
Predicting recurrence of biliary colic after conservative
management in the emergency department: a prospective cohort
study with a parametric Weibull survival model
David Alejandro Benalcázar Villavicencio 

University of Cuenca
Diana Gabriela Ibadango Ávila 

University of Cuenca

Article

Keywords: Biliary colic, Cholelithiasis, Recurrence, Emergency department, Conservative management, Cholecystectomy, Survival
analysis, Prognostic model, Weibull distribution

Posted Date: November 1st, 2026

DOI: https://doi.org/10.21203/rs.3.rs-11297016/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Additional Declarations: No competing interests reported.

Page 1/18

https://doi.org/10.21203/rs.3.rs-11297016/v1
https://doi.org/10.21203/rs.3.rs-11297016/v1
https://doi.org/10.21203/rs.3.rs-11297016/v1
https://creativecommons.org/licenses/by/4.0/


Abstract

Background
Biliary colic is usually managed conservatively in the emergency department (ED), yet recurrence is frequent and its timing is poorly
characterized, particularly in Latin American settings with limited access to elective cholecystectomy. We aimed to develop and
internally validate a survival-based model predicting recurrence of biliary colic after conservative ED management.

Methods
Single-center prospective cohort of adults with uncomplicated biliary colic and ultrasound-confirmed gallstones discharged from the
ED of a tertiary hospital in Cuenca, Ecuador, followed for up to 365 days. The primary outcome was symptomatic recurrence requiring
an ED visit; cholecystectomy and biliary complications before recurrence were censored. Predictors were screened with Cox
regression; multivariable Cox and parametric Weibull models were compared by Harrell's C-index and the Akaike information criterion.
Internal validation used 1000 bootstrap resamples; calibration was assessed at 7, 15, 30 and 60 days overall and by predicted-risk
group. A sensitivity analysis used Fine–Gray competing-risks regression.

Results
Of 507 patients (median age 38 years; 76.5% women), 223 (44.0%) recurred; 25% of recurrences occurred within 7 days of discharge
and recurrence-free survival was 67.8% at 30 days and 43.1% at 365 days. Biliary complications developed in 10.7% and only 7.3%
underwent cholecystectomy before recurrence. In the final Weibull model, a positive Murphy's sign (hazard ratio [HR] 7.09; 95% CI
4.73–10.61) and diabetes mellitus (HR 2.18; 95% CI 1.33–3.58) were independent predictors. The shape parameter (γ = 0.419; 95% CI
0.376–0.468) indicated a monotonically decreasing baseline hazard. Discrimination was acceptable (C-index 0.692; bootstrap-
corrected 0.692, 95% CI 0.665–0.723) with good calibration from 30 days onwards and underestimation of very early risk in the
highest-risk group. Fine–Gray estimates were consistent (subdistribution HR 5.73 and 2.06, respectively).

Conclusions
Recurrence after conservative management of biliary colic is frequent and concentrated in the first days after discharge. Two bedside
variables, Murphy's sign and diabetes mellitus, identify patients at high risk of early recurrence who may benefit from prioritized
surgical evaluation and structured early follow-up. External validation in multicenter cohorts is required.

Trial registration:
Not applicable (observational study).

Background
Gallstone disease is among the most prevalent digestive disorders worldwide, affecting 10–15% of adults in the United States [1] and
up to 26.7% of Hispanic women [2]. Its global burden rose steadily between 1990 and 2019, from 127 to 193 million prevalent cases
[3]. In Ecuador, cholelithiasis was the leading cause of hospital discharge in 2024, with 51 781 discharges, a 41.6% increase over
seven years [4]. Uncomplicated symptomatic cholelithiasis, or biliary colic, is the most common clinical presentation and accounts
for an estimated 335 000 emergency department (ED) visits per year in the United States alone [5].

Laparoscopic cholecystectomy is the definitive treatment, but in the absence of complications most patients are discharged from the
ED with analgesia and referral for elective surgery [6]. Fewer than half of them undergo cholecystectomy within one year, and a
substantial proportion re-present with recurrent pain or biliary complications in the interval [5, 7, 8]. The reported recurrence risk is
heterogeneous, ranging from 18.6–37.1% in population-based series to nearly 90% at 10 years in older cohorts, with most events
clustering in the first two years [8–10]. In the United States alone, gallstone disease generates approximately 1.1 million ED visits, 615
000 hospital discharges and 2000 deaths each year [11]. Delaying surgery therefore exposes patients to recurrence, cholecystitis,
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choledocholithiasis, cholangitis or biliary pancreatitis [12], while systematic early cholecystectomy may lead to unnecessary
operations; the 5-year follow-up of the SECURE trial showed that a restrictive surgical strategy did not increase biliary complications,
but that only two-thirds of operated patients became pain-free [13]. Recent randomized evidence also suggests that conservative
management is cheaper over 24 months without a significant quality-of-life penalty [14], leaving the decision to individual surgeon
judgment and producing wide variation in practice [15].

Emergency surgeons and emergency physicians therefore lack objective criteria to decide, at the index visit, which patients with
uncomplicated biliary colic can safely wait and which should be prioritized for early cholecystectomy. The RELAPSTONE multicenter
study recently described recurrence patterns after a first admission for symptomatic gallstone disease using Cox regression, and
identified biliary colic as the presentation with the highest relapse risk [16]. However, semiparametric models leave the shape of the
baseline hazard unspecified and cannot establish whether recurrence risk is highest immediately after discharge or accumulates
steadily over time, information that directly informs the timing of surgical evaluation. Moreover, most available evidence comes from
Europe, the United States and Japan, and may not transfer to Latin American health systems, where access to elective surgery is
constrained and follow-up is less structured.

We conducted a prospective cohort study of patients discharged from the ED with uncomplicated biliary colic in a tertiary public
hospital in Ecuador. Our aims were to describe the incidence and timing of symptomatic recurrence under conservative management,
to identify independent predictors available at the index visit, and to develop and internally validate a parametric survival model that
explicitly characterizes the temporal dynamics of recurrence risk.

Methods

Study design and setting
We performed a single-center, prospective, observational cohort study in the ED of Hospital Vicente Corral Moscoso, a tertiary public
teaching hospital in Cuenca, Ecuador, which attended 1178 patients with ICD-10 codes K80, K80.2 and K80.8 in 2024. Patients were
enrolled consecutively between 1 January and 31 December 2025 and followed until recurrence, cholecystectomy, biliary
complication or the end of the observation period on 31 December 2025 (maximum follow-up 365 days). The study was reported
according to the TRIPOD statement for multivariable prediction models [17] and the STROBE recommendations for cohort studies
[18] (Additional file 2).

Participants
Eligible patients were aged over 16 years, had ultrasonographic evidence of gallstones or biliary sludge at the index visit, and
presented with a typical episode of biliary pain fulfilling Rome IV criteria (constant epigastric or right upper quadrant pain of moderate
to severe intensity lasting at least 30 minutes) [19]. All participants provided written informed consent. We excluded patients with
clinical, biochemical or imaging evidence of complicated gallstone disease at the index visit (acute cholecystitis, choledocholithiasis,
cholangitis, pancreatitis or biliary fistula), suspected functional biliary disorders, suspected or confirmed biliary or pancreatic
malignancy, previous cholecystectomy, patients scheduled for urgent surgery at first contact, and records with more than 20%
missing data in the variables critical for survival analysis.

The minimum sample size was calculated for an expected proportion of 50%, 5% precision and 95% confidence, corrected for a finite
population of 1178 (n = 290) and inflated by 10% for losses to follow-up (n = 319). A total of 507 patients were ultimately enrolled.
With 223 recurrence events and two predictors in the final model, the events-per-variable ratio was well above conventional
thresholds for model development [20].

Data collection and follow-up
A single investigator (DABV) collected all data prospectively on a structured case report form at the index visit, through direct patient
interview, standardized clinical examination with calibrated instruments, and review of the official laboratory and ultrasound reports.
Candidate predictors included demographic and anthropometric variables; comorbidities (diabetes mellitus, hypertension); clinical
features (symptom duration, vital signs, nausea, fever, Murphy's sign, first-ever episode, pharmacological treatment at first contact);
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laboratory values (leukocyte count, neutrophil percentage, gamma-glutamyl transferase, alkaline phosphatase, aspartate and alanine
aminotransferases, total, direct and indirect bilirubin); and ultrasound findings (number and size of stones, sludge, impacted stone in
the gallbladder neck, wall thickening ≥ 4 mm, hydrops, sclero-atrophic gallbladder and wall–echo–shadow sign). Murphy's sign was
assessed clinically as inspiratory arrest on palpation of the right upper quadrant. All predictors were measured before the outcome
and without knowledge of it.

Follow-up was performed by systematic review of the institutional electronic records, including ED visits, outpatient consultations,
operative records and pathology reports. No active telephone follow-up was undertaken. Data were entered into Microsoft Excel and
analyzed in Stata 17.0 (StataCorp, College Station, TX).

Outcomes
The primary outcome was symptomatic recurrence, defined as a new episode of biliary pain prompting an ED visit after discharge
from the index episode. The secondary outcome was a biliary complication (acute cholecystitis or acute-on-chronic cholecystitis with
clinical and laboratory decompensation, biliary pancreatitis, choledocholithiasis, cholangitis, Mirizzi syndrome or gallstone ileus).
Follow-up time was measured from ED discharge to the first of recurrence, cholecystectomy, biliary complication or end of
observation.

Cholecystectomy before recurrence was treated as censoring rather than as a competing risk because it is a treatment decision
driven by the patient's own clinical course and affected only 7.3% of the cohort. Biliary complication before recurrence (5.9%) is a true
competing event; it was nevertheless censored because the research question was cause-specific, namely the temporal mechanism
of recurrence among patients who remain at risk, which is the quantity estimated by the Weibull hazard. The robustness of this
decision was examined in a competing-risks sensitivity analysis.

Statistical analysis
Continuous variables were tested for normality with the Kolmogorov–Smirnov test and summarized as mean ± standard deviation or
median (interquartile range, IQR); categorical variables as counts and percentages. Recurrence-free survival was estimated with the
Kaplan–Meier method, and the temporal pattern of events was described with a smoothed hazard function and a kernel density of
time to recurrence.

Each candidate predictor was first examined in a univariable Cox model; complementary univariable Weibull models yielded virtually
identical estimates and are not shown. The proportional hazards (PH) assumption was tested with scaled Schoenfeld residuals [21].
Because Murphy's sign, the strongest predictor, violated the PH assumption, univariable screening was repeated in Cox models
stratified by Murphy's sign, which allows each stratum its own baseline hazard without imposing a functional form on the effect of
Murphy's sign. Some continuous variables were dichotomized at clinically interpretable thresholds (age ≥ 30 years; leukocytes ≥ 18 ×
103/µL) to favor bedside applicability.

Multivariable modeling started from the covariates that were clinically relevant according to univariable screening and the literature
(diabetes mellitus, biliary sludge, impacted stone and Murphy's sign). Four specifications were estimated: Cox and Weibull models,
each with Murphy's sign either as a covariate or as a stratification variable. Since parametric models do not admit stratification in the
strict sense, the "stratified" Weibull specification retained Murphy's sign as a covariate and additionally allowed it to modify the shape
parameter. Non-significant covariates were removed by backward elimination if their removal did not worsen the Bayesian
information criterion. Models were compared on discrimination (Harrell's C-index and Somers' D, computed on the linear predictor
with correction for censoring) and, within the same likelihood family, on the Akaike information criterion (AIC); AIC was not compared
across the Cox (partial likelihood) and Weibull (full likelihood) families. The Weibull model was chosen a priori as the parametric
candidate because the smoothed hazard was monotonically decreasing.

The final model was checked for the plausibility of the Weibull form and proportionality with log[− log S(t)] versus log(t) plots by
Murphy strata, and for global fit with Cox–Snell residuals. The sensitivity of the Schoenfeld test to the time scale (untransformed,
Kaplan–Meier, rank and log time) was examined. Discrimination was reported as Harrell's C with 95% confidence intervals (CI).
Internal validation followed Harrell's optimism-correction procedure with 1000 bootstrap resamples [22]. Patients were grouped into
low, intermediate and high predicted-risk tertiles of the linear predictor and Kaplan–Meier curves were compared across groups.
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Calibration was assessed by comparing model-predicted with Kaplan–Meier observed survival at 7, 15, 30 and 60 days, overall and
within each risk group. As a sensitivity analysis, cumulative incidence functions accounting for competing biliary complications were
compared with Kaplan–Meier estimates, and a Fine–Gray subdistribution hazards model [23] including a time-dependent term for
Murphy's sign was fitted. Two-sided p < 0.05 was considered statistically significant.

Results

Cohort characteristics
Of 508 enrolled patients, one with a follow-up time of zero (enrolled on the last day of the observation period) was excluded, leaving
507 patients for analysis. Baseline characteristics are summarized in Table 1. The median age was 38 years (IQR 28–52), 76.5% were
women and the median body mass index was 28.0 kg/m2. Diabetes mellitus was present in 4.9% and hypertension in 10.0%. The
index episode was the first-ever biliary colic in 52.1% of patients, Murphy's sign was positive in 63.1%, and 43.6% received
pharmacological treatment at first contact. Laboratory values were largely within normal limits. Multiple gallstones were the
predominant ultrasound finding (70.6%), with sludge in 12.6%, an impacted stone in 4.5% and gallbladder wall thickening in 10.5%.
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Table 1
Baseline characteristics at the index emergency department visit (N = 507)

Characteristic Value

Demographic and anthropometric

Age, years, median (IQR) 38 (28–52)

Female sex, n (%) 388 (76.5)

Height, cm, median (IQR) 155 (150–162)

Weight, kg, median (IQR) 69 (62–78)

Body mass index, kg/m², median (IQR) 28.0 (25.4–31.5)

Comorbidities

Diabetes mellitus, n (%) 25 (4.9)

Hypertension, n (%) 51 (10.0)

Clinical features

First-ever episode of biliary colic, n (%) 264 (52.1)

Duration of pain before presentation, hours, median (IQR) 12 (4–24)

Positive Murphy's sign, n (%) 320 (63.1)

Nausea, n (%) 378 (74.6)

Fever (≥ 37.5°C), n (%) 35 (6.9)

Pharmacological treatment at first contact, n (%) 221 (43.6)

Heart rate, beats/min, mean ± SD 79.3 ± 14.9

Systolic blood pressure, mmHg, mean ± SD 124.3 ± 16.9

Diastolic blood pressure, mmHg, mean ± SD 74.2 ± 10.9

Laboratory

Leukocytes, ×10³/µL, median (IQR) 8.9 (7.2–11.2)

Neutrophils, %, mean ± SD 66.8 ± 13.1

GGT, U/L, median (IQR) 41.2 (22.5–79.5)

Alkaline phosphatase, U/L, median (IQR) 105.0 (85.5–124.0)

AST, U/L, median (IQR) 28.4 (21.3–46.7)

ALT, U/L, median (IQR) 28.5 (18.1–54.3)

Total bilirubin, mg/dL, median (IQR) 0.50 (0.40–0.73)

Direct bilirubin, mg/dL, median (IQR) 0.20 (0.20–0.32)

Indirect bilirubin, mg/dL, median (IQR) 0.30 (0.20–0.40)

Ultrasound findings

Sludge only, n (%) 21 (4.1)

Single stone, n (%) 128 (25.2)

Multiple stones, n (%) 358 (70.6)

IQR interquartile range, SD standard deviation, GGT gamma-glutamyl transferase, AST aspartate aminotransferase, ALT alanine
aminotransferase. Continuous variables are presented as median (IQR) when non-normally distributed (Kolmogorov–Smirnov
test) and as mean ± SD otherwise. Stone diameter was measured in the 486 patients with measurable stones.
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Characteristic Value

Demographic and anthropometric

Largest stone diameter, mm, median (IQR) (n = 486) 10 (6–17)

Biliary sludge (isolated or with stones), n (%) 64 (12.6)

Impacted stone in gallbladder neck, n (%) 23 (4.5)

Wall–echo–shadow sign, n (%) 31 (6.1)

Gallbladder wall thickening (≥ 4 mm), n (%) 53 (10.5)

Gallbladder hydrops, n (%) 5 (1.0)

Sclero-atrophic gallbladder, n (%) 2 (0.4)

IQR interquartile range, SD standard deviation, GGT gamma-glutamyl transferase, AST aspartate aminotransferase, ALT alanine
aminotransferase. Continuous variables are presented as median (IQR) when non-normally distributed (Kolmogorov–Smirnov
test) and as mean ± SD otherwise. Stone diameter was measured in the 486 patients with measurable stones.

Recurrence, complications and surgery during follow-up
During follow-up, 223 patients (44.0%) experienced symptomatic recurrence, 217 (42.8%) remained event-free at the end of
observation, 37 (7.3%) were censored at cholecystectomy and 30 (5.9%) at a biliary complication (Table 2). Recurrence was strikingly
early: 25% of patients recurred within 7 days of discharge (95% CI 4–13), and the median time to recurrence was 256 days (95% CI
159–not estimable). Recurrence-free survival was 67.8% (95% CI 63.5–71.8) at 30 days, 59.6% (55.0–63.9) at 90 days, 53.7% (48.8–
58.4) at 180 days and 43.1% (34.3–51.6) at 365 days; the Kaplan–Meier cumulative incidence of recurrence at one year was therefore
56.9%, higher than the crude proportion because it accounts for censoring. The Kaplan–Meier curve showed an abrupt initial decline
followed by a progressively flatter slope, and the smoothed hazard peaked in the first weeks and then declined monotonically (Fig. 1).
The density of time to recurrence was markedly right-skewed (Additional file 1: Figure S3A).

Page 7/18



Table 2
Outcomes during follow-up and recurrence-free survival (N = 507)

Outcome Value

Status at end of follow-up

Symptomatic recurrence (event), n (%) 223 (44.0)

Event-free at end of observation (administrative censoring), n (%) 217 (42.8)

Censored at cholecystectomy before recurrence, n (%) 37 (7.3)

Censored at biliary complication before recurrence, n (%) 30 (5.9)

Time to recurrence (Kaplan–Meier)

25th percentile, days (95% CI) 7 (4–13)

Median, days (95% CI) 256 (159–NE)

75th percentile, days NE

Recurrence-free survival, % (95% CI)

30 days 67.8 (63.5–71.8)

90 days 59.6 (55.0–63.9)

180 days 53.7 (48.8–58.4)

365 days 43.1 (34.3–51.6)

Biliary complications and surgery (whole follow-up)

Any biliary complication, n (%) 54 (10.7)

Cholecystectomy before any event, n (%) 37 (7.3)

Cholecystectomy after recurrence or complication, n (%) 120 (23.7)

Cholecystectomy at any time, n (%) 157 (31.0)

CI confidence interval, NE not estimable. The 75th percentile could not be estimated because recurrence-free survival did not fall
below 25% during follow-up. Of the 54 patients with a biliary complication, 30 developed it before any recurrence (censored) and
24 after recurrence. The breakdown of complications is given in Additional file 1: Table S5.

A biliary complication developed in 54 patients (10.7%; 61 events, seven patients with two concurrent complications): acute-on-
chronic cholecystitis in 4.7%, acute cholecystitis in 3.6%, biliary pancreatitis in 1.8%, choledocholithiasis in 1.0%, Mirizzi syndrome in
0.4%, cholangitis in 0.4% and gallstone ileus in 0.2%. Thirty of these complications preceded any recurrence and 24 followed it.
Overall, 157 patients (31.0%) underwent cholecystectomy at some point: 37 (7.3%) before any event and 120 (23.7%) after recurrence
(n = 90) or complication (n = 30); thus 40.4% of patients who recurred were eventually operated on. Histopathology was available for
all 157 resected gallbladders: 94.9% showed at least one pathological finding, predominantly chronic cholecystitis (65.6%), and two
specimens (1.3%) harboured incidental adenocarcinoma (Additional file 1: Table S4).

Univariable analysis
The full univariable screening of all candidate predictors is presented in Additional file 1: Table S1, and the variables reaching
statistical significance or clinical relevance are summarized in Table 3. Murphy's sign was by far the strongest predictor (HR 6.41;
95% CI 4.28–9.61; p < 0.001), but it violated the PH assumption (Schoenfeld p = 0.005). Diabetes mellitus (HR 1.98; 95% CI 1.20–
3.25), an impacted stone (HR 1.72; 1.02–2.91), marked leukocytosis ≥ 18 × 103/µL (HR 3.41; 1.40–8.31; based on only five patients,
all of whom recurred) and direct bilirubin per mg/dL (HR 1.40; 1.08–1.81) were associated with a higher hazard of recurrence,
whereas age ≥ 30 years was associated with a lower hazard (HR 0.72; 0.55–0.95). Sex, body mass index, vital signs, symptom
duration, first-ever episode, fever, nausea, liver enzymes, stone number and size, wall thickening and sludge (HR 1.32; 0.90–1.93) were
not significantly associated with recurrence. After stratification by Murphy's sign, only diabetes mellitus retained an independent
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association (HR 2.00; 95% CI 1.22–3.29; p = 0.006), whereas age, leukocytosis, direct bilirubin and impacted stone lost statistical
significance. Kaplan–Meier curves for these factors are shown in Fig. 2.

Table 3
Univariable Cox regression for symptomatic recurrence: selected candidate predictors

Variable Events/exposed HR (95% CI) p p, stratified by Murphy's sign

Positive Murphy's sign 196/320 6.41 (4.28–9.61) < 0.001 — (stratification variable)

Diabetes mellitus 17/25 1.98 (1.20–3.25) 0.007 0.006

Impacted stone in gallbladder
neck

15/23 1.72 (1.02–2.91) 0.043 0.154

Leukocytosis ≥ 18 × 10³/µL 5/5 3.41 (1.40–8.31) 0.007 0.099

Direct bilirubin (per mg/dL) — 1.40 (1.08–1.81) 0.011 0.120

Age ≥ 30 years 142/348 0.72 (0.55–0.95) 0.021 0.551

Biliary sludge 31/64 1.32 (0.90–1.93) 0.155 0.106

HR hazard ratio, CI confidence interval. HRs are from unstratified univariable Cox models; the last column shows the p value after
repeating the analysis in a Cox model stratified by Murphy's sign, which therefore has no estimate for that variable. Murphy's sign
violated the proportional hazards assumption (Schoenfeld residuals p = 0.005). The complete screening of all candidate
predictors is provided in Additional file 1: Table S1.

Multivariable models and model selection
In the multivariable Cox model stratified by Murphy's sign, diabetes mellitus remained the only significant covariate (HR 2.07; 95% CI
1.26–3.41), while sludge (HR 1.38; 0.94–2.02) and impacted stone (HR 1.53; 0.90–2.60) did not; their removal improved the BIC
(2312.9 vs 2320.5) without loss of fit (Table 4). The PH assumption was satisfied in the stratified models (global Schoenfeld p = 0.308
and 0.249). However, stratification excluded Murphy's sign from the linear predictor and reduced discrimination to a C-index of 0.518,
whereas including it as a covariate in the Cox model restored discrimination (C 0.690) at the cost of a PH violation (Murphy's sign p = 
0.006; global p = 0.012) (Additional file 1: Table S2).
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Table 4
Multivariable models for symptomatic recurrence of biliary colic

Variable Cox, stratified by Murphy's sign
— full model HR (95% CI); p

Cox, stratified by Murphy's sign
— final model HR (95% CI); p

Weibull, Murphy's sign as
covariate — final model HR
(95% CI); p

Diabetes mellitus 2.07 (1.26–3.41); 0.004 2.00 (1.22–3.29); 0.006 2.18 (1.33–3.58); 0.002

Positive Murphy's
sign

Stratification variable Stratification variable 7.09 (4.73–10.61); <0.001

Biliary sludge 1.38 (0.94–2.02); 0.098 — —

Impacted stone 1.53 (0.90–2.60); 0.113 — —

Shape parameter γ
(95% CI)

— — 0.419 (0.376–0.468)

Scale parameter λ
(95% CI)

— — 0.0183 (0.0117–0.0286)

Likelihood-ratio χ²
(df); p

10.98 (3); 0.012 6.20 (1); 0.013 145.45 (2); <0.001

AIC / BIC 2307.9 / 2320.5 2308.6 / 2312.9 1461.6 / —

Harrell's C-index — 0.518 0.692

Global Schoenfeld
test, p

0.308 0.249 Not applicable

HR hazard ratio, CI confidence interval, df degrees of freedom, AIC Akaike information criterion, BIC Bayesian information
criterion. N = 507; events = 223. AIC values are not comparable between the Cox (partial likelihood) and Weibull (full likelihood)
families. The final Weibull model is h(t | x) = γλt(γ−1) · exp(0.779 × diabetes + 1.959 × Murphy's sign), with t in days; ln γ = −0.869 (p < 0.001) and ln λ = −4.002

(intercept, p < 0.001). Recurrence−free survival is S(t | x) = exp[−λ tγ exp(0.779 × diabetes + 1.959 × Murphy's sign)]. A Cox model with Murphy's
sign as a covariate achieved a C-index of 0.690 but violated the proportional hazards assumption (Additional file 1: Table S2).

The Weibull models resolved this tension. In the specification with Murphy's sign as a covariate, both diabetes mellitus (HR 2.18; 95%
CI 1.33–3.58; p = 0.002) and Murphy's sign (HR 7.09; 95% CI 4.73–10.61; p < 0.001) were independent predictors, and the shape
parameter γ = 0.419 (95% CI 0.376–0.468; ln γ = −0.869; p < 0.001) confirmed a monotonically decreasing baseline hazard (Table 4).
Allowing the shape parameter to depend on Murphy's sign did not improve discrimination (C 0.692 in both) or fit (AIC 1463.3 vs
1461.6), and the interaction term was not significant (p = 0.582), indicating that the decreasing temporal pattern was shared by
patients with and without Murphy's sign (Additional file 1: Table S3). The Weibull model with Murphy's sign as a covariate, which had
the lowest AIC within its family and discrimination equivalent to the unstratified Cox model, was therefore selected as the final model:

h(t | x) = γ λ tγ−1 · exp(0.779 × DM + 1.959 × MURPHY)

Final model and diagnostics
Under the final model the hazard of recurrence at time t (days) is h(t | x) = γ λ tγ−1 · exp(0.779 × DM + 1.959 × MURPHY), where DM
and MURPHY are indicator variables for diabetes mellitus and a positive Murphy's sign, γ = 0.419 and the scale parameter λ = 0.0183
(95% CI 0.0117–0.0286; ln λ = −4.002). The corresponding recurrence-free survival is S(t | x) = exp[− 0.0183 × t0.419 × exp(0.779 × DM 
+ 1.959 × MURPHY)], which allows individual predictions at any horizon: at 30 days the predicted probability of remaining recurrence-
free is 0.927 for a patient with neither predictor, 0.847 with diabetes only, 0.583 with a positive Murphy's sign only and 0.309 with both
(0.886, 0.769, 0.425 and 0.155, respectively, at 90 days). The model-based survival and hazard functions and the hazard curves for
the lowest- and highest-risk profiles are shown in Additional file 1: Figures S1 and S3B. The log[− log S(t)] versus log(t) plots by
Murphy strata were approximately linear and parallel, supporting the Weibull form, and the Cox–Snell residual plot followed the 45°
reference line closely with divergence only in the sparsely populated right tail (Additional file 1: Figure S2). The significant Schoenfeld
test for Murphy's sign obtained with untransformed time (p = 0.006) did not hold with Kaplan–Meier (p = 0.448), rank (p = 0.466) or log
(p = 0.219) time transformations, suggesting a gradual late attenuation of its effect rather than a structural violation.

Predictive performance and internal validation
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Somers' D for the final model was 0.384, corresponding to a Harrell's C-index of 0.692 (95% CI 0.663–0.721). Bootstrap validation
with 1000 resamples yielded a mean optimism of − 0.0005 and an optimism-corrected C-index of 0.692 (95% CI 0.665–0.723),
indicating stable coefficients and negligible overfitting. Because the linear predictor takes only four distinct values, 47.4% of
comparable pairs (36 445 of 76 845) were tied on predicted risk, which bounds the attainable C-index.

Tertiles of the linear predictor produced unequally sized groups: low risk (n = 179; neither predictor), intermediate risk (n = 311) and
high risk (n = 17; both predictors). Observed Kaplan–Meier curves separated clearly (Fig. 3A). Recurrence-free survival in the low-risk
group was 92.7%, 90.1% and 87.2% at 30, 90 and 180 days, with confidence intervals that did not overlap those of the other groups; in
the intermediate-risk group it was 55.0% at 30 days and 35.9% at 180 days; and in the high-risk group it fell to 28.2% at 30 days and
14.1% between 90 and 180 days, although this estimate relies on very few patients.

Overall calibration was acceptable: predicted versus observed survival was 0.817 vs 0.750 at 7 days, 0.761 vs 0.698 at 15 days, 0.699
vs 0.678 at 30 days and 0.629 vs 0.627 at 60 days. By risk group (Fig. 3B), the low-risk group lay on the identity line at every horizon,
whereas at 7 and 15 days the intermediate- and especially the high-risk groups fell below it (observed 0.35 vs predicted 0.53 at day 7
in the high-risk group), i.e. the model underestimated very early risk in patients with a positive Murphy's sign. From day 30 onwards all
three groups approached the identity line with confidence intervals including it.

Sensitivity analyses for competing risks
Kaplan–Meier estimates and cumulative incidence functions treating biliary complication as a competing event differed by less than
three percentage points at every horizon (e.g. 56.9% vs 54.3% cumulative recurrence at 365 days). In the Fine–Gray model, diabetes
mellitus (subdistribution HR 2.06; 95% CI 1.41–3.02) and Murphy's sign (subdistribution HR 5.73; 95% CI 3.86–8.51) retained strong
effects, with a significant attenuation of the effect of Murphy's sign over time (time interaction p = 0.007), whereas sludge lost
significance (subdistribution HR 1.19; 95% CI 0.81–1.72).

Discussion
In this prospective cohort of patients discharged from a Latin American ED with uncomplicated biliary colic, symptomatic recurrence
affected 44.0% of patients within a maximum of one year, one in four recurrences occurred within a week of discharge, and 10.7% of
patients developed a biliary complication while under conservative management. A parametric Weibull model showed that the hazard
of recurrence is highest immediately after discharge and declines monotonically thereafter, and identified two bedside variables, a
positive Murphy's sign and diabetes mellitus, as independent predictors. The model discriminated acceptably, showed no optimism
on bootstrap validation, and was well calibrated beyond the first month, with underestimation of very early risk confined to patients
with a positive Murphy's sign.

Comparison with existing evidence. The most direct comparator is RELAPSTONE, which followed 3016 patients after a first
admission for symptomatic gallstone disease in 18 Spanish and Mexican centers and reported recurrence-free survival of 79%, 71%
and 63% at 3, 6 and 12 months with a median time to relapse of 2.1 months [16]. Our figures were considerably lower (59.6%, 53.7%
and 43.1%), which is methodologically expected: RELAPSTONE pooled all forms of symptomatic gallstone disease, and biliary colic
was precisely the presentation with the highest relapse hazard in that study (HR 1.70; 95% CI 1.31–2.21), whereas our cohort
consisted exclusively of uncomplicated biliary colic. The coexistence in our cohort of a 25th percentile of 7 days with a median of 256
days reflects a bimodal risk: a subgroup with highly active lithiasis that relapses almost immediately and a subgroup with an indolent
course. The concentration of early events is conceptually similar to the pattern reported by Helenius et al. after non-operative
management of acute cholecystitis, where 71% of relapses occurred within 6 months [24], and to the high short-term complication
risk described by Kousgaard et al. in symptomatic uncomplicated gallstone disease, with a median of 5 months to the first event [25].
Randomized evidence pooled by Ghose et al. confirms that conservative management carries a higher risk of recurrent biliary colic
(RR 2.75) and total biliary complications (RR 3.63) than early cholecystectomy, without differences in mortality [26], and the 5-year
SECURE data place the complication rate of a restrictive strategy at 14.9% [13]. Our 10.7% complication rate accrued over a much
shorter horizon, suggesting that with longer observation the burden in our setting would match or exceed that of European series.

The predictors partly converge and partly diverge with RELAPSTONE, which identified multiple stones and elevated ALT as risk factors
and older age, sphincterotomy and leukocytosis > 11 000/mm3 as protective [16]. Both studies found a protective effect of age, which
in our cohort emerged above 30 years (HR 0.72). Leukocytosis pointed in the opposite direction in our univariable analysis (HR 3.41
for ≥ 18 × 103/µL), but this estimate rests on five patients and must be regarded as exploratory; the discrepancy may reflect the base
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population, since in a cohort that includes complicated disease a strong inflammatory response accelerates surgical referral and
thereby reduces the opportunity for recurrence. First-ever presentation did not predict recurrence, consistent with Lund's classic
series of 526 non-operated patients [27] but in contrast with the National Cooperative Gallstone Study and Japanese cohorts [10, 28];
contemporary ultrasound and clinical detection of active gallbladder inflammation at the first episode may have displaced symptom
history as a risk marker.

Interpretation of the predictors. Murphy's sign carried the largest effect (HR 7.09). Classically, uncomplicated biliary colic is defined
by transient cystic duct obstruction without established wall inflammation, so a positive Murphy's sign is considered a hallmark of
acute cholecystitis. Its presence in 63.1% of our patients, none of whom met criteria for cholecystitis at the index visit, suggests that
in a substantial proportion it signals early or subclinical gallbladder inflammation, a transitional state within the continuum from
simple colic to established cholecystitis. Under this hypothesis Murphy's sign acts as a low-cost clinical marker of active wall
inflammation, which both marks a more severe index episode and predisposes to early recurrence by perpetuating wall irritation and
biliary stasis. Consistently, its effect attenuated over time in the Fine–Gray model, as expected for an early inflammatory process, and
the very early miscalibration of the model was confined to groups defined by its presence. Diabetes mellitus approximately doubled
the hazard of recurrence, in keeping with the impaired gallbladder motility, sphincter of Oddi dysfunction and chronic pro-
inflammatory state that characterize these patients [29, 30]. Neither predictor requires laboratory or imaging technology, which favors
implementation in resource-limited EDs.

The behavior of the remaining candidate predictors is instructive. Sludge and an impacted stone were associated with events in a
preliminary analysis that pooled recurrence and complications into a composite outcome, but this association disappeared when the
outcome was restricted to symptomatic recurrence, and sludge lost significance in the Fine–Gray model. These ultrasound features
appear to be markers of stone burden and progression whose effect is oriented toward complicated disease rather than toward
painful recurrence per se; pooling both outcomes may therefore overestimate their prognostic value. Conversely, leukocytosis and
bilirubin lost significance not with the outcome definition but upon adjustment for Murphy's sign, suggesting that their prognostic
information is largely subsumed by a stronger clinical marker of the same inflammatory substrate.

Methodological considerations. The choice of a parametric Weibull model over the conventional Cox model was driven by two
features of the data. First, the smoothed hazard was clearly non-constant, and the Weibull shape parameter (γ = 0.419) quantified this
decreasing pattern explicitly, something a Cox model cannot provide and that RELAPSTONE, relying solely on Cox regression, could
not address [16]. Second, Murphy's sign violated the PH assumption in the Cox framework, forcing stratification and thereby removing
the strongest predictor from the linear predictor, with a collapse of discrimination to 0.518. The Weibull model in the PH metric shares
the proportionality assumption, but the sensitivity analysis showed the deviation to be modest and dependent on the time scale, and
the Weibull model additionally admits an accelerated failure time interpretation that does not rely on it. The single hazard ratio for
Murphy's sign should nevertheless be read as a weighted average over follow-up.

Clinical implications. Our data challenge the premise that uncomplicated biliary colic is a uniformly benign condition amenable to
open-ended observation. The elective cholecystectomy rate before any event in our cohort (7.3%) was almost four times lower than
the 29.5% observed at 24 months in the conservative arm of the C-GALL trial [14], reflecting either different surgical thresholds,
barriers to elective surgery, or both. Delay is not innocuous: in a nationwide cohort of 34 925 patients, cholecystectomy for recurrent
rather than first-episode cholecystitis was associated with higher odds of bile duct injury (OR 2.44), bowel perforation (OR 2.54) and
conversion to open surgery (OR 1.76) [31]. The decreasing hazard identified here implies that the window for preventing early
recurrence is narrow and begins at ED discharge. Patients with a positive Murphy's sign or diabetes mellitus should be identified and
prioritized for surgical evaluation at the index visit rather than referred to general waiting lists, and ED discharge protocols should
include explicit warning about early recurrence and structured follow-up during the first week. Whether such risk-based prioritization
reduces re-attendance and progression to complications is a hypothesis that requires prospective evaluation.

Strengths and limitations. Strengths of this study include its prospective design with standardized data collection by a single
investigator, a sample size well above the minimum calculated, reporting according to TRIPOD, explicit modeling of the baseline
hazard, bootstrap internal validation and competing-risks sensitivity analyses, and the fact that it provides one of the first systematic
characterizations of the natural history of biliary colic in a real-world Latin American cohort. Several limitations must be
acknowledged. Selection bias is inherent to an ED-based cohort, which excludes patients who do not seek care and may therefore
overestimate recurrence in the general population of symptomatic gallstone carriers. In the opposite direction, follow-up relied on
institutional records without active patient contact, so recurrences or cholecystectomies at other institutions were not captured; the
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reported rates should be interpreted as a floor rather than a ceiling. The study was single-center and the model has not been
externally validated. Ultrasound features are subject to inter-observer variability, which was not assessed. Some cut-points were
derived from the data and may carry optimism not captured by internal validation; several subgroups, including marked leukocytosis
and impacted stone, had few events, and the effect of diabetes was estimated from 25 exposed patients (17 events), so the precision
of its hazard ratio is limited. The parsimony of the final model bounds its discrimination: with two binary predictors the linear
predictor takes only four values, which explains both the modest C-index and the small high-risk group (n = 17), whose estimates are
indicative only. Potential predictors such as the number of previous episodes, dyslipidemia, metabolic syndrome, recent pregnancy,
rapid weight loss and family history were not collected. Finally, treating cholecystectomy and complications as censoring may require
competing-risks models in settings with higher early surgery rates, although our sensitivity analyses suggest that the impact on the
present estimates was small.

Conclusions
Recurrence of biliary colic after conservative management in the ED is frequent, early and accompanied by a non-negligible rate of
biliary complications. The hazard of recurrence is highest in the days immediately after discharge and declines thereafter, so the
opportunity to prevent early recurrence lies at the index visit. A parsimonious Weibull model based on two bedside variables, Murphy's
sign and diabetes mellitus, stratifies patients into groups with markedly different recurrence-free survival, with acceptable
discrimination and stable internal validation. Patients with either predictor should be considered for prioritized surgical evaluation and
structured early follow-up. External validation in multicenter cohorts, preferably including Latin American populations with different
levels of access to elective surgery, and prospective evaluation of risk-based prioritization are the necessary next steps before routine
clinical implementation.
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Figures

Figure 1

Recurrence-free survival and hazard of recurrence after emergency department discharge.

AKaplan–Meier estimate of recurrence-free survival for the whole cohort (N = 507) with 95% confidence band and number of patients
at risk. B Smoothed hazard function of symptomatic recurrence with 95% confidence interval, showing a peak in the first weeks after
discharge followed by a monotonic decline.
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Figure 2

Kaplan–Meier curves of recurrence-free survival according to candidate predictors.

A Murphy's sign, B diabetes mellitus, C age ≥30 years, D leukocytosis ≥18 × 103/µL, E direct bilirubin ≥0.3 mg/dL, F total bilirubin ≥1.1
mg/dL, G impacted stone in the gallbladder neck, H biliary sludge. Patients exposed to each factor are shown in dark red and
reference groups in navy; shaded areas are 95% confidence intervals. Numbers at risk are given below each panel.

Page 17/18



Figure 3

Risk stratification and calibration of the final Weibull model.

AObserved Kaplan–Meier recurrence-free survival by tertile of the model linear predictor: low risk (navy, n = 179), intermediate risk
(orange, n = 311) and high risk (dark red, n = 17). B Calibration plots at 7, 15, 30 and 60 days comparing model-predicted survival with
observed Kaplan–Meier survival (with 95% confidence intervals) in each risk group (low, intermediate, high); the dashed line is the
identity line.
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