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Aggressive extracorporeal shock wave lithotripsy of
gall bladder stones within wider treatment criteria:
fragmentation rate and early results

G Meiser, M Heinerman, G Lexer, 0 Boeckl

Abstract
Two hundred and twenty patients with a total
of 412 gall bladder stones of between 8 and
38 mm in size were treated with extracorporeal
shock wave lithotripsy, using the overhead
module Lithostrar Plus. Fifty six per cent of
stones were solitary (mean (SD) diameter 23
(5) mm) and 9 5% ofthe patients had more than
three stones. Stones were successfuliy disinte-
grated in 218 patients (fragmentation size
<5 mm in 80%, <10 mm in 19%). Some 65% of
patients required one treatment and the rest
two or three. A mean (SD) of4100 (1800) shock
waves with a pressure of 700 bar were applied.
Twenty four to 48 hours after lithotripsy a
transient but significant increase in serum
transaminase activities (31%) and in bilirubin
(29%), urinary amylase (27%), and blood
leukocyte (62%) values was observed. In 29%
of patients there was a transient micro-
haematuria, in 2% transient macrohaematuria,
and in 25% painless petechiae of the skin.
Ultrasound showed temporary gall bladder
wail oedema in 13%, temporary distension of
the gall bladder in 11%, and transient common
bile duct distension in 8% after treatment.
After discharge from hospital, 31% of patients
complained of recurrent colic that responded
to simple analgesics. Four to eight weeks after
therapy, four patients developed biliary pan-
creatitis and 11 biliary obstruction that was
managed by endoscopy. To date, 105 patients
have been foilowed for over 12 months. Sixty
one of these had a solitary stone, 17 had two,
and 27 had three or more stones. A total of 59
patients, including 44 with a primary solitary
stone, eight with two stones, and seven with
three or more stones are completely stone free.
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Extracorporeal shock wave lithotripsy (ESWL)
is a new treatment that has overtaken surgery
as a first line therapy for some patients with
gall bladder stones. Initial multicentre studies of
ESWL have shown that this technique is
successful in the short term and promising in the
long term. Treatment success depends on

adhering to rigid patient selection criteria,
attention to technical details, and the experience
of the attending physician.
We report our preliminary results of ESWL

treatment using the Lithostar Plus in a surgical
department. Not only have the commonly
accepted indications for ESWL been widened,
but we have also attempted to achieve a high
fragmentation rate by applying more shock
waves with a higher energy level and more
treatment sessions within a short time.

Patients and methods

SELECTION
Patients with symptomatic gall bladder stones
were admitted to the lithotripsy programme.
Diagnosis of stones and estimation of their size
were always achieved by ultrasound in fasted
patients. Patients were examined in the right and
left lateral and supine positions as well as erect. A
stone diameter between 0 8 and 3-8 cm and a
total stone volume not exceeding 50% of the total
gall bladder volume were criteria for this
treatment.

All patients had a plain radiograph of the right
upper abdominal quadrant to differentiate
calcified concretions. Intact contractile function
of the gall bladder, with regular emptying, was
an absolute requirement. A gall bladder volume
reduction of at least 40%, determined by ultra-
sound one hour after swallowing a meal stimulant
(raw egg), was required. Because the presence of
an acute gastroduodenal ulcer was viewed as an
absolute contraindication, all patients under-
went oesophagogastroduodenoscopy on the
day before ESWL. Further exclusion criteria
were hepatopathies (hepatitis, cirrhosis, cystic
liver), coagulopathies, abdominal vascular
anomalies, acute cholecystitis, acute pancreatitis,
and biliary obstruction. Finally, the ability to
localise stones below the costal arch was
imperative.

PATIENTS
Two hundred and twenty patients fulfilled our
selection criteria and were admitted to the study;
513 were excluded. One hundred and thirty two
women and 88 men aged between 16 and 91 years
with a mean (SD) age of 75 (24) years were
treated. The onset of symptoms of gall stones
had occurred 5-5 (2 3) years previously. The
mean (SD) size of the stones was 19 (6) mm. A
total of 412 stones were found in these patients -
124 had a solitary stone and 118 had between two
and a maximum of five radiolucent stones.

CONCOMITANT LITHOLYSIS THERAPY
Fourteen days before ESWL, the patients
received 10 mg/kg body weight daily of both
cheno- and ursodesoxycholic acid as single bed-
time doses. This treatment was continued until
there was total ultrasound and radiological
disappearance of the stones after ESWL.

LABORATORY EXAMINATIONS
On the day of admission to hospital the following
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laboratory investigations were undertaken:
haemoglobin, erythrocytes, leukocytes,
thromboctyes, prothrombin time, serum
glutamic oxalo-acetic transaminase, serum
glutamic pyruvic transaminase, y glutamyl
transferase, alkaline phosphatase, bilirubin,
serum and urinary amylase, serum lipase, and
urinalysis. These investigations were repeated
six hours and one to three days after ESWL.

PHYSICAL AND ULTRASOUND CONTROL
EXAMINATIONS
A second examiner verified the success of
fragmentation with ultrasound on days one and
two after ESWL. A physical examination was
also performed. There were further follow up
examinations four, 12, 20, 28, and 36 weeks after
ESWL.

TECHNICAL AND TACTICAL DETAILS
We used a lithotriptor of a second generation
(Lithostar Plus, Siemens Company) with which
stone localisation is made possible by an
integrated ultrasound system as well as an x ray
system. The generation of shock waves can be
controlled by either oftwo independent modules
located below the table or overhead with an
internal mobile ultrasound scanner. The shock
wave generation (90 per minute) results from the
high voltage induced movements of an electro-
magnetic coil which are transmitted onto a
metallic membrane. The shock wave energy is
focused with an acoustic lens through a water
chamber. Pressure values of approximately .600
to 700 bar are thus achieved in the focus zone
(4x40 mm).

All patients were treated with the 'overhead'
module. For optimal contact between the litho-
triptor head and the surface of the body,
ultrasound gel (Gerosonic) was used. During
treatment, the patient remained in the left lateral
position, stabilised by a vacuum mattress. After
adaptive application of 50 shock waves at a 'low
energy' setting of 5 (350 bar), followed by 50
shock waves at an energy level of 7 (500 bar), we
treated all patients with the highest energy level
of 9 (700 bar). If no stones or residual fragments
were found after fragmentation, the patient was
moved into the prone, right, lateral, and supine
positions for five to 10 minutes each to shift any
hidden concretions so that they could be local-
ised. Our end goal was a fragment size <5 mm. If
the first treatment did not achieve this result
(maximum shock wave number of 6000), second
and third sessions (if needed) were given in the
days immediately afterwards.

Results

FOCUSING AND FOCUSING TIME
In 185 patients we were able to localise the gall
stones with ultrasound within a mean (SD) time
of 2 (1) minutes using the 'overhead' module. In
35 patients the gall bladder was hidden under the
costal arch and optimal focusing could only be
achieved by deep inspiration or with voluntary
downward abdominal expansion. Focusing time

TABLE I Stone characterisation and applied shock waves in
patients with gall bladder stones. (Values, mean (SD).)

No of No of No ofshock waves
stones patients Stone size (mm) (1200-12000)

1 124 10 (38) 3600(1600)
23(5)

2 43 8(30) 4200(1500)
18 (4)

3 22 8(28) 5800 (2000)
12 (6)

4 19 8 (10) 4900(1900)
10 (5)

5 12 6 (10) 4900(1200)
9 (6)

Total 412 220 19 (6) 4100(1800)

TABLE II Number oftreatment sessions in patients with
different numbers ofstones

No ofstones

No oftreatments 1 2 3 4 5 Total

1 96 22 11 8 7 144
2 24 19 7 9 3 62
3 4 2 4 2 2 14
Total 296 123 43 22 19 12 220

in these patients was 7 (2) minutes. Because of
the resultant fragmentation we had to refocus
seven to 35 times (mean (SD) 25 (11)). It was
then necessary to reposition the patient two to six
times.

In this study between 1200 and 12000 shock
waves (mean (SD) 4100 (1800)) were applied
(Table I). Patients with solitary stones required
significantly fewer shock waves than those with
two or more stones (Student's t test). In total,
296 treatments were necessary in the 220 patients
(Table II). One treatment session was sufficient
for adequate fragmentation in 144 patients and
the remainder required two or more sessions
(Table II).

DRUG TREATMENT
Forty three patients required no medication for
pain during ESWL, 75 patients were pre-
medicated with 50 mg pethidine and 5 mg
diazepam, while 97 patients required 100 mg
pethidine and 5 mg diazepam. The remaining
patients needed 200 mg pethidine and 10 mg
diazepam for adequate pain control. Because
adequate analgesia was maintained, all patients
remained conscious during treatment and were
able to provide feedback regarding any pain
suffered.

FRAGMENTATION RESULTS
In 176 patients we achieved an acceptable
fragmentation size of <5 mm during treatment
(Figs 1-3). In 42 patients a minimum frag-
mentation size of 10 mm was achieved. Two
patients each had a large stone (3 5 cm) that
could not be fragmented despite a total
application of 12000 shockwaves. They under-
went operation five days after ESWL treatment.
There was no macroscopic or histopathological
evidence ofgall bladder abnormality as a result of
ESWL treatment in these patients and the large
cholesterol stones were totally intact.
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Figure 1: Solitary gall bladder stone (S) before extracorporeal
shock wave treatment.

DURATION OF TREATMENT SESSION
Each treatment session took 40 to 140 minutes
(mean (SD) 80 (25) minutes). Increased experi-
ence with use of the instruments led to a notice-
able reduction in the treatment time.

ULTRASOUND FINDINGS AFTER ESWL
Two to 18 (1317 in total) ultrasound scans were
performed in all patients (mean (SD) 6 (3)).
Particular attention was paid to the functioning
of the gall bladder. In no case was a decrease in
contractibility detected - not even in the 29
patients who showed transient gall bladder wall
oedema, as evidenced by a thickness of 5 to
10 mm (8 (2) mm) after ESWL. This oedema
resolved fully within 48 hours. Twenty four
patients developed a dilated gall bladder
immediately after ESWL. Seventeen other
patients developed common bile duct dilatation;
it increased from a baseline value of 4 to 5 mm
diameter before ESWL to 7 to 8 mm afterwards
(mean (SD) 8 (1) mm, statistically not signific-
ant, Student's t test) without clinical findings or
on laboratory test results suggestive of biliary
obstruction. All these ultrasound findings
resolved within two days.

CLINICAL AND LABORATORY FINDINGS
After ESWL, a variety of clinical abnormalities
were observed: transient microhaematuria,
beginning six hours after ESWL (29%); macro-
haematuria (2%); and skin petechiae overlying
the area ofESWL application (25%).

After discharge from hospital, recurrent

Figure 2: Stonefragmentation after 1500 shock waves (SW)
with energy level 9 (700 bar); L = liver, 1-5= number of
resultingfragments.

Figure 3: Complete stone distintegration ofthe solitary
gall bladder stone in mutliplefragments (st) smaller than 3 mm
after 3000 shock waves; g=gall bladder.

colicky pain in the upper abdomen was reported
by 68 patients at follow up. This pain responded
to spasmolytic treatment with hyoscine
butybromide suppositories (Buscopan). A more
serious sequellum, biliary pancreatitis, was
observed in four patients two to eight weeks after
ESWL. In three endoscopic papillotomy with
stone extraction was necessary (Table III), but
no further operation was required.
The size ofthe stones we removed was between

3 and 7 mm: in one patient the stone had passed
spontaneously through the papilla. Clinical
findings and laboratory test results showed that
acute pancreatitis resolved within two weeks.
Another 11 patients showed ultrasound and

laboratory signs of biliary obstruction with an
increase in the bilirubin concentration of up to
10 mg/100 ml. In only five patients were residual
stone fragments (of 5 to 7 mm) found in the
common bile duct. These were easily removed
by endoscopic papillotomy (EPT) and endo-
scopic retrograde extraction. In three patients
EPT was necessary because of a stenosis of
the papilla, diagnosed by endoscopic retrograde
cholangiopancreatography.
Important abnormalities of differing extents

and varying frequencies were found in labora-
tory investigations (leukocyte counts, serum
bilirubin, transaminases and y glutamil trans-
ferase, and urinary amylase). No correlation
with the number ofshock waves applied could be
determined. All these abnormal values returned
to baseline within three days (Table IV).

SHORT TERM RESULTS
At present, 105 patients have been followed for
over 12 months. Sixty one of these patients had
had a solitary stone, 17 had had two stones, and
27 had had three or more stones. We were able to
verify the total absence of stones in 59 patients
(Table V).

Discussion
The percentage of patients with gall stones who
are eligible for ESWL has yet to be scientifically
defined and clarified. Rates vary from 10 to 30%
and reflect the referal population."" Our own
results yield a rate of 30 3%. This is because we
included for the first time patients with more
than three stones (n= 32) and a stone size of up to
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TABLE III Complications after extracorporeal shock wave lithotripsy (ESWL)

Complication No ofpatients Management (no)

Jaundice, biliary obstruction 11 ERCP (11), EPT (8), stone removal (5)
Biliary pancreatitis 4 EPT (4), stone removal (3)
Duodenal ulcer 1 Conservative
Minor stroke 1 Conservative
Total 17

ERCP=endoscopic retrograde cholangiopancreatography: EPT=endoscopic papillotomy.

TABLE IV Laboratoryfindings after extracorporeal shock wave lithotripsy (ESWL)

Initial After No shock
value ESWL waves

Normal (mean (mean (mean
Laboratory data range (SD)) (SD)) No (%) (SD))

Leukocytes (109/1) 6000-8000 6300 (1500) 8900(2600) 136 (62) 4100(2000)
Glutanmic oxalo-acetic

transaminase (U/i) 10-15 12 (4) 35 (13) 68 (31) 3900(1500)
Glutamic pyruvic transaminase

(U/i) 10-17 13 (5) 33(15) 64(29) 3700(2000)
y Glutamil transferase (U/1) 15-28 12 (8) 87(37) 29 (13) 3700(1800)
Bilirubin ([tmol/1) 1-7-17-1 10-3 (3-4) 308 (8-5) 64(29) 3800(1500)
Urinary amylase (U/1) 32-500 98(56) 270(100) 59(27) 4000(1400)

38 mm (n=27) in the ESWL protocol. Thus,
27% of our patients would not have fulfilled
established criteria for ESWL.1 2 11 12 We
evaluated stone size and number, as well as gall
bladder function, by ultrasound similar to the
method of Ell et al. 5
Only for the verification of stone calcification

did we require plain radiographs of the right
upper abdominal quadrant. Computed tomo-
graphy was not necessary, although about 20% of
radiolucent stones can be visualised as calciferous
by this diagnostic procedure.'3 18
The efficacy of ESWL combined with oral

chemolysis using ursodesoxycholic and cheno-
desoxycholic acid has not yet been proved.2 18 20
Published reports on chemolysis emphasise that
stone clearance is strictly dependent on stone
size.` I l oI1 Because of this good disintegration
results of ESWL treatment seem to be a good
basis for adjuvant bile acid therapy.2 14 7-25
The focusing time, defined as the time

necessary to focus on the stone(s) to be treated,
has been mentioned infrequently in publications
until recently. In our learning phase we needed
up to 25 minutes for stone targeting, which was
reduced to 2 (1) minutes over time. Further-
more, it is necessary to refocus several times (25
( 11) times per patient) because ofhidden multiple
concretions or fragments. There are few data
on focusing times in the reports from other
authors.
The duration of treatment in our patients was

mean (SD) 80 (25) minutes, which was clearly

TABLE V Patients free ofstones after extracorporeal shock
wave lithotripsy in relation to primary stone number and size

No of No patients at 12 Mean (SD) stone
stones mths follow up No % stone free size (mm)

1 61 44 (72) 1 (28)
21(6)

2 17 8 (47) 8 )30)
15 (7)

3 1 1 3 (27) 8 (22)
15 (5)

4 16 4 (25) 8 (20)
13 (5)

Total 105 59 (56)

longer than that reported by other groups.'6
Technical differences and, most importantly,
differences in shock wave frequency, number,
and energy are responsible for this.' " 6 11 12 26 27 In
our group an average of 4100 shock waves at 700
bar were applied. This correlates with the
findings of other investigators using the same
instrument,37132627 but exceeds the number of
shock waves applied by groups working with
higher pressures but a lower number of shock
waves.' 2 5 611 12 In the Munich group, 83%, and in
Ell's group, 78% of treated stones were single
stones.' 25 In our study, only 56% of patients had
solitary stones and the mean stone size of 23 (5)
mm was larger than that in the Munich study (19
(5) mm). As expected, these patients and 53
patients with three, four, or more stones required
longer treatment.
The efficacy of different lithotriptor machines

can be measured objectively according to
fragmentation results, In 80% of our patients,
the primary stone(s) could be disintegrated to
size <5 mm, and in 20% to < 10 mm. These sizes
were confirmed by repeated ultrasound exami-
nations in days following treatment in patients in
various positions, and by a different examiner
using a 5 MHz transducer.
The number of treatment sessions correlates

significantly with stone number and, of course
with the primary fragmentation results,' 25 11 12 as
we showed in our study. In 35% of our patients a
second or third session was necessary.

General anaesthesia, as practised in the early
stage of ESWL by the Munich group,"
is obsolete today. We give analgesic medica-
tion' 5-7 111-3 26 27 during therapy to all patients
regardless of the type of lithotriptor, although
Piezoelectric machines do not cause much pain
for technical reasons.5
A critical analysis of ESWL treatment results

must include inherent side effects and compli-
cations. In our study, transient microhaematuria
(in 29%) and skin petechiae (in 25%) were found
and were not correlated to the number of shock
waves. These side effects have been reported by
other authors in varying frequency.'-3 s 6 13 2628
An appreciable temporary increase in blood

leukocytes, serum transaminases, serum
bilirubin, and urine amylase was seen. These
changes have rarely been reported by other
authors.'213 We observed by ultrasound (also
without correlation to the number of shock
waves) oedema of the gall bladder wall in 13% of
our patients and, surprisingly, common bile duct
dilatation without laboratory chemistry proof of
cholestasis in 8%. Although changes in the gall
bladder wall after ESWL have been noted,' 25 29
dilatation of the common bile duct seems to be a
side effect that has not previously been reported.
Possible late biliary complications' 2 13 30

necessitate competence in endoscopic manage-
ment by every department performing ESWL.
In this study four patients developed biliary
pancreatitis, which was treated without dif-
ficulty by EPT and stone removal in three.
Comparable complication rates for biliary
pancreatitis are also reported by other
groups.'-3 5-7 13
Our preliminary overall results showing

complete stone disappearance in 56% (59 of 148
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patients followed over 12 months) seem to show
only modest success. They differ significantly
from the data published by the Munich group. In
addition, the primary disintegration results from
Munich' and Salzburg differ significantly. In
this context, we question the ability of the
Munich group' to measure exactly such tiny
fragments (for example mean (SD) 2-4 ([ 1) mm)
while admitting, at the same time, that they had
diagnostic difficulties because of clouds of
fragments after ESWL.

It must be remembered that the stone size and
the total stone volume are important deter-
minants of the clearance time of the gall bladder
after lithotripsy, as has been clearly pointed out
by Sackmann et al. ' We can only confirm these
facts by our own experience, which gave a stone
free rate in patients with solitary stones of 72%
and in those with two stones of 47% at one year.
Therefore our patients with significantly more
and bigger stones and also with fragments of
about 5 mm after ESWL obviously require a
longer follow up before the results can be
discussed confidently.

Further ultrasound and radiological
examinations will show if we were correct to
broaden our inclusion criteria for lithotripsy.
Our stone fragmentation rate, seems to be as
good as that of the Munich group' and we are
therefore optimistic.
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