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[Abstract] Hemangiomas and vascular malformations are common clinical diseases. According to their clinical and
imaging characterizations, the International Society for the Study of Vascular Anomalies (ISSVA) has systematically clas-
sified infantile hemangioma and vascular malformations, and the classification has been widely recognized and applied.
To date, most vascular malformations involve the following important signaling pathways: PI3K/Akt/mTOR and RAS/
MAPK/ERK. This discovery has major impacts on the diagnosis and treatment of vascular malformations including the
following: the understanding of the biology of vascular malformations has been increased; the understanding of vascular
malformations based on genotype has been refined; and the development of targeted drugs for the treatment of vascular
malformations has been promoted. Despite facing many challenges, with the development of gene sequencing, molecular
biology and imaging technology, the relevance of vascular malformation classification and the accuracy of diagnosis are
improving, and this is accompanied by innovations in surgical treatment and sclerotherapy, interventional embolization,
and continuous progress in targeted therapy. At present, investigations on vascular malformations are mostly retrospec-
tive clinical studies or low-level clinical trials. The purpose of this paper is to review the literature on the treatment of

infantile hemangioma, lymphatic malformation, venous malformation and arteriovenous malformation and to review the

research progress in evidence-based treatment of infantile hemangioma and vascular malformation.
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Table 1 Oxford center for evidence-based medicine: levels of evidence and grades of recommendation

Grades of Levels of
Therapy/Prevention/Etiology

recommendations evidence
A la Systematic reviews (with homogeneity) of randomized controlled trials

1b Individual randomized controlled trials (with narrow confidence interval)

le All or none randomized controlled trials
B 2a Systematic reviews (with homogeneity) of cohort studies

2b Individual cohort study or low quality randomized controlled trials (< 80% follow up)

2¢ “Outcomes” research; ecological studies

3a Systematic review (with homogeneity) of case-control studies

3b Individual case-control study
C 4 Case-series (and poor-quality cohort and case-control studies)

Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”
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B2 %)y )L M4 9% (infantile hemangioma , IH) J& FH
LA PA) B2 200 48 5 1) B e g 2 L e
UL ARSI, 1% LN RO N 3% ~ 10%
TH B 72 AR 5 i S LA 9 H B, A AR R 4R
DR B AT PR B A T R A R 58 U
IHTE 1 5 A e A HARTHIR I, AT 4542 3 ~ 84F {H
LB ERTHIR , THIR G w5 AR TR R
R VETYENR TS A RN 5 . 2947 10% 1 TH A&
JUTE AR AR b i B9 R R L A
W) 2 A E T ROE 5 T HL TH 3R TSk SR Y
R R, b e AL R M AP A AR R A B T
OB R, H AT 325k 6E TH 3847 B AL T
LA D I B HE o TH B9IR YT 7 % 2 B ALHE 1 Ik B
2 A BEL T 0] (387 28 98 JR ) 2 9 2R ) L F IR (B0
J T S B R R B TR S MR 2 T
AR EOCIRST BEARN TS5 . IR TR R R
P8 TH 28 BT 2% A7 0 B« e R Y TH B 3 R AR A B
SEARBELH 79 ( h ok FRE N 1% /R A% ZR 45 ) ,
SMEVA P 1 n] K G OEIRTT s TREER B TH 15 1k 1R
B SZMARBELAT AR, 5 A I B A2 A BEL it 571 ) A% Sk 2
Bl 1R B 32 ARBE AT SR A, T 2 BRI ik JE
P BRI E R (BT &G R ) 45 IR G 8
TH ] FIZHK 5 J=) 3B A8 ] B 52 (A BEL #5114 o 98 1<
PR A A SR A FH IR | ORI B R T Al
(B0 BANMAE 55K o X7 T i 2 5 HE gk 791 8 A5
(s ) 19 Jey kb P A R TH , W] 25 J8 AT il 22 A5 18
I CERO) A At R AN TR A I 57 (HE A7 5 B2 B, TE R
G 3a) . HARIEZE /RN H BA REFRT
YEFRLISK , B 32 MBI 71 & 48 UM TRYT TH 1 — 4k
2 (HEFF 5 B, IR S 2 2b) 70 SER i 2y

JLHM 2 mg/(kg-d) 5% 3 mg/(kg-d) " (HEFETRFE A,
WEPE S 1a) , 7RSI B R SR 5 IR, DA E
i £ A B v e AR AR I AR XU o 38 259 K
B i BE R AR PR AR PR B S ARBEL N, A 6%
S 37 IR 5 B, BRI EARTE S TR AR AT & R GE Y
ATREPE (AR B, UEIG 5 2¢) 5 H A SCHRHR
TE R A3 TH AR X0 3 289 R 24 (HERE SR T C,
WEHE GG 4) o BT I8 IR & — R oK Pk B B
SZARBE A R, AN 23 2 2ok 1 1 5 B, B2 AR A0S, HE
R E A1 mg/(kg-d) , — WM R, H AT I
TR 4 TH 5 5 X i) 1 IR it 24, DRt B 5 3 OR A
R 2508 7K BURTR YT TH 1 — 4259 (HER
SREEALIEEAESL 1b) .

JRy R B 25 iR 9T TH B VR RGBS B LR
TS24 W e e R 4 B I By /D R AL (L,
25 AT 5 | R R Z R, HL RS s 24 4 (4]
MR RATHER) R MERENE. KTy
T s A TR R PR TR A sl SR TH,
M2 G E R (SO & R) B MR
MVERA (R L Rl R % P EIE
S R T FHE X TH B A RAFRCR , 4800,
WA LI, Ja T V- BH 25 3R IR 97 TH Al 23K
AR (e om B C UE IR S5 4) . &
I, JRy R R S R B A R AR IR X B 32
1A BHL i 770 T 245 5006 97 IS Bk B e AR TH 1Y R 47 ik
BRI (HETE R T CLUEE S 4) o BRAT T H IR
1RYT TH Ab 8 B 5 R o ] T J) o e D 1 55
I (ETER B C IR SR 4) .

Xf T AT BERM IR | BH % B A i 7 45 4 (491 4
SIE IR NE ) AR T8 b M 96 2= BUR X /Y TH, 78 T 41



b

Al&mE 20216118 $£29% F11H
+ 724 + Journal of Prevention and Treatment for Stomatological Diseases, Nov. 2021, Vol.29 No.11 http://www.kqjbfz.com

TBOLT, 5 P ARYIBR (HEERE D, LS 25 ¢
5) : Jmy AR5 H AL FRAT (B ) 25 9036 97 R BE 2035
18 5 @ A8 o B Jmg B, B30 T R i A U 300 e
(g i py TH 2 e B ol R IR I 3 B i T
e ) 5 QI AL T At Bl A ] IX 5 @ kb TR R A7
ATREBYIER , AR BRI 22 53

i L5 TH B 2R ML, 2B T — 289 AR 1Y
RSP EE A (W) (R 2) " (9 B D, R4 25
5) BTk SEHE GO A B 25, AT BRI IR YT TH

BT ERE . BIFFEIESE , B R - LA S K R R GEAE H
(R R R b A AR T . A4V e B A R R
Az, AR T AR PR LA R K R AR . HE D
fre B I 5K K BRI A A O I A kR T i 8
AW G e v AE Rk R T Fe b o A Bk %
10, IR 1 A 55 5K 3R 0 B 4R e A I A R ok R
L. $ErEfEHTHLEAMRB.DMGHZY, AT
RE 2 FELUBT 1ML /87 5% 5K 2% A9 )™ 28, AT A #48 BE 1ML 8 A
JAER

R2 BAILNETE B AR YT HE A

Table 2 Potential therapeutic targets for infantile hemangioma

Literature

Research methods

Target/drug

Mechanisms

Zhang, et al

In vivo, in vitro

Macrophages

(129)

Wu, et al In vitro
(130)
Li, et al (131)

M1 macrophages

In vitro, immunohistochemistry, ~ PEDF
quantitative RT-PCR

Itinteang, et In vitro, immunohistochemistry, ~ Cathepsins B, D,
al (132) enzyme activity assays, mass G

spectrometry, and Nano String

gene expression assay

Chisholm, et al In witro, histochemistry, immu-  (3-adrenergic
(133); Dal, et nohistochemistry,  enzyme -  receptor
al (134) linked immunosorbent assay,

and colorimetry
Amaya, et al In vitro, histochemistry, and im-  Programmed cell
death protein - 1

(PD-1)

(135) munohistochemistry

Cai, et al In vivo, in vitro 15,16 - dihydro-
(136) tanshinone [
Wang, et al In vitro, histochemistry Linc00152

(137); Liu, et

al (138)

Zhang, et al In vitro, histochemistry UCAL1

(139)

Macrophages in IHs promoted the progression of hemangioma by promoting
lesion proliferation and endothelial cell differentiation while inhibiting lipo-
genesis of hemangioma

stem cells, thereby promoting the progression of hemangioma

M1 macrophage induced the transformation of endothelial cells in hemangio-
ma into mesenchyme, promoting hemangioma regression

PEDF expression was increased during the IH regression phase and may

have effects on promoting IH regression

The expression of cathepsins B, D, and G was detected in various stages of
IHs. Cathepsin B promoted the production of renin; cathepsin D induced the
production of angiotensin

I . and cathepsin G induced the conversion of angiotensin I to angiotensin Il

the B3-adrenergic receptor was highly expressed in various stages of IHs and
played a role in the pathogenesis of IHs, stimulating the release of VEGF

and affecting various intracellular pathways and vascular functions

Programmed cell death protein 1 was highly expressed in endothelial cells,
whereas expression of programmed death-ligand 1 was negative in six IH cas-

es, which provided the possibility for immunotherapy

Increased expression of apoptosis-associated proteins and significantly inhib-
ited angiogenesis. In vivo experiments showed significant inhibition of heman-
giomas

Linc00152 was highly expressed in IH tissues. Downregulation of Linc00152
expression inhibited Akt/mTOR and Notchl pathways, thereby inhibiting the

proliferation of endothelial cells and inducing apoptosis in the hemangiomas

UCA1 was upregulated during the proliferative phase of hemangiomas. Inhi-
bition of UCA1 expression upregulated miR -200c expression subsequently
and further inhibited mTOR, AMPK, and Wnt/ -catenin pathways, thereby

inhibiting cell proliferation, migration, and invasion of hemangiomas.

PEDF: pigment epithelium-derived factor; Linc00152: a long non-coding RNA; UCA1: urothelial carcinoma associated 1. The reference numbers in the ta-

ble are those in reference 18 of this paper
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VEGFR : vascular endothelial growth factor receptor; TIE2: transmembrane receptor tyrosine kinase functioning as receptor for angiopoetin
family proteins ; PDGFRB: platelet-derived growth factor; Ras: small guanosine triphosphatase protein involved in cellular signal transduc-
tion resulting in cell growth and division; Raf: protein kinase; MEK (MAP2K1) : mitogen-activated protein kinase; PI3K (PIK3CA) :

phosphoinositide 3-kinase , catalytic subunit; Akt: protein kinase B (serine and threonine protein kinase ) ; mTOR : mammalian target of ra-

pamycin (serine and threonine protein kinase )

Figure 1  Vascular malformation mutation spectrum and medical therapy targets
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WA A EIE R AR BRI R R
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Al AN BB (HEFE SR C L iR 59 4) o X F
PIK3CA 545 1) & 2% ik & W I (F 45 LMs ) , i AR TC
A ) ELAR TG o e 25 A, mT 2 g B ) D
FVH Al T BE (1 PIK3CA 41 I HEA TR YT o BT 35 ]
) JR 5 AR T &, OB A R v e TR
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LMs, 7] 27 g T MEK #1J0 il 57 ( 4n h 3 8 )2 ) 1934
Jr e (MR B B, WE PR SF 9 2¢) o Hifth PI3K/
AKT 38 B30 #0570 , W ARQ 092 H A IEAEIL 26 (7 36
D K W 2R AT VA 97 PROS 254 1iF (LM & HOps 9 =2
— ) EEW T I R 5T (NCT03094832) (47
SREE A UFHE S 1a) .

3 BRRkEEHZ

i ik 15 JE (venous malformations , VMs ) 42 Hi IR
TEA™ 5 110 i ok 2L B 1) G I8 B 06 72 L 24 40% &M T
S, e H B AR R L L JE ARk, B
B T A RS TE R E A R R, R 28 VMs
(> 90% ) Ak & P A BRRME | U7 A VMs 55 TIE2 Al
PIK3CA JE K] 9 {4 240 M 58 A8 A7 G ([ 1) 27 (22
SRPE B, UEE S 2¢) . VMs 414U TIE2 th & 38 T
20 Z IR SR 2 AE , DL R R AR R T A B A
) T 42 R W 192 Ak RN PI3K / AKT {353 B& 19 B e (3
SO o FE TIE2 2878 A7) VMs 1, Ziididh PI3K i
b 1 PIK3CA 285 9% & LG 848 . WFoE 3
i, TIE2 Fl PIK3CA 2 5 # [7] 1) VMs 0% {5 5 i
PR (HERESRE B IEE 4 2¢ ) .

Puig 25 AR 408 e S0 FN I 5% 30 ) SRR AR 25 A i
AR X VMs 4T T R G002 (1B 2) (HEFESR I
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AT RN X PEIR T (HEFE R B D IR 59 5) « T,
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P ) F1(B8) F PH 8 R (e 8 22 Wik ; Y,
DSA 1 52 , oK £, Pt 5 5L 55 Pl 4 2E [l 3 ik k-
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TR 25 ) WO IK 5 IV Y, DSA ¥ 52 , i S5 18 44 22 [l
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T TEK OB, 5 3% R 2R e (S R AR ) 1 (5))
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VMs (14 81 751 % B Ay I 4 22 0 A i e, G 8 5
JERT AR R B BRI PH A 2% I R IR S R
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A BT B AR TS . B9 MRIATCT RN
VIR 5150 AL Bl 32 438 % . VMs 38 L LMs
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n\o k@n
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Figure 2 Venous malformations were classified
according to the anatomical and hemodynamic

characteristics of the lesions and adjacent veins
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DR fK D s AR Ry S A AR PR R A o A R KA
T BT S 50 (R B 5 AR AE o IR B R IE R 24
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Y BLRT , I &RE & Az 20 22 5 nT RE A Ak 7 ok ¢
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Jai ¥ & T B, RO Sk SRR (A R
B, iEdE S K 3a) . — T A 9 NS 632 1] &
HIZE 20T R, oK 2 B3R 9T VMs 8997 80 T
RLREMMEREE, HIK O BEREILIT LA
RN B2 FRE REE (R B, E 5 4%
4 3a), L REKREALH ] EIRITECR, [
R e AV T 2 300 1, A sk 20 T B A 4 B A
FHMY S —TRAN A 37 A5 ALEE 2 067 il 3 1 &R
GEVTA KB, BE AT 75 Sk F VMs AR H X 2f
BT (R 3) M (HEFETR B B, IR 554 3a) o fifi
FHAT i) — Foh 65 £k 577) 22 Bz BB AL 3697 I, AR 58 43R
RN 64.7% A% o B A Ak 750 4 1 3 A R+
DU o 2 i TR 4 1 AT BRI, AR I B R A b
RN ZBE | £ BB T 28 4 . DU o 5 A R M 110 5
VR AR AL, N 55.5% , F FH 5 K 1Y 58 4238 AR
IR, N 85.9% o AT A — Fh i Ak 7 25 iz B AL YR 97
Jor B R B N 91.0% , B AR TE TR
1 78.9% , MARIK AT K AEH R 0.8% , TLHET I 4l o

R3EKEIE LAY AT RS AS
Table 3 Summary of the overall curative effect of

sclerotherapy for venous malformations %

Overall (95% CI)

Complete cure 64.7(57.4-72.0)
Partial cure 28.0(22.1-34.0)
No benefit 4.5(3.0-6.1)

78.9(67.0-90.8)
91.0(86.1-95.9)

Improvement in QoL

Patient satisfaction

Pulmonary complication 0.6(0.2-1.0)
Skin necrosis/scar 1.5(0.8-2.1)
Any permanent morbidity/mortality 0.8(0.3-1.3)

41.8(27.0-56.5)

Local temporary complication

Qol.: quality of life

ik vl Nd : YAG 306 n e 38 & 2 2 15 VM [1)
SRR/, BRSSO TR YT DR A P )
B VMs' (AR CIF RS 4) . 24 VMs 48
AT i ) 45 AR G T PP S R R B Al TR
VI 1T R ARG 2450405 XU o %o 1 e 52 9 il 9 R
BB F AR YRR & — B el AT IR YT O
o VMs I F AR RIAR 555 A8 IR E | 5 H 22
A ) 2 30 R B DA B R A R a2 R A r AT
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B VIR

XFF A 2% Vs, Hofi Rk e i i bk Jr vk 8 il
ol R i i, AT 2 R O MR e W B E] . — N PR
FLRITRYT VMs 19 T PRI O B 4 Al 2 1
I R, B ATIEESEAT 2300 2 bl (RIS M IV 3
I RIS, DAaE— 25 PFA6 78 2 BE R/ YT VMs 1%
SV RO (RS C IR S5 4) . 7h
% 5] ] G fif 5 VM AH 5 B X A YRR K D
L 1M Ty R R A5 (AR DR B C L IE PR SF R 4) . —
T4 45 10 441 11 il 75 2 52 R IR YT VMs R iy 1Y
I R AR 50 01E 5, % - AR sl A Ak 76 7 3k DL RS il
BTN T2 M VMs BB, VP B AE] & — A AL
MRIT T B, v IR M R R R, B
SR A2 M RAF 0 (HEAE DR EE A TEESE R 1) .

4 ThERRKEH

a1 i ik W £ (arteriovenous malformations,
AVMs ) J& — Ffr /s Ui 12 95 22, 72 iR HE 2l Jok A 1m] 37
JKIEIAFAE SR R 2R . AVMs AJ B % At m] S35t
1B PEZE-B AR — B e | Anase 4% 14 i i 14 6 40 1f
& P 5K SE (hereditary hemorrhagic telangiectasia,
HHT) . [7] Y5 £ % 2 B ( phosphatase and tensin homo-
log, PTEN ) # #4981 25 5 fE . CLOVES £ & 1iF ( congen-
ital lipomatous overgrowth, vascular malformations,
and epidermal nevi syndrome , CLOVES ) , LA f & 4 IfiL
& -5 i K JE (capillary malformation-arteriovenous
malformation, CM-AVM) . i 7 AVMs & A 19 77+
1A% 27 A S WA, P RE S TGF-B/Ras/MAPK Al
PI3K/AKT {5 538 A % o fifh AVMs e 5 UL 1T 28
77 & MAP2KT, Tfii f5l N AVMs J& KRAS 81, BRAF .

29 50% 1 f5iH AVMs i Tk S iR, 2L T
TA] H RN S, Schobinger 73 2R R GL A b T
AVM 1 [ SR80 s 1 (HEF 98 B2 D IR S5 48 5) « 1
LUNG: |08 DI d 7 R 152 S A = | B G A <
1), e AR B Ok ST MU (AR | i T
Ik e s FA T | R A SR IR A R OR g Y L T
7 5 IV I CRACER) |, i R e i e
By, 7E Sk BHE AVM H AR 2D UL Schobinger T 1
AVMs & Joditk, T3 28 3= 2252 0 56 0L K 46t 3 )
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Sy IEFFRNIRYY J7 %8 (32 4) (B 3) ™ (HEAERIE D,
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UEHR I S) , 2 T 18 A RN AVMs 12
FELG Y (AR D IEE 9L 5 ) , U458 T 442 1SS-
VA 5325 (2018 it ) I 2 21y i ik 2 (AVE ) 111 E 2
KB TE CAVM) [R5 2% .

R4 iHPKETTE A Yakes 432 B AH R IG T #1X
Table 4  Yakes classification of arteriovenous malformations

and corresponding treatment recommendations

Nidus type Description Treatment approach

la Direct AVF Mechanical occluding
device

Ma Typical AVM nidus Transcatheter and di-
rect puncture ethanol
embolization

b AVM nidus shunting into Same as type Il a as

aneurysmal vein well as coiling out-

flow vein

[Ta Aneurysmal  small  vein  Coiling single aneu-

where nidus resides in vein  rysmal outflow vein

wall with single outflow vein

Iy Type Illa with multiple out-  Coiling each outflow
flow veins vein
Transcatheter or di-
v Tissue infiltrative AVM

rect puncture emboli-

zation

AVF: arteriovenous fistulas ; AVM: arteriovenous malformation

Typella

Figure 3 Yakes classification of arteriovenous

malformations

3 S PkETIE Y Yakes 432K

AVMs (AR T 5 2, V9T 2 B AR
LT PR 2 R 145 . AVMs TEik AR
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BER IR, H LA JRy 3 5 Vi b 8 0 R A i SR 48
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bR, LK BRI 8. (HAEPR I, A S TIBR S 2
B SEA AR S P OB B SY (HEFE R E B, UE 4R 55
G 2c) . A GIN AVMSs ¥ S FEEEE R | IF 76 AR
WG 5| R 4 OB IR A D RE B FE > (HEE SR BE C L IR
P 4) , 25 RB T, I AVMs Fe X AR &
J# M Schobinger I #1395 72% .

ZHE% b, AVMSs Bt = TE 5 I0LAE 45 14 F1 6 4 1
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TS 500 M i AR AR o o R I A R 22 I AR
PN ) B 2 BELAS I 1082 0, 388 0 B85 1 v K
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Rt Y- e i (1S ER I PN R N = W
AN el TS R 2 7 S P R e B S D Y e g =
fifg (45 1 & MMP-9) 0 (i #2588 B B, UE 95 45 2
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11 & FEA IS il AV M S5 L4519 T A it , ] g
Zxiff— 2 E AVMs SIS I IR RN A AR
B XA RE TN AT 4 a BT TR G I U R
A M e S EUR S INE . AVMs MELLIRYY HAE
P HMR , Lin 253068 , AVMs BRI G 1952 %
RN 81% , I AN ZE G [ 5 K 2R A 98% (HfEFE5i JiE
C,UEHESEGL4) . AVMs RYIRTT &S MELLTf 2 | (R
WAKET ZAF, R RRE N 1k

3R 2 2 79 3 2R J2 1097 AVMs 1A 2l
R0, Epk )iz Al H 30 24 1 A 5 1) 4 AVMs
(14 3 J& 7 T B A A5, 1T RE S A A IR I AR P B
2 B R0 A2 ) AVMs Hh SRR O G T A A EAE T
Yan 55 R G004 4 2 S OF PR 8 2R B 46
ANT BRI AVMs (238 2 C L IEHE 59 4) . Tl
RIRIT AT S WOGIRIT A BT . AVMs 3R 18 AT 1K
G 2 MEOGIAYT 5 ] 585 ~ 595 nm
(4 Jok b e BHOE SR 5 R 1 064 nm 19 YAG 3
Moo X T A8 3 R A K B R 8 M AVMSs , 1 S Ak 28
B R ANRE R, G B TR dr S R 2R pg 28, DT
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(550 FRE S 43 B BEUIBR , I ZE AR ATAT Onyx J A4 €
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