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Duodenal bile examination in identifying potential
non-responders to bile salt treatment and its
comparison with gall bladder bile examination

D K Agarwal, G Choudhuri, V A Saraswat, T S Negi, V K Kapoor, R Saxena

Abstract
The results of bile salt treatment in patients
with radiolucent stones and a functioning gall
bladder have been poor. In 42 of these patients
awaiting cholecystectomy we determined the
value of duodenal bile examination in pre-
dicting gall stone composition, and thus
identifying those less likely to respond to bile
salt therapy. Based on chemical analysis and
scanning electron microscopy, 28 of 42 (67%)
gall stones retrieved at surgery were poten-
tially insoluble. Microscopic examination of
duodenal bile correctly identified 21 (75%) of
them: it predicted all four (100%) pigment
stones, three of six (50%) calcium carbonate
containing cholesterol stones, and 14 of 18
(78%) cholesterol stones with pigment shells.
It was nearly as reliable as microscopic exami-
nation of bile aspirated directly from the gall
bladder during surgery (21 (75%) v 23 (82%);
p=NS). Furthermore, the presence of choles-
terol crystals in duodenal bile was a more
sensitive indicator than chemical detection of
supersaturation (34 of 38 (89%) v 25 of 35
(71%); p<0-05) for prediction of cholesterol
gall stones. Microscopic examination of duo-
denal bile, if used as a screening test, could
help to exclude potential non-responders and
therebyimprove considerably the results oforal
bile salt treatment for gall stone dissolution.
(Gut 1994; 35:112-116)
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Gall stone solvents currently available for
clinical use are effective in dissolving only pure
cholesterol stones. Bile salt treatment is unlikely
to succeed if the stones are pigment stones or
cholesterol stones with either sufficient amounts
of inorganic calcium compounds or with an
amorphous pigment layer on the outer sur-
face. '-3 The limitations of current tests to
identify potential non-responders while selecting
patients for litholytic treatment account for the
high failure rates of 70 to 87%./ Conventional
imaging methods like plain radiographs and oral
cholecystograms have not been very useful.W"
Lucency on plain radiograph of the abdomen
and oral cholecystography are often mislead-
ing.' "0 Several workers have recently evaluated
the role of computed tomography for this pur-
pose.'2-14

Examination of gall bladder bile has been
claimed to be a sensitive and reliable test for this
purpose. However, gall bladder bile samples
thus studied are obtained during cholecystec-
tomy or by direct percutaneous puncture which
restricts the diagnostic utility and clinical appli-
cation of this method as a screening test for

patients who wish non-invasive treatment for
gall stones.' 1'8
Duodenal bile can easily be obtained by naso-

duodenal intubation and can be examined for
biliary microcrystals and the cholesterol satura-
tion index (CSI). It is, however, considered to be
dilute compared with gall bladder bile because of
contamination with gastric, pancreatic, and
intestinal secretions. The utility ofduodenal bile
examination in predicting gall stone composition
and in identifying potential non-responders to
bile salt treatment has not been prospectively
evaluated in a sizeable group of subjects.'-18
We undertook this prospective study to

evaluate the utility of duodenal bile examination
in predicting gall stone composition and in
identifying patients in whom bile salt treatment
is less likely to succeed. We also wished to
compare duodenal bile examination with bile
aspirated directly from the gall bladder during
surgery in terms of sensitivity to microscopic or
chemical examination.

Patients and methods
Fifty four consecutive patients with sympto-
matic cholelithiasis who fulfilled with con-
ventional inclusion criteria for oral bile acid
treatment were studied. The gall bladder of each
patient was ascertained to contain radiolucent
gall stones and opacify on a 12 tablet oral
cholecystogram. Pregnancy was excluded by
investigations wherever indicated. Duodenal
and gall bladder bile samples ofeach patient were
subjected to microscopic and chemical examina-
tion and correlated with the composition of gall
stones retrieved at cholecystectomy. Informed
consent was obtained from each patient. The
study protocol was approved by the institutional
ethics committee.
Of the 54 patients who entered the study and

had their duodenal bile examined, 12 were
excluded due to failure to obtain gall bladder bile
and gall stones (six did not report for elective
surgery; six were operated on elsewhere). Data
were complete in the remaining 42 patients: nine
men and 33 women; age mean (SD) 38-9 (11-3)
years, range 25 to 58 years.

DUODENAL BILE
After an overnight fast, nasoduodenal intubation
was performed under fluoroscopy with Bilbao-
Dotter tube and bile was collected after intra-
venous infusion of 5 ig ceruletid (Takus 'R',
Farmatalia Carlos Erba, Germany). Dark, thick
viscous 'B' bile'9 samples were pooled and mixed
well and then collected in three aliquots. One
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Figure 1: Scanning electron microphotograph (original magnification x 2000) showing clear
cholesterol crystals on the gall stone surface.

aliquot was examined within 30 minutes under
the polarising microscope, the second was stored
at 37°C for 24 hours for repeat microscopic
examination if required, and the third aliquot
was stored in a sealed glass vial at -20°C for
chemical examination.

GALL BLADDER BILE AND GALL STONES
During laparotomy, before removal of the gall
bladder, the cyStic duct was clamped and the gall
bladder bile aspirated with a needle and syringe.
While obtaining the bile sample, precaution was
taken to ensure complete aspiration to avoid the
effect of layering. Bile was collected in three
aliquots and processed as described above for
duodenal bile. The gall stones retrieved at sur-

gery were washed with distilled water, dried, and
stored at room temperature.

MICROSCOPIC ANALYSIS OF BILE
Altogether 2 5 ml of bile were centrifuged at
2000 rpm for 10 minutes; the supernatant was

Figure 2: Scanning electron microphotograph (original magnification x2000) showing
amorphous (pigment) shell covering the cholesterol gall stone surface.

discarded and the sediment examined on a glass
slide under the polarising microscope. The
number of cholesterol monohydrate crystals,
calcium bilirubinate granules, and microsphero-
liths of calcium carbonate under one coverslip
area (22x 50 mm) were counted under low power
(1Ox magnification) and recorded. If no micro-
crystal was seen on the first examination, the
sample of bile stored at 37°C in the incubator was
examined again after 24 hours. Crystals were
considered to be absent only when they were not
detected on two examinations - that is, immedi-
ately after collection and after 24 hours of
incubation.

CHEMICAL ANALYSIS OF BILE AND CALCULATION
OF CSI
Both duodenal and gall bladder bile samples
were subjected to chemical estimation for
cholesterol,20 phospholipids,2' and total bile
acids.22 The CSI was calculated from Carey's
table.23 Bile samples with a CSI of more than 1
were considered to be supersaturated.

CHEMICAL ANALYSIS OF GALL STONES
Gall stones were cut into two halves with a fine
saw. One piece was finely powdered and used for
chemical examination; the other piece was
examined by scanning electron microscope
(Philips SEM 515). The cholesterol content of
gall stones was assayed by the chemical method
described by From et al.20 Gall stones were
classified as cholesterol stones if the total
cholesterol content was more than 50% and as
pigment stones ifthe cholesterol content was less
than 20% ofthe dry weight ofthe stone. 16 The cut
as well as the external surface of each gall stone
was coated with gold palladium in a vacuum and
then subjected to scanning electron microscopy
at magnification of x2000. Photographs were
taken from the outer surface, and from the outer
rim, middle, and central regions of the cut
surface of each gall stone.

STATISTICAL METHODS
Statistical significance was calculated using X2
test and McNemar's test.24

Results
CHEMICAL ANALYSIS OF GALL STONES
Of the 42 sets of gall stones, 38 (90 5%) were
cholesterol stones, (cholesterol constituted a
mean (SD) of 83-3 (9 4)% of their dry weight)
and four (9 5%) were pigment gall stones (with a
mean (SD) cholesterol content of 11 5 (7 7)% of
the dry weight).

Scanning electron microscopy was done in all
the 42 gall stones. The pigment stones (n=4)
consisted primarily of a uniformly amorphous.
structure. Twenty of 38 cholesterol stones,
which predominantly showed rectangular
cholesterol crystals, had clear cholesterol crystals
on their outer surface (Fig 1): the remaining 18
had a shell of amorphous (pigment) material on
their outer surface (Fig 2). Microspheroliths of
calcium carbonate were present on the external
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Figure 3: Scanning electron microphotograph (original magnification x 2000) showing
microspheroliths ofcalcium carbonate with underlying cholesterol crystals on the outer surface of
the gall stone.

surface or outer rim in 10 of the 38 cholesterol
gall stones (Fig 3). Four of these 10 cholesterol
stones had pigment shells the remaining six did
not.

Thus, in 28 ofthe 42 (67%) patients studied by
us bile salt treatment would have been unlikely
to succeed for the following reasons: (a) four
(10%) were pigment stones, (b) six (14%)
were calcium carbonate containing cholesterol
stones, and (c) 18 (43%) were cholesterol stones
enveloped by amorphous pigment shells. The
remaining 14 (33%) pure cholesterol stones
could be considered to respond well to bile salt
treatment.

MICROSCOPIC EXAMINATION OF DUODENAL BILE
Satisfactory 'B' bile samples were obtained
in all 42 patients who completed the study.
Cholesterol crystals were present in 34 of 38
(89%) patients with cholesterol gall stones and
were absent in all four patients with pigment gall
stones. The presence of cholesterol crystals in
duodenal bile had a sensitivity of 89% and
specificity of 100% for predicting cholesterol gall
stones.
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Figure 4: Relationship between the presence ofan amorphous
(pigment) shell and cholesterol crystal counts in duodenal bile
(X2 test; p<0002).

Calcium bilirubinate granules were detected
in the duodenal bile of 27 patients. These were
present alone in eight patients, four ofwhom had
pigment stones (sensitivity 100%, specificity
89%) and in association with cholesterol crystals
in 19 patients, 14 of whom had pigment shells
around cholesterol stones. Calcium bilirubinate
granules along with cholesterol monohydrate
crystals were present in 14 (78%) of the 18
patients who had cholesterol stones with pig-
ment shells. In comparison they were seen
in only eight of 20 (40%) subjects who had
cholesterol stones with clear surfaces (X2=4 1
p<0 05). Therefore, the presence of calcium
bilirubinate granules along with cholesterol
crystals in duodenal bile was an indicator of
pigment shells on cholesterol gall stones. In
addition, cholesterol crystal counts were low
(<100 per cover slip area) in 14 of 18 patients
who had cholesterol stones with pigment shells
compared with four of 20 who had cholesterol
stones with clear surface (x2= 104; p<0 002,
Fig 4).

Microspheroliths of calcium carbonate were
detected in duodenal bile in three of six patients
with calcium carbonate containing cholesterol
gall stones (as detected by scanning electron
microscopy) and showed a sensitivity of 50% and
specificity of 100% for predicting the presence of
calcium carbonate on outer layer of cholesterol
gall stones.

CHEMICAL ANALYSIS OF DUODENAL BILE AND CSI
Estimation of three biliary lipids - that is,
cholesterol, phospholipids, and total bile acids,
was performed in bile samples obtained from 39
patients, 35 of whom had cholesterol, and four
pigment gall stones. Supersaturated bile (CSI
>1) was present in 25 of 35 (71%) patients
with cholesterol gall stones and in none of the
four patients with pigment gall stones. Super-
saturated duodenal bile (CSI >1) showed a
sensitivity of 71% and specificity of 100% for
predicting cholesterol gall stones.

MICROSCOPIC ANALYSIS OF GALL BLADDER BILE
Cholesterol crystals were present in gall bladder
bile in all 38 patients with cholesterol gall
stones and were absent in all four patients with
pigment gall stones, showing a sensitivity of
100% and specificity of 100% for predicting
cholesterol gall stones. Calcium bilirubinate
granules were present in gall bladder bile of
29 patients. They were present alone in all
four patients with pigment stones (sensitivity
of 100% and specificity of 100% for prediction of
pigment gall stones); and in association with
cholesterol crystals in other 25 patients with
cholesterol stones. Calcium bilirubinate granules
along with cholesterol crystals were present
in 16 of 18 (89%) cholesterol gall stones with
pigment shells. Microspheroliths of calcium
carbonate were present in the gall bladder bile
in three of six patients with calcium carbonate
containing cholesterol gall stones, giving a
sensitivity of 50% and specificity of 100% for
predicting calcium carbonate containing gall
stones.
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Figure 5: Comparison ofresults ofmicroscopic examination of
duodenal and gall bladder bile in identifying various
subgroups ofpotential non-responders (n=28) to bile salt
treatment (*p=NS).

CHEMICAL ANALYSIS OF GALL BLADDER BILE
AND CSI
Thirty three (94%) of 35 patients with cholesterol
gall stones showed supersaturated (CSI >1) gall
bladder bile. Bile samples of all four patients
with pigment gall stones were unsaturated (CSI
<1). Supersaturated gall bladder bile showed a

sensitivity of 94% and specificity of 100% for
predicting cholesterol gall stones.

COMPARISON OF DUODENAL BILE AND GALL
BLADDER BILE
There was no significant qualitative difference in
the microscopic examination findings of duo-
denal bile and gall bladder bile in their ability to
predict cholesterol gall stones (34 (89%) v 38
(100%); p=NS) and in predicting the potential
non-responders to bile acid treatment (21 (75%)
v 23 (82%); p=NS, Fig 5).
Of 35 patients with cholesterol gall stones,

supersaturation (CSI > 1) was present in 33
(94%) and 25 (71%) bile samples obtained from
the gall bladder and duodenum respectively.
This difference was statistically significant
(p<O0O5).

COMPARISON OF MICROSCOPIC EXAMINATION
AND CSI
Of the two tests performed on duodenal bile
samples, microscopic detection of cholesterol
crystals (34 of 38, sensitivity 89%) was superior
to CSI (25 of 35, sensitivity 71%) in predicting
cholesterol gall stones (p<005). In gall bladder
bile, however, there was no significant difference
between the prediction rates of microscopic
examination and CSI for cholesterol stones.

Discussion
Our study clearly shows that 28 of the 42
radiolucent gall stones could have been con-

sidered to resist dissolution with bile salt treat-
ment as they were pigment stones, calcium
carbonate containing cholesterol gall stones, and
cholesterol stones with an amorphous (pigment)
layer on the outer surface. Microscopic exami-
nation of duodenal bile identified 21 (75%) of
these potential non-responders. The results of
bile salt therapy in patients shown to have

radiolucent stones in a gall bladder in which
filling is demonstrable on oral cholecystography
have been poor: only 13 to 30% had complete
dissolution.8 These criteria do not help distin-
guish those harbouring stones that are less likely
to dissolve, many of which may be radiolucent.
In view of the poor results of bile salt treatment,
it is necessary to try and predict the composition
ofgall stones by simple in vivo tests so that stones
which are unlikely to dissolve can be identified.
Our study, apart from being the largest pros-

pective consecutive one to evaluate the utility of
microscopic examination of duodenal bile in
predicting gall stone composition, is the first to
determine its role in the specific clinical context
of a patient who fulfills the conventional criteria
for oral bile acid therapy- that is radiolucent gall
stones in a gall bladder that opacifies on oral
cholecystography. In such a patient prediction of
the chemical nature of the stones may be most
important in either planning or prognosticating
the outcome of dissolution therapy. Previous
workers performed this test in a heterogenous
group - that is in patients with undiagnosed
abdominal pain for detecting microlithiasis'7 or
patients with ultrasonographically diagnosed
gall stones in whom cystic duct patency had not
been evaluated.'6"7 Their results were therefore
at variance with ours, as some patients in their
series had concomitant bile duct stones'7 or
might have had a cystic duct block that could
have prevented good 'B' bile collection and could
have influenced duodenal bile microscopy find-
ings.

Although examination of bile obtained
directly from the gall bladder has been shown to
predict the chemical nature of gall stones quite
accurately,' 15 18 obtaining the bile sample from
the gall bladder at surgery' 1' or by direct percu-
taneous puncture'8 severely restricts its clinical
usefulness, especially in patients who are being
considered for non-invasive treatment of gall
stones. Duodenal 'B' bile can be easily obtained
with minimal discomfort or risk and may be of
comparable diagnostic value. The next question
we have therefore tried to answer is whether
duodenal bile examination measures up in sensi-
tivity to gall bladder bile. Our study shows that
there was no statistically significant difference
in the sensitivities of duodenal and gall bladder
bile microscopic examinations in predicting
cholesterol gall stones (34 (89%) v 38 (100%);
p=NS) or in identifying the potential non-
responders to bile salt treatment (21 (75%) v 23
(82%); p=NS).

Using scanning electron microscopy, we have
shown for the first time that amorphous shells
envelop some cholesterol gall stones and prevent
shedding of cholesterol crystals from the stone
surface'5; this is evidenced by absent or low
cholesterol crystal counts and the concomitant
presence of calcium bilirubinate granules in the
bile of these patients. They can be prospectively
identified by duodenal bile examination and
excluded from oral bile acid therapy as they are
known to fair poorly.'
The importance of calcium bilirubinate

granules in bile for predicting pigment gall
stones has not been well addressed in the pub-
lished reports. When present alone, granules
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showed good sensitivity (100%) for predicting
pigment stones. The number of these stones was
small, however, in our study because of their
low occurrence in our population. Calcium
bilirubinate granules, when present along with
cholesterol crystals, may be derived from pig-
ment shells around the cholesterol gall stones.
Stasis and infection may lead to deposition of
pigment on the surface of cholesterol stones."

Various workers2526 have found up to 50% of
cholesterol gall stones to contain significant
amounts of inorganic calcium, the carbonate salt
being the most common. It is often present on
the surface ofthe gall stone. We tried to correlate
the presence of microspheroliths in bile with the
presence of microspheroliths on the surface or
the outer shell of the gall stone and noted that
bile microscopy had a 100% specificity but a poor
(50% in both duodenal and gall bladder bile)
sensitivity for detecting calcium carbonate in
cholesterol gall stones rich in this compound. In
the only other similar study Ros et all had shown
similar specificity (100%) and sensitivity (53%)
for their presence in duodenal bile and had
shown them to be associated with a poor outcome
on oral dissolution therapy. ' Therefore in spite of
its limited sensitivity, detection of microsphero-
liths in bile is a sure indicator of calcium
carbonate rich gall stones and would help in
identifying the poor responders to oral bile acid
treatment.

Previous studies'"5 with gall bladder bile had
shown that microscopic detection of cholesterol
crystals was a far better predictor of cholesterol
gall stones than chemical estimation of biliary
lipids. We have, for the first time, compared the
sensitivity of the two tests in duodenal bile and
shown that microscopic examination ofduodenal
bile is better than chemical estimation of biliary
lipids (CSI) for prediction of gall stone composi-
tion.
A short nucleation time of the gall bladder bile

has been shown to have a sensitivity of 78% and
specificity of 100% for predicting cholesterol gall
stones; it is not, however, superior to micro-
scopic examination (cholesterol crystals).'6
Furthermore, it is of no value in identifying
cholesterol stones rich in calcium carbonate or
those enveloped by an amorphous shell, and
therefore has no role as a screening test for
identifying potential non responders to bile acid
treatment. Computed tomography of gall stones
has also been evaluated for predicting gall stone
composition. Low density stones are composed
predominantly of cholesterol (good inverse
relationship) but the correlation of increasing
density value with calcium has been weak.'214
Pretreatment computed tomography to select
patients with low density gall stones is an alterna-
tive approach that has been favourably reported.
The failure rate has been still somewhat high
(36-50%).27 28

In conclusion, it seems reasonable to include
microscopic examination of duodenal bile as a
screening test for patients being considered for
oral bile acid treatment to exclude potential non-
responders and thereby improve considerably
the result of this treatment.
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