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FIGURE 369-1 Scheme showing pathogenesis of cholesterol
gallstone formation. Conditions or factors that increase the ratio of
cholesterol to bile acids and phospholipids (lecithin) favor gallstone
formation. ABCB4, ATP-binding cassette transporter; ABCG5/8, ATPbinding cassette (ABC) transporter G5/G8; CYP7A1, cytochrome P450
7A1; MDR3, multidrug resistance protein 3, also called phospholipid
export pump.

or drugs (e.g., clofibrate) and may result from increased activity of
hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase, the ratelimiting enzyme of hepatic cholesterol synthesis, and increased hepatic
uptake of cholesterol from blood. In patients with gallstones, dietary
cholesterol increases biliary cholesterol secretion. This does not occur
in non-gallstone patients on high-cholesterol diets. In addition to
environmental factors such as high-caloric and cholesterol-rich diets,
genetic factors play an important role in gallstone disease. A large
study of symptomatic gallstones in Swedish twins provided strong
evidence for a role of genetic factors in gallstone pathogenesis. Genetic
factors accounted for 25%, shared environmental factors for 13%, and
individual environmental factors for 62% of the phenotypic variation among monozygotic twins. A single nucleotide polymorphism
of the gene encoding the hepatic cholesterol transporter ABCG5/G8
has been found in 21% of patients with gallstones, but only in 9% of
the general population. It is thought to cause a gain of function of the
cholesterol transporter and to contribute to cholesterol hypersecretion.
A high prevalence of gallstones is found among first-degree relatives of
gallstone carriers and in certain ethnic populations such as American
Indians, Chilean Indians, and Chilean Hispanics. A common genetic
trait has been identified for some of these populations by mitochondrial DNA analysis. In some patients, impaired hepatic conversion of
cholesterol to bile acids may also occur, resulting in an increase of the
lithogenic cholesterol/bile acid ratio. Although most cholesterol stones
have a polygenic basis, there are rare monogenic (Mendelian) causes.
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II. Supersaturation

Recently, a mutation in the CYP7A1 gene has been described that 2077
results in a deficiency of the enzyme cholesterol 7-hydroxylase, which
catalyzes the initial step in cholesterol catabolism and bile acid synthesis. The homozygous state is associated with hypercholesterolemia
and gallstones. Because the phenotype is expressed in the heterozygote
state, mutations in the CYP7A1 gene may contribute to the susceptibility to cholesterol gallstone disease in the population. Mutations in the
MDR3 (ABCB4) gene, which encodes the phospholipid export pump
in the canalicular membrane of the hepatocyte, may cause defective
phospholipid secretion into bile, resulting in cholesterol supersaturation of bile and formation of cholesterol gallstones in the gallbladder
and in the bile ducts. Thus, an excess of biliary cholesterol in relation
to bile acids and phospholipids is primarily due to hypersecretion of
cholesterol, but hyposecretion of bile acids or phospholipids may contribute. An additional disturbance of bile acid metabolism that is likely
to contribute to supersaturation of bile with cholesterol is enhanced
conversion of cholic acid to deoxycholic acid, with replacement of the
cholic acid pool by an expanded deoxycholic acid pool. It may result
from enhanced dehydroxylation of cholic acid and increased absorption of newly formed deoxycholic acid. An increased deoxycholate
secretion is associated with hypersecretion of cholesterol into bile.
While supersaturation of bile with cholesterol is an important prerequisite for gallstone formation, it is generally not sufficient by itself
to produce cholesterol precipitation in vivo. Most individuals with
supersaturated bile do not develop stones because the time required for
cholesterol crystals to nucleate and grow is longer than the time bile
remains in the gallbladder.
An important mechanism is nucleation of cholesterol monohydrate crystals, which is greatly accelerated in human lithogenic bile.
Accelerated nucleation of cholesterol monohydrate in bile may be due
to either an excess of pronucleating factors or a deficiency of antinucleating factors. Mucin and certain nonmucin glycoproteins, principally
immunoglobulins, appear to be pronucleating factors, while apolipoproteins A-I and A-II and other glycoproteins appear to be antinucleating factors. Pigment particles may possibly play a role as nucleating
factors. In a genome-wide analysis of serum bilirubin levels, the
uridine diphosphate-glucuronyltransferase 1A1 (UGT1A1) Gilbert’s
syndrome gene variant was associated with the presence of gallstone
disease. Because most gallstones associated with the UGT1A1 variant were cholesterol stones, this finding points to the role of pigment
particles in the pathogenesis of gallbladder stones. Cholesterol monohydrate crystal nucleation and crystal growth probably occur within
the mucin gel layer. Vesicle fusion leads to liquid crystals, which, in
turn, nucleate into solid cholesterol monohydrate crystals. Continued
growth of the crystals occurs by direct nucleation of cholesterol molecules from supersaturated unilamellar or multilamellar biliary vesicles.
A third important mechanism in cholesterol gallstone formation is
gallbladder hypomotility. If the gallbladder emptied all supersaturated
or crystal-containing bile completely, stones would not be able to
grow. A high percentage of patients with gallstones exhibit abnormalities of gallbladder emptying. Ultrasonographic studies show that
gallstone patients display an increased gallbladder volume during
fasting and also after a test meal (residual volume) and that fractional
emptying after gallbladder stimulation is decreased. The incidence
of gallstones is increased in conditions associated with infrequent or
impaired gallbladder emptying such as fasting, parenteral nutrition, or
pregnancy and in patients using drugs that inhibit gallbladder motility.
Biliary sludge is a thick, mucous material that, upon microscopic
examination, reveals lecithin-cholesterol liquid crystals, cholesterol
monohydrate crystals, calcium bilirubinate, and mucin gels. Biliary
sludge typically forms a crescent-like layer in the most dependent portion of the gallbladder and is recognized by characteristic echoes on
ultrasonography (see below). The presence of biliary sludge implies
two abnormalities: (1) the normal balance between gallbladder mucin
secretion and elimination has become deranged, and (2) nucleation
of biliary solutes has occurred. That biliary sludge may be a precursor
form of gallstone disease is evident from several observations. In one
study, 96 patients with gallbladder sludge were followed prospectively
by serial ultrasound studies. In 18%, biliary sludge disappeared and did
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