) children with no other tumor or hematological disease, neurological disease hepatic and
renal dysfunction, diabetes, hypertension, cardiopulmonary insufficiency, tuberculosis, Epstein-Barr virus or
cytomegalovirus infection before the treatment; 5) informed consents were signed by the children’s guardians
before the treatment. This study was approved by the medical Ethics Committee of Renmin Hospital of
Henan province.



Pre-treatment examinations. Blood routine examinations were done and hepatic and renal functions were
detected before surgical treatment. In addition, the tumor size, location, texture and color were evaluated
before and after treatment.

Treatment methods. Oral methylprednisolone therapy (2 mg/kg/day) was performed after admission to hos-
pital. Platelets (1 unit) were transfused to those infants with low platelet counts (<5 x 10%/L) at 1 day
before surgery. Tumors were completely resected and the curative effects and incidence of side effects were
evaluated.

Curative effects evaluation. The curative effect was evaluated according to the tumor volume shrinkage, color
shade, and blood examinations including platelet count, hemoglobin level, red blood cell number, clotting
time, D-dimer concentration, etc. In addition, 9 children were followed up for 6 months at the end of the
treatment.

Statistical analysis. The hematological data were expressed as mean + SD, and were statistically analyzed
with GraphPad prism software version 7.0. Intergroup comparisons were detected using thet -test. Pearson
r correlation was used to measure the degree of the relationship between two variables. P<0.05 represents
that the difference was statistically significant.

Results

Basic characteristics of patients with KHE. The preoperative signs and symptoms in patients with KMP
were summarized in Table 1. Most patients’ age were less than 6 months. All patients had symptoms such
as palpable lump and high skin temperature, and most patients had symptoms include local tenderness
(90.2%), obscure boundary (81.4%), hemorrhage (46.5%), deformity (7%) and anabrosis (2.3%). No bruising
sign was observed in all patients. The tumor size with grade III and the tumor with purple red retained a
majority of 44.2% and 65%. Furthermore, the anatomical sites of the primary lesions in patients with KMP
were summarized in Table 2. The left thigh, neck and right face were the most predilection sites of KHE.

Comparisons of curative effects on children. The enormous tumors in left upper arm, chest wall, and left
cheek were all regressed after surgical treatment. For the 43 cases underwent surgical treatment, the curative
effects accounted for 100%. The changes in the tumor characteristics before (Fig.1A) and after (Fig. 1B)
treatment were recorded. After treatment, the degree of surface tension was decreased, the tumor color
turned pale red from dark red and the skin gradually returned to normal. At the end of the treatment, 9
children were followed up for 6 months, and no evidence of the recurrence of KHE was not found in any case.

Comparisons of hematological indexes during the treatment of KHE. Although obvious tumor regression
after surgical treatment was observed, there may be difference in the recovery of blood clotting ability in
these patients. Therefore, at the time of on admission, 0, 1, 2, 3, 5 days after surgery, before discharge,
and half a year after discharge, the hematological indexes such as number of red blood cells and platelets,
the concentrations of hemoglobin, fibrinogen and D-dimer, and clotting time were further examined. The
number of red blood cells was maintained at normal levels during different stage of treatment (Fig. 2A).
The concentrations of hemoglobin were slightly lower than normal level (110.7 g/L) during admission, and
increased significantly after surgical treatment, with an average level of 124.3 g/L (Fig. 2B). The average
number of platelets was at the lower limit of normal level during admission, and was recovered to 175.8 x
10° /L immediately after surgery and continued to maintain at high levels even at half a year after surgery
(Fig.2C). The clotting time were all at normal range during different stage of treatment (Fig. 2D). The
concentrations of fibrinogen were slightly lower than normal level (1.7 g/L) during admission, and increased
significantly at 1 day after surgical treatment, with an average level of 2.7 g/L (Fig. 2E). The concentrations of
D-dimer were much higher than normal value during admission (14.5 mg/L), although with a high variability.
Significantly decreased D-dimer values were observed after surgery treatment.

The Correlation Between D-dimer and other coagulation indexes in hemangioma. Due to considerable varia-
bility of D-dimer at different treatment stage of KHE, the level of D-dimer and other coagulation indexes
such as fibrinogen concentration, the number of platelet and clotting time in serum were compared, and



Pearson’s correlation was used for analysis. The changing trends of D-dimer was positively correlated with
fibrinogen protein or platelet number (p<0.05), but not clotting time (p>0.05) (Figure 3).

Discussion

All infants were diagnosed as KME with thrombocytopenia, low fibrinogen and high D-dimer levels, and sub-
sequently underwent surgical resection. Postoperative general observation showed the tumors were removed
completely, and the skin color returned to normal. The postoperative hematological examination indicated
the platelets count and coagulation profiles including thrombocytopenia, fibrinogen and D-dimer levels were
restored

The KHE tumor often appears in the first 6 months of age, and occurs is found in varied locations and
most commonly in thigh, neck and face, which is consistent with previous report 7. The KHE tumor shows
different responses from variable treatment strategies. Surgical resection is the optimal treatment for KHE
among these treatment strategies, in this study, the comparison of the clinical curative effect before and after
operation revealed that the clinical curative effect of surgical treatment was great; however, surgery may cause
excessive bleeding due to thrombocytopenia, we transfused platelets to those infants with low platelet counts
before surgery, which showed remarkable preventive effects on hemorrhage. In addition, the drug therapy
for KHE using angiogenesis inhibitor sirolimus targeting the mammalian target of rapamycin (mTOR)?1?]
have been shown to be efficacious. While prednisolone, vincristine and sirolimus showed some effectiveness
in decreasing the tumor size '%!7, can cause side effects such as abdominal pain, elevations of aspartate
aminotransferase (AST) and alanine aminotransferase (ALT), opportunistic infection, loss of appetite, etc
18 Moreover, there are case reports of visceral KHE not responding to sirolimus '°2°. In addition, for
those KHE patients unresponsive to glucocorticoids, propranolol, vincristine or sirolimus treatment, surgical
therapy reduced skin petechia and coagulopathy to normal levels. It is worth noting these patients all didn’t
relapse. Thus, combination therapy may be a more efficacious treatment option in severe KHE especially in
treating KHE.

The concentrations of D-dimer were much higher than normal value during admission (14.5 mg/L) (normal
< 1 mg/L), and remained elevated after the platelet count had returned to normal ?. Although there was
considerable variability of D-dimer at different treatment stage of KHE, D-dimer was significantly correlated
with fibrinogen protein or platelet number, but not clotting time. Moreover, elevated D-dimer level is reported
to be specific for various venous malformations, and is helpful in differentiating glomuvenous malformation
with normal D-dimer level from other multifocal venous lesions 2!. In sum, D-dimer is a valuable factor and
may be potential biomarker in evaluating surgical therapeutic effects of KHE.

The KMP is mainly characterized with thrombocytopenia and consumptive coagulopathy. Severe thrombo-
penia due to KMP may also make surgery difficult. Surgical treatment of the tumor might potentially worsen
the thrombocytopenia and increase the hemorrhage risk 22. However, in our study, the average number of
platelets was recovered thoroughly and immediately after surgery and continued to maintain at high levels
even at half a year after surgery, indicating that surgical treatment can efficiently alleviate thrombocytopenia
and reduce the risk of bleeding.

In summary, the surgical therapy of KHEs can completely remove the tumor and significantly restore the
skin color and texture. The surgical treatment method is highly effective and of great significance for KHE
therapy in pediatric clinic.
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Figure legends:
Figure 1. Changes in the tumor characteristics: (A) before treatment; (B) after treatment.

Figure 2. Hematological indexes before and after the treatment of KHE. At the time of on admission (n
=43), 0, 1, 2, 3, 5 days after surgery (n = 43), before discharge (n = 43), and half a year after discharge
(n = 9), the hematological indexes such as number of red blood cells and platelets, the concentrations of
hemoglobin, fibrinogen, D-dimer and clotting time were examined.

Figure 3. The correlation between D-dimer and fibrinogen or platelet number or clotting time in hemangio-
ma. Pearson r correlation was used to measure the degree of the relationship between two variables. P<0.05
represents that the difference was statistically significant.
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