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A prospective, double-blind, randomized, single- 
center study was conducted to compare ursodeoxy- 
cholic acid alone with the combination of ursodeoxy- 
cholic acid and chenodeoxycholic acid for dissolution 
therapy of gallstone fragments after shock wave lith- 
otripsy. Patients with single radiolucent gallstones up 
to 30 mm in diameter or up to three stones of similar 
total volume received either 750 mg ursodeoxycholic 
acid alone (group A, n = 138) or the combination of 500 
mg ursodeoxycholic acid and 500 mg chenodeoxycholic 
acid (group B, n = 144) in a single bedtime dose. The 
bile acids were administered from 2 wk before electro- 
hydraulic lithotripsy until 3 mo beyond complete 
disappearance of all fragments. Patient's character- 
istics, stones (group A, 82% single stones, maximum 
diameter 19 * 5 mm, mean f S.D.; group B, 82% single 
stones, 18 2 5 mm), lithotripsy treatment and 
follow-up period were not different between the two 
groups. 

Between the two groups, no statistically significant 
difference was found in the time required for complete 
clearance of the fragments (group A, median time = 15 
mo; group B, median time = 13 mo; p = 0.7). At 12 mo 
after lithotripsy, the probability of complete clearance 
was 46% f 5% in group A and 49% * 5% in group B. 
Diarrhea occurred significantly more often in group B 
than in group A (p < 0.001) and was the main reason for 
withdrawal of randomized medication. Severe adverse 
effects of the bile acids were not observed. 

It is concluded that monotherapy with ursodeoxy- 
cholic acid is as efficient as the combination of urso- 
deoxycholic acid and chenodeoxycholic acid for 
fragment dissolution after lithotripsy. Therapy with 
ursodeoxycholic acid alone causes diarrhea less fre- 
quently and has to be withdrawn less often than the 
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combination of ursodeoxycholic and chenodeoxycholic 
acid. (HEPATOLOGY 1991;14:1136-1141.) 

Noninvasive treatment of gallstone disease by bile acid 
dissolution therapy with chenodeoxycholic acid (CDCA) 
was introduced 20 yr ago (1,2). However, administration 
of CDCA (in doses of 375 mg to 750 mg/day or 8 to 16 
mgkg body weight/day) may cause diarrhea and ele- 
vation of serum transaminases in up to 30% of patients 
(3-7). CDCA may also cause intrahepatic cholestasis (8). 
In rats, this was prevented by simultaneous adminis- 
tration of ursodeoxycholic acid (UDCA) (9). 

UDCA was introduced as an alternate bile acid and 
caused adverse effects less frequently (3, 6, 10-13). 
UDCA and CDCA may have different mechanisms of 
action in cholesterol gallstone dissolution. It is still in- 
completely understood which mechanisms are primarily 
responsible for gallstone dissolution by the two bile acids 
in uiuo (12, 14-21). We assumed that a combination of 
UDCA and CDCA might enhance stone dissolution. 
With the combination of the two bile acids, dissolution of 
small gallstones (diameter up to 5 mm) has been 
reported to be more rapid than with UDCA alone (22). 

Adjuvant bile acid dissolution therapy has been shown 
to be necessary after extracorporeal shock wave therapy 
of gallbladder stones to achieve complete fragment 
clearance (23,24). However, it is still unknown whether 
the combination of UDCA and CDCA is superior to 
monotherapy with UDCA alone for the dissolution of 
disintegrated gallstones after shock wave lithotripsy. To 
answer this question, we conducted a prospective, 
double-blind, randomized study comparing the combi- 
nation of UDCA and CDCA with UDCA alone for the 
dissolution of gallstone fragments after shock wave 
lithotripsy. 

PATIENTS AND METHODS 
Entry Criteria. To enter the study, patients had to fulfill the 

eligibility criteria for shock wave therapy of gallbladder stones 
published elsewhere (25-27). Patients with a symptomatic, 
single radiolucent stone up to 3 cm in diameter or with two to 
three stones up to a total volume similar to that of a single 
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TABLE 1. Patients characteristics and 
treatment parameters" 

Group A Group B 
Patientsltreatment (UDCA) (UDCA i- CDCA) 

Patients 
Female 
Age (Yr) 
Body mass index 

(kg/m2) 
Stones 

Maximum dia- 
meter (mm) 

Single stone 
Single stone 

(520  mm) 
Single stone 

(21-30 mmJ 
Two stones 
Three stones 

Dosage (mgiday) 
Dosage (mglkgiday) 

Shock wave litho- 
tripsy 
Discharges (n)  
Discharge volt- 

age (kV) 
Intravenous opi- 

ate analgesia 
No analgesia 
Retreatments 

Bile acids 

n 138 
72% 

46 t 74 
25 I 4 

19 2 5 

82% 
42% 

40% 

14% 
4% 

750 
10.9 r 1.8 

1,507 t 197 
19.4 f 2.3 

7 1 3 

29% 
16% 

n = 144 
67% 

46 -- 13 
26 I 4 

18 L 5 

82% 
4 1 3  

4 1 3 

13% 
,5(& 

500 each 
7.3 I 1.3 

1,483 2 290 
19.3 :~ 2.4 

744 

26% 
17% 

N.S. 
N.S. 
N.S. 

N.S. 

N.S. 
N.S. 

N.S. 

N.S. 

N.S. = not significant. 
"Values are expressed as mean ? S.D. or as percentage. 

stone of 30 mm in diameter entered the study. The gallbladder 
was visualized on oral cholecystography. Patients with evi- 
dence of bile duct stones, acute cholecystitis, cholangitis or 
pancreatitis were excluded. Further exclusion criteria were 
coagulation disorders or medication with anticoagulants or 
nonsteroidal antiinflammatory drugs, vascular aneurysms in 
the shock wave path and pregnancy. The patients provided 
written informed consent before randomization. 

Study Design. The study was prospective, double blind and 
randomized. In a previous report, 25% complete dissolution of 
intact small stones (5 mm or less in diameter) at 6 mo was 
reported with UDCA alone vs. 52% with the combination of 
UDCA and CDCA (22). To detect a difference of 25% between 
the two bile acid regimens in the rate of complete disap- 
pearance of the fragments 6 mo after lithotripsy with a type I 
error of 5% and a type I1 error of lo%, sample size estimation 
revealed a number of at least 272 patients. Randomization was 
carried out in three strata, according to stone number and 
stone diameter: stratum 1, single stones up to 20 mm in di- 
ameter; stratum 2, single stones 21 to 30 mm in diameter; 
stratum 3, two or three stones. The primary outcome criterion 
of the study was the time until complete clearance of the frag- 
ments. A gallbladder was regarded stone free if no more 
acoustic foci with or without acoustic shadow were detected by 
ultrasonography. This was confirmed at a repeat ultrasound 
examination 3 mo later. The time of the first ultrasound re- 
vealing a stone-free gallbladder was recorded as the time point 
of complete gallbladder clearance. The secondary outcome cri- 
terion of the study was the frequency of adverse effects. 

a 

04 1 
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FoWOwllp (months) 

FIG. 1. Probability of complete clearance of fragments from the 
gallbladder after shock wave disintegration of radiolucent gallbladder 
stones and adjuvant bile acid therapy with UDCA alone (group A) or 
the combination of UDCA and CDCA (group B), actuarial analysis. 

Patients. Patients seen within 1.5 yr at our institution for 
the evaluation of eligibility for shock wave therapy of gall- 
bladder stones were regarded as eligible if they fulfilled the 
above-mentioned criteria. Of 342 eligible patients, 296 (87%) 
gave their consent and were randomized. Fourteen of the 
randomized patients dropped out of the study before the start 
of the therapy because of withdrawal of consent (n = 12) or 
pregnancy (n = 2).  These 14 patients were excluded from 
further evaluation. 

The diameter of the largest stone before lithotripsy was 
measured by ultrasonography (3.5 MHz or 5 MHz curved array 
transducers, LSC 7000 or CS 9000, Picker International, 
Germany, or Toshiba SAL. 77B, Toshiba, Japan). Patients 
underwent regular follow-up examinations, including ab- 
dominal ultrasonography, a t  2- to 3-mo intervals until com- 
plete clearance of the gallbladder was documented at two 
consecutive ultrasound examinations or until termination of 
the study 1% yr after lithotripsy. Blood chemistry (ALT, AST, 
alkaline phosphatase, bilirubin, cholesterol and leukocyte 
count) was obtained at each visit. 

Bile Acid Therapy. Patients in group A received 750 mg 
UDCA (10.9 2 1.8 m a g b o d y  weight/day) (Ursofalk); thosein 
group B received 500 mg UDCA and 500 mg CDCA (7.3 t 1.3 
m a g  body weight/day each) (Ursofalk and Chenofalk, Dr. 
Falk Pharma GmbH, Freiburg, Germany). The bile acids were 
administered as a single bedtime dose. Bile acid therapy was 
started 2 wk before lithotripsy and continued until 3 mo after 
the gallbladder was completely cleared of fragments or sludge 
(26,27). In case of diarrhea (defined for this study as more than 
four loose bowel movements per day, lasting for at least 3 
days), intolerance of the medication or elevation of the liver 
enzymes (ALT, AST, or alkaline phosphatase) more than 
twofold compared with baseline values, the blinded medication 
was stopped and open monotherapy with UDCA was recom- 
mended. In case of pregnancy, medication was withdrawn. 
Shock Wave Therapy. Extracorporeal shock wave lithotripsy 

was performed using an electrohydraulic lithotripter (MPL 
9000, Dornier, Germering, Germany) according to a protocol 
published elsewhere (27). Up to 1,600 shock wave discharges 
were applied at a mean discharge voltage of 19 kV (Table 1). 
The range of the discharge voltage was 14 to 26 kV in group A 
and 14 to 25 kV in group B. Intravenous opiate analgesia with 
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FIG. 2. Rate of complete clearance of fragments from the gallbladder after shock wave disintegration of radiolucent gallstones and adjuvant 
bile acid therapy with UDCA alone (group A; hatched bars) or the combination of UDCA and CDCA (group B; dotted bars), stratified according 
to initial stone diameter and stone number. 

TABLE 2. Adverse effects and interventions until complete 
fragment clearance 

Adverse effects and Group A Group B 
interventions (n = 138) (n = 144) 

~~ ~~ ~ 

Adverse effects 
Biliary pain n = 48,35% n = 45,31% N.S. 
Abdominal dis- n = 12,9% n = 11,8% N.S. 

Diarrhea n = 7,5% n = 26,18% p < 0.001 
Mild biliary pancre- n = 6,4% n = 1, 1% N.S. 

comfort 

atitis 
Interventions 

Elective cholecys- n = 5,3% n = 3, 2% N.S. 

Endoscopic sphinc- n = 2, 1% n = 1, 1% N.S. 
tectomy 

terotomy 

N.S. = not significant. 

alfentanil was used for pain relief during shock wave therapy 
in most patients, only a minority was treated without anal- 
gesics (Table 1) (26-29). The diameter of the largest fragment 
that remained after lithotripsy was determined by ultrasonog- 
raphy 1 day after lithotripsy. In patients in whom fragments 
larger than 5 mm in diameter were observed, which showed no 
reduction in diameter until next follow-up examination, a 
repeat lithotripsy was recommended. Repeat lithotripsy was 
performed in 22 patients (16%) of group A and in 25 patients 
(17%) of group B. 

Statistical Analysis. All 282 patients who were randomized 
and started with the therapy were analyzed according to the 
intention-to-treat principle. Results are expressed as 
means r S.D. or as percentages. The time until clearance of all 
fragments was evaluated by actuarial analysis according to 
Kaplan and Meier (30). Differences in the time until complete 
clearance between groups were analyzed using the Mantel-Cox 

test. Differences in frequencies and means were tested with the 
x2 test or the t test (31). P values of less than 0.05 were 
regarded as statistically significant. 

The study protocol was approved by the ethics committee of 
the medical faculty of the University of Munich. 

RESULTS 
One hundred thirty-eight (49%) of the 282 patients 

were randomized into group A (UDCA alone) and 144 
(51%) into group B (UDCA and CDCA). Patient charac- 
teristics in the two groups showed no significant differ- 
ences (Table 1). The diameter of the largest stone was 
19 2 5 mm (mean & S.D.) in group Aand 18 f 5 mm in 
group B. In group A, 42% of the patients had a single 
stone up to 20 mm in diameter, 40% had a single stone 
of 21 to 30 mm in diameter and 18% had two or three 
stones; in group B, the respective values were 41%, 41% 
and 18%. 

The gallstones were disintegrated to fragments 
smaller than the largest initial stone diameter in all but 
two patients (one in each group). The diameter of the 
largest fragment after lithotripsy was 4 f 4 mm in 
group A and 4 f 3 mm in group B (N.S.). The median 
follow-up period after lithotripsy was 8 mo in both 
groups of patients. The time until complete clearance of 
fragments from the gallbladder was not statistically 
different in the two groups (Fig. 1). The median time 
until gallbladder clearance showed no significant dif- 
ference (p = 0.66). It was 15 mo in group A and 13 mo 
in group B. At 6 mo after lithotripsy, the probability of 
complete clearance was 32% f 4% in group A and 
34% 2 4% in group B. At 1 yr after lithotripsy, it was 
46% & 5% in group A and 49% * 5% in group B. 

In both groups, the time until complete clearance in 
patients with single stones was significantly shorter 
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TABLE 3. Laboratory values before therapy (baseline) and short-term (1 to 2 mo) after lithotripsy 

Laboratory test 

Baseline 1 t o 2 m o  

Group B Group A Group B Group A 

ALT (UL) 14 i- 12 17 I 21 12 i 11 15 c 20 
AST (U/L) 9 + 3  11 i 9 9 1 - 6  15 2 34 
Alkaline phosphatase (U/L) 102 i 35 110 i 57 106 i 30 113 -t 43 
Leukocyte count (10"imm") 7 2 2  7 i 2  7 2 2  8 t 2  
Cholesterol (mg/dl) 221 z 47 231 I 42 219 i 41 231 t 40 

Values are expressed as means ? S.D. 
There were no significant differences between baseline values and short-term follow-up values in the five parameters. The differences between 

the two treatment groups also were not significant 

TABLE 4. Laboratory values before therapy (baseline) and long-term (6 to 8 mo) after lithotripsy 

Baseline 5 t o 8 m o  

Group A Group B 

ALT (U/L) 14 2 12 13 -c 10 10 z 4 13 2 11 
AST (UL)  10 ? 4 9 1 3  8 - 2  10 f 5 
Alkaline phosphatase I UIL) 100 ? 32 107 i 49 108 i 27 111 2 47 
Leukocyte count (103/mm3~ 6 2 2  7 t 2  7 2 2  8 i 2  
Cholesterol (mg/dl) 226 i 50 238 i 51 224 i 51 

Laboratory test Group A Group B 

235 c 42 

Values are expressed as means t S.D. 
There were no significant differences bet,ween baseline values and long-term follow-up values in the five parameters. The differences between 

the two treatment groups also were not significant 

than in patients with two or three stones (group A, 
p = 0.005, group B, p = 0.047). At 12 mo after litho- 
tripsy, the probability of complete clearance was 54% in 
patients with single stones both in group A and in group 
B, but in patients with two or three stones it was only 
10% in group A and 24% in group B (Fig. 2). 

No significant differences were noted in the clearance 
rate between the two treatment groups stratified for 
gallstone diameter and number. In patients with single 
stones up to 20 mm in diameter, the median time until 
complete clearance was 6.5 mo in group A and 5.3 mo in 
group B (p = 0.3). In patients with single stones 21 to 30 
mm in diameter, the respective results were 14.9 mo in 
group A and 16.1 mo in group B (p = 0.6). In patients 
with two or three stones, the results were also not 
significantly different between the two groups (p = 0.4). 

Shock wave application caused no direct adverse 
effects except cutaneous petechiae in 14 patients (7  in 
each group) and transient gross hematuria in 15 
patients (1 1 in group A and 4 in group B). Until complete 
clearance of the fragments, attacks of biliary pain were 
the most frequent adverse effect (Table 2). They usually 
were mild and required no hospitalization except in one 
patient. Episodes of biliary pain occurred most often 
within 4 mo after lithotripsy and rarely thereafter. The 
occurrence of biliary pain was not significantly different 
between the two groups. Diarrhea occurred in 7 patients 
(5%) in group A but in 26 patients (18%) in group B 
( p  < 0.001). Other adverse events such as mild biliary 
pancreatitis were rare. The frequency of endoscopic or 
operative interventions was similar in both groups. In 

five patients in group A and in three patients in group B, 
elective cholecystectomy was performed (Table 2). 

In 9 patients in group A and in 23 patients in group B, 
the randomized medication was withdrawn because of 
diarrhea lasting for at least 3 days (4 patients in group 
A, but 16 patients in group B, p < 0.001), subjective 
intolerance of the blinded medication (3 patients in 
group A and 4 patients in group B), upper abdominal 
discomfort (2 patients in group A and 1 patient in group 
B) or cutaneous exanthema (none in group A and 2 in 
group B). These patients were put on an unblinded 
medication of 750 mg UDCA. During further follow-up, 
no more adverse effects were observed in these patients. 

No significant alterations of ALT, AST, alkaline 
phosphatase, bilirubin, leukocyte count or cholesterol 
from baseline values were observed during short-term (1 
to 2 mo after lithotripsy) or long-term (5 to 8 mo) 
follow-up (Tables 3 and 4). Maximum deviations from 
baseline levels were as follows: ALT was increased in one 
patient with biliary obstruction up to 138 U L ,  AST was 
increased up to 40 U/L in a patient with frequent biliary 
pain attacks, alkaline phosphatase was increased up to 
249 U/L in a patient with transient biliary obstruction. 

DISCUSSION 
Noninvasive therapy of radiolucent gallbladder calculi 

by oral bile acid dissolution therapy may require up to 2 
yr for complete dissolution, which is observed in 30% to 
60% of selected patients (3-7, 10, 11, 13, 22). Gallstone 
fragmentation by extracorporeal shock waves has been 
shown to be safe and effective in selected patients with 
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radiolucent gallstones (25-27, 32-37). Except in one 
report (381, only a few patients treated by shock waves 
without adjuvant bile acids achieved complete clearance 
of the fragments (23,241. Most of the lithotripsy studies 
used the combination of UDCA and CDCA for adjuvant 
bile acid dissolution therapy (25,26,32,33,35), whereas 
others applied monotherapy with UDCA (23,34,36,37). 
Efficacy and safety of the two bile acid regimens for the 
dissolution of gallstone fragments after lithotripsy have 
not yet been compared. 

Our study revealed a similar efficacy of UDCA alone 
compared with the combination of UDCA and CDCA for 
fragment clearance after lithotripsy. The combination of 
UDCA and CDCA was found to be slightly more 
efficacious than UDCA alone for the dissolution of intact 
stones in one study (22). However, this difference was 
significant only in patients with stones of 5 mm or less 
for the 6-mo follow-up. One explanation for the dis- 
crepancy with our findings could be that a small 
difference between the two regimens was masked by 
spontaneous passage of fragments after lithotripsy 
besides dissolution. Podda et al. (22) applied a slightly 
smaller dose of the combination of both bile acids 
(5  mgbg each as compared with 7.3 mgkg in our study) 
and administered the bile acids in two daily doses, 
whereas we used a single bedtime dose. If the fraction of 
bile acids absorbed is greater when the bile acids are 
administered twice daily than in a single dose, the 
patients in the Podda et al. study could have absorbed 
more bile acids than our patients. This could be another 
possibility to explain the different results in our study as 
compared with Podda et al. (22). We and Podda et al. 
confirmed the complete clearance of the gallbladder by 
two independent ultrasonographic examinations (22). 

The rate of adverse effects of both bile acid regimens 
in our study was low. Diarrhea was caused significantly 
less often by UDCA alone than by the combination of 
UDCA and CDCA. This has also been reported by others 
during dissolution of intact stones (3, 5, 6, 13, 39) and 
was also observed in the study by Podda et al. (22). In 
agreement with others (3-6, 13, 15-17, 221, we did not 
observe alterations in the serum levels of liver enzymes 
or cholesterol with both bile acid regimens (Tables 3 and 
4). The medication had to be withdrawn significantly 
less often in patients receiving UDCA alone. With regard 
to compliance and to the occurrence of adverse effects, 
monotherapy with UDCA, therefore, appears favorable. 

Patients with cholesterol gallstones may have im- 
paired gallbladder emptying compared with healthy 
persons (40, 41). Administration of UDCA may further 
impair gallbladder emptying (42-46). With the combi- 
nation of UDCA and CDCA, comparable effects were 
observed (47). Secondary calcifications of gallstones 
during dissolution therapy of intact stones have been 
reported to occur more often with UDCA alone than 
with the combination of UDCA and CDCA (3,13,22,48, 
49). It is not known whether this is also true during 
dissolution of disintegrated gallstones. 

The efficacy of stone fragmentation in this study was 
lower than that reported earlier (26). This may have 

resulted from the relatively low electrohydraulic shock 
wave discharge voltage used in this study (Table 1). 
Patients with fragments larger than 3 mm in diameter 
have a significantly lower gallbladder clearance rate 
than patients with smaller fragments (27). This may 
explain that the rate of complete gallbladder clearance in 
this study was relatively low. Lithotripsy treatment at 
higher energy levels might have improved the stone 
fragmentation and the clearance rate observed in this 
study. 

Our results demonstrate that monotherapy with 
UDCA is as efficient as the combination of UDCA and 
CDCA for the dissolution of gallstone fragments after 
extracorporeal shock wave lithotripsy. Since the rate of 
adverse effects and the frequency of withdrawals was 
lower with UDCA alone, dissolution therapy of gallstone 
fragments with this bile acid appears preferable. 

Acknowledgments: We thank R. Juergensmeyer and 
R. Weiss for secretarial assistance; J .  Pedrazzoli, J. Lang 
and S. Blumel for help in data computerization; and Ch. 
Geis for help in data analysis. The bile acids were 
generously provided by Dr. Falk Pharma, Freiburg, 
Germany. 

REFERENCES 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11, 

Bell GD, Whitney B, Dowling RH. Gallstone dissolution in man 
using chenodeoxycholic acid. Lancet 1972;2: 1213-1216. 
Danzinger RG, Hofmann AF, Schoenfield LJ, Thistle JL. Disso- 
lution of cholesterol gallstones by chenodeoxycholic acid. N Engl 
J Med 1972;286:1-8. 
Erlinger S, Go AL, Husson J-M, Fevery J. Franco-Belgian 
cooperative study of ursodeoxycholic acid in the medical disso- 
lution of gallstones: a double-blind, randomized, dose-response 
study, and comparison with chenodeoxycholic acid. HEPATOLOGY 

Schoenfield U, Lachin JM, The Steering Committee, and The 
National Cooperative Gallstone Study Group. Chenodiol (cheno- 
deoxycholic acid) for dissolution of gallstones: the National 
Cooperative Gallstone Study. A controlled trial of efficacy and 
safety. Ann Intern Med 1981;95:257-282. 
GIRC Inter-Hospital Clinical Research Group (Polli EE, Bianchi 
PA, Sironi L). Treatment of radiolucent gallstones with CDCA or 
UDCA a multicenter trial. Digestion 1981;22:185-191. 
Fromm H, Roat JW, Gonzalez V, Sarva RP, Farivar S. Compar- 
ative efficacy and side effects of ursodeoxycholic and chenodeox- 
ycholic acids in dissolving gallstones: a double-blind controlled 
study. Gastroenterology 1983;85: 1257-1264. 
Maton PN, Iser JH, Reuben A, Saxton HM, Murphy GM, Dowling 
RH. Outcome of chenodeoxycholic acid (CDCA) treatment in 125 
patients with radiolucent gallstones: factors influencing efficacy, 
withdrawal, symptoms, and side effects and postdissolution 
recurrence. Medicine 1982;61:86-97. 
Phillips JM, Fisher RL, Anderson DW, Lan S-P, Lachin JM, Boyer 
JL, and the Steering Committee for the National Cooperative 
Gallstone Study Group. Ultrastructural evidence of intrahepatic 
cholestasis before and after chenodeoxycholic acid therapy in 
patients with cholelithiasis: the National Cooperative Gallstone 
Study. HEPATOLOGY 1983;3:209-220. 
Schmucker DL, Ohta M, Kanai S, Sat0 Y, Kitani K. Hepatic injury 
induced by bile salts: correlation between biochemical and mor- 
phological events. HEPATOLOGY 1990;12:1216-1221. 
Makino I, Shinozaki K, Yoshino K, Nakagawa S. Dissolution of 
cholesterol gallstones by ursodeoxycholic acid. Jpn J Gastroen- 
terol 1975;72:690-702. 
Maton PN, Murphy GM, Dowling RH. Ursodeoxycholic acid 
treatment of gallstones: dose-response study and possible mech- 
anisms of action. Lancet 1977;2:1297-1301. 

1984;4:308-314. 



Vol. 14, No. 6, 1991 BILE ACIDS FOR LITHOTRIPSY 1141 

12. Stiehl A, Czygan P, Kommerell B, Weis HJ, Holtermuller KH. 
Ursodeoxycholic acid versus chenodeoxycholic acid: comparison of 
their effects on bile acid and bile lipid composition in patients with 
cholesterol gallstones. Gastroenterology 1978;75: 1016- 1020. 

13. Czygan P, Stiehl A, Raedsch R, Seitz H, Kommerell B. Dissolu- 
tion of cholesterol gallstones by combination therapy of 
URSOKHENO versus URSO. In: Paumgartner G, Stiehl A, Gerok 
W, Eds. Enterohepatic circulation of bile acids and sterol metab- 
olism. Lancaster: MTP Press, 1985:351-353. 

14. Thistle JL, LaRusso NF. Combination of taurine or chenodeoxy- 
cholic acid with ursodeoxycholic acid therapy: effects on biliary 
lipids, bile acids and gallstones. In: Paumgartner G, Stiehl A, 
Gerok W, eds. Enterohepatic circulation of bile acids and sterol 
metabolism. Lancaster: MTP Press, 1985355-359. 

15. Bachrach WH, Hofmann AF. Ursodeoxycholic acid in the treat- 
ment of cholesterol cholelithiasis. Part I. Dig Dis Sci 1982;27: 

16. Bachrach WH, Hofmann AF. Ursodeoxycholic acid in the treat- 
ment of cholesterol cholelithiasis. Part 11. Dig Dis Sci 1982:27: 

17. Iser JH, Sali A. Chenodeoxycholic acid: a review of its pharmaco- 
logical properties and therapeutic use. Drugs 1981;21:90-119. 

18. Park Y-H, Igimi H, Carey MC. Dissolution of human cholesterol 
gallstones in simulated chenodeoxycholate-rich and 
ursodeoxycholate-rich biles: an in vitro study of dissolution rates 
and mechanisms. Gastroenterology 1984;87: 150-158. 

19. Nilsell K, Angelin B, Lejd B, Einarsson K. Comparative effects of 
ursodeoxycholic acid and chenodeoxycholic acid on bile acid 
kinetics and biliary lipid secretion in humans: evidence for 
different modes of action on bile acid synthesis. Gastroenterology 

20. Loria P, Carulli N, Medici G! Menozzi D, Salvioli G, Bertolotti M. 
Montanari M. Effect of ursocholic acid on bile lipid secretion and 
composition. Gastroenterology 1986;90:865-874. 

21. Jungst D, Brenner G, Pratschke E, Paumgartner G. Low-dose 
ursodeoxycholic acid prolongs cholesterol nucleation time in 
gallbladder bile of patients with cholesterol gallstones. J Hepatol 

22. Podda M, Zuin M, Battezzati PM, Ghezzi C, de Fazio C, Dioguardi 
ML. Efficacy and safety of a combination of chenodeoxycholic acid 
and ursodeoxycholic acid for gallstone dissolution: a comparison 
with ursodeoxycholic acid alone. Gastroenterology 1989;96: 

23. Schoenfield LJ, Berci G, Carnovale RL. et al. The effect of ursodiol 
on the efficacy and safety of extracorporeal shock-wave lithotripsy 
of gallstones: the Dornier National Biliary Lithotripsy Study. 
N Engl J Med 1990;323:1239-1245. 

24. Darzi A, Leahy A, O’Morain C, Tanner WA, Keane FBV. Gallstone 
clearance: a randomized study of extracorporeal shock wave 
lithotripsy and chemical dissolution. Br J Surg 1990:77:1265- 
1267. 

25. Sauerbruch T, Delius M? Paumgartner G, Holl J ,  Wess 0, Weber 
W, Hepp W, et al. Fragmentation of gallstones by extracorporeal 
shock waves. N Engl J Med 1986;314:818-822. 

26. Sackmann M, Delius M, Sauerbruch T. Holl J, Weber W, Ippisch 
E, Hagelauer U, et al. Shock-wave lithotripsy of gallbladder 
stones: the f i s t  175 patients. N Engl J Med 1988;318:393-397. 

27. Sackmann M, Pauletzh J, Sauerbruch T, Holl J ,  Schelling G, 
Paumgartner G. The Munich gallbladder lithotripsy study: results 
of the first five years with 711 patients. Ann Intern Med 

28. Sackmann M, Weber W, Delius M. Holl J, Hagelauer U, Sauer- 
bruch T, Brendel W, et al. Extracorporeal shock-wave lithotripsy 
of gallstones without general anesthesia: first clinical experience. 
Ann Intern Med 1987;107:347-348. 

29. Schelling G, Weber W, Mendl G, Pauletzki J, Sackmann M. 
Analgesia for biliary lithotripsy. In: Paumgartner G, Sauerbruch 
T, Sackmann M, et al., eds. Biliary lithotripsy and related 
techniques. Chicago: Mosby-Year Book, 1991 I in press]. 

737-761. 

833-856. 

1983;85: 1248-1256. 

1989;8: 1-6. 

222-229. 

199 1; 114:290-296. 

30. Kaplan EL, Meier P. Nonparametric estimation from incomplete 
observations. J Am Stat Assoc 1958;53:457-481. 

31. Friedman LM, Furberg CD, DeMets DL. Fundamentals of clinical 
trials. Littleton, MA: PSG Publishing Company, 1985. 

32. Greiner L, Jakobeit C. Biliary shock-wave lithotripsy: expe- 
rience of the first 3 years in 612 patients. In: Swobodnik W, 
Ditschuneit H, Soloway RD, Eds. Gallstone disease, patho- 
physiology and therapeutic approaches. Berlin: Springer, 1990: 

33. Ell C, Kerzel W, Schneider HT, Benninger J ,  Wirtz P, Domschke 
W, Hahn EG. Piezoelectric lithotripsy: stone disintegration and 
follow-up results in patients with symptomatic gallbladder stones. 
Gastroenterology 1990;99: 1439-1444. 

34. Burnett D, Ertan A, Jones R, O’Leary JP, Mackie R, Robinson JE, 
Salen G, et al. Use of external shock-wave lithotripsy and adjuvant 
ursodiol for treatment of radiolucent gallstones: a national 
multicenter study. Dig Dis Sci 1989;34:1011-1015. 

35. Ponchon T, Barkun AN, Pujol B, Mestas JL, Lambert R. Gallstone 
disappearance following extracorporeal lithotripsy and oral bile 
acid dissolution. Gastroenterology 1989;97:457-463. 

36. Albert MB, Fromm H, Borstelmann R, Shehan CM, Gicking R. 
Successful outpatient treatment of gallstones with piezoelectric 
lithotripsy. Ann Intern Med 1990;113:164-166. 

37. Vanderpool D, Jones RC, O’Leary JP, Hamilton JK. Biliary 
lithotripsy. Am J Surg 1989;158:194-197. 

38. Fache JS, Rawat BJ, Burhenne HJ. Extracorporeal choIecysto- 
lithotripsy without oral chemolitholysis. Radiology 1990;177: 

39. Roda E, Bazzoli F, Morselli Labate AM, Mazzella G, Roda A, Sama 
C: Festi D, et al. Ursodeoxycholic acid vs. chenodeoxycholic acid as 
cholesterol gallstone-dissolving agents: a comparative randomized 
study. HEPNOLOGY 1982;2:804-810. 

40. Pomeranz IS, Shaffer EA. Abnormal gallbladder emptying in a 
subgroup of patients with gallstones. Gastroenterology 1985;88: 

41. Behar J, Lee KY, Thompson WR, Biancani P. Gallbladder 
contraction in patients with pigment and cholesterol stones. 
Gastroenterology 1989;97: 1479-1484. 

42. Erpecum K J  van, Berge Henegouwen GP van, Stolk MF, Hopman 
WPM, Jansen JBM, Lameris CBHW. Effects of ursodeoxycholic 
acid on gallbladder contraction and cholecystokinin release in 
gallstone patients and normal subjects. Gastroenterology 1990; 

43. Festi D, Frabboni R, Bazzoli F, Sangermano A, Ronchi M, 
Rossi L. Parini P, et al. Gallbladder motility in cholesterol 
gallstone dissolution: effect of ursodeoxycholic acid adminis- 
tration and gallstone dissolution. Gastroenterology 1990;99: 1779- 
1785. 

44. Forgacs IC, Maisey MN, Murphy GM, Dowling RH. Influence of 
gallstones and ursodeoxycholic acid therapy on gallbladder emp- 
tying. Gastroenterology 1984;87:299-307. 

45. Rothstein RD, Brugge WR, Dudley SL, Malet PF. Gallbladder 
motility in gallstone patients treated by extracorporeal shock wave 
lithotripsy (ESWLJ and ursodeoxycholic acid (Urso) or placebo 
[Abstract]. Gastroenterology 1990;98:A259. 

46. Sylwestrowicz TA, Shaffer EA. Gallbladder function during 
gallstone dissolution: effect of bile acid therapy in patients with 
gallstones. Gastroenterology 1988;95:740-748. 

47. Spengler U, Sackmann M, Sauerbruch T! Holl J, Paumgartner G. 
Gallbladder motility before and after extracorporeal shock wave 
lithotripsy. Gastroenterology 1989;96:860-863. 

48. Roehrkasse R, Fromm H, Malavolti M, Tunuguntla AK, Ceryak S. 
Gallstone dissolution treatment with a combination of chenode- 
oxycholic and ursodeoxycholic acids: Studies of safety, efficacy and 
effects on bile lithogenicity, bile acid pool, and serum lipids, Dig 
Dis Sci 1986;31:1032-1040. 

49. Bateson MC, Bouchier IAD, Trash DB, Maudgal DP, Northfield 
TC. Calcification of radiolucent gall stones during treatment with 
ursodeoxycholic acid. Br Med J 1981;283:645-646. 

177- 193. 

719-721. 

787-791. 

99:836-842. 




