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It is not known whether microcalculi possess structural differences compared with larger stones or
whether they represent simply an earlier stage in stone disease.
We carried out a controlled study on 10 patients affected by gallbladder cholesterol microlithiasis (CM).
In all patients, samples from all parts of the stones were studied by X-ray diffraction and by infrared

spectrophotometry. Bile analysis was carried out to determine cholesterol, phospholipid and total bile
acid content. The cholesterol saturation indices (C.S.I.) were calculated. In all samples, bacterial bile
culture was carried out. The results were compared with those of 10 patients who had undergone
cholecystectomy for large cholesterol stones, and for 10 patients who had undergone abdominal surgery
but without biliary pathology. Patients in these latter groups were matched with the first according to sex
and age.

Microcalculi proved to be layered (nucleus and external layer) in only 2 cases and larger stones in 9;
cholesterol was seen to be the principal crystalline component in all cases. Traces of bilirubin were found
in 7 CM and in the nuclei of 5 larger stones.
These results show that the structural composition of microcalculi is similar to that of the nucleus of

larger stones. No substantial differences exist, however, between the two groups of patients regarding the
other parameters taken into consideration.

KEY WORDS" Gallstone composition, bile composition, bile bacteria, gallbladder physiopathology,
biliary tract disease.

INTRODUCTION

Biliary microlithiasis is defined as gallstones less than 3 mm. in diameter1’2. In earlier
clinical studies,3’4’5 biliary microcalculi have been observed to have particular
characteristics absent in larger stones. Colic pain caused by "migration" and acute
obstruction of the papilla of Vater, may contribute to the high incidence of acute
pancreatitis, associated with this disease. It is not yet clear whether, as seems
reasonable to suppose, microcalculi are the first stage in larger stone formation or if
they possess structural peculiarities which impede their growth.
We therefore performed a controlled study on patients affected by biliary

microlithiasis to examine the chemical structure of the concretions, bile composition
and bile bacteriology.

Author responsible for correspondence regarding the manuscript and to whom request reprints should be
addressed: Dr. Leopoldo Sarli*, c/o Clinica Chirurgica II dell ’Universita’, Ospedale Maggiore, Via
Gramsci n. 14, 43100 Parma, Italy

283



284 L. SARLI et al.

MATERIALS AND METHODS

The study was carried out on 30 patients divided into 3 groups. 10 patients (group 1)
were affected by gallbladder microlithiasis; the microliths, of homogeneous
dimensions, classified by visual inspection as cholesterol type, were removed at
consecutive operations between March 1985 and March 1987.10 patients (group II),
who underwent elective cholecystectomy for larger gallstones in the same period,
were matched with group I according to sex and age (plus or minus 4 years); the
stones of homogeneous dimensions, were morphologically classified as cholesterol
type. 10 patients (group III), matched with the other groups according to sex and
age, underwent non-biliary abdominal surgery. This group was without biliary tract
disease, as assessed by preoperative ultrasonography and intraoperative evaluation.
None of the patients in group I and II had common duct lithiasis as assessed by

intraoperative cholangiography; none was obese or diabetic. Preoperative liver
function tests were normal in all cases. None received preoperative antibiotics.
Each group of patients comprised 4 males and 6 females. The mean age was 52.2

+ 13.1 years ranging from 29 to 71 years in group I; 51.5 + 13.2 ranging from 7 to
70 years in group II and 51.8 + 13.2 ranging from 32 to 72 years in group III.

In all patients gallbladder bile samples were obtained anaerobically at surgery by
needle puncture aspiration. Aspiration of gallbladder content was complete in order
to reduce, as far as possible, sampling errors due to bile stratification. In groups I
and II at least one stone was taken in each case; the stones obtained were washed
several times with distilled water and air-dried; they were then cross-sectioned and
examined microscopically in order to reveal the possible presence of concentric or
superimposed layers.

Analysis ofStone Composition

Gallstones collected from excised gallbladders were investigated immediately after
operation (usually on the same day). All samples, consisting of untreated substance
from all parts of the calculi, were studied by X-ray diffraction and by infrared
spectrophotometry.

Since, in case of microlithiasis, we did not have a sufficient quantity of substance
for common diffractometry and recording on paper, all the stones were analyzed
using the single rotating crystal (Debye-Scherrer method) with Gandolfi camera and
recorded on photographic film.
A small fragment, of micron order, of each layer was used for X-ray diffraction

analysis (Cu-KBr tube), with exposure times of 4 hours. Reading and interpretation
was helped by the A.S.T.M.* international sheets6’7. The quantity of amorphous
substance was not determined.

Infrared spectra were obtained using the PYE-UNICAM SP-3 200S I.R.
spectrophotometer with KBr pellet technique. The remaining part of the stone was
pulverized in a mortar. The components of the stones were identified by comparison
with pure standards (cholesterol and bilirubin) or by using data published in the
literature (palmitate and carbonate). To determine the quantities of cholesterol and
bilirubin, mixtures of pure standards were prepared in KBr with conOentrations
varying from 0.10 to 0.80% weight/weight. To obtain a uniform thickness in all

*A.S.T.M. American Standards of Testing Minerals
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samples, the preparation of the pellet was standardized in the following way: 0.6-0.7
mg. of the stone powder were mixed in a mortar for 5 minutes with 120-130 mg. of
KBr; from this mixture two pellets of equal weight were obtained using a hydraulic
press (12 lb./sq, in. for 2 minutes). The following signficance frequencies were used:
bilirubin 1620 cm-1, cholesterol 2940 cm-1. For cholesterol this frequency was
used because comparative tests revealed it to be less sensitive to interference from
bilirubin than the frequency of 3600 cm- commonly used. The absorbance of each
peak was calculated using the base-line method. By plotting the concentration values
against the absorbance of the standards, a linear regression was obtained with the
following coefficients: cholesterol x 0.001 + 0.663 y and r2 0.990; bilirubin x
0.019 + 0.841 y and r2 0.991. By placing on calibration graphs the absorbance of
the stones, tlae concentration of the various components present in each stone was
obtained8’9. Other amorphous components were not evaluated by spectro-
photometry.

Analysis of Bile Composition

Bile was kept at -20C for 5-7 days. After thawing, it was used for the determination
of cholesterol content (Boehringer-Mannheim enzymatic-colorimetric method),
phospholipid content (Boehringer- Mannheim molybdate-vanadate reaction by
precipitation), and total biliary acid content (Sterognost 3 alpha Nyegaard).
A saturation index which take into account the total lipid concentration was

calculated according to Carey2.

Bacteriology
Undiluted samples of gallbladder bile for culture studies were obtained by a sterile
technique and immediately placed in prereduced anaerobically sterilized transport
tubes. The material was used to detect aerobic and anaerobic micro-organisms.
Anaerobic bacteria were identified by gas-chromatography, aerobic bacteria by
conventional methods. Bacterial counts was obtained with scalar dilutions of the test
sample. Counts higher than 100000/ml were considered positive.

Statistical Evaluation

Student’s T test was used to evaluate the significance of differences in mean values.

RESULTS

Bile Composition
The total and relative composition of the bile samples from microcalculi patients,
large-stone patients and control non-gallstone patients is given in Table 1.
The results show a significant difference (p < 0.05) between microcalculi and

control patients in percentage of cholesterol present in the bile and in saturation index
calculated by all three methods. No significant differences were revealed, however,
between microcalculi and larger stone patients and between larger stone patients and
control patients. It is noteworthy that in microcalculi patients bile is always revealed
to be supersaturated, whereas the bile of large-stone patients is not supersaturated
only in 3 cases.
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Table 1 Total and relative biliary lipid composition data, calculated cholesterol (ch) saturation indices
(C.S.I.)* and microbiological findings.

Composition (% total tool.) Total lipids Positive
Bile acids Lecithin Ch g/dl C.S.I. bile colture

Value of gallbladder biles from cholesterol gallstone patients
Mean 72.19 18.54 9.27 9.39 1.58 10%
+ SD 3.92 4.62 2.33 3.61 0.61

Values of gallbladder biles from cholesterol microcalculi patients
Mean 67.19 21.4 11.39 10.90 1.60 20%
+ SD 4.78 3.79 2.54 4.24 0.36

Values of gallbladder biles from control non-gallstone patients
Mean 72.04 20.08 7.88 9.89 1.18 20%
+ SD 4.95 4.21 2.79 4.89 0.43

C.S.I. have been calculated using the limits of cholesterol solubility as defined by Carey (14).
Significantly different (p < 0.025) from the corresponding index in control patients.
Significantly different (p < 0.05) from the corresponding index in control patients.

Stone Composition (Tables 2 and 3)
Under the optical microscope, the microcalculi were shown to be without layers
(Figure 1) with the exception of two cases in which it was possible to distinguish a
nucleus and an outer layer. In 9 cases (90%), cholesterol proved to be the only
crystalline component on diffractometry (Table 2). In 2 cases in which a nucleus and
an outer layer were present, cholesterol proved to be the only crystalline component
in both layers. In one case (10%), together with the cholesterol, calcium carbonate
was present in the form of vaterite. A ring corresponding to amorphous substance
was present in 9 cases in the Debye reading, but the diffuse in only one case. In those
having a nucleus and an outer layer, amorphous substances were found only in the
nucleus. Large stones were shown to be layered in 9 cases (Figure 1). Cholesterol was
also present as a crystalline component (Table 3) in all the cases, both in the nucleus
and in the outer layers. Calcium carbonate in the form of vaterite was found in 5
cases" in 4 in the outer layer and in i in both the nucleus and the outer layer; in the
form of calcite it was observed in the external covering of 1 stone only (10%). Debye
reading revealed a ring corresponding to amorphous substances in 5 cases: in 2 cases
both in the nucleus and in the external layer, in 3 cases only in the nucleus.

Infrared spectrophotometry (Tables 2 and 3) provided further details concerning
the substance which had appeared amorphous at diffractometry, revealing the
presence of bilirubin in 7 cases of microcalculi and in 5 of large stones where the
Debye test showed rings of amorphous substance. No correlations were observed
between bile composition and stone composition for any of the parameters
examined.

Bile Bacteriology (Tables 1, 2 and 3)
Bile bacteria were found in 2 microcalculi patients (20%), in 1 large-stone patient
(10%) and in 2 non-gallstone control patients (20%). No correlations were observed
between the presence of bacteria in the bile and the composition of stones. A very low
concentration of total lipids was found, however, in the bile in cases of bile bacteria.
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Figure A) Stratified larger stone with a nucleus containing bilirubin. ( 10) B) Cholesterol microcalculi
not stratified. The microlith number 2 contains bilirubin like the nucleus of larger stone. ( 25)
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Table 2 Components of cholesterol microcalculi as defined by spectroscopy and diffractometry.

Microscopicfeatures Composition % Bacteriological
bile colture

1. coating cholesterol 95 negative
nucleus cholesterol 60

bilirubin traces
amorphous subst, n.c.

2. homogeneous cholesterol 90 negative
bilirubin 3 negative
amorphous subst, n.c.

3. homogeneous cholesterol 95 positive
4. homogeneous cholesterol 85 negative

bilirubin traces
amorphous subst, n.c.

5. homogeneous cholesterol 90 negative
amorphous subst, n.c.

6. homogeneous cholesterol 85 negative
amorphous subst, n.c.

7. homogeneous cholesterol 80 positive
bilirubin 6
amorphous subst, n.c.

8. homogeneous cholesterol 70 negative
vaterite 10
bilirubin traces
amorphous subst, n.c.

9. homogeneous cholesterol 85 negative
bilirubin traces
amorphous subst, n.c.

10. coating cholesterol 88 negative
bilirubin 5
amorphous subst, n.c.

nucleus colesterol 60
bilirubin 5
amorphous subst, n.c.

n.c. not calculated

Our examinations enabled us to single out 100% of stone components. A small quantity of both coating
and nucleus components remained undetected.

DISCUSSION

The following significant data emerge from our study: microcalculi rarely present
layers, whereas larger stones always have a nucleus and an outer layer; the
composition of microcalculi is similar to that of the nucleus of larger stones, the
calcium carbonate often present in the outer layers of larger stones, being rarely
present in their nuclei or in microcalculi; furthermore, traces of bilirubin are rarely
detectable in the outer layers of larger stones, while they are often found in their
nuclei or in microcalculi. No substantial differences were noted between the two
groups of patients for the parameters we considered as to gallbladder bile
composition and bile bacteriology. These data would seem to lend weight to the
hypothesis of microcalculi as being "young stones" and representing an early stage in
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Table 3 Components of cholesterol larger stones as defined by spectroscopy and diffractometry.

Stone size Microscopic Composition % Bacteriological
features bile colture

1. medium coating cholesterol 88
vaterite 10

nucleus cholesterol 88
bilirubin 7
amorph, subst, n.c.

2. medium coating cholesterol 80
vaterite 17

nucleus cholesterol 70
bilirubin 5
amorph, subst, n.c.

3. large coating cholesterol 75
calcite 20

nucleus cholesterol 95

4. small coating cholesterol 86
ca. palmitate 3
bilirubin 5

nucleus cholesterol 90
amorph, subst, n.c.

5. small homogeneous cholesterol 80
amorph, subst, n.c.

6. medium coating cholesterol 75
vaterite 23

nucleus cholesterol 98

7. large coating cholesterol 75
vaterite 20

nucleus cholesterol 70
vaterite 27

8. medium coating cholesterol 80
vaterite 18

nucleus cholesterol 95

9. small coating cholesterol 98
nucleus cholesterol 80

bilirubin 3
amorph, subst, n.c.

10. small coating cholesterol 85
bilirubin traces
amorph, subst, n.c.

nucleus cholesterol 80
bilirubin traces
amorph, subst, n.c.

n.c. not calculated

negative

negative

negative

negative

positive

negative

negative

negative

negative

negative

Our examinations enabled us to single out 100% of stone components. A small quantity of both coating
and nucleus components remained undetected.
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the formation of a larger stone, often its nucleus.
This is supported by the results concerning gallbladder bile composition: all

microcalculus patients had cholesterol-supersaturated bile while two large stone
patients had non-supersaturated bile.
These observations suggest that gallbladder bile containing microcalculi still

preserves the conditions which originally caused lithogenesis and thus microliths
could be used to study calculus formation. In fact, although cholesterol
supersaturation is considered a prerequisite to cholesterol gallstone formation, this
is not the only casue since most normal subjects in the western world, as confirmed
by our analysis, have a cholesterol-supersaturated bile. We came to the conclusion
that there are many factors involved in the pathogenesis of calculi13; in recent studies
particular stress has been laid on the nucleation of cholesterol crystals as an essential
stage in gallstone formation14’15. These observations are based to a great extent on
animal models of cholesterol lithiasis16, from phase-diagrams obtained in vitro using
model solution of cholesterol, bile acids and lecithin2; the data obtained are not
always applicable to human bile3. One reason for the difficulty of researchers to
identify the first stages and thus the exact pathogenesis of biliary concretions in man,
is that calculi often show up years or even decades after their formation, when the
conditions which caused lithogenesis are no longer present. That is why microliths,
should they be confirmed as being of recent formation, could be useful in the study
of lithogenesis. Our results, however are derived from too small a number of cases,
and they must be confirmed. It could be very tseful to carry out new comparative
studies on large-stone patients and microcalculi patients, evaluating concentration
and comp)sition of apolipoproteins in the bile and the nucleation time which are very
important with respect to lithogenesisa3.

Bacterial infection has been proposed as a possible cause of gallstone formation
and bacteria have been suggested as nucleant factors in the crystallization of
cholesterol7.

In this study, as in those of other authorsa8’19, infected bile showed an abnormally
low total lipid content which may itself be a cause for bile lithogenicity2. Recent
studies, however, suggest that bacterial infection is probably not important for
cholesterol stone formation2’2. Our results support this second hypothesis; indeed,
bile bacteria have been found in microcalculus patients, in large-stone patients, and
in non-gallstone controls. In conclusion, cholesterol microcalculi do not seem to be
structurally different from larger stone in that they are similar in their composition
to the nuclei of larger stones22. It is possible that they represent an early stage in the
natural history of the stone. More detailed analysis of the structure of microcalculi
and bile that contains them could thus be useful in the search for the exact
pathogenesis of biliary lithiasis.
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INVITED COMMENTARY

A peculiar feature of cholelithiasis is the fact that the size and number of stones
present in the gallbladder can vary enormously. The world record for the number of
gallstones found in a gallbladder has been discussed recently and is thought to be
36,329 stones1.
While multiple, small stones are common, around 1 in 5 gallstone patients will

have a solitary stone. The factors that control size and number are not understood.
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In an Australian survey of 387 consecutive gallstone patients treated
by cholecystectomy, 82% were found to have multiple stones in their gallbladder,
as opposed to a solitary stone2. In addition, the total mass of gallbladder stones,
which were high in cholesterol content ranged from 0.1 to 47.0 grams. In this
group of stones, the total mass of stones and the diameter of the largest stone
increased with the age of the patient (2). This finding supports the concept that stones
grow slowly over a period of many years. Recent quantitative information from
radiocarbon dating suggested that the growth rate is 2.6 mm increase in stone
diameter per year3.
The study by Sarli and his colleagues has compared the chemical composition of

microcalculi (< 3 mm diameter) with that of larger stones, each stone type being
collected from a group of 10 gallstone patients. Both X-ray diffraction and infra-red
spectroscopy were used to detect crystalline components, such as cholesterol
monohydrate, bilirubin and calcium salts. All stones were found to be predominantly
composed of cholesterol, but layers were frequent in the larger stones, with calcium
salts (vaterite, palmitate) present in the outer layer. This latter phenomenon has
been described in studies of gallbladder stones which were resistant to bile acid
dissolution therapy4. Overall, the microcalculi were very similar chemically to the
nucleus of larger stones, a finding consistent with the notion that they simply
represent a transition stage in stone development.
A high cholesterol saturation index for gallbladder bile is associated with

cholesterol gallstone information, but nucleating factors also are required to induce
cholesterol crystallization5. A reasonable hypothesis as to why some patients
develop multiple small stones, while others form a single large stone, is that a
’shower’ of micronuclei could provide multiple sites for stone growth, whereas a
limited number of micronuclei could induce the formation of a few cholesterol
crystals, which if aggregated would result in a solitary stone. The chemical nature of
nucleation-promoting factors remains to be fully elucidated6. In the study of Sarli et
al., micro-biological examination of gallbladder bile did not provide evidence for
hacteria as nucleating factor.
Whether stones continue to grow is probably controlled by the continued presence

of bile which is supersaturated with cholesterol and stone surfacc characteristics
favourable to further precipitation. Calcium salts appear to retard cholesterol
deposition, as shown by stones with calcified rims. The degree of biliary cholesterol
supersaturation also may be important in determining stone size and number. Obese
patients undergoing weight reduction after gastric bypass surgery are thought to have
a transient, very high bile cholesterol saturation. Many of these patients develop
multiple microliths7 of the new type analysed by Sarli et al. in their work.
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INVITED COMMENTARY

The presented paper by Sarli and coworkers deals with the importance of biliary
microcalculi in the pathogenesis of larger gallstones. They postulate that, due to the
chemical similarly between microlithiasis and the nuclei of larger concretions,
microcalculi are "young stones", representing an early stage in the formation of
larger conrements.

This raises the question of early detection of these stone precursors. Conventional
roentgenologic techniques, such as plain abdominal X-ray and inatravenous
cholangiography are not sensitive enough to detect microcalculi, which are, by
definition, smaller than 3 millimeter in diameterx. Computed tomography, from our
experiences does not allow the detection of pure cholesterol stones, probably due to
the similar densities of fluid and crystalline cholesterol2. Therefore, only abdominal
ultrasound serves as an adequate diagnostic tool in the detection of small gallbladder
stones.

But, there are also some limitations of this technique. It is of upmost importance
to use high frequency transducers (5 MHz and more) to obtain excellent resolution
and thereby reproducible results. The resolution of a pulse-echo-system is
determined by the wave length (h) of the applied ultrasound frequency (f).
Separation of different reflectors on the ultrasound screen can be achieved only in
those cases where the reflector distance is greater than the pulse wave length. This
theoretical resolution of an ultrasound system can be calculated by the formula

v

where the velocity (v) of the ultrasound beam in the human body is assumed to be
1500 m/sec. Therefore, the resolution of a 3 MHz transducer is

1500 m/sec
h3 0.5 mm

3 MHz

In the case of a MHz transducer, as recommended above, the resolution improves to

1500 m/sec
k5 0.3 mm

5 MHz
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Unfortunately ultrasound pulses are not propagated as ideal sinus wave oscillations.
The real resolution of an ultrasound system in the perpendicular axis, called acial
resolution, is diminished by "after ringing" of the applied ceramic and therefore
depends on the damping characteristics of the applied transducer. This may be taken
into account in daily clinical routine by multiplying the theoretical resolution with an
empirically obtained factor of 3 to 5, depending on the system used. Consequently,
gallstones with a diameter of less than 3 mm, can be diagnosed reliably with
conventional ultrasound systems, provided a 5 MHz transducer is applied.

Despite these basic considerations microlithiasis does not exhibit the characteristic
sonographic pattern of gallstones, such as strong surface reflections and distal
acoustic shadowing. In most cases, the acoustic shadow is lacking4, and intraluminal
echos, which represent microlithiasis, can be distinguished from polyps only by their
mobility.
An even greater problem, raised in the cited paper, is the differentiation of stone

compounds by imaging modalities in vivo. Although computed tomography is able
to detect calcified gallstones, conventional radiography does not provide reliable
data. In a series by Trotmann, 33% of radioopaque stones consisted mainly of
cholesterol; Bell and colleagues6 showed, that 12.5% of radiolucent stones contained
more than 40% calcium. Computed tomography cannot discern pure cholesterol
stones (see above).
The data concerning conventional B-mode ultrasound are conflicting. Purdom et

al. 7 and our groups showed that the composition of gallstones had an influence on
their B-mode image. However, calcium-bilirubinate could not be detected with
satisfactory accuracy. Filly et al.9 and Good et al. 1 could not find a correlation
between the chemical stone composition and the reflection on the display.
Therefore, a reliable differentiation of spatial distribution and stone compounds in
microlithiasis with conventional imaging methods seems not to be possible at the
present time. Wheather RF-signal processingaa will solve this problem has to be
shown in the future.
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