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11.	Tables
Table 1 Baseline characteristics of the analytic cohort by severe acute pancreatitis status
	Variable
	n available
	Level
	Non-SAP (n = 444)
	SAP (n = 290)
	P
	SMD

	age (mean (SD))
	734
	
	58.86 (17.81)
	58.82 (16.79)
	0.977
	0.002

	gender (%)
	734
	Male
	247 (55.6)
	175 (60.3)
	0.235
	0.096

	
	
	Female
	197 (44.4)
	115 (39.7)
	
	

	race_grp (%)
	734
	White
	279 (62.8)
	173 (59.7)
	0.454
	0.145

	
	
	Black
	45 (10.1)
	28 (9.7)
	
	

	
	
	Hispanic/Latino
	23 (5.2)
	10 (3.4)
	
	

	
	
	Asian
	15 (3.4)
	13 (4.5)
	
	

	
	
	Other/Unknown
	82 (18.5)
	66 (22.8)
	
	

	admission_type (%)
	734
	DIRECT EMER.
	10 (2.3)
	8 (2.8)
	0.023
	0.277

	
	
	ELECTIVE
	1 (0.2)
	2 (0.7)
	
	

	
	
	EW EMER.
	250 (56.3)
	147 (50.7)
	
	

	
	
	OBSERVATION ADMIT
	48 (10.8)
	16 (5.5)
	
	

	
	
	SURGICAL SAME DAY ADMISSION
	9 (2.0)
	6 (2.1)
	
	

	
	
	URGENT
	126 (28.4)
	111 (38.3)
	
	

	biliary (%)
	734
	0
	307 (69.1)
	225 (77.6)
	0.016
	0.192

	
	
	1
	137 (30.9)
	65 (22.4)
	
	

	alcohol_et (%)
	734
	0
	280 (63.1)
	183 (63.1)
	1.000
	0.001

	
	
	1
	164 (36.9)
	107 (36.9)
	
	

	diabetes (%)
	734
	0
	294 (66.2)
	210 (72.4)
	0.091
	0.135

	
	
	1
	150 (33.8)
	80 (27.6)
	
	

	hypertens (%)
	734
	0
	156 (35.1)
	117 (40.3)
	0.177
	0.108

	
	
	1
	288 (64.9)
	173 (59.7)
	
	

	hyperlipid (%)
	734
	0
	268 (60.4)
	183 (63.1)
	0.504
	0.056

	
	
	1
	176 (39.6)
	107 (36.9)
	
	

	ckd (%)
	734
	0
	385 (86.7)
	226 (77.9)
	0.003
	0.232

	
	
	1
	59 (13.3)
	64 (22.1)
	
	

	chf (%)
	734
	0
	364 (82.0)
	233 (80.3)
	0.646
	0.042

	
	
	1
	80 (18.0)
	57 (19.7)
	
	

	liver_dis (%)
	734
	0
	327 (73.6)
	184 (63.4)
	0.004
	0.221

	
	
	1
	117 (26.4)
	106 (36.6)
	
	

	obesity (%)
	734
	0
	386 (86.9)
	252 (86.9)
	1.000
	0.001

	
	
	1
	58 (13.1)
	38 (13.1)
	
	

	copd (%)
	734
	0
	393 (88.5)
	254 (87.6)
	0.792
	0.029

	
	
	1
	51 (11.5)
	36 (12.4)
	
	

	malignancy (%)
	734
	0
	416 (93.7)
	268 (92.4)
	0.601
	0.050

	
	
	1
	28 (6.3)
	22 (7.6)
	
	

	hr_mean (mean (SD))
	733
	
	93.44 (16.88)
	98.62 (19.23)
	<0.001
	0.286

	rr_mean (mean (SD))
	733
	
	20.34 (4.07)
	22.16 (4.50)
	<0.001
	0.424

	sbp_min (mean (SD))
	726
	
	100.10 (19.14)
	87.38 (19.16)
	<0.001
	0.665

	dbp_min (mean (SD))
	725
	
	52.07 (14.64)
	46.80 (13.71)
	<0.001
	0.372

	map_min (mean (SD))
	727
	
	64.03 (16.52)
	56.27 (18.38)
	<0.001
	0.444

	spo2_min (mean (SD))
	727
	
	91.61 (4.86)
	89.85 (7.12)
	<0.001
	0.287

	temp_max_c (mean (SD))
	723
	
	37.51 (0.73)
	37.84 (1.01)
	<0.001
	0.382

	gcs_min (mean (SD))
	731
	
	12.26 (3.85)
	7.39 (4.38)
	<0.001
	1.183

	amylase (median [IQR])
	242
	
	273.00 [118.00, 560.00]
	279.00 [70.00, 752.00]
	0.881
	0.061

	lipase (median [IQR])
	423
	
	376.00 [123.00, 999.00]
	310.00 [80.75, 1104.25]
	0.522
	0.022

	wbc (median [IQR])
	728
	
	12.60 [9.05, 17.65]
	14.90 [10.10, 21.30]
	<0.001
	0.306

	neutrophil (median [IQR])
	389
	
	11.23 [7.54, 16.72]
	12.52 [8.37, 18.23]
	0.083
	0.183

	lymphocyte (median [IQR])
	385
	
	1.06 [0.66, 1.55]
	1.00 [0.58, 1.66]
	0.454
	0.076

	platelet (median [IQR])
	729
	
	177.00 [120.00, 256.50]
	150.00 [102.00, 205.75]
	<0.001
	0.297

	hematocrit (mean (SD))
	731
	
	32.17 (6.25)
	30.50 (6.84)
	0.001
	0.256

	rdw (median [IQR])
	729
	
	14.70 [13.80, 15.95]
	15.00 [14.00, 16.78]
	0.009
	0.209

	glucose (median [IQR])
	728
	
	134.00 [110.00, 185.00]
	161.50 [119.00, 229.00]
	<0.001
	0.186

	bun (median [IQR])
	729
	
	17.00 [11.00, 28.00]
	32.50 [19.00, 55.00]
	<0.001
	0.618

	creatinine (median [IQR])
	730
	
	1.00 [0.70, 1.40]
	1.85 [1.10, 3.50]
	<0.001
	0.626

	calcium (mean (SD))
	717
	
	7.77 (0.89)
	7.31 (1.13)
	<0.001
	0.452

	albumin (mean (SD))
	417
	
	3.00 (0.59)
	2.76 (0.60)
	<0.001
	0.400

	ldh (median [IQR])
	424
	
	325.00 [219.00, 473.00]
	470.00 [309.00, 754.50]
	<0.001
	0.259

	ast (median [IQR])
	632
	
	70.00 [36.00, 165.00]
	104.00 [44.50, 299.50]
	<0.001
	0.225

	alt (median [IQR])
	630
	
	57.00 [27.00, 144.00]
	64.00 [28.50, 203.00]
	0.180
	0.152

	alp (median [IQR])
	631
	
	99.00 [67.00, 185.25]
	94.00 [65.00, 144.50]
	0.037
	0.040

	bilirubin (median [IQR])
	627
	
	1.20 [0.60, 3.10]
	1.60 [0.70, 4.00]
	0.007
	0.184

	triglyceride (median [IQR])
	205
	
	154.00 [91.75, 641.25]
	232.00 [116.00, 471.00]
	0.192
	0.183

	lactate (median [IQR])
	551
	
	1.80 [1.30, 2.80]
	2.40 [1.50, 4.60]
	<0.001
	0.503

	ph (mean (SD))
	547
	
	7.34 (0.10)
	7.26 (0.12)
	<0.001
	0.699

	pao2 (mean (SD))
	513
	
	72.43 (41.54)
	69.31 (37.63)
	0.373
	0.079

	base_excess (mean (SD))
	513
	
	-3.63 (6.49)
	-6.70 (6.56)
	<0.001
	0.471

	sodium (mean (SD))
	729
	
	139.31 (5.14)
	140.63 (6.10)
	0.002
	0.235

	potassium (mean (SD))
	731
	
	4.32 (0.87)
	4.62 (0.88)
	<0.001
	0.338

	chloride (mean (SD))
	730
	
	102.86 (6.59)
	103.00 (7.91)
	0.796
	0.019

	inr (median [IQR])
	635
	
	1.30 [1.20, 1.50]
	1.40 [1.20, 1.80]
	<0.001
	0.233

	ptt (median [IQR])
	621
	
	31.20 [27.30, 37.40]
	34.70 [28.80, 45.50]
	<0.001
	0.270

	nlr (median [IQR])
	385
	
	10.50 [5.66, 17.89]
	12.07 [6.01, 22.56]
	0.125
	0.169

	plr (median [IQR])
	385
	
	186.08 [97.16, 276.03]
	156.24 [88.49, 260.50]
	0.205
	0.047

	bun_cr (median [IQR])
	729
	
	17.50 [12.50, 23.15]
	17.27 [11.80, 22.68]
	0.426
	0.030

	ast_alt (median [IQR])
	630
	
	1.21 [0.87, 1.85]
	1.62 [1.08, 2.62]
	<0.001
	0.432

	urine_24h (median [IQR])
	720
	
	1935.00 [1222.50, 2735.00]
	1232.00 [450.00, 1990.00]
	<0.001
	0.494

	vent_24h (%)
	734
	0
	326 (73.4)
	71 (24.5)
	<0.001
	1.123

	
	
	1
	118 (26.6)
	219 (75.5)
	
	

	vaso_24h (%)
	734
	0
	378 (85.1)
	135 (46.6)
	<0.001
	0.891

	
	
	1
	66 (14.9)
	155 (53.4)
	
	

	rrt_24h (%)
	734
	0
	440 (99.1)
	269 (92.8)
	<0.001
	0.325

	
	
	1
	4 (0.9)
	21 (7.2)
	
	

	sirs (mean (SD))
	734
	
	1.88 (1.17)
	2.35 (1.17)
	<0.001
	0.404

	qsofa (mean (SD))
	734
	
	1.43 (0.87)
	2.16 (0.73)
	<0.001
	0.906

	mbisap (mean (SD))
	734
	
	1.95 (1.05)
	2.72 (0.91)
	<0.001
	0.785


Values are mean (SD) for normally distributed variables, median [IQR] for non-normally distributed variables, and n (%) for categorical variables. The 'n available' column gives the number of patients with a recorded value for that variable. SMD, standardised mean difference; SAP, severe acute pancreatitis; IQR, interquartile range; SD, standard deviation.

Table 2 Pooled multivariable logistic regression model for severe acute pancreatitis
	Variable
	OR (95% CI)
	P

	Vasopressor use
	2.60 (1.32-5.15)
	0.006

	Maximum temperature (per °C)
	2.48 (1.72-3.57)
	<0.001

	Mechanical ventilation
	2.39 (1.07-5.34)
	0.034

	Chronic kidney disease
	1.88 (0.87-4.05)
	0.106

	Liver disease
	1.42 (0.74-2.73)
	0.290

	INR (per unit)
	1.24 (0.92-1.67)
	0.165

	Respiratory rate (per /min)
	1.10 (1.03-1.18)
	0.007

	Creatinine (per mg/dL)
	1.07 (0.86-1.32)
	0.560

	Lactate (per mmol/L)
	1.07 (0.95-1.20)
	0.251

	AST/ALT ratio (per unit)
	1.07 (0.80-1.43)
	0.649

	Sodium (per mmol/L)
	1.04 (0.99-1.09)
	0.134

	Heart rate (per bpm)
	1.02 (1.00-1.04)
	0.042

	Blood urea nitrogen (per mg/dL)
	1.02 (1.01-1.04)
	0.004

	AST (per 100 U/L)
	1.02 (1.00-1.04)
	0.118

	Minimum SpO2 (%)
	0.96 (0.90-1.02)
	0.153

	24-h urine output (per 100 mL)
	0.96 (0.94-0.99)
	0.002

	Calcium (per mg/dL)
	0.93 (0.70-1.24)
	0.632

	Minimum Glasgow Coma Scale (per point)
	0.88 (0.80-0.97)
	0.010

	Biliary aetiology
	0.70 (0.38-1.30)
	0.259

	Diabetes mellitus
	0.64 (0.35-1.18)
	0.155

	Arterial pH (per unit)
	0.14 (0.01-3.33)
	0.226


OR, odds ratio; CI, confidence interval; INR, international normalised ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase. Estimates are pooled across five multiply imputed datasets. Variables are listed in descending order of odds ratio. Odds ratios for urine output and AST are expressed per 100 mL and per 100 U/L respectively, because the per-unit odds ratio is not interpretable.

Table 3 Performance of the final prediction model
	Metric
	Value

	AUC, apparent (training set)
	0.910

	AUC, test set (n = 221, 87 events)
	0.840 (95% CI 0.786-0.895)

	AUC, 10-fold cross-validation (primary estimate)
	0.877 (95% CI 0.852-0.903)

	AUC, bootstrap-corrected (1000 replicates)
	0.889 (optimism 0.021)

	Calibration slope, cross-validated
	0.884 (95% CI 0.755-1.013)

	Calibration intercept, cross-validated
	-0.039

	Brier score, cross-validated
	0.136

	Net reclassification improvement vs modified BISAP
	0.600

	Integrated discrimination improvement vs modified BISAP
	0.300


AUC, area under the receiver operating characteristic curve; CI, confidence interval; BISAP, Bedside Index for Severity in Acute Pancreatitis. NRI, net reclassification improvement; IDI, integrated discrimination improvement. The cross-validated estimates are the primary ones; the apparent and bootstrap-corrected AUCs are given so that the optimism of the fitted model can be judged.

Table 4 Candidate operationalisations of severe acute pancreatitis
	Definition
	n
	Prevalence (%)
	Mortality in SAP (%)
	Mortality in non-SAP (%)
	Odds ratio for death

	A. days 1-7, any organ, SBP<90 = grade 2 (ORIGINAL)
	353
	48.1
	21.2
	5.2
	4.87

	B. days 2-7, any organ
	283
	38.6
	23.0
	6.7
	4.18

	C. days 2-7, same organ, resp unrestricted
	290
	39.5
	23.4
	6.1
	4.73

	D. days 2-7, same organ, resp ventilated-only
	206
	28.1
	29.1
	6.6
	5.79

	E. D restricted to ICU LOS >= 48 h
	201
	27.4
	28.4
	7.1
	5.16


SAP was defined as persistent organ failure according to the revised Atlanta classification; the five definitions differ in the window over which persistence was assessed, whether persistence had to occur within the same organ system, and how the respiratory and cardiovascular domains were scored. SAP, severe acute pancreatitis. Definition C was adopted for the primary analysis; the others are reported so that the sensitivity of the results to this choice is visible.

Table 5 Comparison of logistic regression with eight machine learning algorithms
	Model
	AUC training
	AUC test
	95% CI
	Sensitivity
	Specificity
	Brier score

	Random forest
	1.000
	0.850
	0.798-0.903
	70.1
	83.6
	0.152

	Support vector machine
	0.912
	0.847
	0.793-0.901
	78.2
	79.9
	0.152

	Gradient boosting
	0.961
	0.843
	0.789-0.896
	72.4
	84.3
	0.154

	Logistic regression
	0.910
	0.840
	0.786-0.895
	73.6
	80.6
	0.157

	Extreme gradient boosting
	0.957
	0.839
	0.785-0.892
	71.3
	82.1
	0.157

	Naive Bayes
	0.896
	0.829
	0.773-0.885
	75.9
	75.4
	0.194

	Multilayer perceptron
	0.976
	0.825
	0.768-0.882
	66.7
	85.1
	0.168

	k-nearest neighbours
	0.901
	0.818
	0.760-0.877
	71.3
	77.6
	0.174


Performance is shown on the held-out test set (n = 221). AUC, area under the receiver operating characteristic curve; CI, confidence interval. Sensitivity and specificity are percentages at the threshold maximising the Youden index on the training set. All confidence intervals overlap; logistic regression did not differ significantly from the best-performing model (DeLong p = 0.494).

Table 6 Sensitivity analyses
	Analysis
	n
	Events
	Predictors
	AUC (test)
	95% CI
	Calibration slope
	Brier score

	Primary (all candidates)
	221
	87
	21
	0.840
	0.786-0.895
	0.606
	0.157

	A. + sparse markers, filter relaxed to 50%
	221
	87
	18
	0.832
	0.776-0.889
	0.626
	0.160

	B. - organ-support variables (vaso, vent, RRT)
	221
	87
	14
	0.816
	0.757-0.874
	0.632
	0.168

	C. ICU stay >= 48 h only
	155
	85
	27
	0.823
	0.759-0.888
	0.743
	0.174


AUC, area under the receiver operating characteristic curve; CI, confidence interval. In analysis A the missingness threshold was relaxed from 35% to 50% so that albumin, lactate dehydrogenase, lipase and the neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios entered the candidate pool; none was selected by LASSO and discrimination did not improve (p = 0.143). In analysis B the three organ-support variables were removed from the candidate pool. In analysis C the cohort was restricted to patients whose ICU stay allowed the 48-hour persistence criterion to be applied.


