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Cholesterol gallstones are dissolved in man by chenodeoxycholic acid (CDCA) and ursodeoxy- 
cholic acid (UDCA). To test the comparative efficacy of these two cholelitholytic bile acids, 223 
gallstone patients were randomly treated with either UDCA or CDCA at two different doses: 7 to 8 
mg per kg per day and 14 to 15 mg per kg per day. Efficacy and factors influencing dissolution 
(dose, size of the stones, and time) were evaluated after 3,6, and 12 months of treatment. UDCA was 
significantly more efficacious than was CDCA after 3 and 6 months of treatment, whereas after 12 
months, no significant differences were observed. UDCA was equally effective at  high and low 
doses, both on small and large stones. CDCA was significantly more effective at high doses and on 
small stones. Seventy-four per cent of the total dissolutions with UDCA and 42% with CDCA 
occurred within the first 6 months of treatment. Diarrhea and hypertransaminasemia occurred only 
in the CDCA-treated patients. We conclude that UDCA seems to be the bile acid of choice in 
dissolving cholesterol gallstones. 

Chenodeoxycholic acid (CDCA) and its 7P-epimer, 
ursodeoxycholic acid (UDCA), are efficacious in dissolv- 
inn cholesterol gallstones (1-12). SUBJECTS 

MATERIALS AND METHODS 

CDCA has been shown to be effective at a daily dose 
of 15 mg per kg (4, 9, 13, 14). 

UDCA, the more recently introduced cholelitholytic 
bile acid, seems to be effective at a lower dosage (15, 16) 
and does not induce either diarrhea (17, 18) or hyper- 
transaminasemia (5, l l ) ,  which occurs in some of the 
patients treated with CDCA. 

Although CDCA and UDCA have been widely studied, 
to date, little is known about the comparative efficacy of 
these two cholelitholytic agents. 

In this paper, we report the 1 year follow-up on 223 
gallstone patients randomly treated with either CDCA or 
UDCA. 

To define possibly the bile acid of choice in the treat- 
ment of cholesterol gallstones, we also compare the effi- 
cacy of UDCA and CDCA in relation to dose, size of the 
stones, and duration of treatment. Treatment-induced 
side effects were also evaluated. 
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Two hundred twenty-three cholesterol gallstone pa- 
tients were admitted to the study. All patients met the 
following admission criteria: (a) radiolucent gallstones, 
less than 20 mm in diameter, in a well opacifying gall- 
bladder; (b) exclusion of liver disease, cholecystitis, pan- 
creatitis, and active peptic ulcer, and (c) postmenopausal 
women or, when capable of child bearing, using mechan- 
ical contraceptive devices. 

TREATMENT 

Each patient was allocated according to a random 
table, into one of the four treatment groups: 

Amount 
(mg/kg/day) Dose Patients 

UDCA 7-8 low 58 
UDCA 14-15 high 52 
CDCA 7-8 low 55 
CDCA 14-15 high 58 
Patient clinical data (sex, age, weight, and stone size, and 
number) are summarized in Table 1. The distribution of 
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TABLE 1. CHARACTERISTICS OF THE STONES AND CLINICAL DATA 
Smnll stones Large stones Sex Age (yr) Weight (kg) Ideal weight (40) 

M F Mean Range y:: Range v:~ Range 

No. Floating 

cases Single Multiple Single Multiple stones value 
D W  of 

UDCA 
Low 58 7 20 12 19 5 17 41 46.8 17-73 67.1 48-106 113 87-158 
High 52 6 18 11 17 7 13 39 47.4 25-68 65.4 43-108 105 81-155 

CDCA 
Low 55 6 20 14 15 6 17 38 45.3 26-76 64.4 48-93 103 84-141 
High 58 8 21 13 16 4 18 40 47.1 23-70 62.8 45-106 106 79-147 

the above-mentioned characteristics was well balanced 
among the four groups (p > 0.1). 

UDCA and CDCA were provided by the Giuliani Com- 
pany (Milan, Italy) and were more pure than 98% as 
assessed by gas-liquid and thin-layer chromatography. 

EFFICACY 
Pretreatment oral cholecystograms were obtained in 

all patients; gallstones, measured considering the maxi- 
mum diameter, were defined small when less than 10 mm 
and large when equal or greater than 10 mm. 

Oral cholecystograms were further performed at 3, 6, 
and 12 months after treatment. A standardized cholecys- 
tographic technique was used, and the X-ray films were 
interpreted by two experienced radiologists who were not 
aware of the patient treatment group. 

A response to therapy was defined as “partial dissolu- 
tion,” when at least a 50% decrease in stone size or 
number occurred, and as “total dissolution” when two 
negative cholecystograms, performed at a l-month inter- 
val, were obtained. 

In the definition of efficacy, “response rate” (RR) 
included total dissolution plus partial dissolution and 
“dissolution rate” (DR) included total dissolution only. 

CLINICAL EVALUATION 
SGOT, SGTP, serum bilirubin, alkaline phosphatase, 

serum triglycerides, and cholesterol were measured by 
conventional methods before treatment and 3, 6, and 12 
months thereafter. 

SERUM BILE ACIDS 
Serum fasting bile acid determination was performed 

before the study and after 3 months of treatment. 
Serum conjugated cholic acid (CCA), conjugated che- 

nodeoxycholic acid (CCDCA), conjugated ursodeoxy- 
cholic acid (CUDCA), and conjugated unsulfated litho- 
cholic acid (CLCA) were determined by a specific ra- 
dioimmunoassay as previously described by us (19,20). 

STATISTICAL ANALYSES 
Significance levels for nominal-level variables (21) 

were calculated by means of the x2  test. When frequen- 
cies involved small numbers, Yates’ correction or Fisher 
exact probability test (22) were used according to Coch- 
ran’s criteria (23). 

Ratio-level measurements were compared by paired 
Student’s t test. 

RESULTS 
Of the 223 patients who entered the trial, 8 (2 treated 

with UDCA high dose, 2 with CDCA low dose, 4 with 
CDCA high dose) dropped out during the first 3-month 
period; one more patient (treated with CDCA low dose) 
dropped out after 4 months of treatment. 

EFFICACY 
The cumulative efficacy of UDCA and CDCA is shown 

in Figure 1. In Figure 2, results are plotted considering 
the size of the stones. 

After 3 months, both RR and DR were greater at  low 
and high doses in the UDCA-treated patients. The dif- 
ference was statistically significant when calculated in all 
the UDCA patients vs. all the CDCA patients (RR. p < 
0.05; D R  p < 0.05). 

There was no significant difference in the efficacy of 
UDCA and CDCA when evaluated in the patients with 
small stones, whereas in the patients with large stones, 
UDCA was significantly more effective than CDCA, re- 
garding both RR (p < 0.001) and DR (p < 0.005) at both 
low (RR: p < 0.05) and high (RR: p < 0.01; DR: p < 0.05) 
doses. 

After 6 months of treatment, UDCA was found again 
significantly more effective than CDCA (RR: p < 0.05; 
DR: p < 0.01) particularly at  low doses (RR: p < 0.01; 
DR: p < 0.05) and in patients with large stones (RR: 
p < 0.005; DR: p < 0.005). 

No significant difference was observed in the efficacy 
of UDCA and CDCA after 12 months of treatment. 

DOSE EFFECT 
Within the UDCA group, no statistically significant 

differences were noted between low and high doses, both 
in the small and large stones (Table 2). 

In all the treatment periods, CDCA was significantly 
more effective at high dose (3 months RR, p < 0.05; 6 
month. RR, p < 0.05; 12 months RR, p < 0.05; DR, p 
< 0.05) particularly on small stones (3 months. RR, p < 
0.05; 6 months: RR, p < 0.05; 12 months DR, p < 0.05). 

SIZE EFFECT 
In the UDCA-treated patients, the size of the stones 

did not significantly influence either RR or DR, whereas 
CDCA treatment was more effective on small stones (3 
months: RR, p < 0.005; DR, p < 0.05; 6 months: RR, 
p c 0.01; DR, p < 0.005; 12 months DR, p < 0.05) 
particularly at high doses (3 months: RR, p < 0.005; 6 
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FIG. 1. Cumulative percentages of response to therapy (RR UDCA, solid line; CDCA, dashed line) and total dissolution ( D R  UDCA, lighter 
shaded area; CDCA, darker shaded area) in all cases and in low and high dose groups. 
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FIG. 2. Cumulative percentages of response to therapy and total dissolution in all cases and in low and high dose groups subdivided in regard 
to stone sue. (For symbols, refer to legend of Fig. I). 

months: RR, p < 0.01; DR, p < 0.05; 12 months: DR, p 
< 0.05) (Table 2). 

At low doses, CDCA was significantly more effective 
on small stones only after 6 months of treatment (RR: p 
< 0.05). 

TIME EFFECT 
Of the 42 total dissolutions obtained with UDCA treat- 

ment, 31 (73.8%) were achieved during the first 6-month 
period, while of the 33 total dissolutions obtained with 
CDCA treatment, only 14 (42.4%) were achieved in the 
same period (p < 0.01) (Figure 3). 

A significant earlier response of UDCA treatment was 
also observed when calculated in patients with large 

stones (p < 0.005) and in those treated with the high 
dosage (p < 0.05). 

CLINICAL EVALUATION 
Bilirubin and alkaline phosphatase were normal in all 

subjects. Hypertransaminasemia (which was defined as 
at least a 2-fold increase of the normal value) was ob- 
served only in the CDCA groups (Figure 4). None of the 
patients treated with UDCA showed any enzyme eleva- 
tion. 

UDCA and CDCA did not affect serum cholesterol and 
triglycerides in patients with serum lipids within the 
normal range. However, when hypertriglyceridemic pa- 
tients were evaluated separately (Figure 5), a significant 
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TABLE 2. STATISTICAL SIGNIFICANCE VALUES OF DOSE AND SIZE EFFECTS 

. 

Response rate Dissolution rate 
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- 

10- 
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UDCA total 
UDCA small stones 
UDCA large stones 

CDCA total 
CDCA small stones 
CDCA large stones 

UDCA total 
UDCA low dose 
UDCA high dose 

CDCA total 
CDCA low dose 
CDCA high dose 

p NS" 
P NS 
P NS 

p < 0.05 
p < 0.05 

P NS 

P NS 
P NS 
P NS 

P NS 
p < 0.005 

p c 0.005 

Dose Effect (low vs. high dose groups) 

Size Effect (small vs. large stone patients) 

P NS P NS P NS 
P NS P NS P NS 
P NS P NS P NS 

P NS P NS P NS 
p < 0.01 P NS P NS 

p < 0.01 P NS p < 0.05 

NS, not significant. 
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FIG. 3. Proportion of total dissolutions occurred during the first 6- 
month treatment period. (Number of patients included in each of the 
subgroups: small stones-low dose: UDCA 13, CDCA 16; high dose: 
UDCA 10, CDCA 15; large stones-low dose: UDCA 9, CDCA 5; high 
dose: UDCA 10, CDCA 7.) 
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FIG. 4. Percentage of patients who developed hypertransaminasemia 
during CDCA treatment. (Number of patients included in each of the 
subgroups-3 months: low dose 53, high dose 54; 6 months: low dose 
50, high dose 51; 12 months: low dose 46, high dose 46.1 
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FIG. 5. Triglyceride serum levels in hypertriglyceridemic patients. 
(Number of patients included in each of the subgroups-UDCA. low 
dose 13, high dose 12; CDCA low dose 16, high dose 14.) 

decrease (p < 0.01) in serum triglycerides was observed 
with both UDCA and CDCA at both low and high doses. 

UDCA and CDCA did not significantly affect serum 
cholesterol in hypercholesterolemic patients. 

Only three patients (2.8%) complained of diarrhea in 
the UDCA groups during the first 3 months of treatment. 
Diarrhea occurred in 30% of cases treated with CDCA 
during the first 3 months (Figure 6). After 6 and 12 
months, these patients still complained of loose stools. 

SERUM BILE ACIDS 

of treatment is shown in Figure 7. 
The serum bile acid pattern before and after 3 months 
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FIG. 6. Percentages of patients who complained of diarrhea during 

cholelitholytic treatment. (Number of patients included in each of the 
subgroups: UDCA-3 months: low dose 58, high dose 50; 6 months: low 
dose 50, high dose 42; 12 months: low dose 42, high dose 35; CDCA-3 
months: low dose 53, high dose 54; 6 months: low dose 50, high dose 51; 
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FIG. 7. Serum bile acid levels before and after 3 months of treatment. 

(Number of patients included in each of the subgroups: UDCA-low 
dose 58, high dose 50; CDCA-low dose 53, high dose 54.) 

CCDCA significantly increased in both CDCA groups 
(p < 0.01) while CCA significantly decreased only in the 
patients treated with high dose CDCA. 

CCDCA and CCA significantly decreased (p < 0.05) in 
the high dose UDCA group. 

Serum levels of CUDCA increased in both UDCA 
groups, and the increases were dose-dependent. 

Serum levels of CUDCA in patients treated with 
UDCA increased more than those of CCDCA in patients 
treated with CDCA. 

CLCA significantly increased in both UDCA and 
CDCA high doses groups (p < 0.005); however, the in- 
creased levels of CLCA remained within the range of 
normal values (in our laboratory: less than 0.5 pmole per 
liter). 

DISCUSSION 

Our results are in agreement with previously published 
reports, showing that UDCA and CDCA are efficacious 
in dissolving cholesterol gallstones in man (1-11). The 
aim of our study was to compare the efficacy of UDCA 
vs. that of CDCA. The only comparative study published 
to date (16) is a review of the existing results of urso- 
therapy and chenotherapy from Japan and elsewhere. 
The information reported in the present paper was ob- 
tained from a large number of patients randomly treated 
in the same prospective study with either UDCA or 
CDCA. We did not introduce a placebo group since both 
UDCA and CDCA have previously been tested vs. pla- 
cebo and shown to be effective (1-12). 

The reproducibility of radiologists’ readings with re- 
spect to total dissolution, was checked by performing a 
further cholecystogram at a 1-month interval. Moreover, 
ultrasonograms were obtained in most of the patients 
who achieved total dissolution. In these cases, ultrasound 
confirmed the previous diagnoses of total dissolution. 
Our results indicate that UDCA is equally effective on 
both small and large stones, while total dissolutions were 
achieved with CDCA mostly in patients with small 
stones. Furthermore, the cholelitholytic effect of UDCA 
was not significantly dose related; whereas the efficacy 
of CDCA was significantly greater at high than at  low 
doses. 

Low and high doses were chosen in the range of the 
effective dosage for medical treatment of gallstones. In 
fact, doses of 14 to 15 and 7 to 8 mg per kg per day have 
been suggested as the optimal and minimal doses, re- 
spectively, for CDCA (12-14). Since few data were avail- 
able about UDCA dosage when the study was started, 
and since this study was particularly designed to compare 
UDCA vs. CDCA treatment, the same doses were chosen 
for the two cholelitholytic agents. Salen et al. (10) and 
Japanese investigators (11) found that UDCA was sig- 
nificantly more efficacious at high than at  low dose. To 
explain the differences between our results and those of 
the previous studies, one should consider that we defined 
“low dose” as 7 to 8 mg per kg per day, while they used 
fixed doses of 150 and 250 mg per day, which, in patients, 
were always less than 4 mg per kg per day. The fact that 
the low doses are not comparable, obviously, limits com- 
parison of the different results. Indeed, based on the 
work of Maton et al. (8) and our study, one might 
conclude that 7 to 8 mg per kg per day is the optimum 
dose for UDCA and that higher doses are not necessary 
to achieve stone dissolution. 

A non-dose-dependent effect of UDCA could be also 
related to the different formation of the conjugated forms 
of UDCA. Tauro-UDCA has been shown not to  be dose- 
dependent while increasing dosages of UDCA lead to 
increase of the glycine conjugates (24,25), which have a 
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considerably lower solubilizing capacity compared to the 
tauro conjugates (26). 

As far as a CDCA dose is concerned, our study confirms 
previous results (9-13) showing that the optimum dose 
for CDCA treatment is about 14 to 15 mg per kg per day. 

In the U.S. National Cooperative Gallstone Study (12), 
CDCA was used at fixed doses (375 and 750 mg per day) 
which were chosen lower than the suggested doses “to 
diminish the possibility of hepatotoxicity.” However, also 
in this study, a dose-related efficacy of CDCA has been 
confirmed. In fact, the high dose (750 mg per day) was 
significantly more efficacious than the low one (375 mg 
per day); furthermore, dissolution occurred more often in 
female patients and in patients with less than ideal body 
weight, i.e., in patients receiving an higher dose per 
kilogram of body weight. 

After 3 and 6 months of treatment, UDCA was signifi- 
cantly superior CDCA in dissolving cholesterol gall- 
stones; however, after 1 year of treatment, the difference 
observed was not statistically significant. Indeed, most of 
the total dissolutions obtained with UDCA occurred 
during the first 6-month period, while most of those 
obtained with CDCA were observed after 12 months of 
treatment. In our opinion, these results show that the 
cumulative efficacy of the two cholelitholytic bile acids 
is similar, but dissolutions occur more rapidly with 
UDCA. 

The reason for the earlier response to therapy of the 
UDCA-treated patients is not clear. Since our patients 
were well matched in regard of sex, age, weight, and 
stone characteristics, we can rule out that these factors 
influenced the different behavior of the dissolution rate. 
An explanation could be that the mechanisms whereby 
UDCA and CDCA desaturate bile are different. For 
instance, recently it was shown by Sama et al. (27) in 
human acute secretion studies, that UDCA, but not 
CDCA, decreases cholesterol secretion by altering the 
secretory coupling of biliary lipids. Furthermore Stiehl et 
al. demonstrated that UDCA decreases biliary choles- 
terol more markedly than does CDCA (15, 25), and 
suggested that the small diameter of urso-formed mi- 
celles could increase the rate of cholesterol dissolution 

Our data on triglyceride serum levels agree with those 
of Williams et al. (29) and are in contrast with those of 
Carulli et al. (30) suggesting that UDCA, as CDCA, is 
effective in lowering serum triglycerides probably acting 
directly on their synthesis (31). 

Diarrhea was the major cause of drop out and was 
present in the 23 to 37% of the CDCA-treated patients. 
In the UDCA-treated patients, diarrhea was present only 
in 3% of the cases. These data are in agreement with 
previous reports (4, 9, 16) and indicate that diarrhea is 
an important limiting factor of the cholelitholytic therapy 
with CDCA. 

The conventional liver function tests failed to show 
any toxicity during UDCA administration, whereas in 
10% of subjects treated with CDCA, mild hypertransa- 
minasemia was observed. This side effect has been de- 
scribed by several authors (3, 4, 6,9, 16, 32); although its 
mechanism is still unknown, it is not associated with 
consistent changes in liver structure (33-35). 

(25-28). 
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Serum bile acid pattern was profoundly modified dur- 
ing treatment. CUDCA and CCDCA increased in the 
respective treatment groups. These results suggest the 
importance of serum bile acid determination in monitor- 
ing patient compliance during a therapeutic trial. CLCA 
was significantly increased in both high dose UDCA and 
CDCA groups. 

Recant studies (36-38) suggest that serum bile acid 
pattern reflects biliary bile acid composition. If this is 
true, our results, although in contrast with Fedorowski 
et al. (31), are in agreement with those of Sarva et al. 
(40) and Bazzoli et al. (41) who demonstrated a similar 
biotransformation pattern of UDCA and CDCA to litho- 
cholic acid by the intestinal bacterial flora. 

The similar lithocholate increase in both groups in 
spite of the difference in transaminase levels suggest 
independence of enzyme elevation from lithocholate for- 
mation. This observation is in agreement with two Jap- 
anese studies which show that CCDCA but not CUDCA 
produces marked changes in isolated human hepatocytes, 
morphologically and functionally (42, 43). 

We conclude that although both UDCA and CDCA 
are effective in the cholelitholytic treatment of choles- 
terol gallstones, UDCA seems to be the therapy of choice 
because it is efficacious at a lower dosage on small and 
large stones, its efficacy seems to be much faster than 
that of CDCA, and it does not induce both hypertransa- 
minasemia and diarrhea. 
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