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Abstract

The terms biliary sludge and cholesterol microlithiasis (hereafter referred to as microlithiasis) 

were originated from different diagnostic techniques and may represent different stages of 

cholesterol gallstone disease. Although the pathogenesis of biliary sludge and microlithiasis may 

be similar, microlithiasis could be preceded by biliary sludge, followed by persistent precipitation 

and aggregation of solid cholesterol crystals, and eventually, gallstone formation. Many clinical 

conditions are clearly associated with the formation of biliary sludge and microlithiasis, including 

total parenteral nutrition, rapid weight loss, pregnancy, organ transplantation, administration of 

certain medications, and a variety of acute and chronic illnesses. Numerous studies have 

demonstrated complete resolution of biliary sludge in approximately 40% of patients, a cyclic 

pattern of disappearing and reappearing in about 40%, and progression to gallstones in nearly 

20%. Although only a minority of patients with ultrasonographic demonstration of biliary sludge 

develop gallstones, it is still a matter of controversy whether microlithiasis could eventually evolve 

to cholesterol gallstones. Biliary sludge and microlithiasis are asymptomatic in the vast majority of 

patients; however, they can cause biliary colic, acute cholecystitis, and acute pancreatitis. Biliary 

sludge and microlithiasis are most often diagnosed ultrasonographically and bile microscopy is 

considered the gold standard for their diagnosis. Specific measures to prevent the development of 

biliary sludge are not practical or cost-effective in the general population. Laparoscopic 

cholecystectomy offers the most definitive therapy on biliary sludge. Endoscopic sphincterotomy 

or surgical intervention is effective for microlithiasis-induced pancreatitis. Ursodeoxycholic acid 
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can effectively prevent the recurrence of solid cholesterol crystals and significantly reduce the risk 

of recurrent pancreatitis.
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1. Introduction

Many clinical studies have found that biliary sludge and cholesterol microlithiasis (hereafter 

referred to as microlithiasis) could cause either an uncomplicated symptomatic gallstone-

like disease (biliary colic), or a complicated gallstone-like disease (acute cholecystitis and 

acute pancreatitis).1–12 Furthermore, both biliary sludge and microlithiasis could represent 

the early stage of cholesterol gallstone disease because approximately 20% of patients with 

biliary sludge or microlithiasis can eventually develop cholesterol gallstones.3 However, in 

the vast majority (~60%) of subjects, biliary sludge and microlithiasis can spontaneously 

disappear after pathogenic conditions are cured, and under these circumstances, they are 

completely dissolved.13 If the gallbladder displays a well-regulated motility function, biliary 

sludge and microlithiasis can be totally eliminated into the intestine. Moreover, they can be 

completely dissolved in almost all of the individuals who are treated with ursodeoxycholic 

acid (UDCA) and/or cholecystokinin. This indicates that biliary sludge and microlithiasis 

are a reversible morbid condition during the development of cholesterol gallstone disease.2 

Although the terms biliary sludge and microlithiasis are often used interchangeably in the 

literature, the former is frequently described in pregnant women and in patients on total 

parenteral nutrition (TPN), while the latter is usually considered as a pathogenic factor in 

patients with idiopathic acute pancreatitis.14–21 In clinical practice, physicians and surgeons 

have used many different definitions of biliary sludge and microlithiasis, which have made it 

difficult to compare various studies, including therapeutic strategies and effects.22 The 

diagnosis of biliary sludge is almost always based on ultrasonographic findings, while the 

exact diagnosis of microlithiasis requires the direct microscopic examination of bile. On 

transabdominal ultrasonography, biliary sludge has been defined as an amorphous mixture of 

particulate matter and bile, which occurs when various solutes in bile precipitate.23 Biliary 

sludge is echogenic and does not cast an acoustic shadow (Fig. 1). Although sludge is 

dependent on gravity, it slowly moves to the dependent portion of the gallbladder. Bile is 

usually collected for microscopy in patients without gallstones on ultrasonography, and is 

often aspirated from the duodenum, common bile duct, or gallbladder via an endoscope 

channel or a plastic cannula during the procedure of endoscopic retrograde 

cholangiopancreatography (ERCP).24–27 Bile collected in this context frequently contains 

classical birefringent solid cholesterol monohydrate crystals (Fig. 2).

During clinical practice, the criteria for differentiating between biliary sludge and 

microlithiasis are not entirely clear because they are very tiny and are not easily detected by 

current imaging techniques. It has been suggested that a gallstone be defined as a particle 

with a diameter greater than 3 mm that cannot be crushed by digital compression.28–30 
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Moreover, microlithiasis is a hard, ball-like object, and light yellow in color with smooth 

curved surface. Because of scattered and absorbed light, microlithiasis is opaque, and black 

in color under the microscope. In contrast, biliary sludge is soft, non-birefringent amorphous 

strands under phase contrast and polarizing light microscopy.31–33 Furthermore, it is unclear 

whether there are differences in the natural history, fate, the resulting complications, the 

responses to medical treatment, and prognosis between biliary sludge and microlithiasis. It 

has been questioned whether there is a difference in chemical composition of biliary lipids 

as well as pro-nucleating and anti-nucleating proteins between biliary sludge and 

microlithiasis. It is still unclear whether biliary sludge or microlithiasis is more predisposed 

to evolve into macroscopic stones and to cause complications. Nevertheless, biliary sludge 

and microlithiasis could have the same meaning and could result in the same complications. 

Thus, they could display the same fate and natural history. In this review article, we discuss 

similarities and differences between biliary sludge and microlithiasis and summarize their 

pathophysiological and clinical significances.

2. Etymology of biliary sludge and microlithiasis

Although a white crystalline substance, i.e., solid cholesterol monohydrate crystals, has been 

found to be the major component of cholesterol gallstones during the second half of the 

eighteenth century, it was until the early twentieth century that biliary cholesterol 

monohydrate crystals were identified by light microscopy to be colorless, transparent, thin 

plate-like solid crystals with parallel edges, as well as with 79.2° and 100.8° angles, and 

often a notched corner (Fig. 2).34–40 This microscopic finding provided an imaging basis for 

clinical diagnosis of gallbladder cholesterol gallstone disease before modern gallbladder 

imaging techniques such as ultrasonography, x-ray film, and computed tomography (CT) 

were available.28,29,41–48 Classical plate-like birefringent rhomboids were often detected in 

duodenal aspirates of patients with cholesterol gallstone disease although investigators also 

found some other forms of solid cholesterol crystals, i.e., in the form of needle-like or arc-

like crystals, thin plates with irregular margins, or agglomerates.49–52

With the advent of abdominal ultrasonography in the early 1970s, the term biliary sludge 

was first used for the diagnosis of gallbladder disease.23,53,54 Ultrasonographic examination 

found that biliary sludge appears as low-level echoes that layer in the dependent portion of 

the gallbladder without acoustic shadowing and it generally shifts slowly with positioning 

(Fig. 1). Because abdominal ultrasonography is a noninvasive and inexpensive technique, it 

has been extensively used for clinical diagnosis of biliary diseases. In contrast, 

microlithiasis-induced acute pancreatitis is difficultly diagnosed by abdominal 

ultrasonography because the pancreas is located in the abdominal cavity behind the stomach. 

After alcohol is excluded as a causative factor for acute pancreatitis, ERCP should be 

performed and bile is aspirated from the duodenum. After being centrifuged, bile samples 

are examined by phase contrast and polarizing light microscopy.38,55–57 If solid cholesterol 

crystals are found, the diagnosis of microlithiasis-induced acute pancreatitis is established.
58–62 Bile is now collected for microscopy in patients without gallstones on ultrasonography, 

and is usually aspirated from the duodenum or common bile duct via an endoscope channel 

or a 5-Franch plastic catheter during ERCP. Because the diameter of tubing is too small, 

large size (>5 mm) of gallstones, if existed, cannot be aspirated during the ERCP procedure 
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for microscopic examination. Although it is possible that a tiny gallstone could be found in 

the duodenal lumen and/or the common bile duct during the examination directly by ERCP, 

the probability of finding such a small stone is very low.

Obviously, the terms biliary sludge and microlithiasis were originated from the clinical 

applications of different diagnostic techniques.

3. Definition and chemical composition of biliary sludge and microlithiasis

Biliary sludge is most commonly composed of classical solid plate-like cholesterol 

monohydrate crystals, as well as varying sizes of aggregated liquid crystals, calcium 

bilirubinate granules, and other calcium salts, most of which are embedded in strands of 

mucin gel produced by the gallbladder.31–33 Of note is that the chemical composition of 

biliary sludge varies with the clinical condition. For example, biliary sludge consists 

primarily of cholesterol monohydrate crystals in pregnant women,63–67 whereas calcium 

bilirubinate predominates in patients receiving TPN, a predisposing condition to gallbladder 

stasis and precipitation of solid cholesterol crystals from bile. Moreover, biliary sludge is 

composed mainly of calcium-ceftriaxone complexes (i.e., so-called pseudocholelithiasis) in 

patients receiving high-dose ceftriaxone therapy.68

Biliary sludge also contains a large proportion of undefined residues, protein-lipid 

complexes, soluble mucin proteins, and some minerals.69 In addition, xenobiotics such as 

ceftriaxone and biliary proteins are found to be important components. Calcium bilirubinate 

granules are almost invariably present, and bilirubin is usually found in its unconjugated, 

least soluble form. The source of the unconjugated bilirubin is controversial. Bilirubin is 

excreted by the liver mainly in its diglucuronide form, but small amounts of the 

monoglucuronide and unconjugated forms are also found. β-glucuronidase may be important 

for increasing unconjugated bilirubin because this enzyme can deconjugate bilirubin. Some 

pathogenic conditions, such as chronic low-grade biliary infection, are associated with 

pigment gallstones, in which the activity of this enzyme is increased. β-glucuronidase has 

also been identified in uninfected bile, probably having originated in the biliary epithelium. 

Non-enzymatic hydrolysis of bilirubin may occur.

On microscopy, microlithiasis is often defined as a tiny stone with a diameter <3 mm, which 

cannot be crushed by digital compression. Under polarizing light microscopy, these tiny 

stones always display rounded contours and black centers from light scattering/absorption. 

To date, such petty stones are often missing or undetected by conventional ultrasonography 

or current imaging techniques (Fig. 3).

4. Pathogenesis

Human bile is a golden yellow, dark green, or brownish complex solution that is composed 

mainly of water, organic solutes (i.e., lipids), inorganic salts, and some proteins. In bile, 

cholesterol, phospholipids, and bile acids are three major lipid components, which account 

for approximate 99% of total lipids by weight. Bilirubin is a minor solute and represents less 

than 1% of biliary lipids in bile. Approximately 95% of the cholesterol molecule in bile is in 

the unesterified form and <5% of the sterols are cholesterol precursors and dietary sterols.
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70–72 In contrast, the concentrations of cholesteryl esters are negligible in human bile. 

Because bile is an aqueous solution and cholesterol is basically insoluble in water, the 

physical-chemical mechanisms for cholesterol solubilization in bile are complex. Bile acids, 

which are synthesized in the liver through the conversion of cholesterol, can form simple 

and mixed micelles in bile. These micelles can aid in solubilizing cholesterol in bile.73–78 In 

addition, the vesicles that are composed primarily of phospholipids also greatly enhance the 

solubilization of cholesterol in bile.39,79–84 The precipitation of solid cholesterol 

monohydrate crystals represents a failure of biliary cholesterol homeostasis in which the 

physical-chemical balance of cholesterol solubility in bile is disturbed, thereby leading to the 

formation of cholesterol monohydrate crystals and gallstones. Over the past five decades, a 

lot of accumulated evidence from human and animal studies has greatly increased our 

understanding of the molecular, cellular and genetic mechanisms underlying the 

pathogenesis of cholesterol gallstone disease.

Based on clinical and epidemiological studies and animal experiments, we have proposed a 

novel concept that interactions of five primary defects play a critical role in the pathogenesis 

of cholesterol gallstone disease.85 These defects include: (i) genetic factors and Lith genes; 

(ii) hepatic hypersecretion of biliary cholesterol, leading to supersaturated bile; (iii) rapid 

phase transitions of cholesterol in bile; (iv) impaired gallbladder motility accompanied with 

hypersecretion of mucins and accumulation of mucin gel in the gallbladder lumen, as well as 

immune-mediated gallbladder inflammation; and (v) increased amounts of cholesterol of 

intestinal origin due to high efficiency of cholesterol absorption and/or slow intestinal 

motility, which aids “hydrophobe” absorption and augments synthesis of secondary bile 

acids by the anaerobic intestinal microflora.70,85,86 On the basis of numerous human and 

animal studies, hepatic cholesterol hypersecretion has been recognized to be the primary 

pathophysiologic defect, leading to the formation of cholesterol-supersaturated bile and solid 

cholesterol crystals, as well as the aggregation and growth of these solid crystals into 

microscopic stones first and then macroscopic gallstones. These abnormalities are caused by 

multiple Lith genes, with insulin resistance as part of the metabolic syndrome working with 

cholelithogenic environmental factors to induce the phenotype.70,87,88 The growth of solid 

cholesterol crystals starts as soon as cholesterol nucleation and crystallization occurs and 

this process is greatly accelerated by mucin gel, a potent pro-nucleating agent. Rapid growth 

and agglomeration of solid plate-like cholesterol monohydrate crystals into microlithiasis 

and eventually gallstones is a consequence of persistent hepatic hypersecretion of biliary 

cholesterol together with both gallbladder mucin hypersecretion and incomplete evacuation 

by the gallbladder due to its impaired motility dependent on defective smooth muscle in 

response to neuro-hormonal stimuli.89 Over the past decades, new progress has been made 

in the genetic analysis of Lith genes and the pathophysiology of gallstone disease. Many 

excellent review articles on these topics have been extensively published and interested 

readers can further read these papers.71,85,89–96

The extent to which patients with no identifiable risk factors develop biliary sludge and 

microlithiasis remains controversial. However, there are many clinical conditions that are 

clearly associated with the formation of biliary sludge and microlithiasis.71 These include 

parenteral supplementation, conditions associated with weight loss, pregnancy, a variety of 

acute and chronic illnesses, organ transplantation, and administration of certain medications. 
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Numerous studies have found that physical and chemical interactions of gallbladder contents 

together with altered gallbladder motility and mucosal function serve as a nidus for the 

formation of biliary sludge and microlithiasis.2 It is likely that microlithiasis is preceded by 

the formation of biliary sludge, followed by microprecipitate aggregation and eventual stone 

formation.97–100 This hypothesis is supported by the typical finding of biliary sludge before 

stone recurrence in chemical dissolution studies. Others repudiate this hypothesis because of 

the infrequent development of gallstones in persons with biliary sludge and the spontaneous 

resolution of biliary sludge in most individuals. Of note, a genetic defect in the ATP-binding 

cassette (ABC) subfamily B member 4 (ABCB4) gene is the cause of a subtype of 

progressive familial intrahepatic cholestasis called progressive familial intrahepatic 

cholestasis type 3 (PFIC3), in which the phenotypic spectrum of PFIC3 ranges from 

neonatal cholestasis to cirrhosis in young adults.101–103 In addition, the ABCB4 defect is 

involved in two other human liver diseases such as intrahepatic cholestasis of pregnancy and 

cholesterol gallstone disease, i.e., low phospholipid-associated cholelithiasis (LPAC).104–110 

It is still unclear why these three human liver diseases are induced by a single gene 

(ABCB4) deficiency, and its pathogenic mechanism is under an extensive investigation.
111–113

The formation of biliary sludge greatly depends on the physical-chemical interactions of the 

three major lipid constituents, abnormalities of gallbladder mucosal function, and 

gallbladder dysmotility.85,89,90,93,114 It is most likely that cholesterol gallstones are formed 

initially from biliary sludge by persistent precipitation and aggregation of solid cholesterol 

crystals, and it is generally thought that biliary sludge is a necessary precursor to gallstones. 

For example, after chemical dissolution of gallstones, biliary sludge in the gallbladder lumen 

is usually seen on ultrasonography before gallstone recurrence. Thus, the pathogenesis of 

biliary sludge could be similar to that of cholesterol gallstones. However, controversial 

results have also been found from clinical studies that biliary sludge can spontaneously 

resolve in most persons and that gallstones form in only a small minority of persons with 

biliary sludge. This suggests that biliary sludge could not be an essential precursor to 

gallstones and that the pathogenesis of the two entities could differ. Nevertheless, it is 

impossible that gallstones could form from clear bile without the intermediate formation of 

microprecipitates, including classical cholesterol monohydrate crystals, anhydrous 

cholesterol crystals and sandy stones. It is still imperative to investigate how these 

microprecipitates aggregate and grow to form well-ordered, structured gallstones.

It is likely that microlithiasis may form through a different mechanism compared to the 

formation of cholesterol gallstones although both could start from gallbladder bile 

supersaturated with cholesterol. The natural history of microlithiasis is not completely 

defined yet. Although clinical studies have found that only a minority of patients with 

ultrasonographic demonstration of biliary sludge develop gallstones, it is still a matter of 

controversy whether microlithiasis could evolves to cholesterol gallstone disease.

Although the pathogenesis of microlithiasis could be the same to that of cholesterol 

gallstones, there are distinct differences. Rapid precipitation of solid cholesterol crystals 

from cholesterol-supersaturated bile is the key factor in the formation of microlithiasis.115 In 

bile aspirated from the duodenum after intravenous infusion of the cholecystokinin analogue 
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ceruletide, patients with gallbladder microlithiasis have significantly lower concentrations of 

phospholipids compared to that in patients with macroscopic gallbladder stones.29 Relative 

phospholipid deficiency is caused mostly by missense mutations in the ABCB4 gene, also 

known as the multidrug resistance protein 3 (MDR3) gene. The ABCB4 gene encodes for an 

energy-dependent phospholipid efflux translocator at the canalicular membrane of the 

hepatocytes, which facilitates the transport of phospholipids from the inner to the outer 

canalicular membrane of hepatocytes for hepatic secretion into canalicular bile.116–119 

Interestingly, some cases of acute pancreatitis caused by microlithiasis are associated with 

point mutations in the ABCB4 gene.120 Obviously, relative phospholipid deficiency in bile is 

related to rapid cholesterol crystallization and microlithiasis, as well as a high risk of 

developing acute pancreatitis. These findings can be explained by the physical-chemical 

properties of biliary cholesterol, phospholipids and bile acids in bile. Because cholesterol is 

poorly soluble in an aqueous environment, it is solubilized in bile in mixed micelles by bile 

acids and phospholipids. In case of cholesterol supersaturation, excess cholesterol is also 

solubilized in vesicles that are composited mainly of phospholipids. If excess cholesterol 

cannot be dissolved by micelles or vesicles, it could precipitate as solid cholesterol crystals.
121 The importance of the relative amounts of bile acids vs. phospholipids in the model bile 

system has found for crystallization behavior.37 In contrast to usual cholesterol gallstone 

patients, biliary lipid composition of patients with microlithiasis plots in the left two-phase 

zone, in which besides classical plate-like cholesterol monohydrate crystals, various 

intermediate cholesterol crystals such as arc-like and needle-like crystals and tubular crystals 

can be detected, probably related to a faster crystallization process.37,51,122 In addition, these 

patients with microlithiasis have an increased cholesterol saturation index similarly to those 

with cholesterol gallstones. However, bile supersaturation of patients with microlithiasis is 

due to a decrease in biliary phospholipid concentrations and not to an increase in biliary 

cholesterol concentrations.

Hypersecretion of gallbladder mucin, including release of excess mucin gel, is also strongly 

associated with microlithiasis.98 Mucin gel can promote rapid cholesterol crystallization 

possibly by triggering cholesterol nucleation and offering low affinity binding sites for 

phospholipids and cholesterol.123 On the other hand, mucin gel may increase bile viscosity, 

thus leading to the formation of a gel matrix which can entrap solid cholesterol crystals and 

enhance aggregation and growth of solid cholesterol crystals into microlithiasis in the 

gallbladder.40,124–128

As discussed above, it is highly likely that biliary sludge and microlithiasis could represent 

two different steps during the early stage of cholesterol gallstone formation. Further studies 

on both the natural history and the pathogenesis of biliary sludge and microlithiasis are 

strongly needed to address these questions.

5. Epidemiology, natural history and clinical course

The prevalence of biliary sludge varies widely as reported in the literature. Most studies have 

examined patients in a specific clinical situation such as pregnancy or critical illness.3 

Moreover, clinical investigations on the natural history of biliary sludge are usually based on 

abdominal ultrasonographic diagnosis, without microscopic examination or chemical 
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composition analysis. Many of these studies are also limited by inadequate follow-up. In 

addition, it is not known whether the natural history of cholesterol monohydrate crystal-

predominant sludge differs from that of calcium bilirubinate-predominant sludge.

Only one large study has been done with a well-defined follow-up protocol. In that study, 

three clinical outcomes are found: (i) complete resolution, (ii) a waxing and waning course, 

and (iii) gallstone formation.65 More importantly, biliary sludge found in patients with 

abdominal pain can spontaneously disappear in about 50% of cases and persist 

asymptomatically in about 20% of cases over a 3-year period. Over the same period, 

symptoms develop in 10%–15% of patients and gallstones are formed in 5%–15% of 

patients. If a specific precipitating cause for the formation of biliary sludge exists, biliary 

sludge usually resolves upon the removal of that cause. If the precipitating event recurs or 

persists, gallstones can form eventually. For instance, biliary sludge and gallstones often 

coexist after multiple pregnancies or prolonged TPN administration.

Similar to gallstones, biliary sludge is often asymptomatic in most patients. However, in 

addition to predisposing to gallstone formation, biliary sludge can lead to complications 

such as biliary colic.16 Approximately 31% of patients with non-alcoholic pancreatitis have 

biliary sludge, and up to 74% of patients with “idiopathic” pancreatitis have been found to 

be associated with biliary sludge, in which excess alcohol use, gallstones, metabolic 

abnormalities and drug-related causes have been excluded. Other complications of biliary 

sludge include acute cholangitis and acute acalculous cholecystitis.

If biliary sludge causes symptoms, a more provocative hypothesis is that the biliary pain and 

inflammation found in gallstone disease are mediated by the presence of biliary sludge. For 

example, symptomatic patients with gallstones who receive UDCA treatment have a striking 

alleviation of the symptoms in three months, although the number and size of their 

gallstones do not change. It is likely that solid cholesterol crystals in bile are dissolved 

before the gallstones do. Asymptomatic patients with gallstones who are receiving shock-

wave lithotripsy can develop biliary colic, acute cholecystitis, or acute pancreatitis. In these 

patients, biliary sludge may have been created iatrogenically.

Our understanding of the clinical significance of biliary sludge has been limited by short-

term studies involving patients with known risk factors, many of whom have coexisting 

gallstones and gallbladder pathologic condition. However, many clinical studies have 

demonstrated complete resolution of biliary sludge in approximately 40% of patients, a 

cyclic pattern of disappearing and reappearing in about 40%, and progression to gallstones 

in approximately 20%.

Potential outcomes of microlithiasis include remaining asymptomatic, developing biliary 

colic, or experiencing biliary and/or pancreatic complications such as acute cholecystitis, 

acute cholangitis, papillary stenosis, and acute pancreatitis. Although the course cannot be 

reliably predicted, removal of the precipitating event correlates with resolution of 

microlithiasis. Persistence of an underlying risk factor often leads to gallstone formation and 

complications such as acute pancreatitis.
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Microlithiasis may lead to acute pancreatitis through several mechanisms. Small gallstones 

may transiently impact at the papilla, leading to pancreatic duct obstruction and eventual 

pancreatitis. Repeated exposure to microlithiasis may result in papillary stenosis and 

sphincter of Oddi dysfunction, both of which are often associated with acute pancreatitis. 

The smaller size of stones comprising microlithiasis (vs. macrolithiasis) does not imply a 

lower likelihood of acute pancreatitis. In contrast, there are some data suggesting that 

smaller stones may correlate with a greater tendency for the development of acute 

pancreatitis. However, there is also some uncertainty regarding the causal relationship 

between microlithiasis and acute pancreatitis. Some investigations found that microlithiasis 

does not cause acute pancreatitis, but instead indicates the prior presence of larger gallstones 

that leads to the pancreatitis.129 Pancreatitis itself may induce the formation of microlithiasis 

as a result of edema of the head of the pancreas that leads to biliary compression and 

gallbladder hypomotility. Gallbladder stasis also results from fasting, parenteral nutrition, 

and weight loss, with all these conditions being common in patients with pancreatitis. Also, 

gallbladder content is modified and may become more lithogenic as a result of pancreatitis.

6. Clinical manifestations and diagnosis

When patients have abdominal pain, true biliary colic should be distinguished from 

nonspecific abdominal discomfort.130 A cholecystectomy done for true biliary colic is 

usually curative, but symptoms often persist if the procedure is done in patients with 

nonspecific abdominal pain such as dyspepsia, gastric ulcer, duodenal ulcer, irritable bowel 

syndrome, causalgia, dysmenorrhea, psychosomatic pain, constipation, viral gastroenteritis, 

mesenteric adenitis, or choledocholelithiasis.131–134 Nevertheless, despite the availability of 

many imaging techniques that can be used to uncover biliary sludge and gallstones, the 

diagnosis of biliary colic is ultimately based on clinical judgment.

When biliary sludge is suspected, the choice of diagnostic method must be based on the 

clinical setting and the sensitivity, specificity, and cost of the diagnostic tests available (Fig. 

4). In general, given its relatively low cost and noninvasiveness, transabdominal 

ultrasonography should be the initial test. However, because the sensitivity of this test is only 

approximately 60%,3,135 further imaging exams should be considered if the ultrasonographic 

result is negative and clinical suspicion remains high. For example, in a patient with 

recurring attacks of idiopathic pancreatitis.17 If the diagnosis is to be pursued, either 

endoscopic ultrasonography (EUS) or bile microscopy should be chosen.

Clinically, biliary sludge is most often diagnosed ultrasonographically, according to the 

criteria defined above. The ultrasonographic pattern can be produced by calcium bilirubinate 

granules or aggregated cholesterol monohydrate crystals as small as 0.5–1 mm in diameter 

mixed with bile and mucin gel, independent of bile viscosity.1 Other entities, including 

blood, necrotic debris, multiple small gallstones, or pus, can also have an appearance similar 

to that of biliary sludge. However, the sensitivity of transabdominal ultrasonography for 

biliary sludge is only about 60%, and this procedure cannot define the chemical composition 

of biliary sludge.136 The appearance of biliary sludge on EUS is similar to that on 

transabdominal ultrasonography, and the sensitivity of EUS is approximately 96%.19,137–140 

On CT, biliary sludge has greater attenuation than normal bile and layers within the 
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gallbladder. Its appearance on magnetic resonance imaging (MRI) has not been well 

characterized.141–144

The evaluation usually begins with transabdominal ultrasonography because it is 

noninvasive and relatively inexpensive.145–147 The combination of mucin gel and solid 

cholesterol crystals greater than 50 μm in size produce low-amplitude echoes without a 

postacoustic shadow that layer in the dependent portion of the gallbladder and shift with 

positional changes. Larger gallstones produce high-amplitude echoes and a postacoustic 

shadow (Fig. 5). The use of transabdominal ultrasonography is limited by its low sensitivity 

(~50%–60%) and inability to determine the chemical composition of bile or its 

microprecipitates. The low sensitivity may be due to the operator-dependent nature of this 

procedure, the tendency for classical plate-like cholesterol monohydrate crystals, but not 

calcium bilirubinate crystals, to be imaged, and the intermittent presence of biliary sludge or 

microlithiasis. Repeat examination could improve the diagnostic rate. Notably, compared to 

fundamental ultrasonography, harmonic ultrasonography shows better conspicuity of 

gallbladder microlithiasis.148

Generally, bile microscopy is considered the gold standard for diagnosis. Bile may be 

collected from the duodenum (during endoscopy), bile duct (during ERCP), or the 

gallbladder itself (during ERCP or by percutaneous aspiration). The sensitivity of this test 

for biliary sludge or gallstones varies from 67% to 86%, and the specificity ranges from 88% 

to 100%.52,149 The sensitivity is 83% when bile is obtained directly from the common bile 

duct during ERCP.61 The sensitivity of bile microscopy would be even higher if bile is 

obtained through duodenal intubation than through endoscopy. If gallbladder bile is 

collected, the sensitivity of bile microscopy is probably the highest among all sampling 

methods. The diagnostic rate of bile microscopy is the highest when bile is collected from 

the gallbladder, followed by from the bile duct and then from the duodenum. Although the 

sensitivity of bile microscopy varies according to the site of bile aspiration, there is likely 

minimal difference between sampling techniques when gallbladder bile is collected. To 

enhance gallbladder contractility, improve the collection of gallbladder bile, and increase the 

diagnostic rate, cholecystokinin is often administered before bile aspiration.

Direct microscopic examination of the content of the gallbladder is more sensitive than 

ultrasonography in the detection of biliary sludge. Thus, even though it is less clinically 

applicable than ultrasonography, the microscopic examination of bile is considered the 

diagnostic gold standard. In addition, bile microscopy allows the chemical composition of 

biliary sludge to be defined by precipitate structure.

Although many different protocols for bile microscopy have been described, some measures 

can maximize the sensitivity of this test. It should be recognized that gallbladder bile is 

preferred for bile microscopy. Although hepatic bile is supersaturated with cholesterol, rapid 

transit through the biliary ductal system rarely allows enough time for hepatic bile to form a 

solid cholesterol crystal large enough to be detectable on polarizing light microscopy. 

Hepatic bile is invariably yellow and free of precipitate, even when the gallbladder contains 

biliary sludge, microlithiasis or gallstones. Thus, using ductal bile to look for biliary sludge 

in patients with intact gallbladders is inappropriate.
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As discussed above, cholesterol monohydrate crystals demonstrate birefringence under 

polarizing light microscopy and are classically rhomboidal-shaped with a notched corner 

(Fig. 2). Calcium bilirubinate granules are non-birefringent and appear as brown or reddish-

brown minute participates (Fig. 2). The number of solid cholesterol crystals required to 

establish a positive study varies widely among clinical investigations. Bile microscopy is a 

semiquantitative study with the number of solid cholesterol crystals being influenced by the 

method of sampling. Grading systems have been developed to quantify the number of solid 

cholesterol crystals, but this is mostly for research purposes and of little clinical utility. It has 

never been shown that the quantity of solid cholesterol crystals correlates with clinical 

outcome. Most investigators regard the presence of even a small number of solid cholesterol 

crystals as a positive result.

EUS has been less widely studied than bile microscopy.150 The sensitivity of EUS is 96% 

compared with 67% for duodenal drainage. However, the specificities of these two methods 

are similar from 86% to 91%. The sensitivity of EUS and bile microscopy combined is 

approximately 92%. More importantly, EUS operates at a higher frequency than 

transabdominal ultrasonography and minimizes the influence of bowel gas or subcutaneous 

tissue on image quality.151–153 EUS produces higher image resolution and greater diagnostic 

sensitivity (~95%). Stimulated biliary drainage can be performed at the time of EUS, which 

has been shown to further enhance diagnostic capability.

If patients with suspected biliary sludge have a negative result of transabdominal 

ultrasonography, further testing largely depends on the clinical situation. We recommend 

bile sampling for patients in whom the clinical suspicion of biliary sludge is high and in 

whom further treatment, such as cholecystectomy, would be considered. The choice of a 

method of bile sampling depends on the clinical situation.154 For example, if upper 

gastrointestinal tract disorders remain in the differential diagnosis, an upper gastrointestinal 

endoscopy should be performed and bile should be aspirated for bile microscopy during the 

procedure. If patients have no indication for upper gastrointestinal endoscopy, a bile sample 

could be obtained through duodenal intubation. Patients with recurrent episodes of 

idiopathic acute pancreatitis generally undergo ERCP, and bile can be sampled from the 

duodenum or the common bile duct during the procedure.155–157 If patients have an 

indication for EUS, such as evaluation of abnormalities found from previous imaging exams, 

they should undergo this procedure first. If biliary sludge is not identified on imaging exams, 

bile can be collected for microscopy. If patients have no indication for EUS, the test is not 

recommended because it has relatively low availability and high cost. Notably, ERCP is very 

helpful in finding gallstones in the common bile duct, as illustrated in Fig. 6.

As shown in Fig. 7, the optimal methods for detecting microlithiasis and the extent to which 

a diagnosis is sought largely depend on the clinical setting and prior evaluation.158–161 The 

two most widely used techniques are transabdominal ultrasonography and bile microscopy. 

Although CT and MRI may detect microlithiasis, their cost and unproven utility should 

preclude their use solely for this purpose unless otherwise indicated.17,162–164 As shown in 

Fig. 8, a gallstone is found by CT scans in the papilla of Vater in a patient with acute 

pancreatitis.
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Bile microscopy is the gold standard for the diagnosis of microlithiasis with an overall 

sensitivity of about 65%–90%. Bile sampling should be performed only if less invasive 

studies are negative, the clinical suspicion of microlithiasis is high, and the results could be 

used to guide management. Techniques vary with respect to the site of bile aspiration, use of 

cholecystokinin, processing of samples, and criteria for a positive test.

7. Treatment

Specific measures to prevent the development of biliary sludge are not practical or cost-

effective in the general population. Although many studies have been performed concerning 

two potential preventive strategies, including use of the hydrophilic tertiary bile acid UDCA 

and an intestinal hormone cholecystokinin, none of these methods can be recommended for 

routine clinical use, even in high-risk populations.165

UDCA is an orally administered bile acid that has been extensively studied for the 

dissolution of cholesterol gallstones and the treatment of primary biliary cirrhosis.166–169 It 

reduces hepatic cholesterol secretion into bile and prolongs the time of cholesterol 

nucleation and crystallization. Some studies have investigated the effects of UDCA on the 

treatment of biliary sludge. In patients who are rapidly losing weight, UDCA reduces the 

incidence of gallstones by 50%–100%.170,171 In patients with biliary sludge and idiopathic 

acute pancreatitis, after the initial treatment with UDCA to dissolve solid cholesterol 

crystals, sustaining maintenance therapy successfully prevents the recurrence of biliary 

sludge and pancreatitis. Notably, UDCA effectively prevents the recurrence of solid 

cholesterol crystals and significantly reduces the risk of recurrent pancreatitis.30 The UDCA 

therapy may be a reasonable alternative in poor operative candidates or the very elderly.

Cholecystokinin or the cholecystokinin analogues could be used for prophylaxis against the 

development of biliary sludge in patients in whom gallbladder stasis is an underlying cause 

of biliary sludge, particularly in patients receiving prolonged total parenteral nutrition.172,173 

Clinical studies have found that after patients initially free of biliary sludge or gallstones are 

randomly assigned to be treated with a daily intravenous infusion of cholecystokinin or 

placebo, no patients treated with cholecystokinin develops biliary sludge or gallstones.172 In 

contrast, 62% of the patients receiving placebo suffer from either biliary sludge or 

gallstones. Moreover, few side effects of cholecystokinin or cholecystokinin analogues are 

found in these patients. However, the safety and efficacy of cholecystokinin and the 

cholecystokinin analogues in other clinical settings have not been investigated yet.

In general, patients should be evaluated specifically for biliary sludge or gallstones only after 

they develop symptoms. Regularly monitoring asymptomatic patients for the development of 

biliary sludge or gallstones has not been generally done, even in high-risk patients. However, 

biliary sludge is often found incidentally on imaging exams performed for other reasons, and 

its management in these circumstances has been disputed. If a specific precipitating cause of 

biliary sludge is present, attempts should be made to eliminate it. For management purposes, 

biliary sludge and gallstones should be considered similar in almost all respects. Thus, 

asymptomatic patients with biliary sludge should be observed and managed expectantly 

(Fig. 4).
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When symptoms or complications of biliary sludge occur, therapy should be considered 

immediately. Patients with uncomplicated biliary colic are at moderate risk for future pain 

and more serious complications, but up to 30% of patients have no further symptoms. Thus, 

clinical judgment must be used to decide whether to proceed with therapy in these patients.
115 If more serious complications such as acute pancreatitis have occurred, therapy should 

be considered more strongly. The definitive therapy for biliary sludge is cholecystectomy, 

using either the laparoscopic or the open route.115 However, if patients are under poor 

surgical conditions, nonsurgical interventions, such as oral UDCA dissolution or 

percutaneous cholecystostomy for drainage, should be considered (Fig. 4).115 The long-term 

efficacy of these treatments has not been proven. Therefore, these treatments should be used 

only in patients who require therapy but are not under good surgical conditions. The 

recurrence rate of biliary sludge after oral UDCA dissolution is not known, but gallstones 

recur in approximately 50% of patients.167 The efficacy of percutaneous cholecystostomy 

and drainage in the treatment of biliary sludge has not been well established. Other 

therapeutic options include surgical intervention, endoscopic sphincterotomy, and chemical 

dissolution. Notably, the benefits of these therapies have been demonstrated by a significant 

decrease in recurrent episodes of pancreatitis after therapy (<10%) versus a recurrence rate 

of approximately 66%–75% in untreated patients.62,170,174–176

Laparoscopic cholecystectomy offers the most definitive therapy and is generally considered 

the treatment of choice (Fig. 4).122,177–179 Laparoscopic cholecystectomy is indicated in 

good operative candidates of almost any age because the risks of future gallbladder-related 

symptoms and complications outweigh the operative risks.90 Endoscopic sphincterotomy is 

an effective alternative and may obviate the need for cholecystectomy in the very elderly or 

those with significant comorbid illness.180–184 The benefits of sphincterotomy include 

enhanced gallbladder motility and reduced gallbladder stasis on the evidence given by a 

significant reduction in gallbladder fasting volume and residual volume and by an increase 

in gallbladder ejection fraction. This improvement in gallbladder motility after endoscopic 

sphincterotomy may persist for at least 5 years. Endoscopic sphincterotomy may reduce bile 

lithogenicity by modifying biliary lipid composition, leading to a significant prolongation in 

time of cholesterol nucleation and crystallization.

There is no demonstrable difference in the clinical benefit of cholecystectomy or endoscopic 

sphincterotomy for microlithiasis-induced pancreatitis.185 However, the use of endoscopic 

therapy is favored only in patients with poor operative conditions or the very elderly, unless 

their clinical course justifies more aggressive intervention.186 The continued risk of 

gallbladder-related symptoms or complications such as biliary colic, cholecystitis, and 

cholangitis after endoscopic sphincterotomy could need more definitive therapy in patients 

with good surgical conditions and with a reasonable life expectancy. The safety of 

laparoscopic cholecystectomy and the risk of immediate and late complications of 

endoscopic sphincterotomy further argue for the roles of these surgeries.

For the treatment of microlithiasis, endoscopic sphincterotomy is performed in 25 patients 

and cholecystectomy is carried out in two patients. Notably, this is partially explained by the 

coexistence of sphincter of Oddi dysfunction in many of these patients, which served as an 

indication for endoscopic sphincterotomy. However, in another studies on 12 patients with 
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microlithiasis alone, only 2 are offered cholecystectomy. Interestingly, although endoscopic 

sphincterotomy is performed in all 5 patients with common bile duct stones, 4 of the 5 

patients also undergo elective cholecystectomy. Biliary sphincter manometry has found that 

in 60 patients with biliary-type pain after cholecystectomy, 25 of whom ultimately prove to 

have elevated sphincter pressures. In addition, solid cholesterol monohydrated crystals are 

found in 3 patients, 2 without and 1 with elevated sphincter pressure. Of special note, in this 

selected group of patients, the vast majority of them have symptoms caused by sphincter of 

Oddi dysfunction.175,187 Taken together, the treatments of these patients may help us 

understand the choice of surgical intervention for microlithiasis.

In patients with acute recurrent pancreatitis, should the search for microlithiasis be 

abandoned or should such efforts be intensified? It is highly likely that such a decision is 

largely made based on the conditions including the clinical manifestation, approach to 

diagnosis, and indications for therapeutic intervention (Fig. 7).188–190 The presence of 

biliary sludge or microlithiasis in patients with acute recurrent pancreatitis usually leads to 

therapeutic intervention because of the tendency for pancreatitis to recur and the associated 

morbidity and mortality. Because of the prevalence of microlithiasis in this group of patients 

and the limited sensitivity of diagnostic studies, it is reasonable to proceed with laparoscopic 

cholecystectomy.191–195 Endoscopic sphincterotomy and UDCA administration are options 

for patients with poor operative conditions or the very elderly. If this approach is followed, 

there is no need to search for microlithiasis, because a negative evaluation would not alter 

your management plan.

However, for the patients who refrain from recommending therapeutic intervention without 

clear evidence of microlithiasis, transabdominal ultrasonography or laboratory evidence of 

microlithiasis may suffice. If stronger evidence is desired, bile microscopy during ERCP 

should be then considered. If the imaging exams continue to show no signs of microlithiasis, 

surveillance should be carried out by EUS with bile microscopy or repeating transabdominal 

ultrasonography in several months. If microlithiasis cannot be found despite all efforts and 

patients still experience recurrent pancreatitis, elective cholecystectomy should be 

reconsidered.191–195

8. Conclusions and future research directions

Biliary sludge is often found in diverse clinical situations, but has not yet been well 

understood. Its clinical course varies in which evolution to gallstones, a waxing and waning 

course, and complete resolution are all possible outcomes. In addition, biliary sludge could 

lead to biliary and/or pancreatic complications, including biliary colic, acute pancreatitis, 

and acute cholecystitis. It is most often diagnosed on transabdominal ultrasonography, 

although bile microscopy is considered the gold standard for diagnosis. If patients with 

biliary sludge are asymptomatic, they can be managed expectantly. If patients develop 

symptoms or complications, cholecystectomy should be considered as the definitive therapy.

Much is still to be learned about biliary sludge and microlithiasis. Continuing controversies 

involve the natural history of biliary sludge vs. microlithiasis, risk factors for their 

formation, and their true importance in the spectrum of biliary tract disease. Future 
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prospective clinical studies may help clarify these issues and further increase our 

understanding of the pathogenesis of these biliary tract abnormalities.

Long-term and larger prospective studies are strongly needed to provide insights into the 

natural history, pathogenesis, clinical significance, ideal means of diagnosis, and optimum 

form of therapy on patients with biliary sludge or microlithiasis. Only then can our efforts be 

focused on the management of these patients.
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Fig. 1. Longitudinal (top) and transversal (bottom) ultrasonographic scans of the gallbladder 
from a 56-year-old woman with drinking habits and a recent history of right hypochondrium 
pain.
The finding is suggestive of chronic cholecystitis, as indicated by a thickened gallbladder 

wall (up to 5 mm). Biliary sludge in the gallbladder is visible as an amorphous echogenic 

image that is distinctly different from the anechoic bile, and it can slowly move to the most 

dependent part of the gallbladder, as indicated by a red asterisk. A clear acoustic shadow is 

missing at the level of the distal gallbladder wall. Intra- and extra-hepatic bile ducts are not 

visible and therefore not dilated. Abbreviation: L, liver. We sincerely thank Drs. Francesco 

Minerva and Marica Noviello for providing us with these pictures.
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Fig. 2. Fresh human gallbladder bile is examined by phase contrast and polarizing light 
microscopy, showing biliary sludge that is composed mainly of classical solid plate-like 
cholesterol monohydrate crystals, as well as varying sizes of calcium bilirubinate granules in 
golden color, and mucin gel.
Original magnification is × 800 by polarizing light microscopy.
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Fig. 3. On microscopy, microlithiasis is often defined as a tiny stone with a diameter < 3 mm, 
which cannot be crushed by digital compression.
Under phase contrast and polarizing light microscopy, microlithiasis always display rounded 

contours and black centers from light scattering/absorption. Original magnification is × 100 

by polarizing light microscopy.
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Fig. 4. Suggested algorithm for the management of patients with biliary sludge.
Abbreviations: CT, computed tomography; ERC, endoscopic cholangiography; ERCP, 

endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasonography; 

MRCP, magnetic resonance cholangiography; UDCA, ursodeoxycholic acid; US, 

ultrasonography.
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Fig. 5. Transversal (left) and longitudinal (right) ultrasonographic scans of the gallbladder from 
a 64-year-old man with occasional discovery of a solitary stone.
The thickness of gallbladder wall is normal (<3 mm) and the gallstone is visible as a round-

shaped hyperechoic image (8 mm in diameter, as pointed out by a red asterisk), which is 

dependent with gravity and is producing a distal echoic shadow, as indicated by a red arrow. 

Abbreviation: L, liver.
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Fig. 6. ERCP shows a filling defect image of a gallstone (as pointed out by a red arrow) of ~15 
mm in diameter within the proximal CBD.
Abbreviations: ERCP, endoscopic retrograde cholangiopancreatography; CBD, common bile 

duct. We sincerely thank Dr. Giuseppe Scaccianoce for providing us with this picture.
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Fig. 7. Suggested algorithm for treatment in patients with microlithiasis-induced pancreatitis.
Abbreviations: CT, computed tomography; ERC, endoscopic cholangiography; ERCP, 

endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasonography; MRI, 

magnetic resonance imaging; US, ultrasonography.
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Fig. 8. CT scans were performed in a patient with acute abdominal pain and elevated pancreatic 
enzymes.
Because this patient was allergic, the CT scans were performed in emergency without 

contrast medium injection. The final diagnosis was biliary pancreatitis. (A) and (B): A 

radiopaque gallstone of ~10 mm in diameter (arrow) is visible in the distal part of the 

common bile duct (i.e., the papilla of Vater). (A) and (C): The PA is enlarged due to edema. 

(B): The CBD is dilated above the stone to a diameter of 12.2 mm (D): The GB wall shows a 

normal thickness. Abbreviations: CT, computed tomography; PA, pancreas; CBD, common 

bile duct; GB, gallbladder. We sincerely thank Dr. Cristina Jablonska for providing us with 

these pictures.
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