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Extracorporeal shock wave lithotripsy of bile duct
stones: a single institution experience

E Lindstrbm, K Borch, E P Kullman, H G Tiselius, I Ihse*

Abstract
Extracorporeal shock wave lithotripsy treat-
ment with Dornier HM3 or MPL 9000
machines was applied in 37 patients with prob-
lematic bile duct stones. General anaesthesia
was not required. After one extracorporeal
shock wave lithotripsy session 14/37 patients
(38%) were spontaneously stone free, and
additional endoscopic extraction (eight of 37)
and retreatments with extracorporeal shock
wave lithotripsy (seven cases) increased the
stone free rate to 29/37 (78%). In three patients
with intrahepatic stones, the bile ducts could
not be evaluated decisively at cholangiography
and ultrasonography, but they were all symp-
tom free at 15 to 38 months follow up. If these
three patients are added to the radiologically
stone free patients, the overall clinical success
rate was 32/37 (86%). There were no serious
complications, hospital admissions, or 30 day
mortality as a result of extracorporeal shock
wave lithotripsy or endoscopic procedures. It
is concluded that extracorporeal shock wave
lithotripsy is a valuable adjunct to the non-
surgical treatment of bile duct stones.
(Gut 1992; 33: 1416-1420)
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Since 1982 extracorporeal shock wave lithotripsy
is an established method for fragmentation of
renal and ureteric stones and more than 200 000
patients have been treated.'2 At our hospital
extracorporeal shock wave lithotripsy of nephro
ureteric stones has been given at 3300 occasions
since 1985.3 In 1986 extracorporeal shock wave
lithotripsy was extended by Sauerbruch et al to
include treatment of gall bladder stones, bile
duct stones and pancreatic duct stones.45 While
the experience with treating gall bladder stones
advanced rapidly,'9 the treatment of bile duct
stones has progressed more cautiously. Most
reports either describe a limited experience with
a few patients or represent multi institutional
series composed of few patients from each hos-
pital.5''1'2 The need for general anaesthesia in
these series has been surprisingly high. In 1989

TABLE I Patient characteristics

Patients Age Referredfrom
Stone location (n) M/F* (yr) other hospitals
Common bile duct 28 15/13 82 17/28

(47-96)
Cholecystectomised 17/25
Intrahepatic duct 9 3/6 54 7/9

(34/74)
Cholecystectomised 7/9
Total 37 18/19 68 24/37

*M/F designates male/female ratio. Age is expressed as mean and range (within brackets).

we started to treat bile duct stones with the HM3
lithotriptor and in 1988 theMPL lithotriptor was
installed and since then we have treated 150
patients with gall bladder stones.
The aim of this paper is to describe our single

institution experience with extracorporeal shock
wave lithotripsy for problematic bile duct stones
in the first 37 patients.

Methods

PATIENTS
The series initially comprised 41 patients with
problematic bile duct stones, 27 of whom were
referred from other hospitals. Three patients
could not be positioned for focusing of the
stone(s) because of lung tissue in the shock wave
path in two, and severe kyphosis in one. In
another patient the extracorporeal shock wave
lithotripsy treatment had to be discontinued
because of severe cardiac arythmia (sinustachy-
cardia). These patients were not further evalu-
ated. Among the remaining 37 patients the bile
duct stones were intrahepatic in nine. Previous
cholecystectomy had been performed in 24 of the
37 patients. The mean age of the 28 patients (15
men and 13 women) with common duct stones
was 82 (range 47-96) years. The mean age of the
nine patients (three men and six women) with
intrahepatic stones 54 (range 34-74) years.
Extracorporeal shock wave lithotripsy treatment
was chosen either because the patients were old
and frail with a high surgical risk and/or because
endoscopic treatment had been unsuccessful or
unfeasible. The main indications for treatment
were cholangitis (18 cases), retained stones (11
cases), jaundice (five cases) and biliary colic
(three cases). The median diameter of the stones
was 19 (range 6-40) mm and 18/37 patients had
more than one stone (Tables I, II). No stone was
radiologically calcified on plain abdominal ray
examination.

Before extracorporeal shock wave lithotripsy,
endoscopic sphincterotomy'3 had been per-
formed in all but four patients. Of the latter,
three had a hepaticojejunostomy and one a
surgical sphincterotomy (Table III). Endoscopic
stone removal had failed in the 34 patients and
the presumed risk of extracorporeal shock wave
lithotripsy was considered as less than that of
surgery. Nasobiliary drainage was established in
26 patients, a surgical T-tube in six, per-
cutaneous transhepatic biliary drainage in four,
and percutaneous cholecystostomy in one (Table
III).

Extracorporeal shock wave lithotripsy was
performed in all but one case using the first
generation kidney lithotriptor Dornier HM3
(Dornier Medizintechnik GmbH, Munich, Ger-
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many) with waterbath and radiographic target-
ting system. In one case, the treatment was done
in the Dornier MPL 9000 (Dornier Medizin-
technik GmbH, Munich, Germany) with water-
cushion and ultrasound targetting. Between
750-2110 discharges were delivered at each
session with a voltage of 14-21 kV. Because a
variable number of shock-waves at different
levels of generator voltage were used, we used an
energy index, which was calculated using the
formula: Voltage (kV) x number of shock waves
(Nsw)x 10-3 (Table IV).3
The preferred treatment position, which was

prone in the HM3 lithotriptor, was achieved in
28 sessions of the total of 45 (Table IV).
No patient needed general anaesthesia, but all

were given a standard intravenous premedication
with 75 mg pethidinhydrochloride and 5 mg
diazepam. Additional pethidinhydrochloride
(25-50 mg) and/or diazepam (5-10 mg) was
required at 32 of the 45 extracorporeal shock

TABLE II Number ofstones per patient and size ofthe
largest stone

Maximum
I stone >1 stone stone
(Patients) (Patients) diameter

Stone location (n) (n) (mm)

Common bile duct 13 15 22 (1240)
(n=28)

Intrahepatic ducts 6 3 15 (7-24)
(n=9)

Total 19 18
(n=37)

Stone size is given as mean (mm) and range.

TABLE III Preextracorporeal shock wave lithotripsy procedures and biliary drains

Patients EST SST T-tube PTBD NBD

Common bile duct 27 1 5 2t 21
(n=28)

Intrahepatic ducts 6 0 1 3 6
(n=9)*

Total 33 1 6 5 26
(n=37)

EST: endoscopic sphincterotomy; SST: surgical sphincterotomy; PTBD: percutaneous transhepatic
biliary drain; NBD: nasobiliary drain.
*Three patients had hepaticojejunostomy. tOne patient had a percutaneous cholecystostomy.

TABLE IV Data on extracorporeal shock wave lithotripsy treatment energy settings (mean and
range) and patient positioning

Pronel
Sessions Voltage Shock waves Energy index supine

Patients (n) (kV) (n) kVxN_x10` position

CBD 36 16 1800 28-4 22/13
(n=28) (14-21) (750-2100) (21-7-56-7)
IHD 9 14 1900 26-2 6/3
(n=9) (14-21) (1800-2110) (24-5-31-2)
(n=37) 45 16 1800 27-9 28/16

CBD: common bile duct; IHD: intrahepatic ducts.

TABLE V Outcome ofthe extracorporeal shock wave lithotripsy treatment

ESWL + ESWL+ Radiologically Clinically
Spontaneous Endoscopic stone free successful

Patients stone passage extraction patients outcome

CBD 9/28(32%) 14/28 (50%) 23/28(82%) 23/27(82%)
(n=28)

IHD 5/9(56%) 1/9(11%) 6/9(67%) 9/9 (100%)
(n=9)

Total 14/37 (38%) 15/37 (41%) 29/37 (78%) 32/37 (89%)

CBD: common bile duct; IHD: intrahepatic ducts.

wave lithotripsy sessions. In all cases a local skin
anesthetic ointment containing lidocain/prilo-
cain (Emla®, Astra, Sweden) was applied where
the shock waves were planned to enter the body.

Results
In 21 of the 28 patients with common bile duct
stones, fragmentation was achieved at the first
extracorporeal shock wave lithotripsy session,
while the remaining seven patients required two
treatments. None of the nine patients with
intrahepatic stones required more than one treat-
ment session. The total number of sessions was
45 and they lasted on average 50 (range 25-65)
minutes.

Cholangiographic check up via the T-tube,
percutaneous drains or nasobiliary catheters one
to three days after extracorporeal shock wave
lithotripsy showed spontaneous stone clearance
in nine (32%) ofthe 28 patients with common bile
duct stones (Table V, Figs 1, 2, 3, 4). After
endoscopic intervention an additional seven
patients with common duct stones were cleared,
making 16/28 (57%) stone free. Twelve patients
were, thus, not initially cleared in spite of
adjunctive endoscopy. Seven of these were re-
treated with extracorporeal shock wave litho-
tripsy and successfully cleared at the ensuing
endoscopic session. Thus, the total number of
stone free patients in the common duct group was
23/28 (82%) (Table V).
None of the nine patients with intrahepatic

stones required more than one treatment session.
There was spontaneous stone clearance in five
(56%) ofthese patients at cholangiographic check
up one to three days post extracorporeal shock
wave lithotripsy. One patient was cleared by
means of transhepatic stone extraction. Another
patient was not amenable to radiological check
up because of allergic reaction to the contrast
medium. The other two patients had undecisive
endoscopic cholangiograms because of difficulty
in differentiating air in the ducts from small
fragments. Ultrasound control in these three
patients was undecisive because of the same
problem. All three patients, however, have been
symptom free with normal liver tests at follow up
15-38 months later. If these are added to the
group of evaluable patients, there is 100% clini-
cal success rate in the intrahepatic group. If these
are presumed to be cleared of stones, the overall
fraction ofsuccessfully treated patients was 32/37
(89%) (Table V). The remaining five patients
with retained stones at control endoscopic retro-
grade cholangiography were regarded as failures.
These were not retreated because of severe
senility with motor unrest making targetting
imprecise. Retreatment with extracorporeal
shock wave lithotripsy would have required
general anaesthesia, which was contraindicated.
Four of these five patients received a permanent
endoscopic endoprostheses to ensure unimpeded
biliary flow.'4 The fifth patient refused further
treatment.
There were no complications as a result of

endoscopic procedures. One patient had a tran-
sient uncomplicated attack of angina pectoris
immediately after extracorporeal shock wave
lithotripsy and six had transient macroscopic
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Figure 2: The same patient as in Figure 1. The stonesfragmented successfully
during extracorporeal shock wave lithotripsy and passed spontaneously to the
jejunum.

haematuria. One patient developed severe
cardiac arrhythmia after 600 shock waves at
15 kV-setting and treatment had to be discon-
tinued and the patient sent to the cardiac unit.
The patient had no previous heart disease and
there were no sequelae, but she was not further
treated with extracorporeal shock wave litho-
tripsy. The stone had not fragmented. There was
no hospital admission or 30 day mortality among
the fully treated patients.

Discussion
The standard procedure for extracting retained
bile duct stones at our hospital, whether
impacted or not, is endoscopic sphincterotomy
with stone extraction,'3 '5 regardless of the age of
the patient. This procedure is successful in about
90% of the cases,'5 but stones larger than 15 mm
in diameter, smaller stones with a dispropor-
tionately narrow common bile duct or stones
lodged intrahepatically often pose technical diffi-
culties. Standard spbincterotomy carries a small
risk of complications (approximately 8%), and a
mortality rate of less than 1%.16 Increasing the
size of the sphincterotomy also increases the risk
of complications such as bleeding and perfora-
tion. Instead of enlarging the sphincterotomy,
one might reduce the stone size. Chemical dis-
solution has been used, but is ineffective, time
consuming'7 and difficult to handle.7 18 Mechani-
cal lithotripsy using the stone crushing basket
frequently fails in large and impacted stones.'9
Another option is surgery, but the risk in these

often old and frail patients is high202' and with
intrahepatic stones surgery is not even feasible.
The new technology of extracorporeal shock
wave lithotripsy first used for nephro ureteric
stones'13 and later on for gall bladder stones,45 has
also proved suitable to reduce the size of bile duct
stones.4
Our 37 patients were divided into two groups:

28 with extrahepatic bile duct (common duct)
stones and nine with intrahepatic stones. The
patients with common duct stones were older
(mean age 82 years), had a larger average stone
size and a greater number of stones than the
patients with intrahepatic stones (mean age 54
years). Thus, the former group was the most
problematic. The larger the stone volume the
more energy was required for fragmentation to a
suitable size. Therefore, we had less spontaneous
clearance rates (32%) and also seven retreatments
in the former group, but in the group with
intrahepatic stones the spontaneous clearance
rate was 56% and no retreatments were needed.
Three patients had a hepatico jejunostomy, two
were cleared spontaneously and one was made
stone free transhepatically. One patient had
rather small stones (5-6 mm) (Figs 1, 2), but a
tight stoma, which posed problems, illustrating
that not only stone size but stone size in relation
to outlet passage diameter influences success
rates.
The five patients with common duct stones in

whom treatment failed were old and suffered
from senility and motor unrest. Retreatment
session would have required general anaesthesia,
which was deemed too high a risk. Four were
treated with permanent endoscopic endo-
prostheses to secure the bile flow. This is a
reasonable alternative to failed endoscopic

Figure 1: A narrow
hepaticojejunostomy, which
was dilated, with balloon
catheter through the
percutaneous transhepatic
route preceeding
extracorporeal shock wave
lithotripsy. The patient has
6-8 mm stones lodged above
the stenosis.
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Figure 4: The same patient as in Figure 3. After two extracorporeal shock
wave lithotripsy sessions and endoscopic stone extraction, the bile duct was
cleared.

therapy and extracorporeal shock wave litho-
tripsy in bile duct stones. 4

In the group of nine patients with intrahepatic
stones, three could not be declared stone free;
one was not amenable to radiological check up
because of hypersensitivity to the contrast
medium and the other two patients had un-

decisive endoscopic cholangiograms because of
difficulty in differentiating air from small frag-
ments in the ducts after spincterotomy. Ultra-
sound check up was of no value because of the
same problem. All three patients, however, have
been symptom free and have had normal liver
tests during follow up at 15-38 months. If these
are added to the group of evaluable patients,
there is a 100% clinical success rate in the
intrahepatic stone group.
Our results are in accordance with those of

other centres.22 23 In the report by Bland et al'" the
stone clearance rate was 74%, but general
anaesthesia was needed in 32% and regional
block or infiltration anaesthesia in 29%. This
might reflect the disadvantage of treating few
patients at multiple centres - 42 patients at 11
centres in their series., In all our patients intra-
venous sedation and analgesia was sufficient and
we achieved a higher rate of stone clearance,
which may reflect an increased experience as a

result of handling extracorporeal shock wave

lithotripsy patients at a single institution. The
Munich group, also using Dornier HM3 in a
multicentre trial (113 patients - 12 centres),
obtained stone clearance in 76% after one treat-
ment session and in 86% after one or more
additional sessions.24 General or peridural
anaesthesia was used in 88% of the procedures.
Hospital mortality was 1-8% and the 30 day
mortality 0-9%. We had about the same stone
clearance rate although general anaesthesia was
not used and the mean age of our patients with
common bile duct stones was considerably
higher.

Shock waves are reported to induce soft tissue
damage as a direct effect of the sonic pulsation or
cavitation (the expansion and collapse of tiny air
bubbles) with vascular damage and oedema on
histologic examination.25 Although experi-
mentally, changes have been found in the gut,
liver, gall bladder and lung at biliary extra-
corporeal shock wave lithotripsy, coexisting bio-
chemical abnormalities have not been reported.
In a series of 311 patients routine liver tests
(serum alkaline phosphatase, serum bilirubin,
aspartate transaminase and serum amylase) pre
and post extracorporeal shock wave lithotripsy
for gall bladder stones did not produce complica-
tions.26 As the tests were deemed of little value,
they were not routinely used for the *urpose of
monitoring effects of extracorpor%ai L iock wave
lithotripsy in our study.
Of all 41 patients referred for extracorporeal

shock wave lithotripsy, three cases (7%) had to be
excluded for anatomical reasons; in one, severe
kyphosis made targetting impossible, and in two
with intrahepatic stones lung tissue was in the
shock wave path. In another patient extracor-
poreal shock wave lithotripsy induced cardiac
arrythmia after 600 shock waves at 15 kV, which
is low energy, and the treatment was discon-
tinued. This patient did not have a previous
history of cardiac disease and recovered without
any sequelae. The reason for the arrhythmia is
unclear in this patient. There are few reports on
cardiac arrythmia attributable to extracorporeal
shock wave lithotripsy.27 We did not try to retreat
this patient with extracorporeal shock wave

lithotripsy, who, however, received an endo-
scopic endoprosthesis."4 These problems limit
the use of extracorporeal shock wave lithotripsy
and have to be taken as failures of the technique.
Perhaps the still newer technique of intraductal
laser induced shock wave lithotripsy with the
pulsed dye lasers or Alexandrite lasers has poten-
tial for overcoming these limitations of extracor-

Figure 3: A large stone
(40x40 mm) and several
small stones in a dilated
common bile duct.
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poreal shock wave lithotripsy or even replace it in
the treatment of problematic bile duct stones.28
The laser induced shockwave lithotripsy unlike
extracorporeal shock wave lithotripsy needs a
direct contact of the energy source with the
stone(s).

In summary, extracorporeal shock wave litho-
tripsy appears to be a safe and efficient treatment
for bile duct stones. Thus, it is valuable adjunct
to standard interventional techniques for remov-
ing problematic common and intrahepatic duct
stones. It further extends the number of patients
with bile duct stones, who can be treated by non-
surgical means.
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