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1 ISSVA Classification of Vascular Anomalies

Tumors Malformations

Hemangioma smple

Other capillary (C)
lymphatic (L)
venous (V)
combined

AVF, AVM, CVM, CLVM,

LVM, CAVM, CLAVM

*|SSVA = The International Society for
the Study of Vascular Anomalies.

2 Updated ISSVA classification of vascular anomalies.

Vascular tumors

Vascular malformations

Infantile hemangiomas

Congenital hemangiomas (RICH and NICH)

Tufted angioma (with or without
Kasabach-Merritt syndrome)

Kaposiform hemangioendothelioma (with or without
Kasabach-Merritt syndrome)

Spindle cell hemangioendothelioma

Other, rare hemangioendotheliomas (epithelioid,
composite, retiform, polymorphous, Dabska tumor,
lymphangioendotheliomatosis, etc.)

Dermatologic acquired vascular tumors (pyogenic
granuloma, targetoid hemangioma, glomeruloid
hemangioma, microvenular hemangioma, etc.)

Sow-flow vascular malformations:

Capillary malformation (CM)
Port-wine stain
Telangiectasia
Angiokeratoma

Venous malformation (VM)
Common sporadic VM
Bean syndrome
Familia cutaneous and mucosal venous
malformation (VMCM)
Glomuvenous malformation (GVM)
(gdomangioma)
Maffucci syndrome

Lymphatic malformation (LM)

Fast-flow vascular malformations:

Arterial malformation (AM)
Arteriovenous fistula (AVF)
Arteriovenous malformation (AVM)

Complex-combi ned vascular malformati ons:
CVM, CLM, LVM, CLVM,
AVM-LM, CM-AVM

C=capillary; V=venous; L=lymphatic; AV=arteriovenous, M=malformation. RICH=rapidly involuting congenit
hemangioma; NICH=noninvoluting congenital hemangioma.



3 Infatile hemangioma vascular malformation

Infatile hemangioma

Vascular malformation

turnover

GLUT1+

s s )

turnover

CM, VM, LM, AVM
GLUT1-

GLUT1=glucose transporter 1

4

ISSVA

ISSVA

vascular tumor

strawberry hemangioma

infantile hemangioma

vascular malformation

cavernous hemangioma
venous hemangioma
intramuscular hemangioma

synovial hemangioma

venous malformation

arteirovenous hemangioma

arteriovenous malformation

hamangioma simplex
teleangiectasia

portwine stain

capillary malforamtion

lymphangioma

cystic hygroma

lymphatic malformation

5 Schdébinger’s classification

Stage

Features
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HE
Elastica van Gieson (EVG)
EVG
HE CD31 CD34
podoplanin D2-40
CD31 CD34
-angioma
ISSVA
-angioma hemangioma lymphangioma
(Cavernous
hemangioma)
ISSVA 1-3)
ISSVA -angioma
malformation

ISSVA

(Venous malformation)



-angioma
malformation
-angioma malformation
2002 WHO 4)
2007
and Enzinger) 5)

(Arterial malformation AM)

malformation CM)

CVM)
(Arterio-venous malformation AVM)
VM
Smooth muscle actin
CM VM

EVG

(Venous malformation VM)

11

ISSVA -angioma

Histological typing of soft tissue tumors (Weiss

(Capillary

(Lymphatic malformation LM)

(Capillary-venous malformation

CM
CM
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CM VM CD31 CD34
HE VM podoplanin (D2-40 )
podoplanin (Lymphatic-venous

malformation, LVM)

Tufted

angioma Kaposiform hemangioendothelioma (KHE)

GLUT-1 6
GLUT-1

Rapidly-Involuting

Congenital Hemangioma (RICH) Non-Involuting Congenital Hemangioma (NICH)
RICH NICH

Tufted angioma

KHE
Tufted angioma
KHE Tufted angioma
podoplanin
Tufted angioma KHE
podoplanin 7,8,9) Tufted

angioma  KHE 10)
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Infantile Hemangioma

1 6
ISSVA D
10-12 0.8% 3)
80% 20%
25% 15% 5
6)
combination 7
40%
6 20

9)

Infantile Hemangioma

2)

4)

3)

apoptosis

13

60%

germline somatic mutation

5)

Glut-1



11)

tissue-expanding effect

Cryosurgery

10)

15

12
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cryodestruction

hemangioma-derived stem cells in tumor;hemSCs
Vasculogenesis(de novo formation of new vasculature)
vascular endothelial growth factor receptor
VEGF VEGF; vascular endothelial growth factor

Corticosteroids

systemic adverse effect
H2

behavior disturbances

Propranolol

13

Interferona - 2a
Kasabach-Merritt Phenomenon
Kasabach-Merritt Phenomenon kaposiform

hemangioendothelioma
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mass effect

Apoptosis



MRI

T1 T2

Localized Intravascular Coagulopathy

MRI

Flow void

LIC

T1
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Venous Malformation VM

vasculogenesis

slow-flow

Tie2

D- FDP

ISSVA

1)



Localized Intravascular Coagulopathy LIC

1)

X
MRI T2
T2
LIC KMP
2)
0.5 1.0ml/kg
0.4ml/kg
1
DSA

T1

2mg/kg

1) Enjolras O, Wassef M , Chapot R Introduction: ISSVA

classification. Color Atlas of Vascular Tumors and

Vascular Malformations, pp1-11, Cambridge University

Kasabach-Merritt KMP

5%EO

LIC

Press, New York, 2007
2)

2005525 250-259.

RI

21
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AVF

MRI
T1 T2

Flow void

Localized Intravascular Coagulopathy LIC

MRI

T1



23



24

(Ar eriovenous Malformation: AVM)

AVM vasculogenesis
Parkes Weber PkWS
Capillary Malformation-Arteriovenous Malformation (CM-AVM) RASA1
Schobinger () 1)
Stage 1
Stage 11
AVM Stage 111
Stage II 11 pseudo-Kaposi’s sarcoma
Stewart-Bluefarb 2 AVM  Stage III
AVM Stage IV
PkWS Stage IV
Klippel-Trenaunay KTS
KTS
AVM
FDP
MRI flow void
AVM T2 T1
MR CT

Digital Subtraction Angiography DSA
AVM



AVM

AVM

NSAIDs

AVM

NBCA

DSA

1) Kohout MP, et al Arteriovenous malformations of the

head and neck: natural history and management. Plast.

Reconstr. Surg. 1998;102 643-654.
2) Larralde M, et al: Pseudo-Kaposi sarcoma with
arteriovenous malformation. Pediatr Dermatol.

2001;18:325-327.

AVM Schobinger

3)

Stagel

Stagell

Stagelll

StagelV

2005525 250-259.

AVM

3)
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AVM Scobinger
ai )
aw )
thrill
B
FFT
MRI
flow void
MR angiography
CT
CT
MIP
CT

Dynamic

volume-rendering

111

AVM

3D

(nidus)

shunt



AVM
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Lymphatic Malformation: LM

145 (36.5%) (31%) (24.1%)
8.2% 48% 42% 10%
(cystic hygroma)

(venous malformation, VM)

LM VM
VEGFR3 D2-40

15 1 768
3,000 5

, LM 3/4

2)

3/4

1)

48

2)

1)

LM
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AVM LM
MRI
T1
T2 )
fluid-fluid level
T1 VM LM
LM
0.5 1.0ml/kg 2mg/kg 1mg/kg
1
DSA 3-5)
5)
1) Enjolras O, Wassef M, Chapot R. Color atlas of vascular 2)  Weis SW, Goldblum JR. Enzinger and Weiss’s soft tissue
tumors and vascular malformations. Cambridge tumors, fifth edition. Mosby Elsevier, Philadelphia, 2008.

University press, New York, 2007. 3)
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30

s

2004

update,

)

2003

5)

2005525 250-259.



(macrocystic lesion)

MRI
T1

Flow void

(microcystic lesion)

T2

T1
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MRI
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Capillary Malformation: CM

slow-flow
ISSVA Y
(port-wine stains)

telangiectasia (angiokeratomas)

CVM CLM LVM CLVM CM-AVM

1)

1 Sturge-Weber

1)

CM VM LM Klippel-Trenaunay 2,3)

D 0.3% 4.5

6)

1-2

1)

(macrocheilia)

(gum hypertrophy) (epulis)

1,7
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VM
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MRI
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MRI
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MRI
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120 ISSVA
3 ( D

Infantile Slow-flow Fast-flow
hemangioma
‘PHACE - Sturge-Weber syndrome ‘Bonnet-Dechaume-Blanc syndrome
syndrome - Klippel-Trenaunay syndrome (Wyburn-Mason syndrome)
(PHACES - Proteus syndrome - Parkes Weber syndrome
association) Cutis marmorata telangiectasia - Rendu-Osler-Weber syndrome
PELVIS congenita (CMTC) (Hereditary hemorrhagic
syndrome -Adams-Oliver syndrome telangiectasia : HHT)

‘Blue rubber bleb Nevus syndrome - Cobb syndrome

(Bean syndrome) -CM-AVM syndrome

- Maffucci syndrome - Cowden syndrome

- Gorham-Stout syndrome - Ehlers-Danlos(Type4) syndrome
[ ]
1) Enjoras O. et al: Color atlas of vascular tumors and 2007;56:541-564

vascular malformations. Cambridge university press, 3) NozakiT. et al: Syndromes associated with vascular
2007 tumors and malformations: a pictorial review.

2)  Garzon MC. et al: Vascular malformations. Part II: Radiographics. 2013;33:175-195..

associated syndromes. J Am Acad Dermatol.
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PHACE(S)
1978 Pascual-Castroviejo
1996 Frieden PHACE Y
5 6
[ ]
2001 130
[ ]
1. P: Posterior fossa malformations( )

Dandy-Walker malformation

2. H: Hemangioma of the face and neck ( )
5cm
3. A:Arterial anomalies( )
4. C: Cardiac defects/Coarctation of the aorta( / )
ASD VSD
5. E: Eye/Endocrine anomalies( / )
6. S: Sternal defect( )
PHACES association
( 5em ) PHACE MRI
MRA 2)
[ ]
1)  Frieden 1J, Reese V, Cohen D.: PHACE syndrome. The 2) 0Oza VS, Wang E, Berenstein A, Waner M, Lefton D, Wells
association of posterior fossa brain malformations, dJ, Blei F.: PHACES association: a neuroradiologic review
hemangiomas, arterial anomalies, coarctation of the aorta of 17 patients. AJNR 2008;29:807-813.

and cardiac defects, and eye abnormalities. Arch Dermatol.

1996;132:307-311.

Klippel-Trenaunay

1900 Klippel Trenaunay
1,2)
[ ]
1994 900
[ ]
3 3)
1) CM 20~30

2) Lateral megavein
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3) 75%
1) Gloviczki P, Driscoll DJ.: Klippel-Trenaunay syndrome: 3) Redondo P, Aguado L, Martinez-Cuesta A.: Diagnosis and
current management. Phlebology. 2007;22:291-298. management of extensive vascular malformations of the
2)  Oduber CE, van der Horst CM, Hennekam RC.: lower limb: part I. Clinical diagnosis. J Am Acad Dermatol.
Klippel-Trenaunay syndrome: diagnostic criteria and 2011:;65:893-906.

hypothesis on etiology. Ann Plast Surg. 2008;60:217-223.

Sturge-Weber

1879 Sturge 1922 Weber
CM
1,2)

[ ]

23 1
[ ]

CM 1 +£2
1 80% CM
CM
CM 1 2 3
CM 70%
30%
[ ]
CT (tram track) 2
MRI
[ ]
1)  ComiAM.: Presentation, diagnosis, pathophysiology, and 2)  Welty LD.: Sturge-Weber syndrome: A case study.
treatment of the neurological features of Sturge-Weber Neonatal Netw. 2006;25:89-98.

syndrome. Neurologist. 2011;17:179-184.
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Proteus
1979 Cohen
Wiedemann
D PTEN 2011
2)
[ ]
2001 200
[ ]
1)
A. B.1)
) 3)10 /

2) CM/ M/

B 2 C 3 3)

[ ]

[ ]

1)  Wiedemann HR, Burgio GR, Aldenhoff P, Kunze J, 2)
Kaufmann HJ, Schirg E.: The proteus syndrome. Partial
gigantism of the hands and/or feet, nevi, hemihypertrophy,
subcutaneous tumors, macrocephaly or other skull 3)

anomalies and possible accelerated growth and visceral

affections. Eur J Pediatr. 1983;140:5-12.

Blue rubber bleb nevus Bean

1860 Gascoyen VM

Bean
1,2)

[ ]

1999 200
[ ]

0.1 5cm

VM

1983
Lindhurst AKT-1 kinase
2) 3)
2) (
C.1)
LM 3) 4) A

Lindhurst MdJ, Sapp JC, Teer JK. Et al.. A mosaic
activating mutation in AKT1 associated with the Proteus
syndrome. N Engl J Med. 2011;365:611-619.

Biesecker LG, Happle R, Mulliken JB, Weksberg R,
Graham JM Jr, Viljoen DL, Cohen MM Jr.: Proteus
syndrome: diagnostic criteria, differential diagnosis, and

patient evaluation. Am J Med Genet. 1999;84:389-395.

1958 Bean

VM



CcT

[ ]

1) Nahm WK, Moise S, Eichenfield LF, Paller AS, Nathanson
L, Malicki DM, Friedlander SF.: Venous malformations in
blue rubber bleb nevus syndrome: variable onset of
presentation. J Am Acad Dermatol.2004; 50:S101-106.

2)  Wong CH, Tan YM, Chow WC, Tan PH, Wong WK.: Blue
rubber bleb nevus syndrome: a clinical spectrum with
correlation between cutaneous and gastrointestinal

manifestations. J Gastroenterol Hepatol.

Gorham-Stout
1955 Gorham Stout 24
1) LM

2)

1998 175

LM

[ ]

1) Gorham LW, Stout AP.: Massive osteolysis (acute
spontaneous absorption of bone, phantom bone,
disappearing bone); its relation to hemangiomatosis. J

Bone Joint Surg Am. 1955;37-A:1985-1004.

3)

2)

41

3)

2003;18:1000-1002.
Donnelly LF, Adams DM, Bisset GS 3rd.: Vascular
malformations and hemangiomas: a practical approach in

a multidisciplinary clinic. AJR 2000;174:597-608.

massive osteolysis

Patel DV.: Gorham's disease or massive osteolysis. Clin

Med Res.2005;3:65-74.
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Maffucci
1881 Maffucci
[ ]
2004 180
[ ]
80% (25%
15-20%
Glioma

[ ]
[ ]

1) Albregts AE, Rapini RP.: Malignancy in Maffucci's

syndrome. Dermatol Clin. 1995;13:73-78.

Parkes Weber

1907 Parkes Weber

AVF
Klippel-Trenaunay

[ ]
Klippel-Trenaunay syndrome

[ ]
Klippel-Trenaunay

( VM LM 1)

( )2)

Zwenneke Flach H, Ginai AZ, Wolter Oosterhuis J.: Best
cases from the AFIP. Maffucci syndrome: radiologic and

pathologic findings. Radiographics. 2001;21:1311-1316.

AV shunt Klippel-Trenaunay

1)

AVF AV-shunt

pseudo-Kaposi sarcoma(pseudo-CM)

Klippel-Trenaunay

[ ]
CT angiography MR angiography

2)

AVF
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[ ]

1) Ziyeh S, Spreer J, Réssler J, Strecker R, Hochmuth A, 2)  Dubois J, Alison M.: Vascular anomalies: what a
Schumacher M, Klisch J.: Parkes Weber or radiologist needs to know. Pediatr Radiol.
Klippel-Trenaunay syndrome? Non-invasive diagnosis 2010;40:895-905.
with MR projection angiography. Eur Radiol.

2004314:2025-2029.
Rendu-Osler-Weber Hereditary hemorrhagic telangiectasia
HHT)
1896 Rendu 1901 Osler 1907 Weber
1)
[ ]
10 1 2
[ ]
60% 16
ENG ALK Smad4 5
HHT1 ENG AVM/AVF
1. 2. ( ) 3. AVM/AVF(
) 4. 3 2
TGF-8
Cardiovascular ~ Rendu-Osler-Weber syndrome ENG, ALK, Smad4
disease Marfan syndrome TGFBR1, TGFBR2, FBN1
Loeys-Dietz syndrome TGFBR1,TGFBR2
Arterial tortuosity syndrome SLC2A10
Ehlers-Danlos syndrome (Type4) COL3A1
Familial thoracic aortic aneurysms TGFBR1,TGFBR2,ACTA2
Malignant Juvenile polyposis ENG, Smad4, BMPR1A
tumor Hereditary nonpolyposis colorectal cancer TGFBR2
Bennayan-Riley-Ruvalcaba syndrome BMPR1A

Cowden disease BMPR1A
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[ ]
AVM/AVF

[ ]
1. McDonald J, Bayrak-Toydemir P, Pyeritz RE.: Hereditary management, and pathogenesis. Genet Med.

hemorrhagic telangiectasia: an overview of diagnosis, 2011;13:607-616.

- (Vascular metameric syndrome)
20 segment
1)
[ ]
Wyburn-Masson AVM/AVF Cobb
AVM/AVF cerebral arteriovenous
metameric syndrome(CAMS) spinal arteriovenous metameric syndrome(SAMS) 2,3)
[ ]
AVM/AVF

[ ]
1) Krings T, Geibprasert S, Luo CB, Bhattacharya JJ, 3) Cobb S. Hemangioma of the spinal cord associated with

Alvarez H, Lasjaunias P.: Segmental neurovascular skin naevi of the same metamer. Ann Srug

syndromes in children. Neuroimaging Clin N Am. 1915;65:641-649.

2007;17:245-258.

2) Bhattacharya JJ, Luo CB, Suh DC, Alvarez H, Rodesch G,
Lasjaunias P.: Wyburn-Mason or Bonnet-Dechaume-Blanc
as Cerebrofacial Arteriovenous Metameric Syndromes
(CAMS). A New Concept and a New Classification. Interv

Neuroradiol. 2001;30:5-17.



