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a b s t r a c t 

Background and Aims: Cholecystectomy is recommended to prevent recurrence of biliary pancreatitis, but 

supporting evidence is limited for sludge- and microlithiasis-induced acute pancreatitis (AP). This study 

aimed to compare relapse patterns and risk factors between patients with sludge/microlithiasis-induced 

AP and gallstone-induced AP. 

Methods: This analysis included 789 patients from the international, multicenter Relapstone cohort 

(Spain: 16 centers; Mexico: 2 centers), hospitalized between January 2018 and April 2020 with first- 

time biliary AP and no cholecystectomy during admission. Patients with sludge/microlithiasis-induced AP 

( n = 274) were compared to those with gallstone-induced AP ( n = 515) regarding pancreatobiliary com- 

plications. Multivariate analysis was used to assess relapse risk factors. 

Results: Pancreatobiliary complications occurred in 41.7 % of the gallstone cohort versus 32.1 % in the 

sludge/microlithiasis cohort ( p = 0.01). Correspondingly, the gallstone AP cohort showed a significantly 

lower complication-free survival rate (log-rank p = 0.0022; median follow-up: 6.1 vs. 8.1 months). In 

multivariate analysis, older age in the gallstone group was significantly associated with lower relapse risk 

(HR = 0.54, 95 % CI: 0.39–0.74). 

Conclusion: This multicenter study reveals distinct differences in relapse risk between gallstone- and 

sludge/microlithiasis-induced AP, with gallstone AP showing a higher rate of complications in the absence 

of cholecystectomy. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

The prevalence of gallstone disease and gallstone pancreati- 

is has increased remarkably in recent decades [ 1 , 2 ]. This is due

o increased metabolic risk factors, a more standardized global 

efinition of acute pancreatitis, and the increased use of high- 

esolution imaging techniques such as endoscopic ultrasound (EUS) 

r magnetic resonance imaging (MRI)/ MRI cholangiopancreatogra- 

hy (MRCP) [ 3 , 4 ]. EUS, in particular, has a high sensitivity in di-

gnosing gallstones compared to conventional ultrasonography, re- 

lassifying 25 % of pancreatitis considered idiopathic as gallstone- 

nduced [ 5 , 6 ]. A distinction is made between three types of calculi.

n addition to classic gallstones, biliary sludge and microlithiasis 

ave increasingly become the focus of attention, especially due to 

he higher detection rates by EUS [ 7 ]. Prospective studies on the 

athogenicity of sludge and microlithiasis in acute pancreatitis are 

till lacking. 

In contrast to gallstones, it is known that sludge and possibly 

lso microlithiasis have a high probability of spontaneous resolu- 

ion [ 8 , 9 ]. In addition to the physicochemical bile composition and

nteraction, gallbladder hypomotility plays a decisive role in sludge 

ormation [ 8 , 10 , 11 ]. There are data from various cohorts that sug-

est that if the specific trigger for sludge formation is eliminated, 

pontaneous sludge resolution occurs in 30 - 100 % of cases. Typi- 

al examples of sludge formation and resolution during the course 

re pregnant women, patients on total parenteral nutrition, or- 

an transplants, or taking special medications such as ceftriaxone 

 12–15 ]. Concerning the assessment of sludge and microlithiasis, 

any guidelines take a pragmatic approach due to a lack of high- 

uality data and recommend treatment equivalent to gallstones 

 16 , 17 ]. Data from retrospective studies show that the severity of 

cute pancreatitis and cholestasis does not differ significantly be- 

ween sludge, microlithiasis, and gallstone pancreatitis. However, 

he retrospective study design limits further conclusions and does 
o

1811
ot answer whether sludge and microlithiasis in acute pancre- 

titis should be interpreted as a pancreatitis-related gallbladder 

ypomotility-induced epiphenomenon [ 7 , 18 ]. Dutch data show that 

ludge and microlithiasis are also assessed differently from the en- 

oscopist’s point of view than gallstones in terms of interventional 

isk tolerance towards stone extraction. In a video-based study, in 

ontrast to gallstones, sludge and microlithiasis triggered an enor- 

ous therapeutic range of 10 - 90 % regarding whether sludge and 

icrolithiasis should be extracted from the common bile duct us- 

ng ERC and ES [ 19 ]. 

In the case of biliary pancreatitis, there is not only the question 

f therapeutic intervention in terms of acute treatment, but also 

he question of how to prevent recurrence. Evidence is lacking for 

ludge and microlithiasis-induced pancreaticobiliary complications 

fter biliary pancreatitis, especially in comparison to gallstone pan- 

reatitis. A lack of differentiation between the three types of cal- 

uli and a subsumption of sludge and microlithiasis in either the 

allstone pancreatitis cohort or the IAP cohort has so far made 

alculi-specific risk assessment difficult. Therefore, this multicenter 

tudy aimed to describe for the first time pancreatobiliary compli- 

ation rates after first-time sludge/microlithiasis AP compared to 

allstone AP. 

. Methods 

.1. Patient selection 

A total of 941 patients with a first episode of biliary pan- 

reatitis from the international multicenter retrospective RELAP- 

TONE cohort were screened for inclusion in the study [ 20 ]. The 

atients were treated as inpatients for biliary pancreatitis at six- 

een Spanish and two Mexican centers between 1 January 2018 

nd 30 April 2020 (all participating centers are listed at the end 

f the manuscript). The definition of acute biliary pancreatitis was 

http://creativecommons.org/licenses/by/4.0/
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Fig. 1. Relapstone patient selection stratified by underlying concrement type. 
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ased on the revised Atlanta Classification and the mandatory de- 

ection of sludge, microlithiasis or gallstones during hospitalization 

 3 ]. Patients were classified retrospectively into the gallstone-AP 

roup if imaging revealed gallstones larger than 5 mm with corre- 

ponding acoustic shadowing. Those with echogenic calculi ≤5 mm 

ccompanied by acoustic shadowing, or with hyperechoic mate- 

ial lacking acoustic shadowing, were assigned to the microlithia- 

is/sludge AP group. If classification into the sludge/microlithiasis 

r gallstone group was not possible using transabdominal ultra- 

ound or CT, second-level imaging with EUS or MRI/MRCP was 

erformed to confirm the diagnosis and ensure the most accu- 

ate characterization of the concretions. To analyze pancreatobil- 

ary complication rates between the sludge/microlithiasis-induced 

nd gallstone-induced pancreatitis patients, all patients who had 

ndergone cholecystectomy or endoscopic sphincterotomy as part 

f a previous hospital presentation due to previous pancreatitis 

r any other pancreatobiliary reason were excluded. Patients with 

holecystitis and cholangitis were also excluded, as both diagnoses 

ould have resulted in an indication for surgery or endoscopic ret- 

ograde cholangiopancreatography (ERCP), biasing the pancreato- 

iliary complication. The definitions for cholecystitis and cholan- 

itis are based on the Tokyo Guidelines 2018 [ 21 , 22 ]. Patients who

ied during the index admission, patients with previous pancre- 

ticobiliary surgery, and patients with biliary, duodenal, or pancre- 

tic cancer were also excluded, as were patients with benign bil- 

ary strictures. One hundred fifty-two patients were excluded as 

he type of calculi could not be extracted from the records. Based 

n the types of calculi, the biliary pancreatitis cohort ( n = 789) 

as stratified into sludge/microlithiasis patients ( n = 274) and gall- 

tone patients ( n = 515; Fig. 1 ). The end of follow-up was defined

s cholecystectomy, death of a patient or the last available record 

n hospital admission until April 30th 2020. A key factor contribut- 

ng to the methodological analyzability of the cohort was the ab- 

ence of an active decision-making process regarding surgery. In- 

tead, the observation period for both cohorts was determined by 

he waiting time for a potential cholecystectomy, rather than being 

nfluenced by selection bias from active patient selection. This bil- 

ary pancreatitis cohort study followed the Strengthening the Re- 

orting of Observational Studies in Epidemiology (STROBE) guide- 

ine (Supplement Table 1 ) [ 23 ]. Data was collected in anonymized 

orm. 
1812
.2. Primary and secondary endpoint 

The primary endpoint was the rate of pancreaticobiliary compli- 

ations in patients with sludge/microlithiasis versus gallstone pan- 

reatitis, measured as complication-free survival rate. The type of 

ancreaticobiliary complications for each case was recorded as a 

econdary endpoint. The following were evaluated as pancreatico- 

iliary complications during follow-up: acute pancreatitis (classi- 

ed according to RAC), acute cholecystitis, acute cholangitis, symp- 

omatic choledocholithiasis, and biliary colic, always with the need 

or re-hospitalization. 

.3. Statistical analysis 

The Mann-Whitney U test was used for comparison of con- 

inuous variables as appropriate. Categorical variables were ana- 

yzed using the Chi-squared test. A p-value < 0.05 was considered 

tatistically significant. Missing data were imputed (median val- 

es for continuous variables and mode values for categorical vari- 

bles) for independent variables with < 5 % missing data. Kaplan- 

eier survival curves and subsequent statistical analyses were con- 

ucted using R (version 4.4.0) and RStudio (version 2023.06.1). 

elapse analysis was performed using the “survival” package[ 24 ], 

ith the log-rank test employed for bivariate comparisons to eval- 

ate differences in complication-free survival probabilities during 

he 24 months following the first episode of AP. Multivariate anal- 

sis was conducted using the “survivalAnalysis” package[ 25 ] to as- 

ess the impact of multiple variables on complication-free sur- 

ival. No custom functions were developed for this study. The 

 scripts and functions used in the analysis are available upon 

equest. 

. Results 

.1. Population characteristics 

The majority of patients with biliary pancreatitis suffered from 

allstone-induced pancreatitis ( n = 515/789, 65.2 %). In both gall- 

tone and the sludge/microlithiasis AP cohorts, the majority of pa- 

ients were female, n = 280/515 (54.3 %) and n = 146/274 (53.2 %) 

espectively. The sludge/microlithiasis AP cohort was significantly 

lder than the gallstone AP cohort: 71.9 years [IQR: 57.80 - 83.62] 

s. 68.9 years [IQR: 51.08 - 79.26], p < 0.001. 9.5 % of the gall-

tone AP cohort and 17.14 % of the sludge/microlithiasis AP co- 

ort underwent endosonography during the episode of pancreati- 

is, while 29.5 % of the gallstone AP and the sludge/microlithiasis 

ohort underwent MRI. Based on the Charlson comorbidity index, 

here were no significant differences between the two AP cohorts. 

n both cohorts, most patients had a low comorbidity score of 0–1 

oints (gallstone AP: 371/515 (72.0 %) vs. sludge/microlithiasis AP: 

89/274 (68.9 %), p = 0.412). A detailed list of all comorbidities, 

tratified by gallstones vs. sludge/microlithiasis AP, can be found in 

able 1 . 

.2. Outcome of the pancreatitis index episode 

No significant difference was found between the two AP co- 

orts regarding mild and moderate pancreatitis. 76.3 % of the gall- 

tone AP patients and 81.0 % of the sludge/microlithiasis AP pa- 

ients experienced mild pancreatitis ( p = 0.153, Table 2 ). However, 

he gallstone AP cohort showed a significantly higher rate of severe 

ancreatitis (7.3 % ( n = 38/515) vs. 2.5 % ( n = 7/274), p = 0.01).

n line with the low number of severe cases, only 12.0 % of gall- 

tone AP patients and 9.4 % of sludge/microlithiasis patients de- 

eloped acute peripancreatic fluid collection (or pancreatic pseu- 

ocyst; p = 0.33) and 9.9 % of gallstone AP patients and 8.3 % 
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Table 1 

Baseline characteristics. 

Gallstone-AP Sludge-/Microlithiasis-AP p-value 

Patients, N 515 (65.27 %) 274 (34.73 %) 

Sex, N ( %) 

M 235 (45.63 %) 128 (46.72 %) 0.84 

F 280 (54.37 %) 146 (53.28 %) 0.83 

Age (median), IQR 68.99 

[51.08 - 79.26] 

71.96 

[57.80 - 83.62] 

< 0.001 

Concrement localisation ( %) 

Gallbladder 481 (93.40 %) 274 (100.00 %) < 0.001 

Common bile duct 22 (4.27 %) 0 < 0.001 

Gallbladder + Common bile duct 12 (2.33 %) 0 < 0.001 

Imaging performed during pancreatitis hospitalisation 

Transabdominal ultrasonography 463 (89.90 %) 257 (93.80 %) 

Endoscopic Ultrasound 49 (9.51 %) 47 (17.15 %) 

Magnetic resonance imaging 152 (29.51 %) 81 (29.56 %) 

Computed axial tomography 234 (45.44 %) 135 (49.27 %) 

Charlson comorbidity index diseases 

Myocardial infarction 33 (6.41 %) 19 (6.93 %) 

Congestive heart failure 22 (4.27 %) 16 (5.84 %) 

Peripheral vascular disease 19 (3.69 %) 13 (4.74 %) 

Cerebrovascular disease 27 (5.24 %) 26 (9.49 %) 

Dementia 24 (4.66 %) 23 (8.40 %) 

Chronic pulmonary disease 59 (11.46 %) 32 (11.68 %) 

Rheumatologic disease 16 (3.11 %) 8 (2.92 %) 

Peptic ulcer disease 17 (3.30 %) 8 (2.92 %) 

Mild liver disease 13 (2.52 %) 8 (2.92 %) 

Moderate or severe liver disease 4 (0.78 %) 2 (0.73 %) 

Diabetes without chronic complications 79 (15.34 %) 50 (18.25 %) 

Diabetes with chronic complications 8 (1.55 %) 6 (2.19 %) 

Hemiplegia or paraplegia 3 (0.58 %) 2 (0.73 %) 

Chronic renal disease 42 (8.15 %) 19 (6.93 %) 

Non-metastatic solid tumor 47 (9.13 %) 22 (8.03 %) 

Metastatic solid tumor 6 (1.17 %) 2 (0.73 %) 

Leukemia 2 (0.39 %) 2 (0.73 %) 

Lymphoma 5 (0.97 %) 3 (1.10 %) 

AIDS 1 (0.20 %) 0 (0 %) 

Charlson comorbidity index 

Low comorbidity (0–1) 371 (72.04 %) 189 (68.98 %) 0.41 

Medium comorbidity (2) 101 (19.61 %) 65 (23.72 %) 0.21 

High comorbidity (3 or more) 43 (8.35 %) 20 (7.30 %) 0.70 
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f sludge/microlithiasis patients developed some form of necrotic 

ollection (ANC or WOPN, p = 0.57). The length of hospitaliza- 

ion was 6 days in both groups. In the gallstone AP cohort, 2.5 % 

nd in the sludge/microlithiasis AP cohort, 1.1 % required inten- 

ive care treatment ( p = 0.28). In the gallstone AP cohort, sig- 

ificantly higher median values for bilirubin and ALT were ob- 

erved within the first 48 h after hospital admission compared 

o the sludge/microlithiasis AP cohort (bilirubin: 1.56 mg/dL vs. 

.01 mg/dL, p = < 0.001; ALT: 126.00 U/L vs. 70.00 U/L, p = <

.001). No significant differences in c-reactive protein values were 

ound between the two cohorts in the first 48 h after hospital 

dmission and in the highest measured value. Likewise, no sig- 

ificant difference was found in the number of ERCPs performed 

gallstone AP: 50 (9.71 %) vs. sludge/microlithiasis AP: 19 (6.93 %), 

 = 0.23) and the number of ERCP complications (1.36 % vs. 1.10 %, 

 = 0.99). The median follow-up time was significantly longer 

n the sludge/microlithiasis-AP cohort (8.15 months) than in the 

allstone-AP cohort (6.13 months; p < 0.001). During follow-up, 

39 (65.83 %) patients in the gallstone AP cohort and 154 (56.20 %) 

atients in the sludge/microlithiasis AP cohort underwent chole- 

ystectomy after a median waiting period of 4.3 and 4.6 months, 

espectively ( p = 0.41). 

.3. Pancreatobiliary complication rate 

The complication-free survival rate at 6 months was 0.67 [95 % 

I: 0.62 – 0.71] for the gallstone AP cohort and 0.75 [95 % CI: 

.69 – 0.81] for the sludge/microlithiasis AP cohort ( p = 0.27). 

t 12 months follow-up, the complication-free survival rate was 
1813
.55 for the gallstone AP cohort [95 % CI: 0.49 – 0.61] and 0.73 

or the sludge/microlithiasis AP cohort [95 % CI: 0.67 – 0.79], 

 p = 0.09). At 24 months follow-up, the complication-free survival 

ate was 0.46 for the gallstone AP cohort [95 % CI: 0.39 – 0.53] 

nd 0.59 for the sludge/microlithiasis AP cohort [95 % CI: 0.51 –

.69], ( p = 0.002). The gallstone AP cohort showed a significantly 

ower complication-free survival rate than the sludge/microlithiasis 

P cohort (log-rank p = 0.0022, Fig. 2 ). Over the entire follow- 

p period, the rate of pancreaticobiliary complications was 41.75 % 

215/515) in the gallstone AP cohort compared to 32.12 % (88/274) 

n the sludge/microlithiasis AP cohort ( p = 0.01, Table 3 ). The most

ommon complication was a recurrent episode of acute pancreati- 

is, with a frequency of 24.08 % in the gallstone AP cohort and 

0.07 % in the sludge/microlithiasis cohort. The median time to the 

rst pancreaticobiliary complication was 2.22 months in the gall- 

tone AP cohort and 2.3 months in the sludge/microlithiasis cohort 

 p = 0.96). In the gallstone AP cohort, the highest complication rate 

as observed in patients with severe AP. In contrast, within the 

ludge/microlithiasis AP cohort, those with severe AP experienced 

he lowest complication rate at the 24-month follow-up (Supple- 

ent Figure 1 & 2). In the multivariate analysis, a Charlson comor- 

idity index of 2 points (medium) was found to be a prognostic 

actor for the sludge/microlithiasis AP cohort, which was indepen- 

ently associated with a higher risk of pancreatobiliary complica- 

ions during follow-up (HR = 2.07, 95 % CI: 1.24 – 3.46). In the 

allstone AP cohort, older age was significantly associated with a 

ower risk of pancreaticobiliary complications (HR = 0.54, 95 % CI: 

.39 – 0.74, Fig. 3 ), but not in patients with sludge/microlithiasis. 
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Table 2 

Outcome of the pancreatitis index episode. 

Gallstone-AP Sludge-/Microlithiasis-AP p Value 

RAC (Index-AP) 

Mild 393 (76.31 %) 222 (81.02 %) 0.15 

Moderate 84 (16.31 %) 45 (16.42 %) 0.99 

Severe 38 (7.38 %) 7 (2.56 %) 0.01 

Acute peripancreatic fluid collection 

(or pancreatic pseudocyst) 

No collection 402 (78.06 %) 225 (82.12 %) 0.21 

Liquid collection 62 (12.04 %) 26 (9.48 %) 0.33 

Necrotic collection 51 (9.90 %) 23 (8.39 %) 0.57 

Location of the necrotic collection 

Intrapancreatic 7 (1.36 %) 5 (1.82 %) 0.84 

Extrapancreatic 21 (4.10 %) 4 (1.46 %) 0.07 

Both locations 23 (4.47 %) 14 (5.11 %) 0.82 

Length of hospital stay (days, median) 6 6 

ICU admission 13 (2.52 %) 3 (1.10 %) 0.28 

Length of ICU stay (days, median) 6 7 

CRP (mg/L, median) 

At first 24/48 h of admission 15.00 19.70 0.56 

The highest value 129.20 132.20 0.82 

At discharge 34.95 42.75 0.02 

Bilirubin (mg/dl, median) 

At first 24/48 h of admission 1.56 1.01 < 0.001 

The highest value 1.67 1.14 < 0.001 

At discharge 0.60 0.52 0.01 

ALT (U/L, median) 

At first 24/48 h of admission 126.00 70.00 < 0.001 

The highest value 133.50 79.00 < 0.001 

At discharge 32.00 28.00 0.01 

ERCP 

Performed 50 (9.71 %) 19 (6.93 %) 0.24 

All stones removed 36 (7.00 %) 16 (5.84 %) 

Sphincterotomy performed 47 (9.13 %) 17 (6.20 %) 

Wirsung cannulation 16 (3.10 %) 6 (2.19 %) 

Wirsung stent 6 (1.17 %) 6 (2.19 %) 

Biliary stent 5 (0.97 %) 4 (1.46 %) 

ERCP complications 7 (1.36 %) 3 (1.10 %) 0.99 

Post ERCP Pancreatitis 3 (0.58 %) 0 

Bleeding 4 (0.78 %) 2 (0.73 %) 

Others 0 1 (0.36 %) 

Median follow-up time (months) 6.13 8.15 < 0.001 

Number of cholecystectomies 339 (65.83 %) 154 (56.20 %) 0.01 

Median waiting time (months) 4.30 4.60 0.41 

< 3 months 

3–6 months 

> 6 months 

NA 

115 

111 

109 

4 

50 

48 

55 

1 

Table 3 

Pancreatobiliary complication rate stratified by underlying concrement type. 

Gallstone-AP Median time to relapse Sludge-/ 

Microlithiasis-AP 

Median time to relapse p 

Pancreatobiliary complications 215 (41.75 %) – 88 (32.12 %) – 0.01 

a. Acute pancreatitis 124 (24.08 %) 2.20 (0.763–5.284) 55 (20.07 %) 2.59 (0.38 - 11.82) 0.23 

Severity (RAC) 

Mild 

Moderate 

Severe 

104 (20.20 %) 

13 (2.52 %) 

7 (1.36 %) 

–

46 (16.79 %) 

6 (2.55 %) 

3 (1.09 %) 

– 0.29 

1.00 

1.00 

b. Acute cholecystitis 16 (3.11 %) 2.27 (1.860–2518) 3 (1.09 %) 2.43 (N/A-4.018) 0.13 

c. Acute cholangitis 6 (1.17 %) 2.17 (0.583–5.733) 3 (1.09 %) 1.01 (N/A-3.819) 1.00 

d. Symptomatic choledocholithiasis 12 (2.33 %) 2.83 (0.394–7.451) 5 (1.82 %) 1.05 (0.25 −1.47) 0.83 

e. Biliary colic 41 (7.96 %) 1.64 (0.560–4.609) 16 (5.84 %) 2.88 (0.67 - 4.23) 0.34 

f. Any combination 16 (3.11 %) 3.65 (1.670–7.488) 6 (2.19 %) 1.31 (0.28 −7.43) 0.60 

Median time to first relapse (all; 

months) 

2.22 2.30 0.96 

4
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. Discussion 

Our data from a large multicentre cohort demonstrate for 

he first time a significant difference in the rate of pancreato- 

iliary complications following AP between sludge/microlithiasis- 

P and gallstone-AP. The lower complication rate observed dur- 
1814
ng follow-up supports, for the first time, the consideration of 

he sludge/microlithiasis AP cohort as a distinct clinical entity—

ne that may warrant a more conservative interventional approach, 

articularly in patients with elevated perioperative risk. Due to a 

ack of prospective data to assess the pathophysiological relevance 

f microlithiasis and sludge, several guidelines have so far taken 
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Fig. 2. Complication-free survival rate stratified by underlying concrement type. 
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he pragmatic approach recommending cholecystectomy if symp- 

oms are in line with microlithiasis or sludge to prevent pancreati- 

is recurrence [ 26 , 27 ]. The evidence underlying this recommenda- 

ion is weak and, for example, is based on one single-center study 

ithout using EUS to diagnose biliary sludge [ 28 ]. Data specifi- 

ally on the prognostic assessment of sludge and microlithiasis in 

he context of AP and possible pancreaticobiliary complications in 

he absence of cholecystectomy or endoscopic sphincterotomy are 

carce. The data are missing because cholecystectomy is a highly 

ffective method of preventing recurrences in the case of gallstone 

P and appears effective in idiopathic AP cohorts [ 29–32 ]. In the 

atter cohorts, sludge and microlithiasis were often subsumed un- 

er this heading without being specifically evaluated as risk factors 

or pancreatitis recurrence. In addition, there are ethical aspects 

hat prohibit a watch and wait strategy after a first attack of bil- 

ary pancreatitis, since effective surgical and endoscopic measures 

o prevent recurrence are at hand. 

As a result, little data has been collected in the past on the 

natural history’ of sludge and microlithiasis in the context of 

cute pancreatitis. It is, therefore, also unknown how the spon- 

aneous resolution of sludge and microlithiasis after cured AP 

ompares to the risk of pancreaticobiliary complications if chole- 

ystectomy or ERCP is not performed. Data from the retrospec- 

ive US National Readmission Database (NRD) from 2010 – 2014 

ound a 60-day re-hospitalisation rate of 26.8 % (12.040/44.855 pa- 

ients) for patients with neither a cholecystectomy nor an ERCP 

fter suffering biliary pancreatitis [ 33 ]. The cohort was not cate- 

orized into gallstones vs. sludge/microlithiasis AP as part of the 

tudy. In our study, higher re-hospitalization rates were observed 

or both gallstone AP (41.75 %) and the sludge/microlithiasis AP 

ith 32.12 %, albeit with a longer median follow-up than the US 

tudy. 

For patients with symptomatic biliary sludge who did not re- 

eive cholecystectomy, a 5-year cumulative biliary event rate of 

3.9 % was reported [ 34 ]. One possible explanation for the 32.12 %

ancreaticobiliary complication rate in the sludge-/microlithiasis 

P cohort is the comparatively low number of EUS examinations 

erformed in this cohort (17.15 %). As a result, sludge or microlithi- 
1815
sis in the CBD may not have been detected, resulting in an equally 

ow sphincterotomy rate of 6.2 %. The lower rate of cholecystec- 

omies performed in the sludge-/microlithiasis-AP group is possi- 

ly an expression of a more cautious recommendation for chole- 

ystectomy as opposed to a possibly more aggressive surgical rec- 

mmendation in the case of gallstones (56.2 % vs. 65.8 % cholecys- 

ectomies performed in the follow-up period). This would be con- 

istent with the reluctant approach of the Dutch endoscopy experts 

o intervene in the case of sludge, unlike in the case of gallstones, 

here there was a correspondingly high willingness to perform an 

RC [ 19 ]. 

One methodological advantage that arose from the long waiting 

ime for a cholecystectomy in Spain was the fact that the “natu- 

al course” of gallstone and sludge/microlithiasis AP could be ob- 

erved for the first time in the context of our study and that a sys-

ematic bias effect could be avoided by avoiding an active medical 

ecision-making process. 

For the first time, it could be shown in a large multicenter 

ohort that even when microlithiasis and sludge are grouped to- 

ether as one cohort and compared with the classic gallstone AP, 

he complication rates in the follow-up are significantly lower. This 

ffect would probably be even more pronounced if a pure sludge 

P cohort with a higher post-inflammatory resolution probability 

ere considered. Furthermore given that 10.8 % of patients suffer 

omplications within 30 days of cholecystectomy for benign gall- 

ladder disease and that, in an 18-month comparison, laparoscopic 

holecystectomy is no better than conservative management for 

ncomplicated symptomatic gallstone disease, the question arises 

s to whether patients with sludge and microlithiasis AP should 

ndergo cholecystectomy per se or whether an endoscopic sphinc- 

erotomy might be sufficient as an alternative procedure to prevent 

ecurrence [ 35 , 36 ]. In the gallstone AP cohort, age over 54 years

as a favorable prognostic factor. It correlated with a lower rate 

f pancreaticobiliary complications in line with previous data for 

atients over 70 years of age with symptomatic CBD stones after 

ndoscopic stone removal [ 37 ]. However, it remained unclear why 

 medium Charlson comorbidity index in the sludge/microlithiasis 

P cohort could be identified as an independent risk factor for a 

igher rate of pancreaticobiliary complications. It is possible that 

he increased disease burden and comorbidities, including pharma- 

otherapy in this cohort, correlates with the tendency towards in- 

reased sludge and microlithiasis formation. 

.1. Strengths and limitations 

Due to the retrospective study design, it was impossible to 

tratify patients in advance based on the newly published consen- 

us definition for sludge and microlithiasis [ 7 ]. This and the com- 

aratively low rate of EUS examinations have led to some het- 

rogeneity within the sludge and microlithiasis AP cohort, since 

he classification as such remained dependent on the examiner. 

urthermore, the initial sample size calculation for the trial was 

ased on the rate of pancreatobiliary complications in symptomatic 

holelithiasis, with AP as one cause. Therefore, other possible prog- 

ostic factors such as BMI, hypothyroidism or genetic predisposi- 

ions may not have reached significance in the multivariate analy- 

is. Likewise, due to the selection of the cohort as a first episode 

f biliary pancreatitis, no analyses could be performed with re- 

pect to a corresponding therapeutic effect of UDCA intake in this 

ollective. Owing to the high likelihood of sludge or microlithia- 

is translocating into the duodenum, concretions were consistently 

etected only within the gallbladder in the sludge/microlithiasis- 

ssociated pancreatitis (AP) cohort. This limitation somewhat re- 

tricts the generalizability of the findings to cases involving CBD 

ludge or microlithiasis. Our study highlights various strengths that 

xpand the pathophysiological understanding of sludge and mi- 
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Fig. 3. Multivariate analysis - Identification of independent factors associated with relapse. 
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rolithiasis in the context of acute pancreatitis. For the first time, 

e show in a large, multicenter cohort that the rates of pancre- 

ticobiliary complications after biliary pancreatitis differ signifi- 

antly between gallstone AP and sludge/microlithiasis AP patients. 

his provides the basis for a prospective study design to investi- 

ate whether patients with evidence of sludge and microlithiasis 

n the context of acute pancreatitis should always undergo chole- 

ystectomy, as previously recommended by various guidelines, or 

hether an endoscopic sphincterotomy ± choleretics as a treat- 

ent option for the prevention of recurrence might be sufficient. 

nly a prospective trial design can ultimately determine whether 

ludge detected in the context of AP is merely a consequence of 

P-related gallbladder hypomotility, rather than a primary causal 

actor of the condition. By focusing on the clinically relevant end- 

oint of pancreatobiliary complication rates during follow-up, such 

 prospective RCT would enable an initial assessment of whether 

ffering endoscopic sphincterotomy as a non-inferior treatment 

ption for patients with sludge- or microlithiasis-associated AP is 

thically and logistically justifiable and feasible. Another strength 

f the study is the combination of endpoints since, unlike in pre- 

ious studies, not only the rate of pancreatitis recurrence but also 

ll symptoms associated with cholelithiasis were recorded. 

. Conclusion 

Our study shows for the first time in a large multicenter 

ohort that the rates of pancreaticobiliary complications after 

cute biliary pancreatitis differ significantly between gallstones 

nd sludge/microlithiasis AP. The rate of complications was signif- 

cantly lower in patients with sludge and microlithiasis. Therefore, 

rospective studies are needed to validate these findings and eval- 

ate specific treatment concepts for sludge and microlithiasis in 

he context of acute pancreatitis. 
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