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Abstract

Introduction The Kasabach-Merritt phenomenon (KMP) is a severe complication of kaposiform hemangioendothelioma (KHE). The
risk factors for KMP need further investigation.

Methods The medical records of patients with KHE were reviewed. Univariate and multivariate logistic regression models were used
for the risk factors for KMP, and the area under the receiver operator characteristic (ROC) curve was used to assess the predictive
power of risk factors.

Results A total of 338 patients with KHE were enrolled. The incidence of KMP was 45.9%. Age of onset (P < 0.001, odds ratio [OR] 0.939;
95% confidence interval [CI] 0.914-0.966), lesion size (P < 0.001, OR 1.944; 95% CI 1.646-2.296), mixed type (P = 0.030, OR 2.428; 95%
CI 1.092-5.397), deep type (P = 0.010, OR 4.006; 95% CI 1.389-11.556), and mediastinal or retroperitoneal lesion location (P = 0.019, OR
11.864; 95% CI 1.497-94.003) were correlated with KMP occurrence through multivariate logistic regression. ROC curve analysis revealed
that the optimal cutoffs were 4.75 months for the age of onset (P < 0.001, OR 7.206, 95% CI 4.073-12.749) and a lesion diameter of 5.35 cm
(P <0.001, OR 11.817,95% CI 7.084-19.714). Bounded by a lesion size of 5.35 cm, we found significant differences in tumor morphology,
age of onset, treatments, and hematological parameters. Using an onset age of 4.75 months as a cutoff, we found significant differences
in tumor morphology, lesion size, hematological parameters, and prognosis.

Conclusion For KHE patients with an onset age <4.75 months and/or lesion diameter >5.35 cm, clinicians should be wary of the
occurrence of KMP. Active management is recommended to improve the prognosis.
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Introduction sient thrombocytopenia and coagulopathy, but this is not KMP.

Although the cause of KMP is unknown, one possible hypothe-
sis is that the abnormal endothelium and tortuous architecture

Kaposiform hemangioendothelioma (KHE) is a rare vascular tu-
mor that primarily occurs in early childhood.! Although more

exploration of the pathogenesis of KHE is still needed, its main
pathological features are abnormal angiogenesis and lymphan-
giogenesis.? Generally, KHE presents as a subcutaneous mass that
shows purpuric or bruised appearance. For deep KHE, the initial
symptoms can be unexplained thrombocytopenia. Previous stud-
ies have shown that ~46%-71% of patients with KHE develop the
life-threatening Kasabach-Merritt phenomenon (KMP),*® which
manifests as profound thrombocytopenia and consumptive co-
agulopathy. Significantly, Infantile hepatic hemangiomas’ and
rapidly involuting congenital hemangioma® can also cause tran-

of the tumor vasculature promote capture, activation, and con-
sumption of platelets. KMP has been associated with increased
morbidity and mortality.’ Patients have an increased risk of severe
anemia, bone-joint invasion, decreased range of motion, pericar-
dial/pleural effusions and other complications after the onset of
KMP*10 In addition, KMP can affect the health-related quality of
life of patients of all ages.'* Meanwhile, recent research has shown
that KMP patients require a longer duration of sirolimus treat-
ment and have a greater rebound rate and more disease sequelae
than KHE patients.'? Given the poor prognosis of the condition and
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sequelae, KHE patients with KMP tend to require more aggressive
management in clinical practice than KHE patients without KMP.
As a result, it is critical to screen KHE patients with a high risk
of developing KMP as early as possible. However, more informa-
tion is still needed to clarify the risk factors associated with the
occurrence of KMP.

Many investigators have studied the risk factors for KMP. Le-
sions within the retroperitoneum or mediastinum are more likely
to be associated with KMP.** Additionally, lesion diameters >8 cm
appear to be a risk factor for KMP.* A study that reviewed many
published KHE cases showed that the incidence of KMP decreases
with age.®™ We* and Croteau et al.> found that the depth of inva-
sion, lesion size, and age of onset are associated with the develop-
ment of KMP. Although previous studies have shown that younger
ages of onset and larger lesion sizes are more likely to lead to the
development of KMP, accurate threshold values would provide ad-
ditional value to clinicians in managing these cases. Therefore, the
aim of the present study was to establish the thresholds or opti-
mal cutoff points of the age of onset and lesion size required for
the development of KMP.

Methods

Patients and data collection

Institutional review board (IRB) approval for this retrospective
study was obtained from the West China Hospital of Sichuan
University. All procedures followed the research protocols ap-
proved by the West China Hospital of Sichuan University and
Sichuan University and were conducted according to the Dec-
laration of Helsinki. We retrospectively analyzed data from pa-
tients diagnosed with KHE between January 2014 and January
2022 from the Vascular Anomalies Group of Sichuan Province.
Sichuan Province, with a population of 83.72 million people, is in
southwestern China. At the diagnosis of KHE, we collected data
on sex, age of onset, hematological findings, imaging results, le-
sion depth, maximum diameter of the lesion, location of the le-
sion, and prognosis. The inclusion criteria for this study were as
follows: (i) the diagnosis of KHE was confirmed by clinical fea-
tures, magnetic resonance imaging, and histopathologic data; (ii)
patients were not receiving any treatment at the time of data
collection; and (iii) written informed consent was obtained from
the patient or the patient’s guardians. For KMP patients, biopsies
were performed after hematological parameters had returned to
normal. Patients with incomplete data were excluded from this
study.

Definition

According to previous studies, KMP is defined as a platelet
count <100 x 10°/L with hypofibrinogenemia (<1.6 g/L) and con-
sumptive coagulopathy (D-dimer level >0.5 mg/L).>'? KHE can be
morphologically classified as superficial, deep, or mixed.* In the
present study, we measured the longest diameter of the lesion
to represent the lesion size. Remission of disease was defined as
a >20% decrease in the volumes of KHE lesions. No change was
defined as a <20% increase and a <20% decrease in the volumes
of KHE lesions. Further growth was defined as a >20% increase
in the volume of index KHE compared with the baseline volume
measured. In the present study, monotherapy was sirolimus alone,
while combination therapy was sirolimus combined with pred-
nisone for treatment.

Figure 1. KHE involvement of the lower extremities without KMP (A, C);
KHE involvement of the left shoulder with KMP (B, D).

Statistical analysis

Categorical data were appropriately expressed as n (%), and quan-
titative data were shown as the median (interquartile range
[IQR]) and/or mean (range). Fisher’s exact test, chi-square test, or
Mann—Whitney U test were used appropriately. Univariate logis-
tic regressions were performed to analyze the factors associated
with KMP by calculating the odds ratio (OR; 95% confidence inter-
val [CI]). The variables with P < 0.10 from the univariate analysis
were selected for inclusion in the multivariate logistic regression
model. We used the area under the receiver operator characteris-
tic (ROC) curve to assess the predictive power of risk factors and
applied Youden’s index to establish the cutoff points. A value of
P < 0.05 was considered statistically significant. All analyses were
performed with SPSS statistical software version 26.0 (IBM Corp).

Results
Patient characteristics

The characteristics of KHE patients with or without KMP are sum-
marized in Tables 1 and 2. A total of 338 KHE patients (207 males
and 131 females) were enrolled in the study, and 45.9% of the KHE
patients developed KMP (Fig. 1). The median age of onset and tu-
mor size were 1.5 months (IQR 0.0-8.0) and 5.1 cm (IQR 3.9-7.1), re-
spectively. The most common lesion location was on the extrem-
ities (50.0%), and the most common lesion morphology was the
mixed type (63.6%). Compared with KHE patients without KMP,
KMP patients had significantly lower hemoglobin, platelet, and fib-
rinogen levels and significantly higher D-dimer levels. For KMP, the
treatment strategies were also significantly different from those
for KHE without KMP. Sirolimus monotherapy was more often
used in patients with KHE, while patients with KHE combined with
KMP tended to take combination therapy.

Patients’ prognosis

We followed up 338 patients, 311 of whom were followed up for
2 years and 27 for 1 year (supplementary Table 1, see online
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Table 1. Clinical characteristics and univariate analysis of KHE with or without KMP.

All patients With KMP Without KMP 0dds ratio
Variable (n = 338) (n = 155) (n = 183) (95% CI) P value
Sex, 1 (%)
Female 131 (38.8) 60 (38.7) 71 (38.8) [Reference]
Male 207 (61.2) 95 (61.3) 112 (61.2) 1.004 (0.647-1.557) 0.987

Age of onset (months) 0.956 (0.934-0.977) <0.001

Mean (range) 16.6 (0.0-600.0) 3.7 (0.0-120.0) 27.5 (0.0-600.0)
Median (IQR) 1.5 (0.0-8.0) 0.0 (0.0-2.0) 4.0 (0.1-23.0)
Anatomic location, n (%)
Cervicofacial 80 (23.7) 33 (21.3) 47 (25.7) [Reference]
Extremity 169 (50.0) 73 (47.1) 96 (52.5) 1.083 (0.632-1.857) 0.772
Trunk 89 (26.3) 49 (31.6) 40 (21.8) 1.745 (0.948-3.212) 0.074

Retroperitoneum or

mediastinum
Yes 13 (3.8) 11 (7.1) 2(1.1) 6.913 (1.508-31.686) 0.013
No 325 (96.2) 144 (92.9) 181 (98.9) [Reference]

Depth, n (%)

Superficial 61 (18.1) 19 (12.3) 42 (23.0) [Reference]
Deep 62 (18.3) 23 (14.8) 39 (21.3) 1.304 (0.617-2.754) 0.487
Mixed 215 (63.6) 113 (72.9) 102 (55.7) 2.449 (1.338-4.482) 0.004

Tumor size (cm) 1.696 (1.488-1.934) <0.001

Mean (range) 6.1 (1.2-25.0) 8.0 (1.7-25.0) 4.5 (1.2-16.1)

Median (IQR) 5.1(3.9-7.1) 7.0 (5.4-9.6) 4.2 (3.1-5.1)

Table 2. Hematological characteristics and management strategies of KHE with or without KMP.

All patients With KMP Without KMP

Variable (n = 338) (n = 155) (n = 183) P value®

Hemoglobin (g/L) <0.001
Mean (range) 117.9 (20.0-234.0) 102.8 (20.0-171.0) 130.6 (86.0-234.0)

Median (IQR) 117.0 (101.3-129.8) 102.0 (92.0-113.0) 126.0 (117.0-134.0)

Platelet level (x 109/L) <0.001
Mean (range) 170.1 (1.0-557.0) 39.7 (1.0-99.0) 280.6 (112.0-557.0)

Median (IQR) 153.5 (38.0-282.8) 32.0 (16.0-62.0) 274.0 (214.0-351.0)

Fibrinogen level (g/L) <0.001
Mean (range) 1.8 (0.3-5.0) 1.2 (0.3-2.88) 2.3 (1.1-5.0)

Median (IQR) 1.9 (1.1-2.3) 1.1 (0.8-1.5) 2.3 (2.1-2.6)

D-dimer level (mg/L) <0.001
Mean (range) 5.3 (0.1-62.7) 10.0 (0.1-62.7) 1.34 (0.1-23.3)

Median (IQR) 1.8 (0.7-8.0) 8.2 (4.1-13.9) 0.7 (0.4-1.1)

Management, n (%) <0.001
Monotherapy 225 (66.6) 90 (58.1) 135 (73.8) 0.002
Combination therapy 86 (25.4) 63 (40.6) 23 (12.6) <0.001
Surgical excision 8(2.4) 0 (0) 8 (4.4) 0.023
Expectant management 19 (5.6) 2 (1.3) 17 (9.3) 0.001

2P value was calculated using the Mann—Whitney U test.

supplementary material). At the 6-month, 1-year, and 2-year
follow-ups, 60.8% (236/388), 85.8% (290/338) and 87.5% (272/311)
of patients had remission of the lesions; 26.3% (89/338), 9.8%
(33/338) and 7.1% (22/311) had stable disease; and 3.8% (13/338),
4.4% (15/338) and 5.5% (17/311) had progressive disease. Notably,
despite disease regression at the previous follow-up, 11 patients
experienced disease progression at the 1-year follow-up and 12
patients at the 2-year follow-up. The prognosis of KHE patients
with or without KMP was not significantly different at 6 months
(P = 0.113), 1 year (P = 0.280), and 2 years (P = 0.198) of follow-
up. At the 6-month follow-up, the rate of regression was signif-
icantly higher in KHE patients with KMP than in those without
KMP (P = 0.037). At 2 years of follow-up, although there was no
significant difference between KHE with KMP and without KMP,
the prognosis was poorer than in patients without KMP.

Risk factors for KMP

There was no significant relationship between sex and KMP oc-
currence. Consistent with previous studies, KHE morphology, le-
sions of the retroperitoneum or mediastinum, age of onset, and
lesion size correlated with KMP occurrence based on univariate
logistic regression (Table 1). From multivariate logistic regression,
we found that the risk of KMP decreased with age (P < 0.001,
OR 0.939; 95% CI 0.914-0.966) and that a larger lesion diameter
was correlated with a higher incidence of KMP (P < 0.001, OR
1.944; 95% CI 1.646-2.296) (Table 3). Compared to superficial le-
sions, mixed (P = 0.030, OR 2.428; 95% CI 1.092-5.397) and deep
(P =0.010, OR 4.006; 95% CI 1.389-11.556) KHE were more likely to
develop KMP. Additionally, four patients with lesions of the medi-
astinum allhad KMP, and 77.8% (7/9) of patients with lesions in the
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Table 3. Multivariate analysis of risk factors for KMP.

Variable 0Odds ratio (95% CI) P value

Age of onset (months)
Retroperitoneum or mediastinum

0.939 (0.914-0.966) <0.001
11.864 (1.497-94.003) 0.019

Tumor size (cm) 1.944 (1.646-2.296) <0.001
Anatomic location, n (%)
Cervicofacial [Reference]
Extremity 0.625 (0.305-1.281) 0.200
Trunk 1.220 (0.533-2.794) 0.638
Morphology
Superficial [Reference]
Deep 4.006 (1.389-11.556) 0.010
Mixed 2.428 (1.092-5.397) 0.030
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Figure 2. ROC curves assessing the link between risk factors and the
occurrence of KMP in KHE patients. The blue curve represents age of
onset (AUC 0.709, 95% CI 0.654-0.764); the red curve represents lesion
size (AUC 0.828, 95% CI 0.784-0.872); the green curve represents
retroperitoneum/mediastinum (AUC 0.530, 95% CI 0.468-0.592); the
orange curve represents morphology (AUC 0.590, 95% CI 0.529-0.650);
and the yellow curve represents all independent risk factors (AUC 0.887,
95% CI 0.852-0.922). AUC, area under the receiver operating
characteristic curve.

retroperitoneum had KMP. Overall, patients with mediastinal
or retroperitoneal lesions were more prone to developing KMP
(P =0.019, OR 11.864; 95% CI 1.497-94.003).

Predictors of KMP in KHE patients

To further inspect the relationships between the independent risk
factors and KMP occurrence, we conducted an ROC curve analy-
sis (Fig. 2). For lesion size, the area under the ROC curve was 0.828
(95% CI 0.784-0.872), suggesting that the model accurately dis-
tinguishes between patients who develop KMP and those who do
not. For the age of onset, the area under the ROC curve was 0.709
(95% CI 0.654-0.764); this result showed a moderate discrimina-
tive ability for KMP. For all the independent risk factors, the area
under the ROC curve was 0.887 (95% CI 0.852-0.922). The Youden
index indicated that the optimal cutoff values for predicting KMP
in KHE patients were 5.35 cm for the maximum lesion diameter
(index = 0.549, sensitivity = 76.8%, specificity = 78.1%) and 4.75

months for the onset age (index = 0.370, sensitivity = 88.4%, speci-
ficity = 48.6%).

Further analysis showed that a lesion size above the cutoff of
5.35 cm was significant for predicting KMP (P < 0.001, OR 11.817,
95% CI17.084-19.714). Additionally, the risk of developing KMP sig-
nificantly increased at an age of onset below the cutoff of 4.75
months (P < 0.001, OR 7.206, 95% CI 4.073-12.749). For KHE pa-
tients with an onset age <4.75 months and a lesion diameter
>5.35 cm, the risk of KMP was significantly increased (P < 0.001,
OR 21.099, 95% CI 11.718-37.992).

Characteristics of different lesion sizes and onset
ages

Using the cutoff points as a boundary, we analyzed the clinical fea-
tures for different lesion sizes (Table 4) and age of onset (Table 5).
We found that the mixed type was more concentrated in the group
above the threshold of lesion size (P < 0.001), while the deep type
was mostly seen below the threshold (P < 0.001). For the age of
onset, small lesions were more commonly seen at an older onset
age (P < 0.001). In terms of management strategies, lesions <5.35
cm were more commonly treated with monotherapy (P = 0.006),
while lesions >5.35 cm were more often treated with combina-
tion therapy (P < 0.001). For patients of onset age <4.75 months,
the mixed-type (P = 0.001) and superficial-type (P = 0.012) were
more common, whereas the deep (P < 0.001) type was more of-
ten seen in patients with onset age >4.75 months. In terms of
hematological parameters, there were significant differences in
hemoglobin, platelet level, fibrinogen level, and D-dimer level,
whether grouped by age at onset or lesion size thresholds. Com-
pared to the age at onset >4.75 months group, patients with an
onset age <4.75 months had higher disease regression rates at 6
months, 1 year, and 2 years.

Discussion

KHE, a rare borderline tumor, has attracted the attention of re-
searchers due to its series of complications.'® Among the compli-
cations of KHE, KMP has always been the focus of clinicians be-
cause it represents aggressive tumor progression with poor prog-
nosis.”’>1® After the onset of KMP, residual fibrosis tends to af-
fect joint motion, and blood product infusion is needed to cor-
rect coagulopathy® We also found a higher incidence of chronic
lymphedema in patients with KMP in our previous study.'® The
prognosis of KHE patients can be improved if timely and effective
treatment strategies are carried out for KMP patients or timely
treatments are taken to prevent the occurrence of KMP. In addi-
tion, KHE with KMP has a higher rebound rate and more disease
sequelae than KHE without KMP.*> Consistent with previous stud-
ies, more patients with KMP received combination treatment to
control the disease, while monotherapy, surgical resection, or ex-
pectant therapy were used more often to treat patients with KHE
without KMP2

We previously believed that ~70% of KHE would be accompa-
nied by KMP*° but a recent large retrospective analysis revealed
that the incidence of KMP is lower than our previous conclusion.?
As evidence accumulates from more studies with larger sample
sizes, the reported frequency of KMP has decreased. This study
showed that 45.9% of patients developed KMP. This decrease in
incidence may be attributable to the fact that timely and effec-
tive management strategies are provided to most KHE patients.
However, it is also possible that a growing number of mild KHE
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Variable Lesion size (cm) P value
<5.35 (n = 179) >5.35 (n = 159)

Sex, n (%) 0.418%
Female 73 (40.8) 58 (36.5)

Male 106 (59.2) 101 (63.5)

Anatomic location, n (%) 0.299°
Cervicofacial 48 (26.8) 32 (20.1) 0.1492
Extremity 88 (49.2) 81 (50.9) 0.7442
Trunk 43 (24.0) 46 (28.9) 0.3062

Retroperitoneum or mediastinum, n (%) 0.9482
Yes 172 (96.1) 153 (96.2)

No 7(3.9) 6(3.8)

Depth, n (%) <0.001®
Superficial 36 (20.1) 25 (15.7) 0.2952
Deep 47 (26.3) 15 (9.4) <0.0012
Mixed 96 (53.6) 119 (74.8) <0.001#

Age of onset (months) <0.001°
Mean (range) 17.9 (0.0-432.0) 15.2 (0.0-600.0)

Median (IQR) 3.0 (0.0-13.0) 0.5 (0.0-4.0)

Management, n (%) <0.001%
Monotherapy 131 (73.2) 94 (59.1) 0.0062
Combination therapy 28 (15.6) 58 (36.5) <0.001%
Surgical excision 14 (7.8) 5(3.1) 0.0622
Expectant management 6 (3.4) 2(1.3) 0.365°

Hemoglobin (g/L) <0.001°
Mean (range) 127.8 (76.0-234.0) 106.7 (20.0-167.0)

Median (IQR) 125.0 (111.0-133.0) 106.0 (95.0-121.0)

Platelet level (x 10°/L) <0.001°
Mean (range) 233.9 (5.0-557.0) 98.4 (1.0-516.0)

Median (IQR) 239.0 (156.0-324.0) 48.0 (19.0-112.0)

Fibrinogen level (g/L) <0.001°
Mean (range) 2.1(0.5-5.0) 1.4 (0.3-3.6)

Median (IQR) 2.1(1.8-2.5) 1.3 (0.8-1.8)

D-dimer level (mg/L) <0.001°
Mean (range) 2.4(0.1-23.3) 8.5(0.1-62.7)

Median (IQR) 0.9 (0.4-1.9) 6.9 (1.9-11.3)

6-month follow up, n (%) 0.7072
Remission 122 (68.2%) 114 (71.7%) 0.4792
No change 49 (27.4%) 40 (25.2%) 0.644°
Further growth 8 (4.5%) 5(3.1%) 0.527#

1-year follow up, n (%) 0.853°
Remission 152 (84.9%) 138 (86.8%) 0.6222
No change 19 (10.6%) 14 (8.8%) 0.576%
Further growth 8 (4.5%) 7 (4.4%) 0.976%

2-year follow up, n (%)° 0.1242
Remission 144 (87.3%) 128 (87.7%) 0.916°
No change 15 (9.1%) 7 (4.8%) 0.1402
Further growth 6 (3.6%) 11 (7.5%) 0.1312

%P value was calculated using the chi-square test.
PP value was calculated using the Mann—Whitney U test.

€A total of 311 patients were followed up for 2 years, of whom 165 had lesions <5.35 cm in diameter and 146 had lesions >5.35 cm in diameter.

patients have been diagnosed due to the increased awareness of
KHE.

Nevertheless, the understanding of KHE and KMP remains lim-
ited at present. Many researchers have proposed the hypothesis
that KHE intralesional platelet trapping leads to KMP. Another hy-
pothesis proposes that endothelial damage caused by KHE may
lead to platelet activation.” However, it has also been hypothe-
sised that highly expressed podoplanin in KHE lesions is associ-
ated with platelet aggregation.?? High shear stress may also be
involved in the occurrence and development of KMP.? However,
regrettably, there is no hypothesis that can clearly explain the oc-
currence of KMP.

In addition to studies on the pathogenesis of KMP, clinical
investigators are also actively searching for risk factors related
to the occurrence and development of KMP. Current studies in-
dicate that retroperitoneal/mediastinal lesion location, large le-
sion size, and young age of onset are risk factors for developing
KMP*> We analyzed the relationship between sex, age of onset,
anatomic location, depth of invasion, and tumor size and the oc-
currence of KMP. Univariate analysis showed that age of onset, le-
sion size, morphology, and anatomic site of KHE were associated
with KMP. Multivariate analysis showed that compared with su-
perficial lesions, the risk of KMP in mixed lesions and deep lesions
increased by 2.428- and 4.006-fold, respectively. Finally, this study
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Table 5. Characteristics of KHE at different ages of onset.

Variable Age of onset (months) P value
<4.75 (n = 231) >4.75 (n = 107)

Sex, n (%) 0.544%
Female 87 (37.7) 44 (41.1)

Male 144 (62.3) 63 (58.9)

Anatomic location, n (%) 0.240°
Cervicofacial 60 (26.0) 20 (18.7) 0.1432
Extremity 115 (49.8) 54 (50.5) 0.9072
Trunk 56 (24.2) 33 (30.8) 0.2002

Retroperitoneum or mediastinum, n (%) 1.0002
Yes 9(3.9) 3(3.7)

No 222 (96.1) 104 (96.3)

Depth, n (%) <0.001*
Superficial 50 (21.6) 11 (10.3) 0.0122
Deep 21 (9.1) 41 (38.3) <0.0018
Mixed 160 (69.3) 55 (51.4) 0.0012

Tumor size (cm) <0.001°
Mean (range) 6.6 (1.3-25.0) 5.0 (1.2-20.0)

Median (IQR) 5.7 (4.1-8.0) 43 (3.3-5.5)

Management, n (%) 0.3672
Monotherapy 148 (64.1) 77 (72.0) 0.1522
Combination therapy 65 (28.1) 21 (19.6) 0.095%
Surgical excision 12 (5.2) 7 (6.5) 0.6172
Expectant management 6(2.6) 2(1.9) 0.9802

Hemoglobin (g/L) <0.001°
Mean (range) 114.5 (20.0-234.0) 125.1 (68.0-171.0)

Median (IQR) 109.0 (99.0-125.0) 126.0 (118.0-132.0)

Platelet level (x 10°/L) <0.001°
Mean (range) 137.2 (1.0-557.0) 241.3 (5.0-441.0)

Median (IQR) 75.0 (24.0-231.0) 251.0 (189.0-337.0)

Fibrinogen level (g/L) <0.001°
Mean (range) 1.6 (0.3-3.6) 2.2 (0.6-5.0)

Median (IQR) 1.6 (0.9-2.1) 2.3 (1.9-2.6)

D-dimer level (mg/L) <0.001°
Mean (range) 6.5 (0.1-62.7) 2.7 (0.1-23.3)

Median (IQR) 3.9 (0.9-9.4) 0.8 (0.4-1.9)

6-month follow up, n (%) 0.0032
Remission 175 (75.8%) 61 (57.0%) <0.0012
No change 49 (21.2%) 40 (37.4%) 0.0022
Further growth 7 (3.0%) 6 (5.6%) 0.400%

1-year follow up, n (%) 0.066%
Remission 205 (88.7%) 85 (79.4%) 0.0232
No change 19 (8.2%) 14 (13.1%) 0.162°
Further growth 7 (3.0%) 8 (7.5%) 0.118%

2-year follow up, n (%)° 211 100 0.0592
Remission 191 (90.5%) 81 (81.0%) 0.0182
No change 11 (5.2%) 11 (11.0%) 0.063%
Further growth 9 (4.3%) 8 (8.0%) 0.176*

@P value was calculated using the chi-square test.
PP value was calculated using the Mann—Whitney U test.

€A total of 311 patients were followed up for 2 years, of whom 211 had an onset age <4.75 months and 100 had an onset age >4.75 months.

demonstrated that age of onset and lesion size were strongly cor-
related with the incidence of KMP. As platelet trapping can be seen
in KHE lesions with or without KMP, we speculated that larger le-
sions have a stronger ability to capture platelets. Additionally, a
younger age of onsetis associated with a larger relative area of the
lesionin children. Our results alsoindicated that the risk of KMP in
retroperitoneal/mediastinal lesions was 11.864 times higher than
that in other sites.

However, knowledge that age and lesion size are related to the
occurrence of KMP is insufficient for clinicians. Gruman et al. ret-
rospectively reviewed a series of cases and found that a lesion di-

ameter <8 cm may not be enough to directly cause KMP Our
previous study showed that patients with lesion diameters >5 cm
were more prone to KMP.* However, these thresholds were not cal-
culated by standard statistical methods. The ROC curve was ob-
tained for analysis in this work, and the optimal cutoff point was
calculated using Youden’s index. In the present study, we reviewed
data for many KHE patients, and the best discriminant thresholds
of lesion size and age of onset were 5.35 cm and 4.75 months,
respectively. Our results suggest that for KHE patients with le-
sions >5.35 cm in diameter, clinicians should be alert to the oc-
currence of KMP and undertake active management strategies as



soon as possible. At the same time, patients with KHE whose on-
set age was <4.75 months had a 7.206-fold greater risk of KMP.
For KHE patients with an onset age <4.75 months and a lesion di-
ameter >5.35 cm, there was a 21.099-fold increased risk of KMP.
For patients with KMP or a high risk of KMP, effective treatment
can reduce residual lesions; to this end, sirolimus or vincristine
with/without prednisolone might be a good choice.?-23-26

However, for lesions in the retroperitoneum/mediastinum, KMP
should be considered regardless of the age of onset or size of the
lesion. Despite the small number of retroperitoneal/mediastinal
lesions, we found that the lesion location corresponded with
higher OR values and stronger predictive abilities. In the future,
further analysis should be conducted after sufficient patients are
available.

We believe that further study and increased awareness of KMP
will increase the availability of information to help clinicians
manage these patients.

In the present study, there were several limitations. First, this
was a retrospective study conducted in the Vascular Anomalies
Group of Sichuan Province; fortunately, single-center bias was
avoided. Second, our findings need to be confirmed by larger
prospective studies in the future. Third, in this study, we did not
analyze the long-term prognosis and treatment strategies of KHE
with/without KMP; however, we will conduct further studies on
this topic.

Conclusions

In our cohort, 45.9% of KHE patients experienced KMP. Age of on-
set and lesion size were risk factors for KMP according to the mul-
tivariate analysis results. Youden'’s index was used to calculate the
optimal cutoff values, which were found to be 4.75 months for the
onset age and 5.35 cm for the lesion size. The risk of KMP in KHE
patients with onset ages <4.75 months increased 7.206-fold, and
the risk of KMP in KHE patients with lesions >5.35 cm increased
11.817-fold. KHE patients with two simultaneous risk factors had
~21.099 times the risk of developing KMP than KHE patients with-
out any risk factors. For KHE patients with risk factors, active in-
tervention is recommended to improve their prognoses.

Supplementary data
Supplementary data is available at PCMEDI online.
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