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Over the decades, there has been a great deal progress in
the understanding of gallstones owing to the continuous efforts
aimed at elucidating their pathogenesis. An optimal classifi-
cation system is needed because the etiology, pathogenesis,
clinical features and treatment can be different according to the
classes. Currently, two systems are widely used: one from the
National Institutes of Health (NIH)-International Workshop on
Pigment Gallstone Disease held in 1981 and the other from
Gallstone Research Committee from the Japanese Society of
Gastroenterology in 1984. However, some stones cannot be
classified into either of these categories. In addition, several
terms have been not been clearly defined. In several aspects,
both systems need to be reevaluated. This paper reviewed the
classification systems and terms that are currently used for
gallstones, and raises several points that need to be recon-
sidered. In the near future, large scaled prospective studies on
gallstones need to be carried out on the basis of the external
color, chemistry, cutting surface, etc. Only when these studies
are completed can an ideal classification system for gallstones
be expected.
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INTRODUCTION

Cholelithiasis is one of the most prevalent
diseases affecting the gastrointestinal tract. An
optimal classification system for gallstones is
needed because the etiology, pathogenesis, clinical
features and treatment can be different according
to the classes. Over the past several decades, there
have been continuous efforts aimed at elucidating
the pathogenesis of gallstones, and the rapid
proliferation of novel methods for analyzing the
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composition and the morphology of gallstones
have been reported. With progress in scientific
technology, new classes of gallstones can be
added to the existing classification systems. More-
over, the incidence and composition of gallstones
can change over time." Therefore, the classification
systems need to be revised from time to time.

The best classification system for gallstones
generally accepted and used widely must fulfill
the following criteria: 1) it must have etiologic
significance; 2) the terminology used should be
simple and easily understood; 3) it must be
relevant to the therapeutic procedures to be em-
ployed; and 4) it must be understood interna-
tionally.2 Therefore, this account will review the
classification systems and terms that are currently
used for gallstones.

HISTORICAL BACKGROUND

Several suggestions have been made in classi-
fying gallstones since early 20th century.’

In 1896, Naunyn proposed a classification of
gallstones based on the etiologic factors (stasis
vs.infection).* This concept was generally accepted
until 1924 when Aschoff suggested an additional
causative factor, a metabolic derangement (Table
1).” Unfortunately, the classification had not been
generally accepted over the 73 years since the
publication of this study.

In May 1981, the 1° National Institutes of
Health (NIH)-International Workshop on Pigment
Gallstone Disease was held at the University of
Pennsylvania. In this workshop, gallstones were
broadly classified as being cholesterol or pigment
stones, and the pigment stones were further
divided into black or brown stones (Table 2).° This

Yonsei Med J Vol. 44, No. 4, 2003



562 In Sook Kim, et al.

Table 1. Classification of Gallstones’

Inflammatory stone
Metabolic stone
Pure pigment
Calcium bilirubinate
Pure cholesterin (solitaire)
Combination stone
Primary metabolic and secondary inflammatory
Stasis stone
Primary in common duct (earthy)

Table 2. Classification of Gallstones®

Cholesterol stone

Pigment stone
Black stone
Brown stone

classification system is one of the most popular
systems these days.

In 1986, the Gallstone Research Committee from
the Japanese Society of Gastroenterology pro-
posed a new classification system (Japanese clas-
sification), which divided gallstones into three
different classes: cholesterol, pigment, and rare
stones. Cholesterol stones were sub-classified into
pure cholesterol, combination, and mixed stones,
while pigment stones were further divided into
calcium bilirubinate and black stones (Table 3).””
The classification systems reported by Naunyn
and Aschoff were based on the etiology of the
gallstones, whereas the NIH and Japanese classifi-
cation also considered the composition and mor-
phology of the gallstones.””"*"

CLASSIFICATION OF GALLSTONES
Classification by composition

Most investigators have agreed to classifying
gallstones into two groups, cholesterol and pig-
ment, based on their major composition. Gall-
stones containing cholesterol as the main constitu-
ent are classified as cholesterol stones, whereas
those predominantly composed of bile pigments

: 6,12-14 .
are called pigment stones. However, in the
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Table 3. Japanese Classification of Gallstones

Cholesterol stone
Pure cholesterol stone
Combination stone
Mixed stone
Pigment stone
Black stone
Calcium bilirubinate stone
Rare stone

Japanese and NIH-classification, ‘cholesterol stones’
are defined as stones with cholesterol comprising
more than 70% of the stone dry weight”"" The
stone components were weighed and expressed as
a percentage of the initial weight of the stone.”

The dividing line between cholesterol and
pigment stones is based on the facts that the
proportion of cholesterol is usually more than
70% in cholesterol stones; while the cholesterol
content in pigment stones is less than 25% to
30%.>"*"'° However, the problem is that there is
an intermediate group of stones containing 30% to
70% cholesterol.”™ Several investigators have
used a threshold of 50%*” or even 25%* of the
dry weight of the stone to separate cholesterol
stones from pigment stones. It may be reasonable
to readjust the threshold of the cholesterol content
for defining a ‘cholesterol stone’, or to introduce
an additional criterion of a cholesterol stone, such
as stones with morphological characteristics (for
example, a radial fashion on cross section), even
if the cholesterol content of those stones is less
than 70%.

The principal constituent of pigment stone is
calcium bilirubinate, which forms an average of
40% to 60% of dry weight. In addition, the cho-
lesterol content is usually less than 25% to 30%.”"
However, pigment stones are vaguely defined as
stones consisting mainly of pigment (calcium
bilirubinate), in contrast to the cholesterol stones
which have a threshold percentage of their con-
stituents.””” In one report, the calcium bilirubinate
content of a black stone, which is a type of
pigment stone, ranged from 10% to 90%.”
However, there is some controversy as to whether
extreme cases of stones containing 10% calcium
bilirubinate can be classified as pigment stones. In
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addition, the average cholesterol content of
intrahepatic stones, which were categorized as
brown pigment stones on a visual inspection and
by infrared spectroscopy was 43%. This is in
contrast to the concept that the cholesterol content
of pigment stones is no more than 25% to 30%.”
In this situation, a modification of the classifi-
cation system may be indispensable.

Pigment stones contain minor components
other than calcium bilirubinate and cholesterol
such as calcium carbonate, calcium phosphate and
calcium fatty acids. The composition of a black
pigment stone differs from that of brown pigment
stone. Calcium bilirubinate is the major com-
ponent of both stones as previously mentioned.
Calcium carbonate and calcium phosphates are
contained in black pigment stones but are rarely
found in brown stones. However, calcium fatty
acids are found only in brown stones. Therefore,
measuring these minor components in addition to
calcium bilirubinate would be helpful for differen-
tiating between brown and black pigment stones.””

There appears to be no objection to classifying
gallstones as either cholesterol or pigment.
However, the definitions should be clarified, and
the dividing line between the two classes needs
refinement, as some gallstones that cannot be
classified into any of these two classes.

Classification by morphology

The indexes that can be used for the morpholo-
gical classification of gallstones are the external
appearance (color, shape) and the internal struc-
ture (cross sectional shape).””*"™

Cholesterol stones. The macroscopic classifica-
tion of gallstones proposed by the Japanese
Society of Gastroenterology is based on the pres-
ence of characteristic structures on their cut sur-
face.” According to this classification, cholesterol
stones can be divided into three subtypes; pure
cholesterol stones, mixed stones and combination
stones (Table 3). Cholesterol stones containing
more than 70% cholesterol are further divided
into three subdivisions according to their cross
sectional appearance.

Pure cholesterol stones have a radial structure
from the center to the periphery on cross section
(Fig. 1).”* Most cholesterol gallstones have pig-

ment at the center and grossly visible cholesterol
crystals although their pathogenetic process has
not been clarified.” The stones are considered to
be pure cholesterol stones when the diameter of
the pigment center does not exceed one third of
the stone diameter.” However, this classification
of gallstones based on the fraction of diameter of
the pigmented portion should be further sup-
ported by scientific evidence. They contain more
than 95% cholesterol in most layers.*” The
external appearance is usually oval to round, and
the color ranges from white to yellow. The typical
case has a mulberry shape.™”

Mixed and combination stones differ in their
distribution of cholesterol and other constituents.
On cross section, a combination stone is composed
of two definite separate layers; an external layer
with pigment constituents and an inner one with
a cholesterol component or vice versa. By
definition, the thickness of the external layer must
be greater than 1 mm (Fig. 2).* The inner layer
of these stones radiates from the center to the
periphery like the cross-sectional appearance of
pure cholesterol stones. The external shape of
combination stones is oval or round and the color
is brownish or dark brown due to the pigment
component. In other words, combination stones
are often referred to as combined or composite
stones.””’

The cut surface of a mixed stone is with a blend
of a concentric and radial shape because the main
components of the stone, cholesterol and pigment,
are mixed throughout the layers (Fig. 3). The
external layer is not definite.” The surface of the
mixed stone exhibits various shapes ranging from
round to faceted. The color of the surface varies;
yellowish white, yellowish brown, greenish
brown, or black brown.

Stewart, et al. examined combination stones
using scanning electron microscopy.37 Bacteria
were noted within the pigment coats but not in
the cholesterol portion of the combination stones.
In addition, they could not locate any bacteria in
pure cholesterol stones. Tabata and Nakayama
reported a higher bacteria detection rate in com-
bination stones, compared to pure cholesterol
stone.” Furthermore, they observed that the outer
shell of a combination stone contained abundant
bacteria, suggesting that a bacterial infection may
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Fig. 1. Cut surface of a pure cholesterol stone showing a
radial structure from the center to the periphery.

Fig. 2. Cross sectional appearance of a combination stone.
Two separated layers with a distinct outer shell of a
pigment component and an inner layer of cholesterol are
shown.

Fig. 3. Cut surface of the mixed stone shows a concentric
and radial fashion.
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Fig. 4. Cross sectional morphology of a brown pigment
stone showing concentric layers.

Fig. 5. Cross sectional finding of a black stone revealing
an amorphous appearance.

have contributed to the last stages of stone
formation. Recently, using molecular biological
techniques, a bacterial gene was identified in the
cholesterol stones as well as in pigment stones.
The frequency of bacterial detection using PCR
(polymerase chain reaction) was much higher
than the frequency obtained from the culture
result because the detection rate of bacteria using
this technique reflects the bacterial remains as
well as living organism.” Swidsinski, et al.
reported that most cholesterol gallstones harbor
bacterial DNA by species-specific ribosomal RNA
gene analysis.”” However, no bacterial DNA was
found in the gallstones with a cholesterol content
of greater than 90%. Lee, et al. also detected
bacterial DNA in mixed stones but not in pure
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cholesterol stones.”’ Therefore, the cholesterol
gallstones with a cholesterol content greater than
70% can have a different pathogenesis according
to the subclasses based on their cross sectional
appearance. The classification system of choles-
terol stones into pure, mixed, and combination
stones according to their cross sectional appear-
ance by the Japanese Society of Gastroenterology
is rational in this respect. This classification based
on the cut surface (pure, mixed, combination), and
has implications for treatment as well. Com-
bination stones are resistant to oral or contact
dissolution therapy due to their pigmented outer
rims.

Combination and mixed stones in the Japanese
classification system are defined by their cross
sectional structure as with the cholesterol stones
with a cholesterol content greater than 70%.*°
However, some investigators are using these
terms, mixed or combination stone, for stones of
the intermediate group, which are difficult to
classify into either cholesterol stones or pigment
stones. The definition of these terms is rather
confusing, V17445

Pigment stones. According to the classification
system of the Japanese Society of Gastroentero-
logy, pigment stones are divided into two groups,
calcium bilirubinate stones and black stones,
based on their cut surface (Table 3). On cross sec-
tion, calcium bilirubinate stones have a concentric
layer (Fig. 4), while black stones have an amor-
phous appearance (Fig. 5).** The primary confu-
sion in the classification of pigment gallstones is
that they all contain pigment (calcium biliru-
binate) as the major component. Although calcium
bilirubinate is a common constituent in both
stones, evidence suggests that this pigment may
be polymerized to a greater degree in black

The cut surface of pigment stones exhibit a
stratified structure (lamellation) or an amorphous
appearance, without a radiating crystalline struc-
ture seen in cholesterol stones.””™** The cross
sectional appearance of a radial pattern can be an
index to differentiate a cholesterol stone from a
pigment stone.”**** The high accuracy of the
correlation between the cut surface morphology
and the cholesterol content in the gallstones has
been reported earlier.”""** The validity of

classifying stones by means of their cross sectional
appearance was documented chemically in this
laboratory as well."” However, the classification
system based on the cross sectional appearance
also has some controversial points. Some gall-
stones have a cholesterol content of only 40-50%,
and their cut surface has a typical radial struc-
ture.” In contrast, there are gallstones containing
more than 50% cholesterol, which can be classified
as typical calcium bilirubinate stones according to
their cross sectional morphology.*” Accordingly,
it is difficult to conclude whether or not the cross
sectional morphology or composition is impor-
tant.

In 1981, at the NIH-International Workshop on
Pigment Gallstone Disease in Philadelphia, USA,
pigment gallstones were broadly divided into
brown and black stones (Table 2).° The Japanese
Society of Gastroenterology classifies a brown
stone as a calcium bilirubinate stone (Table 2 and
3). The movement to use the standardized term
brown and black pigment stones arose from this
meeting. Currently, the classification system of
pigment stones into two types, brown and black
stones, is the most widely used system. Brown
stones have been referred to as various terms
other than calcium bilirubinate stones, such as a
bilirubin stone, a bile pigment calcium stone, an
earthy stone and muddy stone.******* Black
stones are also referred to as pure pigment stones.
! Brown and black stones differ in their patho-
genesis and clinical features as well as in their
structure and composition.30 Brown stones are
primarily formed in the bile ducts, and bacterial
infections and bile stasis are the two major causes.
On the other hand, black stones are commonly
formed in the gallbladder and are not associated
with a bacterial infection.”™ Brown pigment
stones found in Occidental subjects are almost
always de novo common bile duct stones, which
develop after a cholecystectomy.” However, in the
Orient, brown stones are commonly found in the
intrahepatic and common bile duct. These intra-
hepatic stones have previously been referred to in
the West as oriental cholangiohepatitis.”

The sub-classification of pigment stones into
black or brown stones is simple and easily under-
stood. However, the terms used in this classifi-
cation give too much emphasis on the color of the
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gallstones even though their original description
was based on the stone composition, morphology,
and clinical features.” Consequently, when placing
too much emphasis on the color of the stone in
the classification, a stone with a different patho-
genesis and composition may be inappropriately
classified in the same group.

Atypical stones with a black or brown colored
surface, but with a radial fashioned cut surface
and a high cholesterol content are not rare.*”
Malet et al. reported 44% (N=36) of 81 cholesterol
gallstones had a brown or another colored sur-
face.” Their average cholesterol content was
87.7%, and the bilirubin content was only 1.0%.
Kim, et al. reported that black-colored intrahepatic
stones which exhibited a mixed radial and con-
centric pattern on the cross section and a much
higher cholesterol content (up to 50%).”” These
stones could not be differentiated from black
pigment stones originating from the gallbladder
by their external appearance. Moreover, a small
amount of pigment can turn a colorless stone into
a brown one, and the surface color of a gallstone
can change after drying.™ Even though a stone
can be classified as being a black stone imme-
diately after extraction, it can exhibit a brown or
gray white color after drying.” Labeling stones
visually as black or brown pigment stones ap-
pears to be a suboptimal and inadequate method
of classification. Pigment gallstones may be classi-
fied in a more precise way rather than just de-
scribing color.” Instead, the composition and mor-
phology of the stones as well as the clinical setting
where the stones occurred may also be taken into
consideration. Undoubtedly, in the NIH-Interna-
tional Workshop, a brown or black stone was
determined not only by the color, but also by the
cut surface appearance and clinical features.’
However, there appears to be confusion when
classifying pigment stones because too much
emphasis is placed on the color.

Classification by anatomical location

Gallstones can be divided into gallbladder (in-
cluding cystic duct) and bile duct stones according
to the anatomical location. Moreover, bile duct
stones are further separated into intrahepatic and
extrahepatic stones.” Intrahepatic stones are de-
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fined as stones involving the right and left hepatic
ducts, and their branches, peripheral to their
junction at the hepatic hilum, even though the
junction is outside the liver substance.” This gall-
stones classification according to the anatomical
location has an implication in that the patho-
genesis, clinical features and management can
differ according to the location of the gallstones.

Previously, cholesterol stones were known to
form only in the gallbladder.56 However, the pres-
ence of intrahepatic pure cholesterol stones was
recently reported.”” Cholesterol stones arising in
the intrahepatic duct cannot be distinguished
from gallbladder stones according to their external
morphology and cross sectional appearance.”®!
Gallbladder stasis is important in the formation of
cholesterol stones of the gallbladder,ﬂ’63 whereas
intrahepatic bile stasis plays a major role in the
formation of a cholesterol gallstone of the intra-
hepatic duct.”"

Moreover, in case of a brown stone, intra-
hepatic and extrahepatic gallstones were reported
to have a different composition.""** Brown
pigment stones obtained from the intrahepatic
duct are qualitatively different in composition
from recurrent brown stones found in the com-
mon bile duct after a cholecystectomy. Brown
stones that form in the intrahepatic duct contain
more cholesterol and less bilirubin than an
extrahepatic brown stone.” In addition, discri-
minant analysis using the bile acid parameters
modified by bacterial intervention suggested that
a bacterial infection plays a less crucial role in
the formation and ensuing subsequent growth of
most intrahepatic brown pigment stones than in
extrahepatic stones.” On the other hand, a
brown stone can be formed not only in the bile
duct, but also in the gallbladder.”*”" Tt can be
anticipated that brown stones arising from the
gallbladder will have a different pathogenesis
than brown stones of the bile duct.

Therefore, the stones should be discriminated
according to their anatomical locations such as
the gallbladder, intrahepatic duct, or extrahepatic
duct, even in cholesterol or pigment stones
clearly classified by their morphology and
composition. This is because they may be dif-
ferent in the pathogenesis, clinical features, and
treatment.
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Classification by original site where gallstones
were formed

Gallstones can be classified as being primary
and secondary stones based on their original site.
When a stone stays in its original site, it is called
a primary stone. In contrast, a secondary stone
means that the stone migrated from its original
site.”*® For example, in cases of common bile duct
stones, they are secondary when they formed
primarily in the gallbladder and subsequently
migrated through the cystic duct into the common
duct. On the other hand, stones that are formed
in the common bile duct and remain there are
called primary common bile duct stones.”* Clini-
cally, primary common bile duct stones can form
in the common duct several years after a
cholecystectomy, and are mostly brown stones
(calcium bilirubinate stones).*”* On the contrary,
secondary common bile duct stones are usually
associated with gallbladder stones, and cholesterol
stones are the most prevalent because they
migrate from the gallbladder.71'73 Therefore, when
the gallstones composition is analyzed according
to the anatomical location, data concerning the
concept of primary and secondary stones should
be analyzed.

Intrahepatic stones can also be classified as
primary and secondary stones. Secondary intrahe-
patic stones may originate in the gallbladder and
migrate into the intrahepatic ducts. On other
occasions, the stones may reach the intrahepatic
duct continuously piled up from the stenotic site
at the distal common bile duct.*"” *”*” Primary
intrahepatic stones are mainly associated with
intrahepatic strictures, and gallstones are formed
at the proximal dilated duct to a stricture>”**”
In contrast, a definite intrahepatic stricture cannot
found in secondary stones.

A distinction between primary and secondary
stones is needed because the therapeutic approach
as well as the pathogenesis and composition
differ.>* In secondary common bile duct stones,
a cholecystectomy and the removal of common
bile duct stones by a common duct exploration is
adequate for treatment. Whereas, in primary com-
mon bile duct stones, the removal of stones
without a drainage procedure may result in a
recurrence because the bile stasis in the common

bile duct due to the papillary stenosis is fre-
quently associated.”**”" In these cases, an addi-
tional endoscopic sphincterotomy or drainage
procedure may be required to relieve the stasis.”

Recently, stone removal after an endoscopic
papillary balloon dilatation for the removal of
common bile duct stones was attempted.” Pre-
serving the sphincter of the Oddi function is
considered to be a major benefit of this pro-
cedure.””® However, a primary common bile duct
stone is commonly associated with a papillary
stenosis.”” Therefore, it is reasonable to highlight
that preserving the sphincter of the Oddi function
does not always mean it will be beneficial.
Theoretically, common bile duct stone removal by
a balloon dilatation should be applied only in
cases of secondary common bile duct stones with
the cause of their formation being within the
gallbladder.

However, in clinical practice, an exact differen-
tiation between primary and secondary stones can
be difficult except in those with a previous chole-
cystectomy. Therefore, the decision as to whether
or not to perform a drainage procedure or an
endoscopic sphincterotomy is usually based on
the clinical parameters such as the size of the
stones, any dilatation of the CBD and a papillary
stenosis rather than the primary or secondary
stone classification.

In primary intrahepatic stones, if the stone
removal is not followed by an adequate correction
of the intrahepatic strictures, the recurrence rate is
higher compared to secondary intrahepatic stones.
1752 Therefore, when a gallstone is examined, the
clarification as to whether it is formed de novo or
migrated from the original site is vital when
making a clinical decision in addition to satisfying
scientific interest.

What is the best classification system for
gallstones?

This reviewed the merits and demerits of the
current gallstone classification schemes. Although
these systems offer certain advantages in pro-
viding practical and readily available information
on gallstones, it has become clear that several
debatable problems still persist in these schemes.
Therefore, the question as to what is the best clas-
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sification system for gallstones still remains. Theo-
retically, a perfect classification system would
convey data regarding the major gallstone com-
ponents for the understanding of etiologic signifi-
cance through its categories. However, it is im-
practical to measure all the gallstones components,
as it requires sophisticated laboratory methods.

In addition, the classification should be easily
understood for practical use and must be relevant
to the therapeutic procedures. The currently used
NIH classification and Japanese classification may
be very attractive systems regarding these aspects.
They have advantages in describing and under-
standing many different types of gallstones.
Firstly, the NIH-International Workshop classifi-
cation is based on well-defined patterns of epide-
miological, etiological, clinical and radiological
features associated with the different types of
stones. Moreover, it is a simple scheme and only
requires the measurement of cholesterol on a
weight/weight basis in a typical stone. The Japa-
nese classification system divided the cholesterol
stone into a pure cholesterol, a combination or a
mixed stone according to its cross-sectional ap-
pearance unlike the NIH-International Workshop
classification. This scheme may be helpful when
estimating the response of the dissolution therapy.
Accordingly, it is evident that a newer classifi-
cation system needs to be developed on the basis
of these two widely used schemes, which most
workers in the East and in the West are familiar
with. The newer classification system should have
the advantages of both systems. Moreover, the
system should classify some stones that cannot be
classified into any of the classes in the current
systems.

Under the NIH-International classification sys-
tem, the definition of a cholesterol stone is based
on its chemical composition rather than its
morphology. However, the cross-sectional appear-
ance is regarded as an important factor when
classifying the gallstones in the scheme under the
Japanese classification system. In these schemes,
some stones cannot be classified into either
cholesterol or pigment stones as described earlier.
Therefore, it may be useful to add the cross-sec-
tional appearance, such as a typical radial fashion,
when classifying stones that are difficult to clas-
sify based solely on their chemical composition.
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However, this may require further discussion.

This study outlined the problems in classifi-
cation from previously established works. Finding
an ideal method of classification can only be
accomplished when more extensive and large
scaled studies are conducted with cooperation
from multi-clinical centers. In the near future,
large scaled prospective studies on gallstones
should be carried out on the basis of the external
color, chemistry, cutting surface, etc. Only then
can an ideal classification of the gallstones be
proposed.

CONCLUSION

Clinicians have become less interested in the
classification of gallstone since the introduction of
laparoscopic cholecystectomy. For the treatment
of gallstones, it is not important as to whether or
not the main component of the gallstone is
cholesterol as a laparoscopic cholecystectomy can
be performed regardless of the gallstone composi-
tion. Moreover, dissolution therapy has become
less often used since the introduction of laparo-
scopic cholecystectomy. Furthermore, in cases of
CBD stones, the stones can be removed by endo-
scopic procedures regardless of its composition.

However, establishing an appropriate classifi-
cation system is still essential for understanding
the pathogenesis of gallstones, which will con-
tribute to the prevention of gallstones. In the near
future, it is hoped that another international
conference, such as the one held in Philadelphia,
1981, will be helpful in improving the under-
standing of gallstones.
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