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Abstract 

Intr oduction The Kasabac h–Merritt phenomenon ( KMP ) is a sev er e complication of kaposiform hemangioendothelioma ( KHE ) . The 
risk factors for KMP need further investigation. 

Methods The medical records of patients with KHE were re vie wed. Univariate and multivariate logistic regression models were used 

for the risk factors for KMP, and the area under the r ecei v er operator characteristic ( R OC ) curv e w as used to assess the pr edicti v e 
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 r etr operitoneal lesion location ( P = 0.019, OR 

11.864; 95% CI 1.497–94.003 ) wer e corr elated with KMP occurr ence thr ough m ulti v ariate logistic r egr ession. R OC curv e anal ysis r ev ealed 

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 w ar y of the 
occurrence of KMP. Active management is recommended to improve the prognosis. 

Ke yw ords: kaposiform hemangioendothelioma, Kasabach–Merritt phenomenon, age of onset, tumor size, cutoff values 

s  

A  

s  

o  

s
m
a
d
K
l  

t  

m  

t  
Introduction 

Kaposiform hemangioendothelioma ( KHE ) is a rare vascular tu- 
mor that primarily occurs in early childhood.1 Although more 
exploration of the pathogenesis of KHE is still needed, its main 

pathological featur es ar e abnormal angiogenesis and l ymphan- 
giogenesis.2 Gener all y, KHE pr esents as a subcutaneous mass that 
shows purpuric or bruised appearance. For deep KHE, the initial 
symptoms can be unexplained thr ombocytopenia. Pr e vious stud- 
ies have shown that ∼46%–71% of patients with KHE de v elop the 
life-thr eatening Kasabac h–Merritt phenomenon ( KMP ) ,3–6 whic h 

manifests as pr ofound thr ombocytopenia and consumptive co- 
a gulopathy. Significantl y, Infantile hepatic hemangiomas 7 and 

r a pidl y involuting congenital hemangioma 8 can also cause tran- 
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is is that the abnormal endothelium and tortuous arc hitectur e
f the tumor v asculatur e pr omote ca ptur e, activ ation, and con-
umption of platelets. KMP has been associated with increased 

orbidity and mortality.9 Patients have an increased risk of severe 
nemia, bone-joint invasion, decreased range of motion, pericar- 
ial/pleural effusions and other complications after the onset of 
MP.4 , 10 In addition, KMP can affect the health-related quality of 

ife of patients of all ages.11 Meanwhile, recent research has shown
hat KMP patients r equir e a longer duration of sirolimus treat-

ent and have a greater rebound rate and more disease sequelae
han KHE patients.12 Given the poor prognosis of the condition and
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Figur e 1. KHE in volvement of the lower extremities without KMP ( A , C ) ; 
KHE involvement of the left shoulder with KMP ( B , D ) . 
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2  
equelae, KHE patients with KMP tend to r equir e mor e a ggr essiv e
anagement in clinical practice than KHE patients without KMP.
s a result, it is critical to screen KHE patients with a high risk
f de v eloping KMP as earl y as possible. Ho w e v er, mor e informa-
ion is still needed to clarify the risk factors associated with the
ccurrence of KMP. 

Man y inv estigators hav e studied the risk factors for KMP. Le-
ions within the r etr operitoneum or mediastinum ar e mor e likel y
o be associated with KMP.13 Additionally, lesion diameters > 8 cm
ppear to be a risk factor for KMP.14 A study that reviewed many
ublished KHE cases sho w ed that the incidence of KMP decreases
ith age.15 We 4 and Croteau et al .5 found that the depth of inva-

ion, lesion size, and age of onset are associated with the develop-
ent of KMP. Although pr e vious studies have shown that younger

ges of onset and larger lesion sizes are more likely to lead to the
e v elopment of KMP, accur ate thr eshold v alues would pr ovide ad-
itional value to clinicians in managing these cases . T herefore , the
im of the present study was to establish the thresholds or opti-
al cutoff points of the age of onset and lesion size r equir ed for

he de v elopment of KMP. 

ethods 

atients and data collection 

nstitutional r e vie w board ( IRB ) a ppr ov al for this r etr ospectiv e
tudy was obtained from the West China Hospital of Sichuan
niv ersity. All pr ocedur es follo w ed the resear ch protocols ap-
r ov ed by the West China Hospital of Sichuan University and
ic huan Univ ersity and wer e conducted according to the Dec-
aration of Helsinki. We retrospectively analyzed data from pa-
ients diagnosed with KHE between January 2014 and January
022 from the Vascular Anomalies Group of Sic huan Pr o vince .
ic huan Pr o vince , with a population of 83.72 million people , is in
outhwestern China. At the diagnosis of KHE, we collected data
n sex, age of onset, hematological findings, imaging results, le-
ion depth, maximum diameter of the lesion, location of the le-
ion, and prognosis . T he inclusion criteria for this study were as
ollows: ( i ) the diagnosis of KHE was confirmed by clinical fea-
ur es, ma gnetic r esonance ima g ing, and histopatholog ic data; ( ii )
atients were not receiving any treatment at the time of data
ollection; and ( iii ) written informed consent was obtained from
he patient or the patient’s guardians . For KMP patients , biopsies
ere performed after hematological parameters had returned to
ormal. Patients with incomplete data were excluded from this
tudy. 

efinition 

ccording to pr e vious studies, KMP is defined as a platelet
ount < 100 × 10 9 /L with hypofibrinogenemia ( < 1.6 g/L ) and con-
umptiv e coa gulopathy ( D-dimer le v el > 0.5 mg/L ) .5 , 12 KHE can be
or phologicall y classified as superficial, deep, or mixed.4 In the

resent study, we measured the longest diameter of the lesion
o r epr esent the lesion size. Remission of disease was defined as
 ≥20% decrease in the volumes of KHE lesions. No change was
efined as a < 20% increase and a < 20% decrease in the volumes
f KHE lesions. Further growth was defined as a ≥20% increase
n the volume of index KHE compared with the baseline volume

easur ed. In the pr esent study, monother a p y w as sir olim us alone,
hile combination ther a p y w as sir olim us combined with pr ed-
isone for treatment. 
ta tistical anal ysis 

ategorical data were appropriately expressed as n ( % ) , and quan-
itativ e data wer e shown as the median ( interquartile range
IQR] ) and/or mean ( range ) . Fisher’s exact test, chi-square test, or

ann −Whitney U test were used appropriately. Univariate logis-
ic r egr essions wer e performed to anal yze the factors associated
ith KMP by calculating the odds ratio ( OR; 95% confidence inter-

al [CI] ) . The variables with P < 0.10 from the univariate analysis
ere selected for inclusion in the multivariate logistic regression
odel. We used the area under the receiver operator characteris-

ic ( ROC ) curve to assess the predictive po w er of risk factors and
pplied Youden’s index to establish the cutoff points. A value of
 < 0.05 was considered statistically significant. All analyses were
erformed with SPSS statistical software version 26.0 ( IBM Corp ) . 

esults 

a tient char acteristics 

he c har acteristics of KHE patients with or without KMP are sum-
arized in Tables 1 and 2 . A total of 338 KHE patients ( 207 males

nd 131 females ) were enrolled in the study, and 45.9% of the KHE
atients de v eloped KMP ( Fig. 1 ) . The median age of onset and tu-
or size were 1.5 months ( IQR 0.0–8.0 ) and 5.1 cm ( IQR 3.9–7.1 ) , re-

pectiv el y. The most common lesion location was on the extrem-
ties ( 50.0% ) , and the most common lesion morphology was the

ixed type ( 63.6% ) . Compared with KHE patients without KMP,
MP patients had significantly lo w er hemoglobin, platelet, and fib-
inogen le v els and significantl y higher D-dimer le v els. For KMP, the
r eatment str ategies wer e also significantl y differ ent fr om those
or KHE without KMP. Sir olim us monother a p y w as more often
sed in patients with KHE, while patients with KHE combined with
MP tended to take combination ther a py. 

atients’ prognosis 

e follo w ed up 338 patients, 311 of whom w ere follo w ed up for
 years and 27 for 1 year ( supplementary Table 1, see online
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Table 1. Clinical c har acteristics and univ ariate anal ysis of KHE with or without KMP. 

Variable 
All patients 

( n = 338 ) 
With KMP 
( n = 155 ) 

Without KMP 
( n = 183 ) 

Odds r a tio 
( 95% CI ) P value 

Sex, n ( % ) 
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 c har acteristics and mana gement str ategies of KHE with or without KMP. 

Variable 
All patients 

( n = 338 ) 
With KMP 
( n = 155 ) 

Without KMP 
( n = 183 ) P value a 

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 le v el ( × 10 9 /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 le v el ( 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 le v el ( 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 ( 4.1–13.8 ) 0.7 ( 0.4–1.1 ) 

Management, n ( % ) < 0 .001 
Monother a py 225 ( 66.6 ) 90 ( 58.1 ) 135 ( 73.8 ) 0 .002 
Combination ther a py 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 

a P value was calculated using the Mann −Whitney U test. 
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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 pr ogr essiv e disease. Notabl y,
despite disease r egr ession at the pr e vious follow-up, 11 patients 
experienced disease pr ogr ession 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. 
isk factors for KMP 

here was no significant relationship between sex and KMP oc-
urrence. Consistent with previous studies, KHE morphology, le- 
ions of the r etr operitoneum or mediastinum, a ge of onset, and
esion size correlated with KMP occurrence based on univariate 
ogistic r egr ession ( Table 1 ) . Fr om m ultiv ariate logistic r egr ession,
e found that the risk of KMP decreased with age ( P < 0.001,
R 0.939; 95% CI 0.914–0.966 ) and that a larger lesion diameter
as correlated with a higher incidence of KMP ( P < 0.001, OR
.944; 95% CI 1.646–2.296 ) ( Table 3 ) . Compared to superficial le-
ions, 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 wer e mor e likel y to
e v elop KMP. Additionall y, four patients with lesions of the medi-
stinum all had KMP, and 77.8% ( 7/9 ) of patients with lesions in the
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Table 3. Multiv ariate anal ysis of risk factors for KMP. 

Variable Odds r a tio ( 95% CI ) P value 

Age of onset ( months ) 0.939 ( 0.914–0.966 ) < 0 .001 
Retroperitoneum or mediastinum 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 

F igure 2. R OC curves assessing the link between risk factors and the 
occurrence of KMP in KHE patients . T he 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 
r etr operitoneum/mediastinum ( AUC 0.530, 95% CI 0.468–0.592 ) ; the 
or ange curv e r epr esents mor phology ( AUC 0.590, 95% CI 0.529–0.650 ) ; 
and the y ello w curve represents all independent risk factors ( AUC 0.887, 
95% CI 0.852–0.922 ) . AUC, area under the receiver operating 
c har acteristic curv e. 
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 etr operitoneum had KMP. Ov er all, patients with mediastinal
r r etr operitoneal lesions wer e mor e pr one to de v eloping KMP
 P = 0.019, OR 11.864; 95% CI 1.497–94.003 ) . 

redictors of KMP in KHE patients 

o further inspect the relationships between the independent risk
actors and KMP occurrence, we conducted an ROC curve analy-
is ( Fig. 2 ) . For lesion size, the area under the ROC curve was 0.828
 95% CI 0.784–0.872 ) , suggesting that the model accur atel y dis-
inguishes between patients who de v elop KMP and those who do
ot. For the age of onset, the area under the R OC curve w as 0.709
 95% CI 0.654–0.764 ) ; this result sho w ed a moderate discrimina-
ive ability for KMP. For all the independent risk factors, the area
nder the ROC curve was 0.887 ( 95% CI 0.852–0.922 ) . The Youden

ndex indicated that the optimal cutoff values for predicting KMP
n KHE patients were 5.35 cm for the maximum lesion diameter
 index = 0.549, sensitivity = 76.8%, specificity = 78.1% ) and 4.75
onths for the onset age ( index = 0.370, sensitivity = 88.4%, speci-
city = 48.6% ) . 

Further analysis sho w ed that a lesion size above the cutoff of
.35 cm was significant for predicting KMP ( P < 0.001, OR 11.817,
5% CI 7.084–19.714 ) . Additionally, the risk of developing KMP sig-
ificantl y incr eased at an a ge of onset below the cutoff of 4.75
onths ( P < 0.001, OR 7.206, 95% CI 4.073–12.749 ) . For KHE pa-

ients with an onset age < 4.75 months and a lesion diameter
 5.35 cm, the risk of KMP was significantl y incr eased ( P < 0.001,
R 21.099, 95% CI 11.718–37.992 ) . 

haracteristics of different lesion sizes and onset 
ges 

sing the cutoff points as a boundary, we analyzed the clinical fea-
ur es for differ ent lesion sizes ( Table 4 ) and a ge of onset ( Table 5 ) .

e found that the mixed type was more concentrated in the group
bov e the thr eshold of lesion size ( P < 0.001 ) , while the deep type
as mostly seen below the threshold ( P < 0.001 ) . For the age of
nset, small lesions wer e mor e commonl y seen at an older onset
ge ( P < 0.001 ) . In terms of management strategies, lesions < 5.35
m were more commonly treated with monotherapy ( P = 0.006 ) ,
hile lesions ≥5.35 cm wer e mor e often treated with combina-

ion ther a py ( P < 0.001 ) . For patients of onset a ge < 4.75 months,
he mixed-type ( P = 0.001 ) and superficial-type ( P = 0.012 ) were

or e common, wher eas the deep ( P < 0.001 ) type was more of-
en seen in patients with onset age > 4.75 months. In terms of
ematological par ameters, ther e wer e significant differ ences in
emoglobin, platelet le v el, fibrinogen le v el, and D-dimer le v el,
hether grouped by age at onset or lesion size thresholds. Com-
ared to the age at onset ≥4.75 months group, patients with an
nset age < 4.75 months had higher disease regression rates at 6
onths, 1 year, and 2 years. 

iscussion 

HE, a r ar e borderline tumor, has attracted the attention of re-
earchers due to its series of complications.16 Among the compli-
ations of KHE, KMP has always been the focus of clinicians be-
ause it r epr esents a ggr essiv e tumor pr ogr ession with poor pr og-
osis.17 , 18 After the onset of KMP, residual fibrosis tends to af-
ect joint motion, and blood product infusion is needed to cor-
 ect coa gulopathy.6 We also found a higher incidence of c hr onic
ymphedema in patients with KMP in our pr e vious study.19 The
rognosis of KHE patients can be improved if timely and effective
r eatment str ategies ar e carried out for KMP patients or timely
r eatments ar e taken to pr e v ent the occurr ence of KMP.17 In addi-
ion, KHE with KMP has a higher r ebound r ate and mor e disease
equelae than KHE without KMP.12 Consistent with pr e vious stud-
es, more patients with KMP received combination treatment to
ontrol the disease, while monotherapy, surgical resection, or ex-
ectant ther a p y w er e used mor e often to tr eat patients with KHE
ithout KMP.20 

We pr e viousl y belie v ed that ∼70% of KHE would be accompa-
ied by KMP,4 , 5 but a recent large retrospective analysis revealed
hat the incidence of KMP is lo w er than our pr e vious conclusion.3

s evidence accumulates from more studies with larger sample
izes, the r eported fr equency of KMP has decr eased. This study
ho w ed that 45.9% of patients de v eloped KMP. This decrease in
ncidence may be attributable to the fact that timely and effec-
iv e mana gement str ategies ar e pr o vided to most KHE patients .
o w e v er, it is also possible that a growing number of mild KHE
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Table 4. Characteristics of KHE for different lesion sizes. 

Variable Lesion size ( cm ) P value 

< 5.35 ( n = 179 ) ≥5.35 ( n = 159 ) 

Sex, n ( % ) 0 .418 a 

Female 73 ( 40.8 ) 58 ( 36.5 ) 
Male 106 ( 59.2 ) 101 ( 63.5 ) 

Anatomic location, n ( % ) 0 .299 a 

Cervicofacial 48 ( 26.8 ) 32 ( 20.1 ) 0 .149 a 

Extremity 88 ( 49.2 ) 81 ( 50.9 ) 0 .744 a 

Trunk 43 ( 24.0 ) 46 ( 28.9 ) 0 .306 a 

Retroperitoneum or mediastinum, n ( % ) 0 .948 a 

Yes 172 ( 96.1 ) 153 ( 96.2 ) 
No 7 ( 3.9 ) 6 ( 3.8 ) 

Depth, n ( % ) < 0 .001 a 

Superficial 36 ( 20.1 ) 25 ( 15.7 ) 0 .295 a 

Deep 47 ( 26.3 ) 15 ( 9.4 ) < 0 .001 a 

Mixed 96 ( 53.6 ) 119 ( 74.8 ) < 0 .001 a 

Age of onset ( months ) < 0 .001 b 

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 a 

Monother a py 131 ( 73.2 ) 94 ( 59.1 ) 0 .006 a 

Combination ther a py 28 ( 15.6 ) 58 ( 36.5 ) < 0 .001 a 

Surgical excision 14 ( 7.8 ) 5 ( 3.1 ) 0 .062 a 

Expectant management 6 ( 3.4 ) 2 ( 1.3 ) 0 .365 a 

Hemoglobin ( g/L ) < 0 .001 b 

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 le v el ( × 10 9 /L ) < 0 .001 b 

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 le v el ( g/L ) < 0 .001 b 

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 le v el ( mg/L ) < 0 .001 b 

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 .707 a 

Remission 122 ( 68.2% ) 114 ( 71.7% ) 0 .479 a 

No change 49 ( 27.4% ) 40 ( 25.2% ) 0 .644 a 

Further growth 8 ( 4.5% ) 5 ( 3.1% ) 0 .527 a 

1-y ear follo w up, n ( % ) 0 .853 a 

Remission 152 ( 84.9% ) 138 ( 86.8% ) 0 .622 a 

No change 19 ( 10.6% ) 14 ( 8.8% ) 0 .576 a 

Further growth 8 ( 4.5% ) 7 ( 4.4% ) 0 .976 a 

2-y ear follo w up, n ( % ) c 0 .124 a 

Remission 144 ( 87.3% ) 128 ( 87.7% ) 0 .916 a 

No change 15 ( 9.1% ) 7 ( 4.8% ) 0 .140 a 

Further growth 6 ( 3.6% ) 11 ( 7.5% ) 0 .131 a 

a P value was calculated using the chi-square test. 
b P value was calculated using the Mann −Whitney U test. 
c 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. 
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patients have been diagnosed due to the increased awareness of 
KHE. 

Ne v ertheless, the understanding of KHE and KMP remains lim- 
ited at pr esent. Man y r esearc hers hav e pr oposed 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.21 Ho w ever, it has also been hypothe- 
sised that highly expressed podoplanin in KHE lesions is associ- 
ated with platelet a ggr egation.22 High shear stress may also be 
involved in the occurrence and development of KMP.2 Ho w ever,
r egr ettabl y, ther e is no hypothesis that can clearly explain the oc- 
currence of KMP. 
In addition to studies on the pathogenesis of KMP, clinical
nv estigators ar e also activ el y searc hing for risk factors r elated
o the occurrence and development of KMP. Current studies in-
icate that r etr operitoneal/mediastinal lesion location, large le- 
ion size, and young age of onset are risk factors for de v eloping
MP.4 , 5 We analyzed the relationship between sex, age of onset,
natomic location, depth of invasion, and tumor size and the oc-
urrence of KMP. Univariate analysis sho w ed that age of onset, le-
ion size, morphology, and anatomic site of KHE were associated
ith KMP. Multivariate analysis sho w ed that compared with su-
erficial lesions, the risk of KMP in mixed lesions and deep lesions

ncreased 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 a 

Female 87 ( 37.7 ) 44 ( 41.1 ) 
Male 144 ( 62.3 ) 63 ( 58.9 ) 

Anatomic location, n ( % ) 0 .240 a 

Cervicofacial 60 ( 26.0 ) 20 ( 18.7 ) 0 .143 a 

Extremity 115 ( 49.8 ) 54 ( 50.5 ) 0 .907 a 

Trunk 56 ( 24.2 ) 33 ( 30.8 ) 0 .200 a 

Retroperitoneum or mediastinum, n ( % ) 1 .000 a 

Yes 9 ( 3.9 ) 3 ( 3.7 ) 
No 222 ( 96.1 ) 104 ( 96.3 ) 

Depth, n ( % ) < 0 .001 a 

Superficial 50 ( 21.6 ) 11 ( 10.3 ) 0 .012 a 

Deep 21 ( 9.1 ) 41 ( 38.3 ) < 0 .001 a 

Mixed 160 ( 69.3 ) 55 ( 51.4 ) 0 .001 a 

Tumor size ( cm ) < 0 .001 b 

Mean ( range ) 6.6 ( 1.3–25.0 ) 5.0 ( 1.2–20.0 ) 
Median ( IQR ) 5.7 ( 4.1–8.0 ) 4.3 ( 3.3–5.5 ) 

Management, n ( % ) 0 .367 a 

Monother a py 148 ( 64.1 ) 77 ( 72.0 ) 0 .152 a 

Combination ther a py 65 ( 28.1 ) 21 ( 19.6 ) 0 .095 a 

Surgical excision 12 ( 5.2 ) 7 ( 6.5 ) 0 .617 a 

Expectant management 6 ( 2.6 ) 2 ( 1.9 ) 0 .980 a 

Hemoglobin ( g/L ) < 0 .001 b 

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 le v el ( × 10 9 /L ) < 0 .001 b 

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 le v el ( g/L ) < 0 .001 b 

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 le v el ( mg/L ) < 0 .001 b 

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 .003 a 

Remission 175 ( 75.8% ) 61 ( 57.0% ) < 0 .001 a 

No change 49 ( 21.2% ) 40 ( 37.4% ) 0 .002 a 

Further growth 7 ( 3.0% ) 6 ( 5.6% ) 0 .400 a 

1-y ear follo w up, n ( % ) 0 .066 a 

Remission 205 ( 88.7% ) 85 ( 79.4% ) 0 .023 a 

No change 19 ( 8.2% ) 14 ( 13.1% ) 0 .162 a 

Further growth 7 ( 3.0% ) 8 ( 7.5% ) 0 .118 a 

2-y ear follo w up, n ( % ) c 211 100 0 .059 a 

Remission 191 ( 90.5% ) 81 ( 81.0% ) 0 .018 a 

No change 11 ( 5.2% ) 11 ( 11.0% ) 0 .063 a 

Further growth 9 ( 4.3% ) 8 ( 8.0% ) 0 .176 a 

a P value was calculated using the chi-square test. 
b P value was calculated using the Mann −Whitney U test. 
c 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. 
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emonstr ated that a ge of onset and lesion size wer e str ongl y cor-
elated with the incidence of KMP. As platelet trapping can be seen
n KHE lesions with or without KMP, we speculated that larger le-
ions have a stronger ability to capture platelets. Additionally, a
ounger age of onset is associated with a larger relative area of the
esion in c hildr en. Our r esults also indicated that the risk of KMP in
 etr operitoneal/mediastinal lesions was 11.864 times higher than
hat in other sites. 

Ho w e v er, knowledge that a ge and lesion size ar e r elated to the
ccurrence of KMP is insufficient for clinicians. Gruman et al . ret-
 ospectiv el y r e vie wed a series of cases and found that a lesion di-
meter < 8 cm may not be enough to dir ectl y cause KMP.14 Our
r e vious study sho w ed that patients with lesion diameters > 5 cm
er e mor e pr one to KMP.4 Ho w e v er, these thr esholds wer e not cal-

ulated b y standar d statistical methods . T he R OC curve w as ob-
ained for analysis in this work, and the optimal cutoff point was
alculated using Youden’s index. In the present study, we reviewed
ata for many KHE patients, and the best discriminant thresholds
f lesion size and age of onset were 5.35 cm and 4.75 months,
 espectiv el y. Our r esults suggest that for KHE patients with le-
ions > 5.35 cm in diameter, clinicians should be alert to the oc-
urrence of KMP and undertak e acti v e mana gement str ategies as
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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 r educe r esidual lesions; to this end, sir olim us or vincristine 
with/without prednisolone might be a good choice.20 , 23–26 

Ho w e v er, for lesions in the r etr operitoneum/mediastinum, KMP 
should be considered regardless of the age of onset or size of the 
lesion. Despite the small number of r etr operitoneal/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 
a vailable . 

We belie v e that further study and incr eased awar eness of KMP 
will increase the availability of information to help clinicians 
manage these patients. 

In the pr esent study, ther e wer e se v er al limitations. First, this 
was a r etr ospectiv e 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 
pr ospectiv e studies in the future . T hird, in this study, we did not 
analyze the long-term prognosis and treatment strategies of KHE 
with/without KMP; ho w e v er, 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- 
tiv ariate anal ysis r esults. Youden’s index was used to calculate the 
optimal cutoff v alues, whic h wer e found to be 4.75 months for the 
onset age and 5.35 cm for the lesion size . T he 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 de v eloping KMP than KHE patients with- 
out any risk factors. For KHE patients with risk factors, active in- 
tervention is recommended to improve their prognoses. 
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Supplementary data is available at PCMEDI online. 
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