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Application and development of novel actuator-driven pulsed water jet to
cardiovascular surgery
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An application of actuator-driven pulsed water jet (ADPJ) to coronary artery
bypass grafting surgery, especially graft harvesting and coronary artery exposing, was investigated,
because this device do not have any risk of heat injury. After confirming the mechanical property of
ADPJ, the tissue strength of swine target vessels and their surrounding tissues were measured. The
breaking strength of internal thoracic artery and that of surrounding tissue were significantly
different, and this difference was also confirmed between coronary artery and cardiac muscle. This fact
shows theoretical basis of tissue selective dissection ability by ADPJ. Actual harvesting of internal
thoracic artery and exposure of coronary artery embedded in cardiac muscle were experienced using swine
model. Histological evaluation revealed the successful dissection and exposure of target vessels without
apparent damages, and indicated the possibility of clinical application and better outcome.



B X C—19, F—19., Z—19 (GtaH)

1. WHEBHAR SO 5

(1) FEENR A 2SR
HENR A RAMFICBW T, WAICHWS
WNIRENIRZ B 572 < FIBEST 2 2 &0 720
NEITOFINREZ WS D= DI 2RI E T
B EIRVWELEFICRS T TR, BE
FEDT A ZATIL, B X 28O AHEM:,
EENIRE I 3B W T BSER RIS 58 D R
EERD 5,

(2) L—W—FREIRA = F AR
ARFZETHEECTHENT T L, WA
FEIR CIGH A £ » T D L— W — B i i
K=y AR (LLTFY =y b AR) &, B
N7 < FARBRINAY 22U EE - FIBE IRE T
HY ., BENRASA RRFIZEBT DT T 7 ML
FAOISHANHFFS LT D,

2. WHEOHEM

(1) WEIRFIEE~ DG

TEERSA S 2ATT IV T BIFHETED 5
W7 T 7 N ThLINERE KD Zae TR
DELRET DD DOFELLTOY =y b
A ZAD et 2 BiEtd 2,

(2) DBEWNESTORENRE -~ H
BHARNETH Y | BOEWAEBIRFE L DG
B & 50 NEIT OEREEINREZ L0 %2
2 EICBELT 27O DOFHT A AL L
TOISHDOATREMEZ AT 5,

3. WHEDIE

(1) T34 ZADFEED R

Vo7 Faz—F =AYy b
A AW R 7e L— W — 3 AR RF ORI = %
X —H KORL T %I L TR 2 DS
ThHDHN, TOROERMH T &= RrL¥—
DA Z Y —Z2 VTR 2,

(2) HH#IREL DR

Vo b OFARRTREEE (AR O SR EE (2 B b
Bl 2728, 7 Z OWNIENR & 2 0 JE PHARRE
SEEBIIR & /O & OREITIREE 2 JE L, FH ki
REV72 GBS PTRE T DRI A TRE T 5,

(3) FHOMER - 3% EDHwEb
BT O 7 & A ERYIBRIC TRl L.
Vv b ARERO TN ERCEIEE - EER
DOFEHEITV, EEOTFHIZEB T D8E%ED
TR it 7 tH oK B ORI Z 179,

(4) JREARAR ST

Vxv MAATERRLEZ 7 2 Niadhikes &
VRO (BRAR) TEHERLEZTZN
FoEh IRk 2 53 ERAR AR A0 bR - R 5, £
7. Py FAZREROTEL LI-LANE
1TO7 2 WENR % 5 BRI 3 5,

4. WFFERH:

(1) T34 ADRHEDHERR

ERHE T E Y =y bOBEORIZIZIED
MRENRD b, BLRE N OREIZL > T
BAARRI 72 Y = b DT R X — A
LD Z EdREnT-, £, D &k
ENIEPTH2EIF U 2HNT, Y=v X
AN X BUIBER X O DBEEDOHIE ZITV,
OB OWRE N BRI ) EHBE L T—ETH
DB EEMENDTZ, TNOLDORERICEIY, #
Bl D AR O FEEE - RIS A 2 ) 2 1R E
THZENTE, BB YENN—TEIHRT
No6Z EEERTET,

(2) FAKRIREE DR

R TICIAE 30~35 kefRED T Z %
IEFFEIBC TR L, PSR & 2 oo 5 B o
kAR, EEIR & O 2 BRE L CREITIRE &
BIE Uz (n=5) , AL R 1 AR AR E D — > C
HY, HERTT o F v —mHOTHIEZSEN
REGHRR 2 BT D & EICETHENE LT
HE Uiz, OB L T, DIAMEEZ & T4
R IOMMEEZHEY L b oo 2 FEEICS
UWNTREE L 72,

B IToR BE (MPa)

|

-

P4 e ¥hAR EIEME mIEE L LR LER

BI1 A5 RERk O R

(3) FHOMR - REDORE
EHELFICAE 30~35 kefbEED T X &
IEFRYIBRIC TR L. WNARENIR % 5 FE O FHLfE
MHEYxy FAZAEZHWTHEE L, KOFR
BB A2 N OMNITIRY 40 TRl 72
RELEBE LT, Vv NENRTHI L L,
PHEORIEE - W5 | 2 AN 2 5 Z & Tl -
HEEIZAIRETH D, 80—100V ., KEIT 8-
10ml/min 3@ TH D LW SNz, Vv
A AZ Db O T EEEERECBEIFERE T 72
W= B S VTS EAE U7 A A S
BNZESRA ANT ) v FICTUE L, EX
A AN X HNMIEIIR O FIEE - FiH BTV, Y
= v b A A CHIEEL =N EIAR & Heig L=,



HEROFTEHICE L Cix, OFNICETT
B EIRAS 3 B 7 RS . DN AT O B
PRIZ DU T 2 38 < GIBH L 72 D BT
OHBEZ T T, wHERZ =N LS, L)
L. HHZE—EUTICTTFHR0ZFE, —#T
HEROZEIL D A5z, DFNAETTO RS
WRIZBE L Cid, RIBEF o DR OB T Iz
NEsZEaEBE L, X 0IKHE ) CTolir I
B A IR LEEIZIT O MR H D &f)
Wrani-, R LT, DHNLOLEEOH
M7 <, BECH R AREEARDFEAE S 7D Z &7
HERZBHLY DN TEEN, 277
L. DABWNETTORM LTI 2 E 207
TZENNETHY . EEORITIX 1L FHITH

ST,

K2 Y=xw bAATHEELZNBEIR

3 EEAROE H

ZRMEIZBE L, NIEERD 58 1 cofiffir7e
PENSLY =y FEYTHEIT, En b0
R CRLT 202 E L, T2 1F%
Mol K2 BN el CHEfLIZ L
RNZ EDNY | KRR 72 RIEERE ) 23
HTohdELRy, —EOLEME LR
i,

(4) JEPLAAARATA

Vv MAABIUORERDER A A TH
HiE - i Lo NIEN R Z AL~ U CEE L
Elastica masson 4%, CJp FRAR A% A1 bhigk
Et L7, miE &b, PEE L~ TOR
HEITR O o T, IMED L~z B WD
TiE, BRAATHEELZ SO T T H M
SLBHEEER A DIV, Yy b A XTI
Bt L7 b o T CAR AL OO

MEFFSNTWDHHEIRTH -T2,

/:4 2 v
. Sl e _ vt "*,._' g’

K4 Y= bARTHEELZNHBIR

il

5 EEAA A THIEEL = EIIR

HEROFTEHICE L Tix, OB ETT &0
Wro= v b A RATEMNEIT- 7205 FERIC
A=Y CEE L CR BRI T e W
FARR A ERM L 7= (Elastica masson Z4 %)
FEEE WL IE Tidd D23, DN L
TNz R BN IR S JE PEAR R O K & 72481572 < |
FIHEBARE & b OBEN RN F EHE
HENTWa Z LRS-,

6 LAEPETTOEBIIRO #E

(5) B%
BETHNANR T T 7 O HEB)R
W50 0 58 HY L2 IR 2 7% 3R B IR N 2 S A Al



WZxF L, ZORHEE D LT L — Y — Rk
WBIRY = v b AADIEHEZRATZ, FTT
A ADFEL LT, BRI EYzy bOx
TV — o AN~ OTREEFE DS IEOFH B % Ff
DT LRI AL, R L ARRRTEE A
BlTBHEREEDED L, BEOEWNILD
FERR SRR 72 RIBE - SRS FTRE T DRI A
Bz, ThEab LIoT7 22O TEBERONN
BhRFIEE - EEROER M A1TV, BHEEIE D
HLAADZ L, WO WEEEG R < FH
DHEATRIRE T D T & DR AT b HER X
niz,

Etk. D EEMEOMRHER S0

BR AT > 72 ECHRIGHA~O R &L

TEENR S A S AW OFMFEL - FRUEEZ
O RN T DICH b0 L Bbind,

<5 3CHk>

(DNakagawa, A., Hirano, T., Jokura, H.,
Uenohara, H., Ohki, T., Hashimoto, T.,
Menezes, V., Sato, Y., Kusaka, Y., Ohyama,
H., Saito, T., Takayama, K., Shirane, R.,
Tomonaga, T.Pulsed holmium:yttrium-
aluminum-garnet laser-induced liquid jet
as a novel dissection device in
neuroendoscopic surgery. J. Neurosurg.,
101, 2004, 145-150

® Hirano, T, Komatsu, M., Saeki, T,
Uenohara, H., Takahashi, A., Takayama, K.,
Yoshimoto, T. Enhancement of fibrinolytics
with a laser-induced liquid jet. Lasers Surg.
Med., 29, 2001, 360-368

(@Yamada M, Nakano T, Nakagawa A, Sato
C, Fuyjishima F, Tanno H, Kawagishi N,
Miyata G, Sato A, Tominaga T, Satomi S,
Ohuchi N. The piezo actuator-driven pulsed
water jet as a new modality for surgery:
laboratory investigation of its dissection
profile and physical properties using swine
liver. Eur. J. Surg. Res. 53, 2014, 61-72

5. ERRERLF
(WF7efhRE . e K ONEENTEE 1
LR

(MRS sC) (BE 0 1)
(HAEHEE )
(F=seR) Gt 0 )

(B AR 2 RS H )
(XE) Gt 0 1)

S

(PEZE M PEME]
Ok G 0 )

LR
FEE
FERIE

FHELE -
HE5
HFEEH B -
ERNs D5 -

OBkt Gt 0 1)

LAY
LR
HEFIZ -
TEEH -

HH
HFEFEH B
BUSHEHH -
ERN D5 -

(Z D]
R—b_—U% 7L

6. HFITHERE

(1) WFge s

JIIA &l (KAWAMOTO, Syunsuke)
HALR T - RFBEE TR0 - #EZdR
WM& R 20400244

(2) BF7E 5y 035

AR fE5C (SAIKI, Yoshikatsu)
HALK: - ESRITTER - B
W7e#E %= 50372298

(3) W FE oo
A& E2ZE (MOTOYOSHI, Naotaka)
HALRS: « RFWEPE - Gl
Mgt & 40375093

(4) WFge o

I #E (NAKAGAWA, Atsuhiro)
ALK - R¥mbt - Bh T
Wrges &5 : 10447162

(5) W FE oy P4
B 5 (NAKANO, Toru)
WAL KRS - Kb - Bh T
WIEEF S« 50451571



