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Abstract Laser-induced liquid micro-jet technology is a medical method that uses lasers to induce cavitation bubbles used
to generate micro-jets, so as to cut target tissues in a narrow chamber. It has advantages of low thermal damage, high
precision, minimal invasiveness, and a high degree of choice for elastic tissues such as membranes and blood vessels. The
mechanism of laser-induced micro-jet generation and the structure of a typical micro-jet system are introduced. Its application
and research progress in medical field are reviewed. The key issues that restrict the clinical application of laser-induced micro-
jet technology are summarized, and its application potential in medical application is prospected.
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Fig. 1 Laser-induced liquid-jet generator
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Fig. 3

Schematic and photo of LILJ system in operating room, and enlarged view of Fig. 3(b)"". (a) Schematic of LILJ

system in operating room; (b) LILJ system in operating room; (c) enlarged view of Fig. 3(b)

ZH 2 0k PR M RO T K O O 5 i A U R L BR
T B T R B 25 4 Ry A H Al 2 ZURE T 8K
AN PR G LIL T FR 8 T AR T T 9 B L % A 5
TR FhW ik E N T ARIEW], LILY & 48 0] LR
Ao 5 H AL B A B OF, DUk A s b OF B
FCEFH T e PR e 22 N 8 B2 T R v A BIF S DE AR AT
HHT, BF 52 B 40T ORG24 238 e 8 A
B AN B T DG AT 1 A v, LA A X 4 A B 2 M N R
T G 27 SR A o SR i PR L
TPl A SR R Tk

LILT & GEA ] T 4% 58 i 15 3 38 8 K 3653, 764
o B J5 fe 8 ) [] Bt ] B B AT S A9/ i A O EL
TEF R W Bl e sl 22 N BT W T R T R R
5, G LT T DLAR 4 ok A2 B9 R X LILD
R GL 1 22 1 A3 AR R 22 SRR LLAR B A A B
G B AR KA

3.3 WBBEALEAAR

T B £ 4k i 35 OG I Rl 23 i O™
Y I, s Bk B R gE AL, RS — A
TET H 3 bk A8 R AA7E T it 19 2 ik 58l ik oy 3o
OGO TR RE B 0, A M /0 il 7 A B ik N B
20 B Bl A P BE A SO T RR 1 B A S B
ik, 3 R AR R RGBSR, OGS O R
I POL TO T A oA B R A 4 RO
S VR S A BE B, AT L SR e A7 i I A RE A 5 405 DA
R oAl £ B 70 19 & A o XRRBE SR R A AR R G
[ o e R e N L 2 e NN DR R
FE [ I PR 12 Wr FR T .

Takayuki &7 A T B i i A4 b i Bk o 15
S B 8] O 350 ps B Ho: YAG Ot k479286 . 7
13 mm W EE BT WO IE S WS R by, &
it 10 min, £F 24 ¥ i 3 R LT 2 IR 1 4 4%, &5t
30 min Ji5 A0 £F 2 75 i 2 5 L S 28 2 35 i 550 1Y)

1100004-4



$£58% F 1181/2021 £ 6 B/HAEXBFEHE

L1 Y 1 i R R AL 5% . M ELZ T, Behrens 4871
— T ST R WY, A S TR iR R O AR AT
A v it (33 kHz) 3 h )5 0 £ 4 5 i o A< AV L 20 fi
FH£F 4 5 f vl B2 05 1.2 % . 59 — JF i, #F White
SEUVI RIS R OGS T AR S I 0 2T A i i R
2 v A £ 4 75 % 5770 60 min I A9 2%, xS HE S
FEU OGS T R MR S U b At D 3k A A Y 5
T E A BT E AT Ss R R
) VAR B 3 o o ke S BRI L BIF 9 N Ok 3 SR B i 1Y)
TR S 3E T RE 2 T O A A AT L AR A R B
ok AV 2T 24 5 e 390 ol D # 7) o

4k Sato 250 Ho: YAG OGE S WK 5T R
RGN TF R N2 5, DL Sg B bl | 28 4 I RT EE Y
R YL R AR OF X B AR AT AL DR R
FELRE b st ZNRE R K/ o BFAE N BT 4 BB B RIVE N
TR R R At SEA R, X RS RR L B
1o 2 Y 25 1V A R R RE ) AR Y RN R
AN B o 7= A A BV R L B O A R
6 BE B A 1 0w ek 0N O ELBE I T AE 0. 8 WA IO
e FiA B R /ME . 2= H N WIE T IF & —Fh ik
KEER MRS . Oertel 77 Ho: YAG #0OE W
SIS X R EATS  EHT HEA/NT I mm i
ik b 3 8 A 2 A VO B K ) h S O R 4 o
FE 8~54 m/s Z ] YA Y g I ek T DA R
R 0.4~1.5 mL"™ o 525 B G i P A S 9
JE R )RR G 2 SR B AT L 25 AR B X st
SRS BOCRE B A R A I AH S . AR SCHIFIE K,
Ho: YAG LILJ 4k 7K 1% 4t % 22 /K 5 3 049 00 s, Lk
A 2 e T i SR K G K R 2 A R 1 Bk
KT R 7 52 ) AR S5 B8R AE WM T Ab
PR AE R S 7E 0. 1~2 bar(1 bar=10" Pa) Z [ .
LIL 7€ ff 28 P9 8188 VI Bk I 9 1 0 | 75 2] 7 AR 4 1
MR AR SR BT ATk BRI AT AR 0 AR SR AR
ERAETR: AR g EN= S A NS DN = G
SN R, P, 7RI DR B I, R &R
G5 v ) R BN AT VA

Kohnan & B % — 44 S80F s i kB T2 (AVM) 19
SR 2 B N I (TCH) B 8 35 i LILT &
G ATIRIT o WG fE T LIAE 233~300 mJ Z (7]
AR AL %R 3~5 Hzo IRYT AT & AR BRI 5 53 e
AR 51 A T AR 8L, T M e, ml L SE 3
REAR A CELEE 5% 108 ) R AF (R AVM R
REEAR B A2/ T 100 pm (9 534 1045 . LILT R4
A B TAEVE B ICH & & BEHny IR R B /gl ik o H
T Wk 0 55 ELAT FOE DAL AT X gk S s I
T L 2 I P ke X B s ot B T BR R . PR R K A
PIE A TR BB LILT £ 4 Al RE Rl P 45
NI TCH" i 2 Py it ek g — i e %

3.4 YIBRGERNEAR

R DAFEBIF 5%, Bk o 7K 5 O K A8 2 3 IR 4
A, ik o R RIS B 5, X R T AR A R0 A 4L
B A0 2 LA R ST 3R G BRIR 4121 . Kawaguchi 457
L FRAT 25 9K 3 1 ik b oK B i 2% B (ADPI) 76 4K 4
it 350 0 W ) M 2 B L L 4R SR R AR ADPI RES H
Pl B RE . 5 SRS A L, ADPT S2EL
A TR) 170 30 R B it 1) K B LR UK R Ry % S 5 U
JIt T K B0 1/3, A SR KOS i B i HE Y 23 B P
JEFFE . HH TR BFsT a5 R £ W, ADPJ Al LUK X
Tofr JRUIRS: o 1) S5 A1, 3kt B0 ™ B A IR R . 7RO B
AU, PN R R IR B A9 B AR G 4R ) ADP fife i) = B
BFAS 23 305 P4 00 BT | 38 A B I T ) TR S AT AR
A Z5 M . SEIIE ] ADPT B2 4 A 2% b i 351
O ERE I REE R A R AR A7 05 .

H 5 T ARE 8 F 5 10 I PR SE B 2 B ok b s
B E A PN P B A A oo S 2k
A B R IG5 AR . Noack 25
NN T304 1 5 (VRS EL ) ) 4 W S5 ol AN
F1 LA Fe 8 By 1 453 0 1E R Y 0 S AR G Y BF A
WY [ E LILT AT LA F N 8155 , fE A ok
ok B Wil B A F AR TR

P A FH N B EE T LILT AL kg R0 ZBEfY
AL, Y BT P R VR R S 2l 2 O R

Fl4 TS T LILT A3 LS R0 38 BE 1 27 £

Fig. 4 LILJ endoscopic treatment of ventricular wall perforation in Beagle dogs™"

1100004-5



3.5 RREFAR

FEUR 1) AR 6 e o 88 A 7 AR SR 2 . B )
B TR T LA B S B IR T I T Ak, ok R TR
AN B R T it s e 30 g o e A 3 1 A A A7 8
SR, Fifr 988 170 5 A i 40 i X 0, 40 455 J 58 A5 B0l i
B R D R AL Bk (AN T 1 mm, il
24200 pm) (4 DI, 38 P B S 2 00 2 e PR A K
B o AH OGO R T AN 75 I, HLGE R A TR Y i At
I F DA T A e U0 I TR R R A ) R
B I R SR 2 R

2007 4 5 H , Tohoku K 2% & B¢ fff | LIL] & 4t
RIT T SR 28 R R FR A . SO B Bk el 9 B
1 233~300 mJ Z [8] 28 4k , 431 2% 4y 3 Hzo i K UE 9]
ok ) B LI g B A fidte o i R i 1 LILT 3%
A JE B 1 fige i) 466 v i R 5 O LA Rk B P il
FHLILY ™= A M BIEH o & gl i o N iok g
(AR BE AR RE 08 38 2o PR AF B4R 1A 100~200 pm
NI RS, B AR AT AR 5 AT DL AE 00 e /N LA B AR R
R B A ) RN 25 B R o MCEESE L bk dn S i A A 5
P R 0 SR U0 ET DK bR 25 B L R R e
FEALZE A . 5 R LILT & S A 5 i 98 sk
I N VR S A A 1) R 0 R /N 1 4
21, DA I R S O L it o A £ DXkl AT AR
BA L P 2 HE R IS, O B R BRI 4 2

\|

A2

BE5  LILT Z S 51 A ek 8 1) 7 25 1

Fig. 5 Schematic of anatomy and tumor reduction by using

LILJ system

3.6 ZRWENIEABIT
22 WA B IR —Fh )z F TR T TR R 8 b
Fisi JES B g B IR IT T v . ANREEE A2 AR Y R X

$£58% F 11H1/2021 £ 6 B/BAESHBEFZHE

B U VR, ATl 35 7 oo R X S L4 4045 A8 7 A 1Y
Rt /ME . BT, R R 2B R TR T
W A0 I KT A2 A W A8 o AR RS R bR B 1) L 9
14 25 5N I TE AR BE /DN 3 ok R I A TR) B 3 n T
A 22 A P NI N -

Kohnan B [ ff A LILJ 45 & 25 8 A% 7 ¥ 7F
200847 J1 X 9 {8) 1t J§& i 58 3 AT T8 ORI R F
5o MM LILI R G : RO XS EERNHNE
(19 g NEFEME) 19 giti A 4 i s 1 AR A Al 14 ¢
7 A i e S A0 A IR R &, A% 1. 73 mm, S
22,11 mm, fig KT fiph A2 B 184 mm)!™ o K5 30k
#i 1YfE LL 300 mJ 2y 1] B8 HE 47 96 2L, A ik o g it
g 500 mJ, ik #h A R 3~5 Hzo 6 £F 4R b 1) it 1
f B B B O 24 em, Y6 AT Y AR i R 7E R 0 S
B RIFF L, DURE S 27 s IR . R B T
SEHGAH BT A5 B G 45 R A i LR I A A
N N VS BN E (A L U R Y DN
FARIGIT X 14 51 3% Sz FRAE-VE 52 2% f IS i Jed B8 1Y)
e PR 25 AT T8 — 2B 9 . B 1R kK H &R
Jed 5 1910 [N T S 2 51 A I 2T i Ak AN, A UOBIE 5 X BT
7 91 357 S B iR ) RS O RN B B i N o 5 5
sk BEG 0AH LG, 7 LILT 84955 191) B9 AR e o of, e 5
TR R 1), LI A iR B B R B
Iy — TR GE e RAGIT V5 K 21 15) FURE b e | s 191 3%
PR A B AG . K R BE T R S A G
L (VEP) W5 I 5 AR 55 /A J5 H #LAR F1 PFAlk A 25 &
S5 WoR 21 ) B 3 T 19 491 R A G RS i R o8 4x )
B, 16 4] F 2 AR v VEP 45 21 B 210 0k 3% |, e 28 20 4]
R I R S R A, XA SRR LILT &
o] DAk 22 05N B 4R — 0 T Y SR, n S B b
4 P9 IR, L AT iR Y W 3 R P DR A /DN i A
P2 S B g /D 1

4 45 B

HIF 58 R WO 5 & B0 O 1R W] LUA 20k B
H bR 4, IR B AL 58 T R JT e DI &CR | OF BAT 41
GURE PR A/ DR BE R U T R AR A TR TG B
TESY M 22 SR AE U B A R A L AT SR .
IR LILT B4 0 XE ik PR L 30 T Ik 1/ 22 i 135 fige ke ) 1)
R, OGS U AL BT ST R U IR A
R 0 R 5, DA RO T LILT £ R 1 F A B R AR

1100004-6



[2]

[3]

[5]

[7]

[8]

[9]

[10]

[11]

[12]

2 % X #

Papachristou D N, Barters R. Resection of the liver
with a water jet[J]. The British Journal of Surgery,
1982, 69(2): 93-94.

Siegel R J, Fishbein M C, Forrester J, et al.
Ultrasonic plaque ablation. A new method for
recanalization of partially or totally occluded arteries
[J]. Circulation, 1988, 78(6): 1443-1448.

Delius M. Twenty years of shock wave research at
the institute for surgical research[J].

Surgical Research, 2002, 34(1/2): 30-36.
Delius M, Gambihler S. Sonographic imaging of

European

extracorporeal shock wave effects in the liver and
gallbladder of dogs[J]. Digestion, 1992, 52(1): 55-60.
Schelling G, Delius M, Gschwender M, et al.
Extracorporeal shock waves stimulate frog sciatic
nerves indirectly via a cavitation-mediated mechanism
[J]. Biophysical Journal, 1994, 66(1): 133-140.
Zhong P, Xi X F, Zhu S L,
developments in SWIL physics research[J]. Journal
of Endourology, 1999, 13(9): 611-617.

Zhu S L, Dreyer T, Liebler M, et al. Reduction of

et al. Recent

tissue injury in shock-wave lithotripsy by using an
acoustic diode[J]. Ultrasound in Medicine &. Biology,
2004, 30(5): 675-682.

Zhong P, Zhou Y F, Zhu S L. Dynamics of bubble
oscillation in constrained media and mechanisms of
vessel rupture in swl[J]. Ultrasound in Medicine &.
Biology, 2001, 27(1): 119-134.

Chaussy C, Brendel W, Schmiedt E. Extracorporeally
induced destruction of kidney stones by shock waves
[J]. The Lancet, 1980, 316(8207): 1265-1268.
Nakagawa A, Kumabe T, Ogawa Y, et al. Pulsed
laser-induced liquid jet: evolution from shock/bubble
interaction to neurosurgical application[J]. Shock
Waves, 2017, 27(1): 1-14.

Musapelo T, Murray K K. Particle formation by
infrared laser ablation of MALDI matrix compounds
[J]. Journal of Mass Spectrometry, 2014, 49(7):
543-549.

Zhu L, Gamez G, Schmitz T A, et al. Material
ejection and redeposition following atmospheric
pressure near-field laser ablation on molecular solids
[J]. Analytical and Bioanalytical Chemistry, 2010,
396(1): 163-172.

Pohl R, Visser C W, Rémer G R B E, et al. High-

resolution imaging of ejection dynamics in laser-

$£58% F 1181/2021 £ 6 B/HAEXBFEHE

[14]

[15]

[17]

(18]

[20]

[23]

1100004-7

induced forward transfer[J]. Proceedings of SPIE,
2014, 8967: 89670X.

Plesset M' S, Chapman R B. Collapse of an initially
spherical vapour cavity in the neighbourhood of a
solid boundary[J]. Journal of Fluid Mechanics, 1971,
47(2): 283-290.

Han T H, Yoh J J. A laser based reusable microjet
injector for transdermal drug delivery[J]. Journal of
Applied Physics, 2010, 107(10): 103110.

Nakagawa A, Hirano T, Kusaka Y, et al. Biological
effect of shock waves on rat brain: pathological
evaluation by compact Ho:YAG laser-induced
cavitational shock wave generator[J]. Proceedings of
SPIE, 2003, 4948: 263-268.

Sato C, Nakano T, Nakagawa A, et al. Experimental
application of pulsed laser-induced water jet for
endoscopic submucosal dissection: mechanical
investigation and preliminary experiment in swine[J].
Digestive Endoscopy, 2013, 25(3): 255-263.

Oyarte Galvez 1, Fraters A, Offerhaus H L, et al.
Microfluidics  control ~ the  ballistic  energy  of
thermocavitation liquid jets for needle-free injections[J].
Journal of Applied Physics, 2020, 127(10): 104901.
Nakagawa A, Kusaka Y, Hirano T, et al. Application
of shock waves as a treatment modality in the vicinity
of the brain and skull[J]. Journal of Neurosurgery,
2003, 99(1): 156-162.

Moradiafrapoli M, Marston O J. High-speed video
investigation of jet dynamics from narrow orifices
for needle-free injection[J].
Research & Design, 2017,117: 110-121.

Kato K, Fujimura M, Nakagawa A, et al. Pressure-

Chemical Engineering

dependent effect of shock waves on rat brain:

induction of neuronal apoptosis mediated by a
caspase-dependent pathway[J]. Journal of Neurosurgery,
2007, 106(4): 667-676.

Deans G K, Kroeger F. Overview and structure of the
study[EB/OL]. [2021-02-01]. https://xueshu.baidu.
com/usercenter/paper/show? paperid={5fa7cdbf4c9{63
182e0d2716245b6bb&.site=xueshu_se.

Kwon T R, Seok J, Jang J H, et al. Needle-free jet
injection of hyaluronic acid improves skin remodeling
in a mouse model[J]. European Journal of Pharmaceutics
and Biopharmaceutics, 2016, 105: 69-74.
Komatsu M, et al.

knife:

Nakagawa A, Hirano T,

Holmium: YAG laser-induced liquid jet
possible novel method for dissection[J]. Lasers in

Surgery and Medicine, 2002, 31(2): 129-135.


https://xueshu.baidu.com/usercenter/paper/show?paperid=f5fa7cdbf4c9f63182e0d2716245b6bb&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=f5fa7cdbf4c9f63182e0d2716245b6bb&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=f5fa7cdbf4c9f63182e0d2716245b6bb&site=xueshu_se

[26]

[27]

[28]

[29]

[32]

[34]

Oertel J, Gaab M R, Knapp A, et al. Water jet
dissection in neurosurgery: experimental results in
the porcine cadaveric brain[J]. Neurosurgery, 2003,
52(1): 153-159.

Nakagawa A, Hirano T,

Pulsed holmium:

Jokura H, et al.
yttrium-aluminum-garnet laser-
induced liquid jet as a novel dissection device in
neuroendoscopic surgery[J]. Journal of Neurosurgery,
2004, 101(1): 145-150.

Tominaga T, Nakagawa A, Hirano T, et al.
Application of underwater shock wave and laser-
induced liquid jet to neurosurgery[J]. Shock Waves,
2006, 15(1): 55-67.

Saito T, Voinovich P A, Nakagawa A, et al. On
the efficiency of Gore-Tex layer for brain protection
from shock wave damage in cranioplasty[J]. Review
of Scientific Instruments, 2004, 75(11): 4789-4796.

Ohki T, Nakagawa A, Hirano T, et al. Experimental
application of pulsed Ho: YAG laser-induced liquid
jet as a novel rigid neuroendoscopic dissection device
[J]. Lasers in Surgery &. Medicine, 2004, 34(3):
227-234.

Nakagawa A, Kumabe T, Kanamori M, et al.
Clinical application of pulsed laser-induced liquid jet:
preliminary report in glioma surgery[J]. No Shinkei
Geka. Neurological Surgery, 2008, 36(11): 1005-
1010.

White R A, Kopchok G E, Tabbara M R, et al.
Intravascular ultrasound guided holmium: YAG
laser recanalization of occluded arteries[J]. Lasers in
Surgery and Medicine, 1992, 12(3): 239-245.
Takayuki H, Makoto K, Toshiro S,

Enhancement of fibrinolytics with a laser-induced

et al.

liquid jet[J]. Lasers in Surgery & Medicine, 2010,
29(4): 360-368.

Behrens S, Daffertshofer M, Spiegel D, et al.
Low-frequency, low-intensity ultrasound accelerates
thrombolysis through the skull[J]. Ultrasound in
Medicine & Biology, 1999, 25(2): 269-273.

Sato Y, Nakagawa A, Hirano T, et al. Pulsed laser-
induced liquid jet microcatheter system for rapid and

reliable fibrinolysis in acute cerebral embolisms:

experiments on safety and preliminary application

$£58% £ 1181/2021 £ 6 B/HNAEXBFEHE

[35]

[39]

[40]

[41]

[42]

1100004-8

in porcine cranial vessels[J]. Minimally Invasive
Neurosurgery: MIN, 2007, 50(4): 212-218.

Kodama T, Takayama K, Uenohara H. A new
technology for revascularization of cerebral embolism
using liquid jet impact[J]. Physics in Medicine &
Biology, 1997, 42(12): 2355-2367.

Hirano T, Nakagawa A, Uenohara H, et al. Pulsed
liquid jet dissector using holmium: YAG laser-a
novel neurosurgical device for brain incision without
impairing vessels[J]. Acta Neurochirurgica, 2003,
145(5): 401-406.

Kawaguchi T, Nakagawa A, Endo T,

Ventricle wall dissection and vascular preservation

et al.

with the pulsed water jet device: novel tissue
dissector for flexible neuroendoscopic surgery[J].
Journal of Neurosurgery, 2016, 124(3): 817-822.
Hirano T, Komatsu M, Uenohara H, et al. A novel
method of drug delivery for fibrinolysis with Ho:
YAG laser-induced liquid jet[J]. Lasers in Medical
Science, 2002, 17(3): 165-172.

Takimoto H, K, Kubo S, et al

Transaqueductal aspiration of pontine hemorrhage

Iwaisako

with the aid of a neuroendoscope. Technical note[J].
Journal of Neurosurgery, 2003, 98(4): 917-919.
Noack J, Hammer D X, Noojin G D,

Influence of pulse duration on mechanical effects

et al.

after laser-induced breakdown in water[J]. Journal of
Applied Physics, 1998, 83(12): 7488-7495.

Keles G E, Chang E F, Lamborn K R, et al.
Volumetric extent of resection and residual contrast
enhancement on initial surgery as predictors of
outcome In adult patients with hemispheric anaplastic
astrocytomal[J]. Journal of Neurosurgery, 2006, 105
(1): 34-40.

Kumabe T, Higano S, Takahashi S, et al. Ischemic
complications associated with resection of opercular
glioma[J]. Journal of Neurosurgery, 2007, 106(2):
263-269.

Ogawa Y, Nakagawa A, Takayama K, et al.
Pulsed laser-induced liquid jet for skull base tumor
removal with vascular preservation through the

transsphenoidal approach: a clinical investigation[J].

Acta Neurochirurgica, 2011, 153(4): 823-830.



	1　引言
	2　激光诱导液体微射流的机制
	3　激光诱导微射流在医疗领域的应用
	3.1　无针注射
	3.2　神经外科的应用
	3.3　增强纤维蛋白溶解
	3.4　切除体内组织
	3.5　胶质瘤手术
	3.6　经蝶入路治疗

	4　结论

