BAH  REBRLA
20064F 8H 30H

B - WSS AT A TEEK| 2ESES 015110 Al HE
R . BEHE R4 EA IERE
B35 K4 Sandro Mihradi N —

woX E OE@ED

Fm SO H The Kidney Stone Fragmentation Method for Patient-Friendly
Extracorporeal Treatment (BBH 20X LV MESNE g A BEAE)

(E'S 1, 20052 )

EAE RIS A RRREESWLIL, Fi2 LW CTBIBR a2 ELEIBRTX 572912, 80 F1]

DIPLEANEREN TS, ZOME T, HREZETE., AP, R/ SBRLEE

RICEY BARICEMMCHER T 5, LsL., BT EL OFERE AR BZE R T30, Bligdikic ks

BIENKETIZENELRESN TN, -, BREIZLDEBE A OBIAT =X MIEE+71T

RSN TRLT | BIEDIED Bl CHHIRIEITRV,

Z DOFSCTIXESWL IZ & B 1RFIZ BT B A B BT 3 E B /13 (direct stress wave)

DEBENSNARBENOHIR L, BlEEG OREN - WMk 2 R 5 T EERZ AT

AZEEEMELTWVWS, TNHDOERAZMREIAT S Z LT, BB EL 5| X JRRZRE,

FITRIERICIZ T, A XSRS 5 Z LI L » TRFIZR S LW ABREZBEB TX

AHEDEZD, KRTITENGRY, B 1ETIIAFEOER L BHZR, 5 2 BTG

WX AREABOEREREZ TR L, B 3, 4 ECTITARERIEIC X 2/ ANOI 1 OFER DL Z 55/

ICHRAT U, REARE s 2B TSI L TERL TS, BE5ETITE2ENDA4EETTO

FERICESWT, DRI A AT % ik e LT Dual VA AFHEOFIMEEZ R LTV, 5

B CIIRARARES E TR T 2 72 DI E SRR D REZ A LT fRT FiE 2 BZ L.

FOEMEEZHERL TS, BTETIELNL TERERIEL TS,

AWFFRICE T DR L OMAIR 2 RIZLL T X S ThH D,

1. (FAMEBEAREEICRBWNT, KPE2EIF L T - ERESHEANICAR L, &AW cRE
THISHEEZINCH LN LT, A OB#iEsH LM LT,

2. BESERBISHIERESEA LT, AR S BUEART LTz,

3. ZhERMLEABRNERRE L,

UTAHE T ONZERERTH D, ’

1. FEEEOAHICIIBEANDEIREEZEZRICHLNZTEZ LICED., HAERNICHEET D
BIRISIC XV, ADOEEWSSIEEIINDIEEZHALNI L, ZDOZEITXY,

FRIRIC X DO EES B,

BRI R R O YRR D R

R OB NEEOYEREN R
PRAERICHL NI LT,

2. FEABRERELZERITCTHLNIT 72012, BRERE 07 7 L2 METHRREL, #iz
B RS M R R R L, E72. ZOAFMbEZRIA LT, BEHEEL LTk
FRHENTOWAARORECEDL> USHTHEZEA LT, ZHUTXV ., FHABRPMEERZREk
DOMEHREZDOBER DRI THEm T DI ERAfEL kol BERIEIBITIEEREFEET
Hb,

3. 1. 2OFFERELZL LIC, BEICE LW ABFE L LUTxim 2 Frd b ORI AFIC X
DREAWRFEERZRR L, ZUCX D, (EROEIMERBERBEEICAV O TV D EERR
DIRFEEL Y 0. 7~0. 5 REDWME CRAZMIT 22 ERMREL Y, BEICE2 2818, BlF
FEAR DR DR E KIBICERT 2 Z E BAEETH 5,




BH . 2EELH
20064 8H 30H

W - G AT LD TFHY| FHEEFS 015110 AR HE
T IEBE KA B EHE
35 2 G 4, Sandro Mihradi W R
wmoX B B(EL)
i SCRE H The Kidney Stone Fragmentation Method for Patient-Friendly
Extracorporeal Treatment (B2 LV MASBigAS A ML)

(E'F 1,200 E)

Extracorporeal Shock Wave Lithotripsy (ESWL) has been extensively used since early 80’s in
the therapy to destroy and remove kidney stone without surgery. In this treatment thousands of
focused shock waves are transmitted from outside of the body to destroy the stone into reasonably
small pieces, so that they could be discharged naturally. Despite its success, kidney tissue
injuries have been widely reported and the fragmentation mechanism of the kidney stone is not
well understood yet.

In this thesis, a comprehensive study to explore the direct stress wave contribution to the
kidney stone fragmentation during ESWL has been performed with aim to clarify some important|
factors for efficient fragmentation of kidney stone. By knowing these factors, the efficient]
fragmentation of the stone can be achieved by removing or minimizing some causes that could
lead to tissue injury. Some experimental and numerical works are performed with focus to
investigate internal stress wave fields generated inside the kidney stone subjected to the
lithotripter pulse wave. Several parameters, which may play important roles in the
fragmentation of kidney stone such as pulse duration, stone size and geometry, and focal size of
focused shock wave, are analyzed. Also in this work, a new idea to fragment a kidney stone by
employing dual shots from various angles is numerically simulated. To reasonably model initial
fragmentation of a kidney stone by the impact of short pressure pulse, a program is developed
based on Discrete Element Method (DEM).

From the present study, we found that the shorter the incident pulse duration, the higher
amplitude of stress wave is needed to fragment the stone. On the other hand, longer pulse
duration could develop higher stress level quite significantly inside the stone. Because higher
pressure application during ESWL may risk injury to the patient, application of lower pressure
with a longer duration will be more preferable in the clinical point of view. The other result found
in this study is that greater focal size of focused wave could develop larger high stress area and
higher stress magnitude inside the stone, especially in the case where the stone size is larger
than the focal size. Therefore in the practice, efficient fragmentation may be achieved by applying|
lower pressure with a longer duration and a wider focus.

Numerical study on dual pulse impingement system where pulses are facing each other,
reveals that this system develops a larger area of high stress inside the stone as compared to the
application of single pulse impingement. This shot system develops tensile stress level inside the
stone, one and half times as large as that of the single impingement model, while keeping the
pressure of surrounding fluid the same. Therefore, this new method can be considered for future
development of lithotripter, because it has the potential to accelerate stone fragmentation and
keeping the low risk to the kidney tissue. Fragmentation simulation utilizing DEM program has|
confirmed the effectiveness of the present method to fracture the stone.




