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[ Abstract]

creases with age. The development of minimally invasive technology leads to wide application of foam sclerotherapy in the treatment of

Superficial varicose veins of lower extremities is a common venous condition clinically. The incidence of varicosity in-

varicose veins. Foam stability, the key in foam sclerotherapy, is closely related to the therapeutic effect and safety. At present,
polydocanol sclerosant is commonly used for sclerotherapy. Studies have shown that stability of polydocanol foam is affected by multiple
factors such as temperature, gas composition, liquid-gas ratio, concentration of sclerosant, surfactant and preparation. This article
mainly reviews recent research on the stability of polidocanol sclerosant foam with a view to providing evidence for safe and effective
clinical application of polydocanol sclerosant foam.

[ Key words)]

varicose veins; polidocanol; sclerosing foam; foam stability

Corresponding author: MEI Jia-Cat, E-mail: mejiacai@ 126. com

B SRR PR UL BRI | R
BARIR I T, ARE SRR 10% i
SRR DK BESS A AR LR/ NSRS S RERGR , n] S 20
oG SRR i s, AT S T T e e ke ok it 5K
WP IR, e AR T IR KA U 4 A 2 1 e T
w T T, R BRIk sk AT A R SR
%3*&/7%(7'{3 S50 R R BE AL T Ik A R
AR AE Tessari $H 7 8 55 17 9 760 R Ak 790 )
FINEZ G i L1 20 4R I IRBE AL 5 VA e bk
SIGTT RS T R RS TIESBCR I, BT
AT BRI AN R FAREI O 230 IR
SN SRS PRIE ISR LRIURER T iR geS i
BT T R K Ml K A — R I R R R AR O R
(DK KA AR R 1 — IR TR

WA BE: 2021-05-25; #EZ HE: 2021-08-11
BIE1EE. Tﬁ%/‘[, E-mail ; meijiacai@ 126. com

T IREALY T 2 PR AR AL 0], 2R 2Rl 3R
HERE DU BE R AR R B ( C14H29S04Na , sodium tetra-
decyl sulfate, STS) , 4 FH DL — % 1 Ll 5 SRR &
Je T SRR A 5 DK B 1N 7 A R AE AT 4E 1 P4
& NEENAYTT H WY o 09 vk e 5 A Al
SR AR5 A 1M 3L, 5 A ) e A TR ) 5 5 bk
It A (B2 I 5T W, 1 IR A A0 570
FERNEREE 25 ) Wk, T AE I DA 1 FH 2ok A oy 3R
REALTRI AR E T SR T SR B VI G, Z R I R 38
HOTRFEE P2 5 L 1 I RIEA A A BFE
HOE I LLT 3 AN A i IR R 1 (1) 1Y
ﬂiﬂiﬁﬁﬁ(fo(im halflife time , FHT) , EWIRHEE RN
50% It FH A R 5 (2) 7K HEZS B 18] (foam drainage
time , FDT) , 2 il 40550 9 A AT UL A IF 5 (3) 1 T 3R



FAE AR LAV EPRZASE 221 4E 12 71 28 H %520 % 55 12 4 Chin J Mult Organ Dis Elderly, Vol. 20, No. 12, Dec. 28, 2021 - 941 -

ZERF 8] (foam coalescence time, FCT) , 42 ff 44 71 i1 7K
AL R o UEAR DR A 1 222 3 X VA s AL 71
FEPEHET T 2R BRI 5T, Sl i A i R
DUIARECE R B IR ], @ w ok Ud, 25 Jy o H
AN IR AR, 70 T 58 BB A RICGEE  HE 23 BT
DR R, XA, TR A IR | [ 55 5]
Y RE T R B Ik IR YT . b,
AR A IR AGR I IR B ASE , Al 35 B B4 R YT
ROR AT IR YT B s B AR AR i R O R
I LR KRR

S R AL RN R E R R R AR Z B B i
KT IR E RPN . H T Im R W
RE AL A 2R 2Rl STS RIS AR, Horh STS 76
DA P/ T R A P A Ay ol 7 B8 A4 5] 7 I DRz
Iz AR R AR RS E R RS =, A
W AR S FHEM G R 22 R I R AR E PR R R
TR SRR WL R A R I B T T
F 2 RS R T, X R 22 R I TR R AR AR
FHOC IR AE SR AT 53 | DL R R B Ak 55 B 22
& AR TR R RS
1 B E

ZZIGUIT SR I il 8 ) RSB 7R 0 TR A S T A A
S, Valenzuela %" 7E 2013 4EHF5E T 10 °C ~40 G
UL P A T X0 3R 22 S T TR R S P Y52 i, 45
T TR R, T PR R MR, R AR
WS [RIAEIERT | I R 5 R If PR RS P A G, ax 4k
WF5E EUE A [A] 193 B8 2500 R iR e e e R A 7
A AE RIS A P B3R B 2R AT 5 AR S B 1) UL 2 7
A—F, M, Bai 25 HE 6°C ~27°C 7 M
TR BE T Wl 25 0 UK, B S N7 BIKE L A% 31 37°C KR
Hh, DI [RI LB 2% 40 T i 48 L R T A AR N
AR I SRR R E PR AR AL IZAT S B, 36
BRI S AR AR A T B AR M TR RS e M, ELTE 1 48 il 2
Fhi i R A, BRI B ATRE o IR
AR A T Sh 1S n B Tk T v 5 | A 26 B I, ]
RESE VIR T 5 S ul i =22 e R PR S (v ik 1y
R E RGN, A ISCFE S ATR 1 U B PR v i B TR, A
MAARIEZ 21

2 HBEpSH RiEstRTiE

Z AR T IR o, R R 1 26
TR AL R RS AE PRI RASCRA —E R, o2
AR A, F AT PR _L ) sy TR 2 28 <, A R
IO BRI 28R, IR AR 3 N 2 U (H v ot
I R AR A i PR 22 Ve R TR AR A M 22 5+

Peterson 45" 75 il & M TR BT 4 BICR A<
AR (carbon dioxide, CO,) %< (oxygen, O,) fll
CO,/0, IRASMR, RIAEACREW IR T IREG T
SECA IR = AR R, 2 3 CO,/0, TRE
MR 1.5 5 Co, MR /I 3 5,
CO,/ 0, SMIRE Wy At FHES I IR RS 8 1 | 3X FT fig
R 0, BT RIS HEEIR B L, AR IR B
— 7 LA A RS T A T R T i s v R AR
S XU, DR HLAE I Y v A AR R4l co, A
CO,/0, TRA YT LAV e M, T AR AR A
FERG ' (HR BT CO, TR LI i fife B o g
PRI T4 U 119 5 it ot B TR, MeMaster' ) LS T
TN CO, Fl s MR FRE T, K IEAR CO,
TR B A bR, E AR T A R DA 48 8 o UK i %
T Z[] B ] () B, ] e 300 PR AR E PR3, B
FRAE Z AT PRZ WA T BEUL A, FRATT 80 AE B £k 7]
TR 52 UG, N TE S AT BB A9 IR 1) A 56 G 33
3 &St

TS A R Y TR A T RS AT 8 52 e A
SRECE HE M T R i M PR R 2 M. Cameron 251 LA
1:2.1:3 1:4 189 L A IR T A —Fh 70 06 1M v
AR IR AR 5000 8 Y UK T A RN HIGH 8, R IR
120 G2 AR LAt Ll A8 #405 T 5 SE0AS° e DT i 4
YER, 1H van Deurzen %" % B[] (3 /< EL X 30
R S YAER oo wy= 1 [ BN & G 1 (A= b < R o U NIN RS RN O
RIS L 14 (1 B AR BE AL RN &
4 BN R) PO BT L T A A TR L (A
ANHEBRKE K T e A o 40 B A 97, i SRS T A
S, B AT R L L S AR, (A
IR AR E Pk B e R A

4 GERBELTIRE

Wollmann 25121 % I8 &2 R LI BE R 0. 25% |
1% F1 3%}, FHT 4354 30,130 s i1 180 s, &R
R TR R R VLUK R IS B PR BT, AR
1% Z - REE I IRAEIR ST M sk #9788 T 3%
(VAR IHRE 3% IR AT RE ST A 2 AN R ™
van Deurzen 251" % Bl FH AR [k B 3R 221 s ol 45 14
WA AR TC 2 S (R Rk B 25 R IR B 3R
UG, TR ERIR TR SRR, A —
TRITHLH , e 5oyt — L 5k

5 RELEMER

BT T ) 3 e A Y R AR P AR T g ok
HESRALIRASEE . A BFFEMEE T 5 R 0] %)



<942 . HEBARZIVEPORZAGE 2021 4F 12 71 28 A 4520 % 55 12 4 Chin J Mult Organ Dis Elderly, Vol. 20, No. 12, Dec. 28, 2021

HLRFRE PRS2 | & 30 T P 70 nT B S 344 5 v
TR RE M DT B IR T AR Rial 2 A
Tessari J7IETE 3% R Z - REEHUSIN T ASEHR B /0 H
i, & B AR TR 1. 66% B4 H I AT A5 FEAR
AR M . BES 55 —F 58 & B0, K 0. 1 ml 1
1935 A RFRTIN N ZE 1% R Z R EEH, R 2 52 1
FEK: 173.38% , Fa e k0 5 4R 7Y L Critello 251
T &I AR SN, DAR 2 R s/ 71 b
SO 1:0 1 1A 130 HAa i AT vk, I A o v
M R (90.6+3.0) s, (106.8+2.6) s
(107. 6+2.7) s, BFFCUE I &7 18 Hb A7 I8 ABE 1657 AT AR
SRR E ), SRR R I, ] L DATE R
GO 18 2 T P AR Y AR P LA SRR
R i A, FH TG IR . AT 1A 4 T TR R A 350
B ARG IS PR O T o 2 AR T 2 I
PRASEF , DRI R Hh B A 0 9 S %) 3 T it 9
SRFREXT AT 185 77 X it = A AR R

6 EXHEFIE

AN TR B 6L TR ] 28 Tk B MR L TR 1 P 1 BLAR
B EE- BT URE = ol S G RN OB N R IS B HE
BN LIRS 5] IR E MR . H AT R
IR T IR HE L LAY Tessari £ AR RIS R 48
( dual syringe system, DSS) , {H3X ¥ Fl £ A il £ 19
WIRFE M A S AR il 48 AR E B IR I
T A I R A%, 2 48 5 3 SOl IR R T8
Ml . AP TER R 3 4
TE S i, PR Y PR T S ok R v ik 2 9 TR 2R B R A
FEM 0] B, Xu % AE Tessari Jr i o i F — A4
2 fEAS ST, R BZ T ) A B 2 B IR
IFRCE MRS E P, A IS ] T A [R] B AR 1 5
Er RS URZ NN/ 4 NE 1 R o7 i i I e o B U N
¥y = McMaster! ' i B 1 5t &% KN 5 FHT
ZETCIHE R R, McMaster " 1 van Deurzen 25"
WHIFTE T AN 6] B 5 A B S T T30 T Ao X DR AR 1
(RS2, A B ] 22 S R ge v 5 3

SEHE RN RIRAE L R vh & B, T S AR R AR
AN R R E PR I J0 28 %58 5 M T+ 5 6 TR B A
SR I E S AL, T RE X Y TR R A P B R R R
IR b S 52 PR TR & X &) K B R
Pt v v TR AR M, U/ Y TR T R A O 4 1 TR T R
O U R 1 HUA L A5 A T RE LA
L SUNUIETS =S & IE = /IS (E T

2015 4, Carugo ST A e R R T
DSS \Tessari £ AR X 8 (AR B 3 2 £ R B0
L ( polydocanol injection microbubbles, PIM ) [l

K, &% FDT T A PIM>DSS >Tessari , PIM 7= 4 ¥4
WV B H AR /N E 5], R AL i AR E P
2017 4, Critello 2> { FEIEA 8 745 ok il 25 0 A,
H5 Tessari J5 15l 2 IR AT HL AR, & BHE 75 1]
FHER R , P EARIE /N T Tessari J5 1 i 4
BILTR . 2020 4E Roche %52 5 ot [ sh AL 75 1 16 4
1R P AL 1 Sl A R AR — Y K T fie
L R SR AL AR SR L S0 B A
Al IR, & BT 4Ly SRR T SR A T
AR AL AL IR | LAY TR v 28 e SO LB 5], DA
[OE:YINMON, shres i

WA FHWFIE T 2 e 25 AR E Pk B 5
KPS mm T UERE AT KAS FHT B (03 IR , IE I
PRAE8 3 3b U i B A8 75 T 34 &) R R % Fe o Tk
GiN/TaRN

DI EZE R AMA T — AR KK, Bai
EUUTERT LR PSR R PR T 2R KM
AR AR LR ST T &P R 28 Al 25 2
XA, XIESE &, X T 2. Sml i
S BEER N 250 mm/s,, TESFRS R T T
TR B R RIS K 4 AR 2R 2 S M R TR A
1, b R AT 7005 e e A T R S 2 R R )
AN ARARRRE MR I B A 2. 5 ml PR RT
IRINTE 24 (4 28 1 15 P 7 L 10°C ) A5 1R T 250 mm/s
A3 S HRE

7 REERE

I B I R K I PR R 25 i AT 1 1 i T
i W IREE AT R ARG 7 R B iz ROR B 1T
EY PR BE AL TR 1 TR AN B A2 2 A o) B A L LR AR,
JE PR IR R AL ST 125 vh Y S B R R, AN AN OC R 3
RITIR I E AT R 3 5 22 B TR BE AL I ik i) 2k
— R W A B R A
JE G PEN (H # 07 L RN RS X R 2 R
HRTRE AR, ROk E 2 % 2 A3
(14 2 T 5 1 70 2 i Y TR A 1, B ik B — R
AOBLAR A il 25 7 i AR A 0] fr o e A, B A 5503
IRIE WA BIL 3 5 2 IR A B 5T, AR AT 3 4
TET 4 A 6 PR AR RE 1R 1 T3k, 1 2 Y TR B A7) B
T RN TR

[ &% k]

[1] Cronenwett JL, Johnston KW. PR Wﬂﬁﬁ’l\ﬂ"_‘f’[ M]. 558 .
Jent: LRt BRI AR, 2012 823-824.
Cronenwett JL., Johnston KW. Rutherford's Vascular Surgery [ M ].
8th Ed. Beijing: Peking University Medical Press, 2012; 823-824.
[2] Ruckley CV, Evans CJ, Allan PL, et al. Chronic venous insuffi-



FE AR AN EPRZSE 221 4E 12 1 28 A %520 % 45 12 4 Chin J Mult Organ Dis Elderly, Vol. 20, No. 12, Dec. 28, 2021

- 943 -

[5]

(6]

[7]

[10]

[11]

[12]

[13]

[14]

[17]

[18]

ciency: clinical and duplex correlations. The Edinburgh Vein
Study of venous disorders in the general population[ J]. J Vasc
Surg, 2002, 36(3) : 520-525. DOI; 10. 1067/mva. 2002. 126547.
MR, WHE, B4, 5. SSHEkikRIT#=(M]. &
R ZRBIRE AL, 2017 191-220.

Mei JC, Zheng YH, Ma BJ, et al. Practical Therapeutics in
Varicosities[ M]. Nanjing: Southeast University Press, 2017; 191-220.
A, WHEA, . TGP [ M]. Bat.
AR AL, 2016 4-6.

Zheng YH, Mei JC, Wang T, et al. Essentials of Treatment in
Varicosities of the Lower Extremities [ M ].
UniversityPress, 2016 4-6.

Tessari L. Nouvelle technique d’obtention de la sclero-mousse[ J ].
Phlebologie, 2000, 53 129.

Breu FX, Guggenbichler S, Wollmann JC. 2nd European consensus

Nanjing: Southeast

meeting on foam sclerotherapy 2006, Tegernsee, Germany [ J].
Vasa, 2008, 37(Suppl 71): 1-29.

Michiels C, Bouaziz N, Remacle J. Role of the endothelium and
blood stasis in the appearance of varicose veins[ J]. Int Angiol,
2002, 21(1): 1-8.

Gillet JL, Guedes JM, Guex JJ, et al. Side-effects and complica-
tions of foam sclerotherapy of the great and small saphenous veins
a controlled multicentre prospective study including 1,025 patients[ J].
Phlebology, 2009, 24 (3): 131-138. DOI: 10. 1258/phleb.
2008. 008063.

Rial R, Hervas LS, Monux G, et al. Polidocanol foam stability in
terms of its association with glycerin [ J]. Phlebology, 2014,
29(5) : 304-309. DOI: 10. 1177/0268355513477858.

Li L, Feng J, Zeng XQ, et al. Fluoroscopy-guided foam sclero-
therapy with sodium morrhuate for peripheral venous malforma-
tions; preliminary experience [ J]. J Vasc Surg, 2009, 49 (4) .
961-967. DOI. 10. 1016/j. jvs. 2008. 10. 037.

Valenzuela GC, Wong K, Connor DE, et al. Foam sclerosants are
more stable at lower temperatures[ J ] .
2013, 46(5) : 593-599. DOI: 10. 1016/j. ejvs. 2013. 08. 012.
IR, EiRE, AR, & I XEREER R E Y
ML), A R SRR AR AR, 2017, 15(3) : 198201,
DOI: 10. 19438/]. cjoms. 2017. 03. 002.

Yue LL, Wang YF, Dong JY, et al. Influence of temperature on
the stability of lauromacrogol foam for sclerotherapy[ J]. China J
Oral Maxillofac Surg, 2017, 15(3) : 198-201. DOIL: 10. 19438/
j. cjoms. 2017. 03. 002.

Bai T, Chen Y, Jiang W, et al. Studies on foam decay trend and

Eur J Vasc Endovasc Surg,

influence of temperature jump on foam stability in sclerotherapy|[ J ].
Vasc Endovascular Surg, 2018, 52(2) ;: 98-106. DOI.; 10. 1177/
1538574417741786.

Peterson JD, Goldman MP. An investigation into the influence of
various gases and concentrations of sclerosants on foam stability[J ].
Dermatol Surg, 2011, 37 (1):12-17. DOI; 10. 1111/j. 1524~
4725.2010. 01832. x.

Coleridge SP. Sclerotherapy and foam sclerotherapy for varicose
veins[ J]. Phlebology, 2009, 24(8) . 260-269. DOI. 10. 1258/
phleb. 2009. 009050.

Xu J, Wang YF, Chen AW, et al. A modified Tessari method for
producing more foam[ J]. Springerplus, 2016, 5; 129. DOI; 10.
1186/540064-016-1769-5.

McMaster S. Sodium tetradecyl sulphate foam stability prior to
injection; factors affecting liquid reformation [ J]. Phlebology,
2011, 26(6) : 222-226. DOI; 10. 1258/phleb. 2010. 010025.
Cameron E, Chen T, Connor DE, et al. Sclerosant foam structure

and stability is strongly influenced by liquid air fraction[ J]. Eur J

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[29]

[30]

[31]

Vasc Endovasc Surg, 2013, 46(4) : 488-494. DOI; 10. 1016/].
ejvs. 2013. 07. 013.

van Deurzen B, Ceulen RP, Tellings SS, et al. Polidocanol con-
centration and time affect the properties of foam used for sclero-
therapy[ J]. Dermatol Surg, 2011, 37(10) : 1448-1455. DOI .
10. 1111/j. 1524-4725.2011. 02095. x.

HAR PR AE AR o ox VA SRR 2 4, o I U0 2 L 5 A0
BRI 22, v 1) 2 7 P (] s 5 0t £ 0 2 L 4 AR 43 2%,
G, PEME KIS W SR IR R [ 1], AR A,
2019, 99(39): 3047-3061. DOI. 10. 3760/ cma. j. issn. 0376-
2491.2019. 39. 003.

Vascular Surgery Group, Society of Surgery, Chinese Medical
Association, Vascular Surgery Branch of Chinese Medical Doctor
Association, Vascular Surgery Branch of China International
Exchange and Promotive Association for Medical and Health Care,
et al. Chinese guidelines for the diagnosis and treatment of chronic
venous diseases| J]. Natl Med J China, 2019, 99(39) . 3047
3061. DOI; 10. 3760/ cma. j. issn. 0376-2491. 2019. 39. 003.
Wollmann JC. The history of sclerosing foams[ J]. Dermatol Surg,
2004, 30(5): 694-703. DOI; 10. 1111/j. 1524-4725. 2004.
30208. x.

FUERME, ek, Bk, S5, st B o i ik it sk e IR R 1
FIREMESZ I B SER BT [J]. AW B2 TR 4R, 2016,
33(5) : 890-895. DOI:; 10.7507/1001-5515. 20160144.

Bai TP, Jiang WT, Zhao W, et al. Experimental study on influ-
ence of driving speed on foam stability in sclerotherapy for the
treatment of varicose veins[ J]. J Biomed Eng, 2016, 33(5):
890-895. DOI; 10.7507/1001-5515.20160144.

Bai T, Liu Y, Liu J, et al. A comparison of different surfactants
on foam stability in foam sclerotherapy in wvitro[J]. J VascSurg,
2019, 69(2) . 581-591. DOI. 10.1016/]. jvs. 2018. 02. 033.
Chen AW, Liu YR, Li Kai, et al. An investigation on the influence of
hyaluronic acid on polidocanol foam stability [ J ]. Dermatol Surg,
2016, 42(1) : 56-58. DOI; 10. 1097/DSS. 0000000000000395.
Critello CD, Fiorillo AS, Cristiano MC, et al. Effects of sulodexide
on stability of sclerosing foams[ J] . Phlebology, 2019, 34(3) .
191-200. DOI; 10. 1177/0268355518779844.

Xu J, Wang YF, Chen AW, et al. A modified Tessari method for
producing more foam[ J]. Springerplus, 2016, 5: 129. DOI: 10.
1186/540064-016-1769-5.

Carugo D, Ankrett DN, O'Byrne V, et al. The role of clinically-
relevant parameters on the cohesiveness of sclerosing foam in a
biomimetic vein model[ J]. J Mater Sci Mater Med, 2015, 26(11):
258. DOI; 10. 1007/510856-015-5587-z.

Critello CD, Fiorillo AS, Matula TJ. Size of sclerosing foam
prepared by ultrasound, mechanical agitation, and the handmade
Tessari method for treatment of varicose veins [ J]. J Ultrasound
Med, 2017, 36(3) : 649-658. DOI. 10. 7863/ ulira. 16. 02052.
Roche E, Pons R, Roche O, et al. A new automated system for
the preparation of sclerosant foam: a study of the physical charac-
teristics produced and the device settings required[ J]. Phlebology ,
2020, 35(9) :724-733. DOI; 10. 1177/0268355520937615.
Shirazi AR, Goldman M. The use of a 5-pm filter hub increases
foam stability when using the double-syringe technique [ J].
Dermatol Surg, 2008, 34(1): 91-92. DOIL. 10. 1111/j. 1524-
4725.2007. 34017. x.

Bai T, Jiang W, Chen Y, et al. Effect of multiple factors on foam
stability in foam sclerotherapy [ J]. Sci Rep, 2018, 8 (1):
15683. DOI: 10. 1038/s41598-018-33992-w.

(%#. AL



