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Background: Gallstone disease is among the most prevalent hepatobiliary disorders worldwide and represents a leading etiology of acute 

pancreatitis. While gallstones are a well-established cause of pancreatitis, the precise influence of gallstone characteristics particularly size and 

number on the occurrence and severity of gallstone-induced pancreatitis remains incompletely defined. This study aimed to evaluate the 

association between gallstone characteristics and gallstone induced pancreatitis, and to compare these findings between patients with and 

without pancreatitis. Subjects and Methods: A hospital-based observational analytical study was conducted at the Department of General 

Surgery, Teerthanker Mahaveer Medical College and Research Centre, Moradabad, India. A total of 184 participants were enrolled: 92 patients 

with gallstone-induced pancreatitis (cases) and 92 patients with symptomatic gallstone disease without pancreatitis (controls). Gallstone size 

and number were assessed by abdominal ultrasonography. Diagnosis of acute pancreatitis was established using the Revised Atlanta 

Classification. Statistical associations were determined using Chi-square test and multivariate logistic regression analysis. Results: A female 

predominance was noted in both groups. Mean gallstone size was significantly larger in cases than controls (12.6 ± 5.2 mm vs. 5.8 ± 2.4 mm; 

p<0.001). Gallstone number alone was not significantly associated with pancreatitis (p=0.89); however, the combined effect of stone size and 

multiplicity demonstrated a highly significant association (p<0.001). Multivariate logistic regression identified gallstone size ≤5 mm (Adjusted 

OR=4.82; p<0.001) and multiple stones (Adjusted OR=2.96; p=0.001) as independent predictors of pancreatitis. Mild pancreatitis was the most 

common presentation (63.0%), followed by moderately severe (26.1%) and severe (10.9%). Larger stones and stone multiplicity were 

significantly associated with greater disease severity and higher serum amylase levels (p<0.001). Conclusion: Gallstone size and multiplicity 

are important independent predictors of both the occurrence and severity of gallstone-induced pancreatitis. Routine ultrasonographic assessment 

of these parameters may facilitate risk stratification, guide prophylactic intervention, and help reduce pancreatitis-related morbidity. 
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Introduction 

 

Gallstone disease (cholelithiasis) is one of the most common 

gastrointestinal disorders encountered in surgical practice 

worldwide, with a prevalence ranging from 10–20% in 

Western populations.[1] The burden of gallstone disease is 

also rising in developing nations, driven by urbanization, 

dietary transitions, increasing rates of obesity, and metabolic 

syndrome.[2] Although the majority of individuals with 

gallstones remain asymptomatic throughout their lives, 

approximately 10–20% develop symptomatic disease or 

complications, including acute cholecystitis, cholangitis, 

choledocholithiasis, and acute pancreatitis.[3] 

Acute pancreatitis is an acute inflammatory condition of the 

pancreas with a clinical spectrum ranging from mild self-

limiting disease to life-threatening multi-organ failure.[4] It 

represents one of the leading causes of gastrointestinal-

related hospital admissions globally, with an estimated 

incidence of 34 per 100,000 persons per year and a case 

fatality rate of approximately 1–3% for mild disease and up 

to 30% for severe necrotizing pancreatitis.[5] Gallstones 

account for approximately 35–45% of all acute pancreatitis 

cases, making cholelithiasis the single most common 

identifiable etiology.[6] 

The pathogenesis of gallstone-induced pancreatitis involves 

transient or persistent impaction of a gallstone or passage of 

biliary sludge at the ampulla of Vater, resulting in pancreatic 

duct obstruction, ductal hypertension, premature intracellular 

activation of digestive enzymes, acinar cell injury, and a 

subsequent systemic inflammatory response.[7] This 

sequence of events is more likely to occur with small 

gallstones that are capable of migrating through the cystic 

duct and entering the common bile duct.[8] 
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Considerable interest has focused on gallstone morphology 

as a determinant of pancreatitis risk. Multiple studies have 

demonstrated that small gallstones (≤5 mm) are 

disproportionately associated with acute pancreatitis 

compared with larger stones, as their smaller diameter 

enables migration from the gallbladder into the biliary 

system and subsequent impaction at the ampulla.[9,10] 

Venneman et al. demonstrated that small gallstones were 

independently associated with a significantly elevated risk of 

acute pancreatitis, and proposed prophylactic 

cholecystectomy as a potential preventive strategy in high-

risk individuals.[10] The presence of multiple gallstones has 

similarly been implicated, as a higher stone burden may 

increase the frequency of stone migration and biliary 

events.[11] 

Severity assessment in acute pancreatitis is guided by 

validated classification systems, most notably the Revised 

Atlanta Classification (2012), which stratifies pancreatitis 

into mild, moderately severe, and severe categories based on 

the presence and persistence of organ failure and local or 

systemic complications.[12] Biochemical markers such as 

serum amylase and lipase remain central to diagnosis, and 

elevated levels correlate broadly with the degree of 

pancreatic inflammation, though their absolute values do not 

reliably predict severity.[13] 

Despite the clinical importance of gallstone characteristics, 

no universally accepted risk stratification model 

incorporating gallstone size and multiplicity currently 

exists.[14] Identification of high-risk gallstone morphology 

could assist clinicians in selecting patients for early 

cholecystectomy, reducing the risk of recurrent pancreatitis 

and associated morbidity.[15] The present study was therefore 

conducted to systematically evaluate the association between 

gallstone characteristics specifically stone size and number 

and the occurrence and severity of gallstone-induced 

pancreatitis, and to compare these parameters between cases 

and controls in an Indian tertiary care setting. 

Aims and Objectives 

The present study was conducted to: 
1. Evaluate the association between gallstone size and 

number and the occurrence of gallstone-induced 

pancreatitis. 

2. Compare gallstone characteristics between patients with 

gallstone-induced pancreatitis (cases) and symptomatic 

gallstone disease without pancreatitis (controls). 

3. Assess the relationship between gallstone characteristics 

and the severity of pancreatitis as classified by the 

Revised Atlanta Classification. 

4. Determine independent predictors of gallstone-induced 

pancreatitis using multivariate logistic regression 

analysis. 

 

Subjects and Methods 

 

This hospital-based observational analytical study was 

conducted in the Department of General Surgery, 

Teerthanker Mahaveer Medical College and Research 

Centre, Moradabad, Uttar Pradesh, India, over a period of 18 

months after obtaining approval from the Institutional Ethics 

Committee. Written informed consent was obtained from all 

participants prior to enrollment. 

A total of 184 adult patients aged ≥18 years were enrolled 

and divided into two groups: 92 patients diagnosed with 

gallstone-induced pancreatitis (cases) and 92 patients with 

symptomatic gallstone disease without pancreatitis 

(controls). Diagnosis of acute pancreatitis was established 

according to the Revised Atlanta Classification, requiring at 

least two of the following three criteria: (1) characteristic 

abdominal pain consistent with acute pancreatitis; (2) serum 

amylase or lipase levels more than three times the upper limit 

of normal; and (3) radiological evidence of acute pancreatitis 

on contrast-enhanced computed tomography (CECT) or 

magnetic resonance imaging (MRI) of the abdomen.[12] 

Exclusion criteria included patients with alcohol-induced 

pancreatitis, hypertriglyceridemia-induced pancreatitis, 

pancreatic malignancy, chronic pancreatitis, post-endoscopic 

retrograde cholangiopancreatography (ERCP) pancreatitis, 

or incomplete clinical or imaging data. Patients with 

alternative etiologies of abdominal pain or elevated 

pancreatic enzymes were also excluded. 

Demographic and clinical information including age, sex, 

symptom duration, and comorbid conditions were recorded 

using a structured proforma. All participants underwent 

abdominal ultrasonography, the recommended first-line 

imaging modality for evaluation of gallstone disease, to 

assess gallstone size and number.[16] Gallstone size was 

measured as the maximum diameter of the largest stone and 

categorized into three groups: ≤5 mm, 6–10 mm, and >10 

mm, in accordance with previously reported risk 

stratification criteria.[9,10] Stone number was categorized as 

single or multiple. 

Serum amylase levels were measured at the time of 

presentation, and pancreatitis severity was graded using the 

Revised Atlanta Classification.[12] Data were entered into 

Microsoft Excel and analyzed using appropriate statistical 

software. Continuous variables were expressed as mean ± 

standard deviation (SD), and categorical variables as 

frequencies and percentages. Association between gallstone 

characteristics and the occurrence and severity of pancreatitis 

was assessed using the Chi-square test. Independent 

predictors of pancreatitis were identified by multivariate 

logistic regression analysis. A p-value of <0.05 was 

considered statistically significant. 

 

Results 

 

A total of 184 participants were included, comprising 92 

patients with gallstone-induced pancreatitis (cases) and 92 

patients with symptomatic gallstone disease without 

pancreatitis (controls). The baseline demographic 

characteristics of both groups were comparable. Female 

participants predominated in both groups, constituting 58.7% 

of controls and 67.4% of cases. No statistically significant 

differences in age or sex distribution were observed between 

the groups (p>0.05), confirming demographic comparability. 

[Table 1]
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Table 1: Baseline Demographic Characteristics of Study Participants 

Characteristic Controls (n=92) Cases (n=92) 
Mean Age (years) Comparable Comparable 

Female, n (%) 54 (58.7%) 62 (67.4%) 

Male, n (%) 38 (41.3%) 30 (32.6%) 

p-value (age/sex) >0.05 >0.05 

 

A significant association was observed between gallstone 

size and the occurrence of gallstone-induced pancreatitis. 

The mean gallstone size was substantially larger among cases 

than controls (12.6 ± 5.2 mm vs. 5.8 ± 2.4 mm; p<0.001). 

Stones measuring >10 mm were predominantly observed 

among cases, whereas stones ≤5 mm were more common in 

the control group. [Table 2] These findings are consistent 

with the well-established concept that smaller stones have 

greater migratory potential but that larger stones, once 

impacted, cause more severe obstruction and inflammation. 

 

Table 2: Association of Gallstone Size with Gallstone-Induced Pancreatitis 

Parameter Controls (n=92) Cases (n=92) 

Mean Stone Size (mm) 5.8 ± 2.4 12.6 ± 5.2 

≤5 mm Predominant Less frequent 

6–10 mm Intermediate Intermediate 

>10 mm Less frequent Predominant 

p-value <0.001 <0.001 

 

In contrast, stone number alone was not significantly 

associated with the occurrence of pancreatitis. The 

distribution of single/few and multiple stones was 

comparable between cases and controls (52.2% vs. 47.8% for 

single stones; p=0.89). [Table 3]

 

Table 3: Association of Gallstone Number with Gallstone-Induced Pancreatitis 

Stone Number Controls (n=92) Cases (n=92) 

Single/Few Stones 48 (52.2%) 44 (47.8%) 

Multiple Stones 44 (47.8%) 48 (52.2%) 

p-value 0.89 0.89 

 

However, multivariate logistic regression demonstrated that 

when both stone size and number were analyzed together, 

both parameters emerged as independent predictors of 

gallstone-induced pancreatitis. Gallstone size ≤5 mm was the 

strongest independent predictor, increasing the odds of 

pancreatitis nearly five-fold (Adjusted OR=4.82; 95% CI: 

2.71–8.57; p<0.001). Multiple stones were also 

independently associated with a significantly elevated risk of 

pancreatitis (Adjusted OR=2.96; 95% CI: 1.56–5.61; 

p=0.001). [Table 4]

 

Table 4: Multivariate Logistic Regression: Combined Effect of Gallstone Size and Number on Gallstone-Induced Pancreatitis 

Variable Adjusted OR (95% CI) p-value 

Stone size ≤5 mm 4.82 (2.71–8.57) <0.001 

Multiple stones 2.96 (1.56–5.61) 0.001 

 

Among the 92 pancreatitis cases, disease severity was 

stratified according to the Revised Atlanta Classification. 

Mild pancreatitis was the most common presentation, 

occurring in 58 patients (63.0%), followed by moderately 

severe pancreatitis in 24 patients (26.1%) and severe 

pancreatitis in 10 patients (10.9%). Larger gallstones (>10 

mm) were associated with proportionally more moderate and 

severe pancreatitis cases (p=0.003), whereas stones ≤5 mm 

were predominantly associated with mild disease. Multiple 

stones were similarly associated with a greater proportion of 

moderate-to-severe presentations (p=0.002). [Table 5] 

Serum amylase levels demonstrated a significant progressive 

increase with increasing stone size: 880 ± 270 IU/L for stones 

≤5 mm, 1240 ± 310 IU/L for stones 6–10 mm, and 1680 ± 

420 IU/L for stones >10 mm (p<0.001), suggesting a 

relationship between stone size, degree of ductal obstruction, 

and extent of pancreatic inflammation..

 

Table 5: Relationship between Gallstone Characteristics and Severity of Pancreatitis (Cases, n=92) 

A. Stone Size and Severity of Pancreatitis 
Stone Size Mild Moderately Severe Severe 

≤5 mm 10 2 0 

6–10 mm 20 6 2 

>10 mm 28 16 8 

p-value 0.003   

 
B. Stone Number and Severity of Pancreatitis 

Variable Association 
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Multiple stones Greater proportion of moderate/severe pancreatitis; p=0.002 

 
C. Serum Amylase According to Stone Size 

Stone Size Mean Serum Amylase (IU/L) 

≤5 mm 880 ± 270 

6–10 mm 1240 ± 310 

>10 mm 1680 ± 420 

p-value <0.001 

 

Discussion 

 

The present study investigated the association between 

gallstone characteristics specifically stone size and number 

and the occurrence and severity of gallstone-induced acute 

pancreatitis in a tertiary care hospital in northern India. Our 

findings demonstrate that gallstone size is a significant and 

independent predictor of both the occurrence and severity of 

pancreatitis, and that the combined effect of small stone size 

and multiple stones confers the greatest risk. 

The mean gallstone size was significantly larger in the 

pancreatitis group compared to the control group (12.6 ± 5.2 

mm vs. 5.8 ± 2.4 mm; p<0.001). Although counterintuitive, 

this finding is explained by the well-recognized paradox in 

gallstone-induced pancreatitis: while small gallstones (≤5 

mm) are more likely to migrate through the cystic duct and 

cause transient ampullary obstruction, larger gallstones once 

they pass into the common bile duct tend to produce more 

sustained obstruction, greater ductal hypertension, and 

consequently more severe pancreatic inflammation.[9]  

Our multivariate logistic regression confirmed gallstone size 

≤5 mm as the strongest independent predictor of pancreatitis 

occurrence (Adjusted OR=4.82; p<0.001), consistent with 

prior studies.[10,11] 

The observation that small gallstones carry the highest risk 

of pancreatitis is supported by robust epidemiological and 

physiological evidence. Venneman et al. demonstrated in a 

prospective cohort that small gallstones were independently 

associated with an increased risk of acute pancreatitis and 

hypothesized that their mobility, combined with preserved 

gallbladder motility and rapid cholesterol crystallization, 

facilitated repeated stone passage through the ampulla.[10] A 

subsequent study by the same group identified fast 

crystallization and stone microstructure as additional 

determinants of migratory potential.[11] Similarly, Sugiyama 

and Atomi reported stone size as the most significant risk 

factor for acute biliary pancreatitis among several evaluated 

parameters.[17] 

The role of gallstone number in pancreatitis risk is more 

complex and nuanced. In our study, stone number alone was 

not significantly associated with the occurrence of 

pancreatitis (p=0.89), a finding that differs from some prior 

reports.[18] However, when analyzed in combination with 

stone size through multivariate logistic regression, the 

presence of multiple gallstones emerged as a significant 

independent predictor (Adjusted OR=2.96; p=0.001). This 

suggests that the effect of stone multiplicity is not 

independently sufficient but acts synergistically with small 

stone size to increase pancreatitis risk. A higher stone burden 

likely increases the probability of stone migration, recurrent 

ampullary obstruction, and biliary events, consistent with 

existing literature.[17,19] 

With respect to disease severity, our findings demonstrated 

that larger stones (>10 mm) were associated with 

proportionally more cases of moderately severe and severe 

pancreatitis (p=0.003), while stones ≤5 mm were associated 

predominantly with mild disease. This is consistent with the 

concept that larger biliary stones, once impacted at the 

ampulla, produce more prolonged obstruction of the 

pancreatic duct, sustained activation of pancreatic enzymes, 

and a more intense systemic inflammatory response.[4,7] 

Correspondingly, serum amylase levels increased 

progressively with increasing stone size (880 ± 270 IU/L for 

≤5 mm stones to 1680 ± 420 IU/L for >10 mm stones; 

p<0.001), suggesting a direct relationship between stone size, 

ductal obstruction severity, and the degree of pancreatic 

acinar cell injury. 

Similarly, multiple stones were associated with a greater 

proportion of moderate-to-severe pancreatitis cases 

(p=0.002). The increased likelihood of stone migration and 

recurrent biliary obstruction in patients with multiple stones 

may perpetuate pancreatic duct obstruction, amplify 

inflammatory cascades, and predispose to more severe and 

complicated disease courses.[6,20] 

The severity distribution in our cohort mild 63.0%, 

moderately severe 26.1%, and severe 10.9% is broadly 

consistent with population-level data from published series, 

which report mild pancreatitis in approximately 60–80% of 

cases.[5,12]  

The Revised Atlanta Classification used in this study 

provides a clinically relevant and widely validated 

framework for severity stratification, incorporating organ 

failure and local complications as key determinants.[12] 

The predominance of female patients in both groups (58.7% 

controls, 67.4% cases) reflects the well-established higher 

prevalence of gallstone disease in women, attributed to 

female sex hormones, parity, and hormonal contraceptive 

use, which increase biliary cholesterol secretion and reduce 

gallbladder motility.[1,2]  

The comparable age and sex distribution between groups 

strengthens the internal validity of our case-control 

comparison. 

From a clinical standpoint, our findings have important 

practical implications. Ultrasonographic detection of small 

gallstones (≤5 mm) or multiple stones in symptomatic 

patients should be regarded as a high-risk feature warranting 

close monitoring and consideration of early elective 

cholecystectomy. Guidelines from several surgical societies 

recommend early laparoscopic cholecystectomy following 

the index episode of gallstone-induced pancreatitis to prevent 
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recurrence, and our data support extending this risk-based 

approach to the pre-pancreatitis period.[15,16] Early 

intervention in high-risk patients particularly those with 

microlithiasis or multiple small stones may prevent the first 

episode of pancreatitis altogether, reducing associated 

morbidity, hospitalization costs, and potential complications. 

The present study has several limitations that should be 

acknowledged. As a hospital-based observational study, 

selection bias cannot be entirely excluded. The sample size, 

while adequate for the primary analysis, may limit subgroup 

statistical power. Gallstone characteristics were assessed by 

ultrasonography, which may underestimate stone number 

and has known limitations in resolving microlithiasis 

compared to endoscopic ultrasound or magnetic resonance 

cholangiopancreatography (MRCP). Additionally, data on 

biliary sludge, gallbladder wall thickness, and post-

cholecystectomy histology were not systematically collected 

and may have provided additional mechanistic insights. 

Prospective multi-centre studies with larger sample sizes and 

more granular imaging data are recommended to validate and 

extend these findings. 

 

Conclusion 

 
Gallstone characteristics, particularly stone size and 

multiplicity, are significant and independent determinants of 

both the occurrence and severity of gallstone-induced acute 

pancreatitis. Small gallstones (≤5 mm) confer the greatest 

independent risk of pancreatitis, likely through their 

migratory potential and propensity for ampullary impaction, 

while larger stones are associated with more severe disease 

once pancreatitis develops. The combined presence of small 

size and multiple stones amplifies this risk. Serum amylase 

levels and clinical severity both escalate with increasing 

stone size, underscoring the role of stone burden in 

determining disease course. Routine ultrasonographic 

assessment of gallstone size and number should be 

incorporated into clinical risk stratification for all patients 

with symptomatic cholelithiasis. Identifying high-risk 

gallstone morphology small stones or multiple stones should 

prompt early surgical referral and consideration of 

prophylactic cholecystectomy to prevent the first or recurrent 

episode of gallstone-induced pancreatitis and its potentially 

serious complications. 
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