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ABSTRACT
Objective  In up to 20% of patients, the aetiology 
of acute pancreatitis (AP) remains elusive and is thus 
called idiopathic. On more detailed review these cases 
can often be explained through biliary disease and are 
amenable to treatment. Findings range from biliary 
sludge to microlithiasis but their definitions remain fluid 
and controversial.
Design  A systematic literature review (1682 reports, 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines) analysed 
definitions of biliary sludge and microlithiasis, followed 
by an online international expert survey (30 endoscopic 
ultrasound/hepatobiliary and pancreatic experts; 36 
items) which led to definitions of both. These were 
consented by Delphi voting and clinically evaluated in 
a retrospective cohort of patients with presumed biliary 
pancreatitis.
Results  In 13% of original articles and 19.2% of 
reviews, microlithiasis and biliary sludge were used 
synonymously. In the survey, 41.7% of experts described 
the term ’sludge’ and ’microlithiasis’ as identical findings. 
As a consequence, three definitions were proposed, 
agreed on and confirmed by voting to distinctly 
discriminate between biliary sludge (hyperechoic material 
without acoustic shadowing) and microlithiasis (echorich 
calculi of ≤5 mm with acoustic shadowing) as opposed 
to larger biliary stones, both for location in gallbladder 
and bile ducts. In an initial attempt to investigate the 
clinical relevance in a retrospective analysis in 177 
confirmed cases in our hospital, there was no difference 
in severity of AP if caused by sludge, microlithiasis or 
stones.
Conclusion  We propose a consensus definition for 
the localisation, ultrasound morphology and diameter 
of biliary sludge and microlithiasis as distinct entities. 
Interestingly, severity of biliary AP was not dependent 
on the size of concrements warranting prospective 
randomised studies which treatment options are 
adequate to prevent recurrence.

INTRODUCTION
Gallstones small enough to migrate from the gall-
bladder into the duodenum can trigger pancreatitis. 
Pancreatic outflow obstruction as proposed by Opie 
is the critical event for the disease onset.1 Already 
the presence of gallbladder stones on imaging 
(most frequently on ultrasound) in the presence 
of pancreatitis suggests the diagnosis of biliary 

pancreatitis according to international guidelines.2 
Visualisation of the common bile duct (CBD) by 
transabdominal ultrasound to diagnose sludge or 
microlithiasis is highly insensitive (roughly 55%) 
and unspecific.3 It is thus unsurprising that only 
in the last decade of the 20th century with the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ In up to 20% of patients, the aetiology of acute 
pancreatitis (AP) remains elusive and is thus 
termed idiopathic.

	⇒ A biliary origin explains a sizeable proportion 
of idiopathic AP cases that have not been 
identified on routine workup but are 
detectable on endoscopic ultrasound. The 
reported spectrum ranges from biliary sludge 
to microlithiasis, but their definitions remain 
imprecise and controversial.

	⇒ These incongruities in the literature preclude 
an accurate assessment of the risk of recurrent 
biliary pancreatitis.

WHAT THIS STUDY ADDS
	⇒ In a systematic review of 1682 articles on the 
use and definition of the term biliary sludge and 
microlithiasis, in up to 20% of the publications 
the terms biliary sludge and microlithiasis were 
used synonymously.

	⇒ By consensus. discrete, hyperechoic material 
without acoustic shadowing, which sediments 
in the most dependent part of the gallbladder 
represents biliary sludge.

	⇒ Similarly, the term ‘biliary microlithiasis’ 
should be used exclusively for cases in which 
examination of the biliary tree or gallbladder 
reveals the presence of calculi ≤5 mm (in 
diameter) with acoustic shadowing.

	⇒ In a first retrospective analysis, severity of 
established AP was independent of biliary 
concrement definition/size.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Using the proposed definition of biliary sludge 
and microlithiasis, prospective studies will be 
able to determine the risk of biliary sludge 
and/or microlithiasis for the development and 
recurrence of AP.
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introduction of endoscopic ultrasound (EUS) to investigate the 
CBD reports by Ros et al and Lee et al made biliary microlithiasis 
and biliary sludge widely recognised as causes of acute pancre-
atitis.4 5 The remarkable progress in imaging techniques, espe-
cially the development of EUS allowed changing the diagnosis of 
previously presumed ‘idiopathic’ pancreatitis towards a biliary 
aetiology caused by microliths or biliary sludge.6–8 EUS, being 
even more sensitive than microscopic examination of duodenal 
bile let alone MRCP to diagnose bile duct stones not detected by 
transabdominal ultrasonography, is widely recognised as a refer-
ence diagnostic technique for biliary microlithiasis.9–11 On the 
other hand, reports on the incidence of microlithiasis or biliary 
sludge in acute pancreatitis vary substantially.12–14 A recent meta-
analysis has shown that biliary aetiology is the the most common 
cause of ‘idiopathic’ pancreatitis, with a prevalence of 30%.8 
However, the authors did not discriminate between biliary 
sludge or microlithiasis in this analysis.

Interestingly, despite a high number of reports, no meta-
analysis directly relates to or distinguishes between biliary sludge 
and microlithiasis in pancreatitis. This situation is probably due 
to a need for an agreement on the basic definitions regarding 
(endo)sonographic features, size of microliths and location 
of the described material in the biliary system, precluding a 
methodologically sound meta-analysis. The diversity of defi-
nitions poses a risk of misunderstanding between clinicians 
and results in a lack of high-quality clinical trials. This trans-
lates directly to the decision-making of gastroenterologists and 
surgeons regarding therapeutic strategies, which are nowadays 
based only on a single, rather controversial prospective obser-
vation.15–17 Furthermore, the pathophysiological relevance of 
biliary sludge and or microlithiasis causing pancreatitis has not 
been determined for lack of definition and disease models. As 
many definitions of biliary sludge and microlithiasis are applied, 
our goal was to establish universally acceptable definitions for 
these frequent findings by conducting an international expert 
survey with subsequent participant voting during a consensus 
conference.

METHODS
Search strategy and selection criteria
Following the (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines and the PRISMA guide-
line update, we performed a systematic literature review from 
1981 to 2021, searching the electronic database PubMed for 
English-language articles containing the terms ‘biliary sludge OR 
microlithiasis’.18 As recommended by the PRISMA guideline, 
the systematic review was registered in the PROSPERO database 
(registration number: CRD42021274442). The last online data-
base query took place on 19 November 2021. Two independent 
investigators (SS and MZ) analysed the studies according to the 
criteria for inclusion in the literature database. In the case of 
incongruities regarding study inclusion, a discussion took place 
between the investigators until a consensus could be reached. 
The respective exclusion criteria for studies not included in the 
final database can be found in online supplemental file. Peer-
reviewed articles in English had to meet at least two out of five 
predefined inclusion criteria (a detailed indication of how many 
studies each fulfilled how many predefined inclusion criteria can 
be found in online supplemental file; subsection 2.1.1).

Inclusion criteria
1.	 Definition of microlithiasis and/or biliary sludge is given in 

the publication.

2.	 Endoscopic, imaging and/or biochemical procedures used for 
microlithiasis and/or biliary sludge diagnosis is defined.

3.	 Specific ultrasonographic features of microlithiasis and/or 
biliary sludge were defined.

4.	 A cut-off size value for the diagnosis of microlithiasis was 
used.

5.	 Paper dealt explicitly with treatment methods of microlithia-
sis and/or biliary sludge.

An exclusion was made for articles that commented on the 
biliary sludge/microlithiasis only in short comments/editorials 
or case reports or for articles that dealt with non-biliary micro-
lithiasis (eg, pulmonary or testicular microlithiasis). Paediatric 
or neonatal studies were also excluded. Since biliary sludge 
and microlithiasis are of pathophysiological relevance mainly 
in the context of (idiopathic) acute pancreatitis but have also 
been influential in other clinical contexts for decades, non-
pancreatitis-specific studies were also examined regarding the 
definitions of the two terms used. These studies dealt with inten-
sive care patients, parenteral nutrition or sludge formation in 
pregnancy. A distinction was made between included studies and 
included review articles (see figure 1). A quality assessment was 
only carried out for included studies (for details on data collec-
tion and quality assessment, see online supplemental files 3 and 
4).

Data analyses
Patient characteristics of all studies were evaluated descrip-
tively. Due to the lack of a reference clinical endpoint in the 
systematic literature review, we provide in the absence of the 
option of comparative statistics, a graphical representation of 
the heterogeneity of definitions found in the studies. Effect sizes 
or between-study variability measures (eg, I2) were not statisti-
cally quantifiable without a gold standard. To better reflect the 
heterogeneity of the definitions used, the included studies were 
clustered according to the categories (1) microlithiasis size cut-
off value, (2) microlithiasis definition and (3) biliary sludge defi-
nition based on predefined characteristics (see figures 2 and 3).

Expert survey
Based on the incongruent definitions from the systematic review, 
we developed and validated with the help of an expert epidemiol-
ogist (TK) an online questionnaire to be completed by a selected 
group of 30 gastroenterologists from 11 different countries and 
4 continents with high expertise in the field of endosonography-
assisted diagnosis and treatment of pancreaticobiliary diseases 
(see online supplemental table S1). Using definition, treatment 
and combined questions in the form of case vignettes, the terms 
concerning diagnostic, clinical and treatment aspects of biliary 
sludge and biliary microlithiasis were to be defined and assessed. 
For this purpose, 36 questions within the survey were phrased, 
which were divided into the subsections:
1.	 Responder data (7 questions).
2.	 Definition (8 questions).
3.	 Treatment (7 questions).
4.	 Clinical case vignettes (14 questions).

The complete survey can be found in online supplemental 
material.

Pancreatitis patient population stratified by underlying biliary 
entity
A total of 601 patients with the diagnostic code acute biliary 
pancreatitis were retrospectively identified from the LMU 
database (period 2005–2021) and stratified according to the 
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Figure 1  Study selection. A total of 1682 articles were identified after PubMed-based literature search using the terms ‘biliary sludge or 
microlithiasis’ in the published period between 1981 and 2021 and PRISMA guideline-based systemic evaluation. In order to further stratify the 151 
articles on screening and matching level, 2 of the 5 predefined inclusion criteria had to be fulfilled for the final inclusion of the articles (inclusion 
criteria: (1) Definition of microlithiasis and/or biliary sludge is given in the publication; (2) Endoscopic, imaging and/or biochemical procedures used 
for microlithiasis and/or biliary sludge diagnosis is defined; (3) Specific ultrasonographic features of microlithiasis and/or biliary sludge were defined; 
(4) A cut-off size value for the diagnosis of microlithiasis was used and (5) Paper dealt explicitly with treatment methods of microlithiasis and/
or biliary sludge). In order to take into account the scientific visibility of review papers, these were also included in the literature search. PRISMA, 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Figure 2  Heterogeneity of the biliary microlithiasis definitions used. Graphical representation of the definition heterogeneities used in the 
included studies for the term biliary microlithiasis as well as the stated cut-off values (if mentioned). Original studies (red, green and blue dots) 
as well as review studies (purple dots) are listed. Each dot symbolises a threshold value (A) or a definition point mentioned in the paper (B); see 
definition legend. **Gallstones not discriminated from microlithiasis. ***No difference between sludge and microlithiasis patients made. ****Video 
fragements used. RCT, randomised controlled trial.
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new consensus definition into the biliary entity groups sludge-
induced pancreatitis (n=50), microlithiasis-induced pancreatitis 
(n=43) and gallstone-induced pancreatitis (n=84). In case of 
possible secondary aetiologies besides biliary concrements as 
pancreatitis triggers, patients had been excluded (n=171). The 
baseline characteristics of the three entity groups are presented 
in online supplemental table S2. The group allocation was 
done by retrospective chart review as well as by assessment 
of ultrasound (sludge-induced pancreatitis n=42/50 (84%), 
microlithiasis-induced pancreatitis n=33/43 (76.7%), gallstones-
induced pancreatitis n=71/84 (84.5%)) and EUS (sludge-
induced pancreatitis n=31/50 (62%), microlithiasis-induced 
pancreatitis n=16/43 (37%), gallstones-induced pancreatitis 
30/84, n=(35.7%)) images and reports.

RESULTS
Search results
Of the initial 1682 articles, 95 articles remained after screening 
and full-text eligibility assessment and were finally included 
(69 original articles, 26 review articles; see figure  1). Of the 
69 original articles/studies included, 47 followed a prospective 
study design, 19 followed a retrospective study design, 2 were 
randomised-controlled studies and 1 followed a cross-sectional 
study design. In 13.0% (9/69) of the original studies reviewed 
and in 19.2% (5/26) of the review papers, the terms ‘biliary 
sludge’ and ‘microlithiasis’ were used as synonyms. In figures 2 
and 3, the heterogeneity of the definitions used for the terms 
biliary microlithiasis and biliary sludge are shown schematically. 
The same is done for the size cut-off values for biliary micro-
lithiasis derived from the studies. Regardless of the type of study 
(original paper or review), a lack of homogeneity regarding 
the definitions given in the studies was evident across all three 
categories.

Expert profile
A total of 30 world-renowned experts in the field of 
endosonography-assisted diagnosis and therapy were contacted, 
of whom 28 (93.3%) started the survey, and 25 (83.3%) 

completed the survey questionnaire. All the experts contacted 
are subspecialised in gastroenterology, 65.5% of them with more 
than 20 years of professional experience. With 89.7% of survey 
participants active in endoscopy, 62.1% perform more than 100 
endosonographies per year. 89.7% of participants are employed 
at tertiary care hospitals. The majority were distributed across 
European centres (72.4%), although experts from the USA, 
India and Egypt also participated. Details are provided in online 
supplemental table S1. In the second round of expert consul-
tation, a total of 26 of the initial 30 EUS experts participated 
and voted on the three definition proposals resulting from the 
literature review, EUS expert survey round 1 and congress voting 
results. An overview of the timeline of the consensus process is 
shown in figure 4.

Diagnostic criteria for biliary sludge
Regarding the location of sludge or microlithiasis, 84% of the 
experts answered that both can be found in the gallbladder 
and in the bile tract. As the diagnostic imaging tool employed 
for detecting biliary sludge and microlithiasis, 93% of experts 
considered endosonography the most accurate based on their 
personal experience. Four per cent of respondents preferred 
transabdominal ultrasound, and 4% did not specify their gold 
standard. The statement that the term biliary sludge and micro-
lithiasis should be used to define sonographic findings in both, 
the bile duct and the gallbladder was presented for online voting 

Figure 3  Heterogeneity of the biliary sludge definitions used. Graphical representation of the definition heterogeneities for the term biliary sludge 
used in the included studies. Original papers (red, green and blue dots) as well as review papers (purple dots) are listed. Each dot symbolises a 
definition point mentioned in the paper (see definition legend; for specification of the anatomical classification (sludge definition F), see online 
supplemental file).**Gallstones not discriminated from microlithiasis. ***No difference between sludge and microlithiasis patients made. ****Video 
fragments used. CBD, common bile duct; GB, gallbladder, RCT, randomised controlled trial.

Figure 4  LMU, Ludwig-Maximilians-University (Munich).
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and received an 89.7% agreement (3.5% abstained from voting 
and 6.7% of online voters disagreed). In the expert survey, 76% 
agreed that biliary sludge should be diagnosed sonomorpholog-
ically as discrete, hyperechoic material inside the gallbladder 
or the bile duct, without acoustic shadowing, which sediments 
in the most dependent part of the gallbladder. This definition 
was accepted by online voting with 70.6% agreement (23.5% 
abstention and 5.9% rejection). In the final expert consultation 
round 2 with presentation of the literature results and congress 
voting results for review by the EUS expert panel, there was 
100% agreement with the definition statement (see table  1, 
online supplemental table S3). Based on the controversial results 
of the literature search, an expert survey was made on the ques-
tion of localisation, sonomorphology and the diagnostic tool of 
choice. The audience agreement was obtained through an online 
vote. The participants of the session ‘biliary pancreatitis’ had the 
opportunity to vote on the definition proposals consented.

Diagnostic criteria for biliary microlithiasis
In the experts’ survey, 93% of respondents selected EUS as the 
diagnostic tool of choice for diagnosing biliary microlithiasis 
as well as biliary sludge. Moreover, 76% of the experts voted 
against the obligatory use of phase-contrast and polarising 
light microscopy for making the diagnosis of microlithiasis. An 
explicit voting was recorded regarding the sonographic features 
of biliary microlithiasis. Regarding concrements’ size, 92% of 
the experts voted in favour of defining biliary microlithiasis as 
for cases in which examination of the biliary tree or gallbladder 
reveals the presence of stones ≤5 mm. Moreover, 76% voted for 
a size definition of size of less than 3 mm, 16% of the experts 
voted for a cut-off size of 5 mm. As most consistent definition 
derived from the survey a size definition of microlithiasis with 
stones ≥3 mm and ≤5 mm received 65.3% agreement (absten-
tion: 13%, rejection: 21.7%) in the online voting process. In the 
expert survey round 2 with corresponding prior presentation of 
the systematic literature review and the audience online voting 
results, there was no majority for the microlithiasis size range 
≥3 mm ≤5 mm (46.2% agreement). On the other hand, there 
was a majority for an upper microlithiasis limit of ≤5 mm with 
57.7% agreement. As such the definition of microlithiasis which 
aimed highest consensus is as follows: The term ‘biliary micro-
lithiasis’ should be used exclusively for calculi in the biliary tract 

and gallbladder of ≤5 mm in diameter with acoustic shadowing 
(see table 2, online supplemental table S3). Accordingly, biliary 
stones would be defined as calculi in the biliary tract and gall-
bladder of >5 mm in diameter with acoustic shadowing.

Clinical relevance and management of biliary sludge and 
microlithiasis
Expert discussion
The expert group was asked what clinical relevance they assign 
to the presence of biliary sludge/microlithiasis. Opinion was 
divided with 36% of expert attributing 10%–50% of idiopathic 
pancreatitis cases to the presence of biliary sludge or micro-
lithiasis. On the other hand, 32% of experts attribute less than 
10% of idiopathic acute pancreatitis to biliary sludge or micro-
lithiasis. Whether the terms ‘biliary sludge’ and ‘biliary micro-
lithiasis’ describe a similar finding (survey question no. 28) was 
rejected by 48%, while 40% agreed with it (with 12% experts 
abstaining). Regarding therapeutic options, 64% of the experts 
chose cholecystectomy as the method of choice. In comparison, 
24% recommended endoscopic retrograde cholangiopancrea-
tography (ERCP) with sphincterotomy for treating pancreatitis-
related biliary sludge or microlithiasis. This was not the case 
in patients in whom it was stated that endosonography was 
not available as a gold standard to diagnose microlithiasis, but 
elevated liver function tests were detected (eg, alanine amino-
transferase (ALAT) levels >150 U/L within 48 hours after onset 
of symptoms). In this setting, 32% of the experts recommended 
surgery, while 40% advised against it. ERCP (+SE) with 24% 
and ursodeoxycholic acid (UDCA) therapy with 20% received 
even less approval in the described scenario. On using ursode-
oxycholic acid in patients with biliary sludge/microlithiasis to 
prevent complications and concrement dissolution, 64% of 
the experts responded that they only use UDCA in patients not 
qualifying for surgical or endoscopic intervention. Moreover, 
28% of experts reported never using oral bile acid treatment in 
clinical practice as part of idiopathic pancreatitis treatment or 
prevention of sludge/microlithiasis.

Retrospective case analysis at University Hospital Munich-
Großhadern
A retrospective evaluation of 177 biliary pancreatitis cases at 
LMU University Hospital (50 sludge-induced pancreatitis cases, 
43 microlithiasis-induced pancreatitis cases and 84 gallstone-
induced pancreatitis cases) showed that while sludge and micro-
lithiasis according to the new consensus definition can obviously 

Table 1  Definition of biliary sludge

Biliary sludge
Literature-based 
findings Expert agreement

Audience 
agreement

Localisation Gallbladder only 0% –

Bile duct only 0% –

Gallbladder and bile duct 100% 89.7%

Sonomorphology Discrete, hyperechoic 
material (GB+CBD), 
without acoustic 
shadowing, sediment in 
the most dependent part 
of the GB

96.15% 70.6%

Imaging method of 
choice*

EUS 93% –

Transabdominal 
ultrasound

4% –

*There is an obvious bias in this voting as first, mainly EUS experts were involved in the 
questionaire and second we did not discriminate between findings in the CBD and the 
gallbladder. Transabdominal ultrasound might be the method of choice for gallbladder 
findings.
CBD, common bile duct; EUS, endoscopic ultrasound; GB, Gallbladder .

Table 2  Agreement on definition of biliary microlithiasis

Biliary 
microlithiasis Literature-based findings

Expert 
agreement

Audience 
agreement

Concrement size ≤5 mm 11.54%

≤3 mm 46.15% –

≥3 mm ≤5 mm 46.15% 65.3%

Imaging method of 
choice

EUS* 93% –

Bile sample centrifugation and 
examination by phase-contrast and 
polarising light microscopy

16% –

Sonomorphology With acoustic shadowing 96.15%

*There is an obvious bias in this voting as first, mainly EUS experts were involved in the 
questionaire and second we did not discriminate between findings in the CBD and the 
gallbladder. Transabdominal ultrasound might be the method of choice for gallbladder 
findings.
CBD, common bile duct; EUS, endoscopic ultrasound; GB, Gallbladder .
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cause pancreatitis, severity and course does not differ from 
regular gallstone-induced pancreatitis (table 3). However, these 
data did not include follow-up results with respect of preventing 
recurrence of biliary pancreatitis and in light of the responses 
from the expert survey the question remains which treatment 
modality is adequate in balancing clinical risk and benefit.

DISCUSSION
Acute pancreatitis accounts for the most prevalent benign 
GI-disease leading to hospital admission. Up to 50% of cases are 
of biliary origin according to a combination of transabdomial 
ultrasound, clinical chemistry and EUS. At least up to 20% of the 
remaining idiopathic cases are caused by microlithiasis or biliary 
sludge often only diagnosed after recurrency.

It is, therefore, surprising that no uniform definition to accu-
rately describe this frequent finding presently exists.19 20 Ques-
tions of clinical relevance regarding the terms biliary sludge and 
microlithiasis remain unsolved and have not been investigated 
in prospective studies for the lack of a universally valid defi-
nition of biliary sludge and microlithiasis. A recent study from 
the Netherlands with 41 participating experienced endosonog-
raphers showed that even in this preselected group of endoscopy 
experts, no diagnostic consensus could be reached regarding the 
findings of biliary sludge and microlithiasis (biliary sludge with 
slight agreement and microlithiasis with moderate agreement, 
measured according to Fleiss’ kappa). Regarding the therapeutic 
recommendations (based on video fragments), 51% of the 
experts voted in favour of ERCP and 49% of the experts voted 
against ERCP in patients with biliary sludge.21 22

In our retrospective evaluation stratified using the new 
consensus definition, no difference in pancreatitis severity was 
found between the initiating biliary entities gallstone versus 
microlithiasis versus sludge-induced pancreatitis. This indicates 
that the pathophysiological risk of sludge and microlithiasis in 
the pancreatitis context may be no less significant than that of 
gallstones and that a prospective evaluation for a more precise 
risk assessment is urgently needed to provide data for appro-
priate initial treatment as well as prevention of recurrence.

In this paper, we propose for the first time a unified and 
consented definition of biliary sludge and the size and echoge-
nicity of biliary microlithiasis. The term biliary sludge should be 
reserved for sonomorphologically discrete, hyperechoic mate-
rial, without acoustic shadowing and sedimenting in the most 
dependent part of the gallbladder and in the CBD. For biliary 
microlithiasis, a majority vote for a threshold ≤5 mm with 
acoustic shadowing in the EUS expert panel and the congress 
online vote was obtained. The cut-off of 5 mm is a reason-
able threshold as lithiasis of this diameter, and lower will not 
provoke dilatation of the biliary tree as an immediate sign of 
CBD stones.23–25 Indeed, widely accepted guidelines emphasise 
the role of biliary duct dilatation as a key symptom in thera-
peutic decision-making, with a diameter ≤5 mm being accepted 
as a referenced cut-off for a regular diameter of the CBD on 
ultrasound imaging.26 27

The literature analysis exposed an evident lack of unified defi-
nition concerning biliary microlithiasis, especially with respect to 
lower and upper diameter limits. Most original publications and 
reviews used a cut-off value of more than 3 mm as lower limit. A 
majority of our experts voted for a cut-off value ≤5 mm. Micro-
lithiasis in this case corresponds to small gallstones with a corre-
sponding acoustic shadow. Since transabdominal ultrasound and 
endosonography are widely used as pancreaticobiliary diagnostic 
tool, the polarised light microscopy of bile obtained by cannula-
tion of the bile duct is no longer used in clinical routine.11 28 29 
The first pioneering studies described biliary sludge sonomor-
phologically as hyperechoic, non-shadowing material which is 
located in the most dependent part of the gallbladder.4 5 This 
definition is also consistent with the one used frequently in more 
recent reports.21 30

An inevitable variability can be observed in the literature 
concerning the pattern of the sludge-triggered echo signal. 
However, since the term (slightly) hyperechoic has predomi-
nantly been used to describe the echo behaviour over the last 
20 years, this description was put forward for voting. A strong 
agreement rate of 96.15% in the expert survey and 70.6% in 
the participant voting confirmed the definition derived from 

Table 3  Pancreatitis outcome stratified by underlying biliary entity

Sludge-AP (n=50) Microlithiasis-AP (n=43) Gallstone-AP (n=84) P value

Severity (RAC), N (%) 0.40

 � Mild 27 (54.0) 29 (67.44) 42 (50.0)

 � Moderate 18 (36.0) 10 (23.25) 34 (40.47)

 � Severe 5 (10.0) 4 (9.3) 8 (9.52)

SIRS at admission, N (%) 4 (8.0) 2 (4.65) 11 (13.09) 0.28

SIRS at hospital stay, N (%) 8 (16) 5 (11.62) 16 (19.04) 0.56

Length of hospital stay (mean±SD in days) 14.7±17.15 13.14±10.68 12.31±11.45 0.59

IMC stay, N (%) 5 (10.0) 9 (20.1) 17 (20.23) 0.25

ICU stay, N (%) 5 (10.0) 3 (6.9) 8 (10.0) 0.79

ERCP, N (%) 18 (36) 20 (46.51) 46 (54.76) 0.18

Concrement extraction rate, N (%) 15 (75.0) 12 (54.5) 35 (72.9) 0.24

Post-ERCP pancreatitis rate 0/18 (0) 2/20 (10) 0/84 (0) 0.64

Mortality, N (%) 0 (0.0) 0 (0.0) 1 (1.19) 0.57

Cholecystectomy

 � Yes 21 (42.0) 25 (58.13) 46 (54.76) 0.10

 � No 24 (48.0) 11 (25.58) 23 (27.38)

 � Unknown 5 (10.0) 7 (16.27) 15 (17.85)

AP, acute pancreatitis; ERCP, endoscopic retrograde cholangiopancreatography; ICU, intensive care unit; IMC, intermediate care unit ; RAC, revised Atlanta classification; SIRS, 
systemic inflammatory response syndrome.
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the literature. In the literature, a sonomorphological description 
of sludge detected in the gallbladder is given in most publica-
tions, however, only one publication directly refers to sludge 
in the CBD.30–32 Therefore, participant voting with as very 
strong agreement of 100% confirmed the consensus definition 
that biliary sludge can also be detected in the CBD. We found 
an obvious controversy whether the terms ‘biliary sludge’ and 
‘biliary microlithiasis’ describe an identical finding (please see 
survey question no. 28).

In line with this conflicting view both entities could cause clin-
ically significant pain, cholangitis and pancreatitis and should 
be treated equally. This inconsistent expert consensus reflects 
the need of a unified definition of those entities. A distinction is 
made between acute (then no longer idiopathic but biliary driven) 
pancreatitis or biliary colic as clinical manifestations, which can 
be associated with biliary sludge or microlithiasis, and the micro-
scopic morphology-based definition of sludge and microlithiasis. 
In the second case, biliary sludge and biliary microlithiasis are 
described primarily as conglomerates of primarily cholesterol 
monohydrate crystals. Biliary microlithiasis is often catego-
rised as ‘small gallstones’ in clinical evaluation. Biliary sludge is 
described in the literature both as a precursor to microlithiasis 
and gallstones themselves. The coexistence of sludge alongside 
gallstones can also occur in clinical practice.12 29 33 34 Ros et al 
showed that 81.8% of patients with idiopathic acute pancreatitis 
and evidence of biliary crystals developed gallstones within the 
next 6 months. However, whether biliary sludge or microlithi-
asis should be classified as disease inflicting continues to depend 
primarily on the clinical context of the detection. Regarding 
treatment, most experts recommended cholecystectomy when 
sludge/microlithiasis is detected in idiopathic acute pancreatitis, 
but no agreement was reached on how to proceed when liver 
function tests suggest sludge/microlithiasis but EUS is not avail-
able. Interestingly, in the absence of an episode of idiopathic 
acute pancreatitis, ERCP with sphincterotomy was selected as 
the first choice of treatment once symptoms such as abdominal 
pain were reported in clinical case vignettes. This clearly indi-
cates that only a widely used consensus definition will permit 
prospective trials addressing not only the clinical relevance of 
sludge and microlithiasis in the onset of pancreatitis but also in 
which way they should best be managed.

CONCLUSION
In summary, we conducted a systematic literature review 
followed by two rounds of an international expert survey and 
a live consensus meeting to arrive at a consensus definition 
for biliary sludge and biliary microlithiasis. The obtained defi-
nitions will permit to conduct prospective trials to determine 
the possibly different clinical relevance of these two entities as 
well as define the optimal treatment in order to prevent or treat 
pancreatitis of biliary origin.
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