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Table 1 Laser absorption efficiency to the vein wall by wave-

length in two different vein diameters

Wavelength
Vein diameter 1320 nm 1470 nm 1950 nm
0.8 mm 47% <20% 1%
1.5-2.0 mm 37% 0% 0%
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Figure 1 Definition of thermal relaxation time.
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Figure 2 Optimal pulse duration and interval for thermal con-
finement.
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Figure 3 Continuous laser emission in blood.
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Figure 4 Laser penetration in vein wall according to wave-
length.
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pulse ISP HRGHRIEREEI A 20 v CW L —H —Tlid, 1
Ak OBP 2 BFEA L BEROAR ST, BYREIZ X B )E
ALK O BB % S - ek d 5, £ 2T, PW
L—H—nTEL, A 70 Lvo | [aEgHER &
60 Hz LT O 0k LR, $2bb 1 BHIZBITS
KEIRB R & KL O A RS T 2 — T 1 bE—E
DFICRB RS0 5 LD 5 (Fig. 5) 0 LF57
BClE, NVARST 2 =7 4 S KEVIIE RO EE

1 second

& S
<€ >

AT

Total pulse interval

Pulse wave
(ex. 30Hz)

Total pulée duration

Total pulse durationin 1 sec Pulse duration

Duty ratio=

1 second - Single pulse cycle duration

Figure 5  Definition of duty ratio.
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Figure 6 Pulse wave laser emission in blood.

Laser-induced bubble aggregate removes blood in the vicinity of
the fiber tip and laser transmits through aggregate with scattering
in blood.

Table 2 Coagulum formation by in vitro laser emission in blood

100 usec 300 usec 500 usec
12 W, 40 Hz - + ++
15 W, 30 Hz - + +
18 W, 40 Hz - + ++

++, more often and large; *, sometimes and tiny coagulum; —, no
coagulum

W R LR TREESND, BH—/SV AT )L
F—Z/NWAREE =7 ) —DFETH L Eh s, 3
WANGHE L e b L E— 28T — 138 < e b0 ERIMBETE
EIHENCBE L T, 7SV RAREE E—=2 8T =D & E 598
KECHGLTOENIEREZAHTH 5, 7272, X
WV AMRIT MR OB 2 B L, @ — 27 87 — (316
BWIZL DT 7 ANl o MEHEERGEER (7 ) 7
F o THR) D DH L, MiEEERE Z PHS 250 Eh
PRETE 2, 2oL ) ZEBIEATE V10017
af DOV AME % F: 72 MP % clear tip mode (CTM) &
L7z,

BRERICEH (7D MPEDREE

FH 5 TBORIZ IR TRIRTE#IR (GSV) 442 29 JiE
(29 1), /MR AE B IR 5148 42 11 0> 30 [ (30 ) % xf 5
IZ, TLA FREE T O A TP 1320 nm Nd:YAG PW L — 4 —
12X % CTM % V72 BREZR W ERIRIG HH % 17 - 72 (Table 3) .
BEERITVHEE 6720, Wik24141(80%), CEAP
SRR T AZN15FH(50%) &b % L, SFIfE
(3 L B IR 43 I 50 i) O °F 3 GSV ££132 9.1 mm (7.5~
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Table 3 Initial clinical results

No. of treated veins (patients) 30 veins (30 patients)

Male : female 6:24
Average age 67.2 years
GSV : SSV 29:1
CEAP classification

C2 7 legs

C3 15 legs

C4 7 legs

C5 1leg
Average proximal GSV diameter 9.1 mm (7.5-12.5 mm)
Warfarin intake 1 patient
Day surgery (%) 27 patients (90%)
Average total energy 27591
Average total No. of pulses 6574
Average ablation time 230 sec
Average peak power 4008 W

120.2 J/cm
409 ml

Average leaner endovenous energy density

Average TLA volume

125 mm), 7—7 7 YAIRE1E, HIFED Tl 27 6
(90%) TdHo7z0 Bilg/8T A—=% 13T 12W, DKL
JEWH 30 Hz, H—/VV AT AV F— 400 mJ, €— 27 H
774000 W, T AV F — % EE(LEED) 120 J/em (2378 L
720 EBEOBIFERIL PRI AV F— 2759 1, Tk
7OV 2 6574, FIGBERE-] 230 B, PHYE — 8T —
4008 W, ¥ LEED 1202 J/cm, #& TLA =i 409 ml T -
720 TRIEEEERIR IR O GSV AMEIXAMTHT 9.141.5 mm,
177 J #%5541.3 mm, 37 J] £42+1.2mm, 6 77 H %
3.141.5 mm &/ L7ze NIEERIZ 3 W AHBEPSIE L 72
ERIRBEDSIE A3 L C L\, duplex TI—Tl3lI & A
ERERRTE 2720, 6 1 A T TOEMIRPZESRIZ 100% T
Ho7zo itk 1A OB T HIMIE Vuylsteke 734820 CREAf
L7256, 2Aa7 0B Fiiiz L) A28 #1(96%), A3 7
TORBRER 173 LN @ B2 T i) (2 1 61(4%) DA Td -
72 TORTFHMIET 7 A /N—FAFRAL 2 & L7z
M¥ET, L—HF—ICX2HREILLEIEZOEN LD
725 Visual analogue scale (VAS) (2 & A2 YIBHAI % & 72§
RCOFHERA 27 (0~10) 1% 0.53(Table 4) T, EVLA
BRI IRET S L 02 Th o 7o SERFHITEE
1210 $E 2 EHARML TS L 72 4% 29 1 (97 %) 1 ARG, 141
D RHST BREIRAE U B L/ L TR L, FHMARSE
®iZ0s578ECTH o7,

D& IOIIFRBRE T, RGO CW L —H—
BFEBROBEEBO LRV LD VIBEDTEY, &
HARDHEEE L TRVICHIFETE %,
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Table 4 Clinical efficacy and safety evaluation

Table 5 Comparison of the present thermal ablation technology

No. of vein occlusion (%) 30 (100%)
No. of CIVIQ?2 score-improved patients (%) 30 (100%)
No. of bruising score 0* patients (%) 26 (96%)
No. of bruising score 1** patients (%) 1 (4%)
Average pain score 0.53
Average No. of analgesic tablets/patient 0.57
No. of analgesic free patients (%) 29 (97%)

*bruising score 0: no subcutaneous bleeding
**bruising score 1: mild subcutaneous bleeding
Bruising score is defined by Vuylsteke et al.*"

B D Thermal ablation D&

PRk 26 4F 6 H BLAE, DRBEIUE S 4T\ % Thermal
ablation |&, L—F—8EE 7 VTN TH L. Th
5 & DB HAIZIZTE 2%, #4a Table 50 L9
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(RIERRE MR K OTBREIC & 5 BHIRPAZE R N EEE O Bk
IIMEANDFE, ORI (FHIRFZE) & #IRZEIL - iRk
JA - IMUERAE (EHIT & &) 2 EOFEFRICH D,

W TIECW L —H =126 LTl TR 7 7 £ N —
BB OPRFEENTVE, TRNHEHVWLZ LT, N
T 77 AN— XD SRR T I T LAY
WESINTBY, KRHTH P26 4 5 712 radial 2-ring
fiber™ AYPRFEINGR S 1720 Fig. 7 1 ZFCK TRISS S /2ot
W TR 7 7 £ N—Z& /72 CW L —H# — & CTM Dl
BEIFAITHR L2 D TH L2, CTM T,
FUEAIZ IR L 2 < THEIE NI L A L% <, Rl
LD TR, CW L= — 38 B AT E 2
W7o, T TCTEZF) VT LTERT T 74 /N—
TIEE LB LAV & RS 5 0138 L v Seimin
T 7 A N—="Tl%, BIRAECTORBHEZILT5
CLETNRY—FEART I T, G771 /73—
WZIE 7)) ZADEIRICHES T Y, FIRNENIZIZ
TEPOEEEIIL = =P IND, honT 7
AN— DR, BRI 725 BETRESRT 7 7 4
N=XVIEL D720, DIRINAR ST — 5B CRER
THZEDWEIL R D, COATZALTHNL, @
<D LR % 2T THRNT 5 2 LT, BRI X S
D% CHIREILE D X, RO RE L D
Bl b ALY X777 43—=X5 1 radial tip
fiber %° radial 2-ring tip fiber 7 & DRGFEI 7 7 £ )N—DJ5

Clear tip mode CW laser* Radiofrequency

Wavelength 1320 nm 1470 nm

Thermal control + - +

Blood coagulation - + +

Venous perforation - -

Pain -—t +- + +- +

Analgesic free rate ~ 99%** 80-85%***  unknown

Fiber/Probe Bare fiber Radial tip fiber Metal probe
Diameter 0.6 mm 1.8 mm 2.1 mm
Cost low high high
Venous lumen + + + +

narrowing
Long-term occlusion  >95% >95% <95%

* Recently approved diode laser in Japan
** Our initial data
#3435 Maurins et al.”?
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Auth Sakakibara Maurins Vuylsteke Duman
uthor— 2013) (2013) (2012) (2013)

Figure 7 Pain score of clear tip mode in comparison to continu-
ous-wave (CW) laser using fabricated fibers.
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Continuous-wave (CW) lasers have been commonly used for endovenous laser ablation (EVLA).

However, as some undesired side effects such as postoperative pain and bruising occasionally happens, longer

laser wavelength and specially-fabricated laser fibers have been developed. On the other hand, the pulsed-

wave (PW) laser, which has a heat production control by thermal relaxation, is independently developed for

EVLA. This article discusses the implication of PW laser in EVLA from a theoretical point of view and a

newly-developed micropulsation (MP) is introduced as a new concept. Since the MP yields adequate blood

and vein wall heat degeneration by microseconds laser emission, efficacy and safety are improved compared

with CW laser or conventional PW laser. Initial clinical outcome is favorable and promising for painless

EVLA using inexpensive bare fiber.

(J Jpn Coll Angiol 2014; 54: 185-192)
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