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INTRODUCTION

Since its introduction by Chaussy and as-
sociates in 1980 extracorporeal shock wave
lithotripsy(ESWL) has proved to be a safe
and effective noninvasive method to treat
patients with urinary tract calculi. ESWL
has become the preferred method of treat-
ment in majority of all cases of urolithiasis.

From December, 1990 to April, 1992 we
treated 155 patients with urinary tract cal-
culi with the new multipurpose third gene-
ration lithotripter Dornier MPL-9000 lithot-
ripter has been evaluated over 15 months
for safety and efficacy. In addition to an in-
line and outline ultrasound positioning sys-
tem is an equipped system capable of rea-
ching stones in the whole urinary tract sys-
tem.

We report here our experience with ult-
rasound-guided Dornier MPL-9000 lithotri-
pter for lithotripsy treatment of whole uri-
nary tract stones.

Material and Method
From December, 1990 to April, 1992 for

15 months we treated 155 patients with
stones of whole urinary tract which were

— 72 -

categorized by age, sex, location and size of
stones with Dornier MPL-9000 lithotripter.
We studied the success rate according to
size, location of stone, frequency of ses-
sions and also complications that occured.
Before the ESWL treatment, we checked
CBC, blood coagulation test, urinalysis,
urine culture, LFT, EKG, electrolyte and
[VP. Befor the treatment we used plain film
to identify the location of the stone. During
the treatment when severe pain occured we
used sedoanalgesics. One day after the
treatment, we confirmed the disintegration
of stones on plain film KUB control films
were taken after 1 week, 3 weeks and 12
weeks.

Material and Method

From December, 1990 to April, 1992 for
15 months we treated 155 patients with
stones of whole urinary tract which were
categorized by age, sex, location and size of
stones with Dornier MPL-9000 lithotripter.
We studied the success rate according to
size, location of stone, frequency of ses-
sions and also complications that occured.
Before the ESWL treatment, we checked

CBC, blood coagulation test, urinalysis,



A2 3F 9 ! Dornier MPL-9000 #4471 & o} 83 o =AM 2o ZY

urine cultures, LFT, EKG, electrolyte and
IVP. Before the treatment we used plain
film to identify the location of the stone.
During the treatment when severe pain oc-
cured we used sedoanalgesics. One day af-
ter the treatment, we confirmed the disinte-
gration of stones on plain film. KUB control
films were taken after 1 week, 3 weeks and
12 weeks.

Results

From December, 1990 to April. 1992
there were 217 treatments performed on
155 patients by using the Dornier MPL-90
00 Lithotripter with ultrasound locating sys-
tem : 100(64.5% ) in male and 55(35.5%)
in female patients. The age of the patients

Table 1. Age and sex distribution

Age Sex Rate No.(%)
Male No. Female No.

{20 2 0 2(1.2)
20—29 9 4 13( 8.4)
30—39 30 11 41(26.5)
40—49 32 16 48(30.9)
50—59 17 17 34(21.9)
60— 69 9 3 12 7.7)
70—79 1 4 5( 3.2)

Total No.(%) 100(64.5) 55(35.5) 155(100.0)

Range : 18 —76(Mean : 44.2)

Table 2. Location and size of stone

Location Stone size(cm) Total No.(%)
{1.0 No(%) 1.0—2.0 No.(%)>2.0 No.
(%)
Kidney 50( 2.2) 28(18.1) 17(10.9) 95( 61.2)
Calices 46(29.6) 22(14.2) 5( 3.2) 73( 47.0)
Pelvis 4( 2.6) 6( 39) 12C 7.7) 22( 14.2)
Ureter 35(22.6) 20(12.9) 2( 1.3) 57( 36.8)
Upper 16(10.3) 13( 84) 2(1.3) 31( 20.0)
Lower 19(12.3) 7( 4.5) 26( 16.8)
Bladder 1( 06) 1( 0.6) 1( 0.6) 3¢ 19
Total No. 86(554) 49(31.6) 20(13.0) 155(100.0)
(%)

Range of stone : 0.5—4.8cm(Mean : 1.4cm)
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Table 3. Success rate according to size of stone(1lst session)

Size(cm) Rate( %)
<10 87(75/86)
1.0-2.0 73(36/49)
> 2.0 5( 1/20)

Table 4. Success rate according to location(1st session)

Location Rate(%)
Kidney 75.7(72/95)
Ureter 70.1(40/57

Table 5. Success rate according to No. of session

No. of session

No. of patient(% )

Success rate( %)

1st session 114(735) 716
2nd session 28(18.6) 89.7
3rd session 6( 3.9) 935
4th session 6(73.9) 974
5th session 1€ 0.6) 98.1

Table 6. Amplitude and number of shock waves during one session

Kilovolt Number of shock wave
14 151.5
15 134.8
16 417.2
17 786.1
18 1141.1
19 460.0
20 450.6

ranged from 18 to 76 years with an ave-
rage of 44.2 of an age(Table 1). The stone
distribution was the followings : 95 patients
(61.2%) in the kidney : 57 patients(36.8
%) in the ureter and 3(1.9%) patients in
the bladder. The average stone size was 1.4
em with a range from 0.5 to 4.8cm(Table
2). The total ESWL success rate was 98.1
percent. 111 patients(71.6%) could be re-

ndered stone free with only one single ses-
sion. The distribution of the success rate
according to size with only one single ses-
sion has been as follows : 87 perceent for
less than 1cm. 73 percent for 1 to 2cm and
5 percent for above 2cm(Table 3). The dis-
tribution of the success rate according to
location with only one single session has
been as follows : 75.7 percent for kidney
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and 70.1 percent for ureter(Table 4). The
total number of sessions was 217, with a
re-ESWL rate of 1.4 sessions per patient
accordingly. The overall retreatment was
26.5 percent. A second session treatment

was necessary in 28(18.6%) cases, a third
treatment in 6(39%), a 4th treatment in
6(3.9%) and a 5th treatment in 1(0.6%)
case(Table 5). Three patients were not fol-
lowed. The total number of applied shock
waves per single treatment was 1800+ 500
in average. The mean generator voltage se-
tting was 18+ 1KV(Table 6). The cause of
booster session has been as follows : 15(9.
7%) patients for staghorn or large calculi,
13(8.4 %) patients for impacted ureter or
UPJ stones, 7(4.5%) patients for poor lo-
calization, 1(0.6%) patients for migration
of stone and 5(3.2%) patients for stone st-
reet(Table 7). The average treatment time
per session has been 62.5 minutes(Table

8). During the ESWL treatment, intrave-
nous analgesia with Demerol(1mg/kg) was
necessary in only 16.6% of stone street, of
these patients 19 cases were passed spon-
taneously without intervention and 5 cases
were treated with booster ESWL(Table 9).
Mild or colicky pain occured after ESWL in
10 patients(6.4% ) and they were managed
by sedoanalgesics. Nausea occurred in 11
patients(7.0% ) and fever was observed in
3 patients(19%) after treatment. Gross
hematuria that continued for more than 1
day after ESWL was noted in 18 patients
(11.6%) but this mostly disappeared by 2
days after ESWL. No medical intervention
was necessary in all these cases. In 3(1.9
%) patients systolic blood pressure increa-
sed above 180mmHg after ESWL(Table 9).

Discussion

Since the first patient was treated succes-
stully for a renal calculus with extracorpo-
real shock wave lithotripsy by Chaussy and
associates!’ in 1980, rapid acceptance and
widespread use have made this form of
stone therapy for the treatment of choice
with more than 80 percent of all renal cal-
culi worldwide. Clinical series have docu-
mented the efficacy of extracorporeal shock
wave lithotripsy for renal and ureteral cal-
culi®1010, The physics of high-energy shock
waves are used in the same way in all cur-
rently available lithotripters. A high energy
amplitude of pressure(shock wave) is ge-
nerates in water by the abrupt release of
energy in a small space.

These sound waves are transmitted acco-
rding to the laws of acoustics through water
and soft tissues with little attenuation(dec-
rease in energy) because these materials
When the shock
wave encounters the boundary between su-

have similar densities.
bstances of differing densities or acoustic
impedances, the tensile strength of that ob-
ject may be overcome by the compressive
stresses generated. The contact of a shock
wave of sufficient energy with a stone pro-
duces a compression wave along the front
face of the stone, causing the anterior sur-
face to crumble. As the shock wave traver-
ses to the posterior surface of the stone,
part of the energy is reflected, creating ten-
sile stress and fragmentation along this sur-
face. Repeated shock waves focused on st-
ress and fragmentation along this surface.
Repeated shock waves focused on the
stone eventually reduce it to many small
fragments that may be passed spontaneou-
sly, the compressing-tensile wave phenome-
non results in an implosion, thus minimi-
zing the total kinetic energy of the fragme-
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nts by using a large number of shock wa-
ves. This finding, supported by extensive
clinical research, explains the low incidence
of adjacent tissue injury during stone frag-

mentation with high energy shock waves.
All lithotripters share four main features
in energy source, a focusing device, a
coupling medium, and a stone localization
system. Although the basic principles of
shock wave lithotripsy remain unchanged, a
myriad of technological advances and mo-
difications in the currently available lithotri-
pters have significantly expanded the clini-
cal applications of lithotripsy, Dornier MPL-
9000 a third generation lithotripter is used
in which the electrohydraulic shock wave
generator is located at the base of water
bath and produces shock waves by an elec-
tric spark gap of 15,000 to 25,000 volts of
1 microsecond duration, This high voltage
spark discharge causes rapid evaporation of
water, which generates a shock wave by
expanding the surrounding fluid. The elect-
rohydraulic generator is located with an el-
lipsoidal reflector that concentrates the ref-
lected shock waves at the second focal
point. The lithotripters gave wider apertures
of the ellipse and lesser overall energy in-
tensity of the shock wave generator stone
localization during lithotripsy accomplished
with either fluoroscopy or ultrasonography.
Fluoroscopy provides the urologist with a
familiar modality and has the added benefit
of effective ureteral stone localization. Ho-
wever, fluoroscopy requires more space and
carries the inherent risk of ionizing radia-
tion to both the patient, medical staff, and
is not useful in localizing radiolucent stones
without radiation exposure. Additionally, ul-
trasound is effective in localizing stone fra-
gments as small as 2 to 3mm and is as good

as or better than routine plain films to as-
sess patients for residual stone fragments
after lithotripsy. The ultrasound-based ma-
chines also have the important capability of

gall stone localization for biliary lithotripsy.

Stone localization is a factor that deter-
mines the ease with which a stone is frag-
mented by shock waves. The stone locali-
zation is done by double ultrasound, which
is made up of a lateral ultrasound that is
composed of a flexible articulated robot
arm and coaxial(in-line) scanner that also
functions as final localization®.

The stone free rate of lower calyceal sto-
nes was less than 60 percent in comparison
to mid or upper calyceal stones which was
75 to 80% and pelvis or upper ureter sto-
nes which was 85 to 92 percent®'®. In our
study the success rate between kidney and
ureter was higher. Especially in ureteral
stones, using maximal bladder distension
and the iliac vessels as identification marker
helped in localization of stones located in
the upper part of the pelvic ureter and in
the mid ureter. Juxtavesical stones were
easily locallized with a partially filled blad-
der, as maximal distension(mainly in obese
patients) cause an upward movement of
the lower ureter and a naturally deeper pe-
netration of the shock waves is needed.

Stone size also is a factor that influences
the results of ESWL. In many experiences
the so called easy ESWL stones were less
than 2cm in size where as problems in
achieving sufficient stone disintegration and
stone passage principally were correlated
with larger stones?. Many investigators re-
ported that stones of less than 2 to 2.5cm
were clear indications for ESWL and the
critical stone size for ESWL monotherapy
was approximately 3cm in diameter®717).
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Table 7. Cause of booster session

Causes

No. of patients( %)

Staghorn or large calculi
Impacted ureter or UPJ stone
Poor localization

Migration of stone
Steinstrasse

15(9.7)
13(84)
7(45)
1(0.6)
5(3.2)

Table 8. Duration of ESWL treatment

Duration(min)

No. of session( %)

(30 28( 12.9)
31-60 102( 47.0)
61—90 65( 30.0)
> 90 22( 10.1)
Total 217(100 )

Table 9. Complication of ESWL and their management

Complication No.(%) Management

Gross hematuria

(1 day 97(62.6) None

1—2 days 15(9.7) None

> 3 days 3(1.9) None
Steinstrasse 24(15.5) Spontaneous expell : 19(12.2)

Booster ESWL : 5(3.2)

Renal colic 10(6.4) Sedoanlgesics
Nausea 11(7.0) None
BP change 3(1.9) Medical treatment
Fever 3(1.9) Medical treatment
Sepsis 0

Recently, the indication for ESWL has
been extended to include the treatment of
staghorn calculi. With treating a stone grea-
ter than 3cm by ESWL monotherapy, the

success rate was 30 percent but combined
and shock
wave lithotripsy represented a success rate
of 85-95 percent31216),

percutaneous extracorporeal

However when Vandeursen and associa-
tes? performed ESWL monotherapy to
treat staghorn calculi on 50 cases a success
rate of 74 percent was reported.

In our study, out of 5 cases with ESWL
monotherapy to treat partial staghorn cal-
culi, in 4 cases the success occured in 4
sessions, in 1 case success occurred in 5
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sessions. However unlike the Vandeursen’s
report, we did not observe sepsis.

Lingemann and associates® reported that
a 3 month follow up of 569 patients sho-
wed 96 percent success results. which is
defined as having no stones(72%) or the
presence of only clinically insignificant frag-
ments(24 % ). Among the patients with soli-
tary renal stones less than 2¢m in diameter,
91.3 percent were free of stones. Drach
and associates 5 reported a success rate of
77.4 percent in 1987 treatments of patients
with a single stone. Eisenberger and than 2
cm in diameter. These success rates were
obtained with the Dornier HM-3 lithotripter.
In regard to second generation machines, a
success rate of 46 percent in 1 session was
reported with “''nlf lithotripter®. A 61 per-
cent rate free ot stones was obtained with
Siemens Lithostar!® and residual stone rate
of 46 percent was obtained with the Dor-
nier HM-3 device.

Kim and associates®reported an average
success rate of 86.2% (91.7% for renal sto-
nes less than 2c¢m in diameter) with piezoe-
lectric lithotripter. Our experience with the
Dornier MPL-9000 lithotripter showed a
total mono-ESWL success rate of 98.1%
and single one session success rate of 71.6
% .

Shock wave treatment with Dornier
MPL-9000 lithotripter needed no anesthe-
sia. In our experience intramuscular analge-
sics was necessary in only 16.6% of all se-
ssions, and therapy was not stopped due to
pain.

Complications of ESWL include flank or
abdominal pain, chills, fever, oliguria, dysu-
ria, gross hematuria, and Stone street. Eise-
nberger and associates reported pain or co-
lic in 28 percent of all Dornier ESWL pa-

tients. Among them 50 percent were ma-
naged by application of oral antispasmodics
and the remainder by intravenous injection
of antispasmodics or narcotics. They also
noted fever in 5 to 36 percent of the patie-
nts.

Lingemann and associates?’ reported co-
mplications in 17 patients after 982 treat-
ments, including urosepsis in 3, pneumoni-
tis in 1, myocardial infarction in 2, cardio-
vascular accidents in 3, ileus in 1, pancrea-
titis in 1, perirenal hematoma in 5 and
pleural effusion in 1, Drach and associates
also reported complications among 2475
treatments, including heart problems in 9
patients, anesthesia problems in 24, lung
problems in 29, machine malfunction in 9,
poor localization of stone in 8 and renal
hematoma in 6.

Lingemann and associates? reported in
more than 100 cases even if ESWL caused
hypertension its effect was minimal. Howe-
ver Spinark and associates!® 21 reported
ESWL itself does not cause hypertension, a
prospective controlled study is need bet-
ween ESWL treated patients and patients
treated by other methods.

In our ESWL treatment, sepsis, acute re-
nal failure, renal hematoma, pulmonary or

cardiac problems were not noted. The
Stone street was occured on 24(155%)
patients. Of these patients, 19 cases was
passed spontaneously without intervention
and 5 cases were treated with booster
ESWL. Mild or colic pain occured after
ESWL in 10 patients(6.4%) and they were
managed by sedoanalgesics. Nausea occur-
red in 11 patients(7.0%) and fever was
observed in 3 patients(1.9%) systolic blood
pressure increased above 180mmHg after
ESWL treatment.
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In conclusion, Dornier MPL-9000 lithotri-
psy requires no anesthesia has higher suc-
cess rate and causes fewer complication.
Thus, ESWL monotherapy with the new
Dornier MPL-9000 lithotripter is believed
to constitute the initial applicable method
for treatment of calculi regardless of size

and location.
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