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reappeared; in 14%, gallstones (8% asymptomatic, 6% symptomatic)
developed; and in 6%, severe biliary pain with or without acute pancreatitis occurred. In 12 patients, cholecystectomies were performed, 6 for
gallstone-associated biliary pain and 3 in symptomatic patients with
sludge but without gallstones who had prior attacks of pancreatitis;
the latter did not recur after cholecystectomy. It should be emphasized
that biliary sludge can develop with disorders that cause gallbladder
hypomotility; i.e., surgery, burns, total parenteral nutrition, pregnancy,
and oral contraceptives—all of which are associated with gallstone
formation. However, the presence of biliary sludge implies supersaturation of bile with either cholesterol or calcium bilirubinate.
Two other conditions are associated with cholesterol-stone or
biliary-sludge formation: pregnancy and rapid weight reduction
through a very-low-calorie diet. There appear to be two key changes
during pregnancy that contribute to a “cholelithogenic state”: (1)
a marked increase in cholesterol saturation of bile during the third
trimester and (2) sluggish gallbladder contraction in response to a
standard meal, resulting in impaired gallbladder emptying. That these
changes are related to pregnancy per se is supported by several studies
that show reversal of these abnormalities quite rapidly after delivery.
During pregnancy, gallbladder sludge develops in 20–30% of women
and gallstones in 5–12%. Although biliary sludge is a common finding during pregnancy, it is usually asymptomatic and often resolves
spontaneously after delivery. Gallstones, which are less common than
sludge and frequently associated with biliary colic, may also disappear after delivery because of spontaneous dissolution related to bile
becoming unsaturated with cholesterol postpartum.
Approximately 10–20% of persons with rapid weight reduction
achieved through very-low-calorie dieting develop gallstones. In a study
involving 600 patients who completed a 3-month, 520-kcal/d diet,
UDCA in a dosage of 600 mg/d proved highly effective in preventing
gallstone formation; gallstones developed in only 3% of UDCA recipients, compared to 28% of placebo-treated patients. In obese patients
treated by gastric banding, 500 mg/d of UDCA reduced the risk of
gallstone formation from 30% to 8% within a follow-up of 6 months.
To summarize, cholesterol gallstone disease occurs because of several
defects, which include (1) bile supersaturation with cholesterol, (2) nucleation of cholesterol monohydrate with subsequent crystal retention and
stone growth, and (3) abnormal gallbladder motor function with delayed
emptying and stasis. Other important factors known to predispose to
cholesterol-stone formation are summarized in Table 369-1.
Pigment stones Black pigment stones are composed of either pure
calcium bilirubinate or polymer-like complexes with calcium and
mucin glycoproteins. They are more common in patients who have
chronic hemolytic states (with increased conjugated bilirubin in bile),
liver cirrhosis, Gilbert’s syndrome, or cystic fibrosis. Gallbladder
stones in patients with ileal diseases, ileal resection, or ileal bypass
generally are also black pigment stones. Enterohepatic recycling of
bilirubin in ileal disease states contributes to their pathogenesis. Brown
pigment stones are composed of calcium salts of unconjugated bilirubin with varying amounts of cholesterol and protein. They are caused
by the presence of increased amounts of unconjugated, insoluble
bilirubin in bile that precipitates to form stones. Deconjugation of an
excess of soluble bilirubin mono- and diglucuronides may be mediated by endogenous β-glucuronidase but may also occur by spontaneous hydrolysis. Sometimes, the enzyme is also produced when bile is
chronically infected by bacteria, and such stones are brown. Pigment
stone formation is frequent in Asia and is often associated with infections in the gallbladder and biliary tree (Table 369-1).
Diagnosis Procedures of potential use in the diagnosis of cholelithiasis and other diseases of the gallbladder are detailed in Table 369-2.
Ultrasonography of the gallbladder is very accurate in the identification
of cholelithiasis and has replaced oral cholecystography (Fig. 369-2A).
Stones as small as 1.5 mm in diameter may be confidently identified provided that firm criteria are used (e.g., acoustic “shadowing” of opacities
that are within the gallbladder lumen and that change with the patient’s
position [by gravity]). In major medical centers, the false-negative and
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Table 369-1 P redisposing Factors for Cholesterol
and Pigment Gallstone Formation
Cholesterol Stones
    1. Demographic/genetic factors: Prevalence highest in North American
Indians, Chilean Indians, and Chilean Hispanics, greater in Northern
Europe and North America than in Asia, lowest in Japan; familial
disposition; hereditary aspects
    2. Obesity, metabolic syndrome: Normal bile acid pool and secretion but
increased biliary secretion of cholesterol
    3. Weight loss: Mobilization of tissue cholesterol leads to increased biliary cholesterol secretion while enterohepatic circulation of bile acids is
decreased
    4. Female sex hormones
    a. Estrogens stimulate hepatic lipoprotein receptors, increase uptake of
dietary cholesterol, and increase biliary cholesterol secretion
    b. Natural estrogens, other estrogens, and oral contraceptives lead to
decreased bile salt secretion and decreased conversion of cholesterol
to cholesteryl esters
    5. Pregnancy: Impaired gallbladder emptying caused by progesterone
combined with the influence of estrogens, which increase biliary cholesterol secretion
    6. Increasing age: Increased biliary secretion of cholesterol, decreased size
of bile acid pool, decreased secretion of bile salts
    7. Gallbladder hypomotility leading to stasis and formation of sludge
    a.  Prolonged parenteral nutrition
    b. Fasting
    c.  Pregnancy
    d. Drugs such as octreotide
    8. Clofibrate therapy: Increased biliary secretion of cholesterol
    9. Decreased bile acid secretion
    a. Primary biliary cirrhosis
    b. Genetic defect of the CYP7A1 gene
10. Decreased phospholipid secretion: Genetic defect of the MDR3 gene
11. Miscellaneous
a. High-calorie, high-fat diet
b. Spinal cord injury
Pigment Stones
1. Demographic/genetic factors: Asia, rural setting
2. Chronic hemolysis
3. Alcoholic liver cirrhosis
4. Pernicious anemia
5. Cystic fibrosis
6. Chronic biliary tract infection, parasite infections
7. Increasing age
8. Ileal disease, ileal resection or bypass

false-positive rates for ultrasound in gallstone patients are ∼2–4%.
Biliary sludge is material of low echogenic activity that typically forms a
layer in the most dependent position of the gallbladder. This layer shifts
with postural changes but fails to produce acoustic shadowing; these two
characteristics distinguish sludges from gallstones. Ultrasound can also
be used to assess the emptying function of the gallbladder.
The plain abdominal film may detect gallstones containing sufficient calcium to be radiopaque (10–15% of cholesterol and ∼50% of
pigment stones). Plain radiography may also be of use in the diagnosis
of emphysematous cholecystitis, porcelain gallbladder, limey bile, and
gallstone ileus.
Oral cholecystography (OCG) has historically been a useful procedure for the diagnosis of gallstones but has been replaced by ultrasound and is regarded as obsolete. It may be used to assess the patency
of the cystic duct and gallbladder emptying function. Further, OCG
can also delineate the size and number of gallstones and determine
whether they are calcified.
Radiopharmaceuticals such as 99mTc-labeled N-substituted iminodiacetic acids (HIDA, DIDA, DISIDA, etc.) are rapidly extracted from
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