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Microlithiasis and sludge
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‘Sludge’ is the solid material which results from the slow settling of particles dispersed in a liquid
medium. Biliary sludge in the gallbladder can be detected by transabdominal ultrasonography,
and the typical echoes derive mainly from pigment precipitates mixed with cholesterol crystals.
A portion of biliary sludge contains comparatively large particles (1e3 mm) called microliths, the
formation of which is an obligatory intermediate step in the development of all types of gall-
stone. Microlithiasis and sludge in bile may cause colicky pain, cholecystitis, cholangitis, and acute
pancreatitis, and are thus of clinical relevance. In these patients treatment follows the guidelines
of symptomatic gallstone disease, and strategies include long-term application of ursodeoxy-
cholic acid, endoscopic papillotomy, or preferably laparoscopic cholecystectomy.
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CHEMICAL COMPOSITION

Biliary sludge comprises a suspension of precipitated ‘particulate matter’ in bile
dispersed in a viscous, mucin-rich liquid phase. The most common precipitates
in gallbladder bile are cholesterol monohydrate crystals, calcium bilirubinate
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granules, calcium phosphate and calcium carbonate crystals, and calcium salts of
fatty acids.

Ultracentrifugation of bile allows quantification of the important components of
biliary sludge by determining the differences in the concentrations of cholesterol,
protein, mucin and bilirubin between native and ultracentrifuged gallbladder bile
samples.1 The chemical composition of the precipitates correlates well with the
composition of the associated stones.2

DIAGNOSIS

Transabdominal ultrasound examination of the gallbladder permits the visualisation of
particles in bile, usually those of >2e3 mm in diameter (Figure 1). These represent the
larger components of biliary sludge and consist of aggregated crystals or microliths
embedded in the mucin-rich liquid phase. As a consequence of the sedimentation of
sludge, the gallbladder may contain layered bile, with the lowest layer demonstrating
low-amplitude echogenicity on ultrasound. The precise nature of the origin of echoes
within biliary sludge has been reported in different in-vitro studies which showed that
filtration of bile converts echogenic bile into echo-free bile.3e5 Examination of the fil-
tered residue by light microscopy revealed that the source of echoes in biliary sludge
was predominantly pigment precipitates mixed with cholesterol crystals. The pigment
precipitates consisted mainly of calcium bilirubinate which may be detected by high-
resolution computer tomography.

For microscopical analysis, duodenal bile may be collected during duodenoscopy af-
ter stimulation of the gallbladder with cholecystokinin.6 The particulate matter visible
under the microscope comprises mainly cholesterol monohydrate crystals and calcium
bilirubinate granules and, less often, microspherolites consisting of calcium carbonate.7

The procedure is cumbersome and of limited clinical value, and has thus not reached
a broad acceptance. Microlithiasis in bile may be overlooked by conventional

Figure 1. Transabdominal ultrasonography of a gallbladder containing sludge in a young patient presenting

with acute cholangitis.
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abdominal ultrasound, but can be detected with higher sensitivity using endoscopic
ultrasonography.8,9

EPIDEMIOLOGY AND RISK FACTORS

In the largest series of patients with different internal diseases, including cholecystoli-
thiasis, gallbladder sludge was found by transabdominal ultrasound in only 1.7%.10

Higher prevalence of sonographically detectable biliary sludge in the gallbladder has
been reported during pregnancy (30%), parenteral nutrition (50%), weight loss
(25%), biliary stasis, or after intravenous administration of ceftriaxone (40%).11e19

Because biliary sludge may dissolve spontaneously, the cumulative prevalence of
sludge does not necessarily increase with age.

Female gender is a prominent risk factor for cholesterol gallstone formation, but of
286 patients in whom biliary sludge was detected by ultrasound, 157 were women and
129 were men.10 Thus female gender seems not to be a specific risk factor, at least for
the formation of ultrasonographically detectable biliary sludge.

Obesity is a well-known risk factor for cholesterol gallstones.20 Because of the low
prevalence of sonographically detectable biliary sludge, the relationship between obe-
sity and biliary sludge formation is unknown. Rapid weight loss has more recently been
recognised as a risk factor for cholesterol gallstone formation. Approximately 25% of
obese patients develop gallstones during dietary weight loss. After gastric bypass sur-
gery, as many as 50% of patients form biliary sludge or gallstones.16,21 The pathogen-
esis of biliary sludge and gallstone formation after rapid weight loss and gastric bypass
surgery appears to be multifactorial. It has been shown that hepatic cholesterol secre-
tion increases during caloric restriction.22,23 Additional factors may include increased
mucin production (a potent stimulator of cholesterol crystal nucleation) and de-
creased gallbladder motility.23,24 Impaired gallbladder motility also appears to be of
major importance for the development of biliary sludge during total parenteral nutri-
tion (TPN). As many as 23% of patients under TPN for a minimum of 3 months were
found to develop biliary sludge.12,15,25 Moreover, in a prospective study a 50% inci-
dence of biliary sludge was detected by ultrasound within 4e6 weeks of TPN. Ten
days of fasting following gastrointestinal surgery caused sludge in 32% of patients.21,24

The high percentage of sludge formation during fasting is believed to be primarily
caused by gallbladder hypomotility and bile stasis.

Pregnancy is another well-known risk factor for the development of biliary sludge
and subsequent gallstones.26 During pregnancy, bile becomes more lithogenic as a re-
sult of increased serum oestrogen levels which cause increased cholesterol secretion
and supersaturation of bile.27 In addition, because of gallbladder hypomotility, the re-
sidual volume of the gallbladder increases and stasis develops, and this also promotes
sludge and stone formation.26 The altered gallbladder motility during pregnancy is pre-
dominantly due to the inhibitory effect of progesterone on smooth muscle and per-
haps to diminished contraction in response to cholecystokinin.28 Sludge formation
begins in the first trimester and increases up to 4e6 weeks post-partum.29

In addition to impaired motility of the gallbladder, bile stasis is an important cause
of sludge formation. Sludge was analysed in six patients with common duct obstruc-
tion caused by chronic pancreatitis, pancreatic pseudocyst or carcinoma.17 Micros-
copy of sludge showed calcium bilirubinate granules but no cholesterol crystals.
During stasis of gallbladder bile, bilirubin glucuronide is hydrolysed to bilirubin, which
then forms the pigment precipitate. When unconjugated bilirubin precipitates from
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bile it forms complexes with inorganic ions, mostly calcium. In an animal model it has
been shown that ligation of gallbladders resulted in the formation of pigment sludge
and stone.30

Octreotide, the somatostatin analogue, has been shown to cause a 28% incidence
of gallstones in patients receiving this drug for the treatment of acromegaly. Decreased
gallbladder motility is the most probable cause for this octreotide effect.31,32 Ceftriax-
one, a third-generation cephalosporin with a long duration of action, is excreted into
urine. However, as much as 40% of the drug is secreted in unmetabolised form into
bile, reaching biliary concentrations of 100e200-fold higher than the concentration
in serum.33 Once the biliary saturation level is exceeded, ceftriaxone complexes
with calcium and forms an insoluble salt.19,34

The development of biliary sludge is a well-known complication after liver trans-
plantation. In the largest series, filling defects of the bile duct were detected in chol-
angiographies in 94 (5.7%) of 1650 patients.35 On the basis of the cholangiographic
appearance, the bile-duct filling defects were categorised as sludge or cast in 53
(56%), stones in 32 (34%), and necrotic debris in nine (10%) patients. The formation
of biliary sludge is considered to be a serious, life-threatening complication. The major
reasons for sludge formation are biliary strictures and prestenotic dilatations of the
bile ducts.

PATHOGENESIS

The formation of cholesterol monohydrate crystals is believed to be crucial in the
pathogenesis of cholesterol gallstones.36,37 Although virtually insoluble in water, cho-
lesterol is made soluble in bile through carriers which include bile salts and phospho-
lipids. In unsaturated bile, cholesterol is primarily transported in simple and mixed
micelles. As cholesterol saturation increases in bile, more cholesterol is carried in
larger phospholipid cholesterol vesicles.38 Unilamellar vesicles can coalesce into multi-
lamellar vesicles, which tend to be less stable and allow the growth of cholesterol crys-
tals from the surface.39,40 These vesicles may interact with soluble mucin which acts as
an annealing agent, favouring the further nucleation and agglomeration of cholesterol
monohydrate crystals.41e43 These crystals are entrapped in the soluble or gel form of
mucin. Thus, one form of biliary sludge represents an early event in cholesterol gall-
stone formation with cholesterol monohydrate crystals embedded in biliary mucin.2

Calcium bilirubinate granules represent another major component of biliary sludge.
These pigment granules are typically found in gallbladder bile of patients with pigment
stones.7 In liver cirrhosis, the risk of developing biliary sludge consisting of calcium
bilirubinate granules is increased.44 Hypersecretion of bilirubin conjugates (especially
monoglucuronides) into the bile is the most important factor for the formation of
biliary sludge consisting of calcium bilirubinate granules. Unconjugated monohydrogen-
ated bilirubin is formed by the action of endogenous b-glucuronidase, which can
co-precipitate with calcium as a result of supersaturation.45

NATURAL HISTORY

In a prospective study, 96 patients with biliary sludge detected sonographically were
followed for a mean of 3 years by serial ultrasound scans.46 In 17 patients (18%) biliary
sludge disappeared but recurred during the observation period, while eight patients
(8.3%) developed asymptomatic gallstones. Only six patients (6.3%) developed
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symptomatic gallstones which required treatment by cholecystectomy. Another six
patients (6.3%) suffered from biliary pain attacks, in part associated with recurrent
pancreatitis, and also had to be treated by elective cholecystectomy.

In a further study, 56 patients with gallbladder sludge were followed up using ultra-
sound.10 Within a mean of 2 months 40 patients (71.4%) were free of sludge and
showed normal sonographic gallbladder findings. Gallbladder stones without sludge
developed in five patients (8.9%) within a mean of 2.5 months, and gallstones with per-
sistent sludge were observed in two further patients (3.6%) after 6.1 and 30.7 months,
respectively. None of these patients became symptomatic in the course of the follow-up
period. Acute cholecystitis developed in a further four patients (7.1%). No cases of
acute pancreatitis were observed in this study.10 The incidence of sludge or stone for-
mation during pregnancy is 5.1% in the second trimester, 7.9% in the third trimester,
and 10.2% 4e6 weeks post-partum.29 Both sludge and stones are usually ‘silent’, but
when biliary pain develops it is generally associated with the presence of stones and
not with sludge. After delivery, gallbladder motility returns to normal and sludge dis-
appears in 60e70% of the women.47 The incidence of gallbladder sludge amounts to
50% in patients with total parenteral nutrition of more than 6 weeks’ duration.21

Normal nutrition causes disappearance of sludge, in most cases within a few weeks;
however, because of the development of acalculous cholecystitis or symptomatic gall-
stones, cholecystectomy is required in 15% of cases.21

In conclusion, biliary sludge may be a reversible condition. Upon withdrawal of the
noxious agent or condition, sludge dissolves or is discharged in the majority of
patients. However, a minority of patients develop gallstones which may become
symptomatic.

CLINICAL MANIFESTATIONS OF BILIARY SLUDGE

The clinical manifestations of biliary sludge and microlithiasis are only poorly under-
stood. Both can cause symptoms similar to a typical biliary colic, mainly via obstruction
of either the cystic or the common bile duct.

Biliary sludge or microlithiasis may cause so-called acalculous biliary pain and cho-
lecystitis. The clinical features of acute so-called acalculous cholecystitis differ from
those of cholecystitis resulting from stone disease. Although right upper quadrant
pain, fever, localized tenderness over the gallbladder, and leukocytosis may be evident
in classic presentations, some or all of these features are frequently lacking in elderly
postoperative patients. Compared to ordinary calculous cholecystitis, the clinical
course of acute acalculous cholecystitis is more fulminant. By the time the diagnosis
is made, at least half of the patients have already experienced complications such as
gangrene or localized perforation of the gallbladder.48

Cholesterolosis of the gallbladder is an acquired histological abnormality of the gall-
bladder mucosa, with excessive accumulation of cholesterol ester within epithelial
macrophages. Although the cause of the accumulation of cholesterol esters and cho-
lesterol in the gallbladder mucosa is unclear, it has been unequivocally shown that the
gallbladder epithelium is capable of absorbing cholesterol from bile.49e51 However, it is
unknown why in some patients resorbed biliary cholesterol is esterified and then
stored in foamy macrophages, resulting in cholesterolosis.49

However, the most relevant clinical manifestation of microlithiasis or biliary sludge
is the obstruction of the common biliary duct with acute cholangitis or pancreatitis.
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Gallstone pancreatitis is usually related to small stones, which may not be detected by
transabdominal ultrasound.52e57

Therefore, occult microlithiasis should be strongly suspected in cases of acute pan-
creatitis of unknown origin, especially when frequent relapses occur.58

TREATMENT OF BILIARY SLUDGE OR MICROLITHIASIS

Similar to overt gallstone disease, treatment is only necessary in patients in whom
biliary sludge or microlithiasis cause symptoms or complications. In accidentally de-
tected biliary sludge with no biliary symptoms, expectant management is warranted.
In accordance with the natural history of the majority of such patients, biliary sludge
will dissolve or be discharged spontaneously. However, in patients in whom biliary
sludge is responsible for biliary pain or for complications such as cholecystitis, cholan-
gitis or recurrent pancreatitis, immediate treatment e preferably by laparoscopic
cholecystectomy e is necessary.

For patients with biliary sludge and recurrent biliary outflow obstruction associated
with either recurrent cholangitis or pancreatitis, an alternative approach is endoscopic
papillotomy,59e61 which may be combined with maintenance treatment with urso-
deoxycholic acid or laparoscopic cholecystectomy.62e64

Biliary sludge after liver transplantation is a serious complication and should be
treated primarily by oral chemolysis with ursodeoxycholic acid. Unfortunately, med-
ical treatment often fails, and more aggressive approaches such as percutaneous trans-
hepatic biliary drainage followed by irrigation with heparinised saline solutions,
intraluminal chemolysis with glyceryl mono-octanoate and bile salt EDTA, or basket
extraction become necessary. Endoscopic intervention and surgery are alternative
approaches.35,65

In patients with symptomatic sludge after weight loss or total parenteral nutrition,
treatment strategies such as bile acid dissolution therapy or laparoscopic cholecystec-
tomy may be applied. However, since the development of sludge in patients undergoing
weight loss and total parenteral nutrition is highly predictable, and in view of the po-
tentially serious complications, prophylactic therapy is indicated.12,13 In patients on
a low-calorie diet, 500 mg ursodeoxycholic acid daily will minimize the risk of sludge
development.66 In patients with total parenteral nutrition a daily stimulation of gall-
bladder contraction with intravenous cholecystokinin is highly effective in the preven-
tion of biliary sludge.67

SUMMARY

Biliary sludge was first described with the advent of ultrasonography and comprises
a mixture of particulate matter formed by the precipitation of solutes in bile. Cho-
lesterol monohydrate crystals, calcium bilirubinate, and other calcium salts are the
most common components. The natural course of biliary sludge varies between com-
plete resolution and progression to gallstones. Biliary sludge e and particularly
microlithiasis e may cause complications, including biliary colic, acute pancreatitis,
and acute cholecystitis. Clinical conditions and events associated with the formation
of biliary sludge include rapid weight loss, pregnancy, ceftriaxone therapy, octreotide
therapy, and liver transplantation.

Microlithiasis or sludge may be diagnosed on transabdominal ultrasonography or,
with higher sensitivity, by endoscopic ultrasound. There are proven methods for the
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prevention of sludge formation, even in high-risk patients. Asymptomatic patients with
sludge can be managed expectantly. If patients with sludge or microlithiasis develop
symptoms or complications, long-term treatment with ursodeoxycholic acid, endo-
scopic papillotomy or cholecystectomy are treatment options. Further studies of
the pathogenesis, natural history, and clinical associations of biliary sludge will be
essential to our understanding of gallstones and other biliary tract abnormalities.
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43. Wilhelmi M, Jüngst C, Mock M et al. Effect of gallbladder mucin on the crystallization of cholesterol in

bile. Eur J Gastroenterol Hepatol 2004; 16: 1301e1307.

44. Acalovschi M, Badea R & Pascu M. Incidence of gallstones in liver cirrhosis. Am J Gastroenterol 1991; 86:

1179e1181.

45. Cahalane MJ, Neubrand MW & Carey MC. Physicalechemical pathogenesis of pigment gallstones. Semin

Liver Dis 1988; 8: 317e328.

*46. Lee SP, Maher K & Nicholls JF. Origin and fate of biliary sludge. Gastroenterology 1988; 94: 170e176.

47. Maringhini A, Ciambra M, Baccelliere P et al. Biliary sludge and gallstones in pregnancy: incidence, risk

factors, and natural history. Ann Intern Med 1993; 119: 116e120.

48. Johnson LB. The importance of early diagnosis of acute acalculous cholecystitis. Surg Gynecol Obstet

1987; 164: 197e203.

49. Sahlin S, Stahlberg D & Einarsson K. Cholesterol metabolism in liver and gallbladder mucosa of patients

with cholesterolosis. Hepatology 1995; 21: 1269e1275.

50. Jacyna MR, Ross PE, Bakar MA et al. Characteristics of cholesterol absorption by human gall bladder:

relevance to cholesterolosis. J Clin Pathol 1987; 40: 524e529.

51. Tilvis RS, Aro J, Strandberg TE et al. Lipid composition of bile and gallbladder mucosa in patients with

acalculous cholesterolosis. Gastroenterology 1982; 82: 607e615.

52. Negro P, Flati G, Flati D et al. Occult gallbladder microlithiasis causing acute recurrent pancreatitis. Acta

Chir Scand 1984; 150: 503e506.

*53. Lee SP, Nicholls JF & Park HZ. Biliary sludge as a cause of acute pancreatitis. N Engl J Med 1992; 326:

589e593.

54. Diehl AK, Holleman DR, Chapman JB et al. Gallstone size and risk of pancreatitis. Arch Intern Med 1997;

157: 1674e1678.

55. Kohut M, Nowak A, Nowakowska-Dulawa E et al. The frequency of bile duct crystals in patients with

presumed biliary pancreatitis. Gastrointest Endosc 2001; 54: 37e41.

*56. Venneman NG, Renooij W, Rehfeld JF et al. Small gallstones, preserved gallbladder motility, and fast

crystallization are associated with pancreatitis. Hepatology 2005; 41: 738e746.

57. Venneman NG, Buskens E, Besselink MGH et al. Small gallstones are associated with increased risk of

acute pancreatitis: potential benefits of prophylactic cholecystectomy. Am J Gastroenterol 2005; 100:

2540e2550.

58. Levy MJ & Geenen JE. Idiopathic acute recurrent pancreatitis. Am J Gastroenterol 2001; 96: 2540e2555.

59. Carr-Locke DL. Role of endoscopy in gallstone pancreatitis. Am J Surg 1992; 165: 519e521.

60. Welbourn CRB, Beckly DE & Eyre-Brook IA. Endoscopic sphincterotomy without cholecystectomy for

gallstone pancreatitis. Gut 1995; 37: 119e120.

61. Ricci F, Castaldini G, de Manzoni G et al. Minimally invasive treatment of acute biliary pancreatitis. Surg

Endosc 1997; 11: 1179e1182.

*62. Ros E, Navarro S, Bru C et al. Occult microlithiasis in ‘idiopathic’ acute pancreatitis: prevention

of relapses by cholecystectomy or ursodeoxycholic acid therapy. Gastroenterology 1991; 101:

1701e1709.



1062 C. Jüngst et al
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