Additional file 1
Prediction of prolonged intensive care unit stay after coronary artery bypass grafting: development and internal validation of preoperative and 24-hour models in a Colombian cohort
Supplementary methods, Tables S1–S9, Fig. S1, a worked example and the recalibrated EuroSCORE II equation.
Table S1. Predictor definitions, time of availability and rationale
	Predictor
	Definition and coding
	Available at
	Rationale

	Model 1: preoperative predictors (available after the heart-team decision to operate)

	Age
	Years at surgery; continuous, linear
	Preoperative
	Consistent predictor in previous models [1–3]

	Sex
	Female vs male
	Preoperative
	Included in CardiOttawa and EuroSCORE-based models [1, 4]

	LVEF
	Preoperative LVEF (%) by echocardiography or ventriculography; restricted cubic spline
	Preoperative
	Core component of risk scores [1, 5]

	Serum creatinine
	Last preoperative value (mg/dL); log2-transformed, restricted cubic spline
	Preoperative
	Renal dysfunction [1, 6]

	COPD
	Any documented chronic obstructive pulmonary disease (registry grades 1–4)
	Preoperative
	[2, 7]

	Extracardiac vascular disease
	Peripheral arterial disease or previous stroke (at any time before surgery)
	Preoperative
	[5, 8]

	Atrial fibrillation or flutter
	Present at admission
	Preoperative
	[1, 3]

	Critical preoperative state
	EuroSCORE II definition (ventricular arrhythmia, preoperative ventilation, resuscitation, inotropes/IABP/VAD, acute renal failure) or preoperative intra-aortic balloon pump
	Preoperative
	Captures acuity [1, 5]

	Concomitant procedure
	EuroSCORE II weight of intervention >1 (CABG plus valve, aortic or other cardiac procedure)
	Preoperative (planned)
	Procedure type [1]

	Preoperative haemoglobin
	Last preoperative value (g/dL); linear
	Preoperative
	Anaemia [1, 9]

	Model 2: additional predictors (available 24 hours after ICU admission)

	Model 1 linear predictor
	Sum of Model 1 coefficients (before shrinkage) × predictor values
	Preoperative
	Summarises preoperative risk with one parameter

	CPB duration
	Minutes; 0 for off-pump surgery; per 30 minutes
	End of surgery
	[2, 10]

	Intraoperative RBC transfusion
	Any red-cell transfusion in the operating room
	End of surgery
	[11]

	Cardiogenic shock
	Registry definition: shock within 24 hours before surgery or on ICU admission after surgery
	ICU admission
	Low-output state [12]

	PaO2/FiO2
	First arterial blood gas on ICU admission; per 50 mmHg
	ICU admission
	[13]

	Chest-tube drainage
	Total drainage over the first postoperative day (mL); log2-transformed
	24 hours
	[14]

	Variables not used as predictors

	Postoperative complications
	Renal failure, reoperation, stroke, myocardial infarction, infection, reintubation
	Timing not recorded
	Intermediate outcomes on the pathway to prolonged stay; reported in Table 2

	Operative priority
	Elective, urgent, emergency or salvage (EuroSCORE II)
	Preoperative
	88.7% urgent; reflects the referral pathway rather than acuity

	Vasoactive support, lactate, ventilation time
	—
	Not time-stamped in the registry
	Could not be assigned to a prediction time


Sample size (Riley criteria)
The registry sample was fixed (n = 915; 131 events; prevalence 14.3%). Following Riley et al. [15], we converted an anticipated AUC of 0.72 (slightly above the AUC of 0.71 reported for EuroSCORE for prolonged ICU stay [4]) into an anticipated Cox–Snell R2 of 0.077 by simulation (maximum possible R2 0.560). Criterion 1 (expected uniform shrinkage ≥0.90) allowed about 8 predictor parameters; with 12 parameters the expected shrinkage was 0.86. Criterion 2 (optimism in Nagelkerke R2 ≤0.05) allowed about 27 parameters, and criterion 3 (overall risk estimated within ±0.05) required 189 patients. For Model 2, with an anticipated AUC of 0.78 (Cox–Snell R2 0.126), criterion 1 allowed about 14 parameters. The observed bootstrap shrinkage factor for Model 1 (0.864) was close to the anticipated value. For Model 2 it was 0.855, lower than expected from its six explicit parameters, because the Model 1 linear predictor was itself estimated in the same data. Both factors were applied to the final coefficients.
Table S2. Missing values in predictors
	Predictor
	Missing, n
	Missing, %

	LVEF
	16
	1.7

	Serum creatinine
	30
	3.3

	Preoperative haemoglobin
	37
	4.0

	PaO2/FiO2 on ICU admission
	93
	10.2

	Chest-tube drainage, POD 1
	50
	5.5


All other predictors and the outcome were complete. 731 patients (79.9%) had complete data for all predictors of both models. CPB duration was set to 0 for off-pump surgery.
Table S3. Tests of nonlinearity for continuous predictors
	Predictor
	Model
	p value (likelihood-ratio test, spline vs linear)
	Final form

	Age
	1
	0.88
	Linear

	LVEF
	1
	0.040
	Restricted cubic spline (3 knots)

	Serum creatinine (log2)
	1
	0.029
	Restricted cubic spline (3 knots)

	Haemoglobin
	1
	0.66
	Linear

	CPB duration
	2
	0.37
	Linear

	PaO2/FiO2
	2
	0.72
	Linear

	Chest-tube drainage (log2)
	2
	0.44
	Linear


Median p values across 20 imputed datasets. Knots at the 10th, 50th and 90th percentiles: LVEF 33%, 52% and 63%; creatinine 0.69, 0.96 and 1.42 mg/dL.
Table S4. Classification at predicted-risk thresholds
	Model
	Threshold
	Classified high risk, %
	Sensitivity, %
	Specificity, %
	PPV, %
	NPV, %
	LR+
	LR−

	Model 1
	10%
	55.1
	82.4
	49.5
	21.4
	94.4
	1.63
	0.35

	Model 1
	20%
	21.5
	48.9
	83.0
	32.5
	90.7
	2.88
	0.62

	Model 1
	30%
	7.7
	21.4
	94.6
	40.0
	87.8
	3.99
	0.83

	Model 2
	10%
	54.5
	83.2
	50.3
	21.8
	94.7
	1.67
	0.33

	Model 2
	20%
	20.0
	54.2
	85.7
	38.8
	91.8
	3.79
	0.53

	Model 2
	30%
	9.6
	29.8
	93.8
	44.3
	88.9
	4.76
	0.75


Table S5. Observed and predicted risk by total points
	Score
	Total points
	Patients, n
	Observed, %
	Predicted, %

	Preoperative score

	
	0
	53
	5.7
	4.1

	
	1
	138
	3.6
	5.6

	
	2
	184
	9.2
	7.6

	
	3
	168
	12.5
	10.3

	
	4
	101
	8.9
	13.8

	
	5
	75
	14.7
	18.2

	
	6
	83
	25.3
	23.6

	
	7
	59
	33.9
	30.1

	
	8
	23
	39.1
	37.4

	
	9
	14
	35.7
	45.5

	
	10
	10
	30.0
	53.7

	
	11
	4
	100.0
	61.7

	
	12
	2
	100.0
	69.2

	
	14
	1
	100.0
	81.3

	24-hour score

	
	0
	34
	5.9
	3.6

	
	1
	86
	3.5
	4.8

	
	2
	165
	4.8
	6.2

	
	3
	151
	12.6
	8.1

	
	4
	129
	6.2
	10.5

	
	5
	80
	12.5
	13.6

	
	6
	65
	13.8
	17.3

	
	7
	62
	19.4
	21.7

	
	8
	52
	32.7
	27.0

	
	9
	37
	45.9
	32.9

	
	10
	16
	56.3
	39.5

	
	11
	13
	38.5
	46.5

	
	12
	13
	46.2
	53.6

	
	13
	1
	100.0
	60.6

	
	14
	6
	50.0
	67.2

	
	15
	4
	25.0
	73.1

	
	16
	1
	100.0
	78.4


Predicted probabilities from logistic regression of the outcome on the total score (Table 6 of the main manuscript).
Table S6. Sensitivity analyses
	Analysis
	n
	Events
	Model 1 AUC, apparent / corrected
	Model 2 AUC, apparent / corrected
	Calibration slope, Model 1 / Model 2

	Primary analysis
	915
	131
	0.73 / 0.70
	0.76 / 0.73
	0.86 / 0.85

	Excluding ICU deaths before day 7
	879
	131
	0.74 / 0.72
	0.78 / 0.75
	0.88 / 0.88

	Composite: ICU stay ≥7 days or in-hospital death
	915
	167
	0.75 / 0.73
	0.79 / 0.77
	0.91 / 0.91

	Threshold ≥5 days
	915
	278
	0.69 / 0.67
	0.71 / 0.68
	0.88 / 0.86

	Threshold ≥10 days
	915
	56
	0.77 / 0.72
	0.81 / 0.77
	0.80 / 0.80

	Isolated CABG only
	754
	84
	0.69 / 0.64
	0.72 / 0.67
	0.76 / 0.76

	Complete cases
	731
	115
	0.73 / 0.70
	0.76 / 0.73
	0.84 / 0.84

	Complete cases plus implausible-stay records (coded as prolonged)
	740
	124
	0.71 / 0.68
	0.74 / 0.71
	0.84 / 0.84

	Excluding 2020–2021
	561
	63
	0.72 / 0.67
	0.73 / 0.67
	0.70 / 0.69


Same pre-specified predictors refitted in each scenario (concomitant procedure omitted in isolated CABG). Optimism-corrected values from 50 bootstrap resamples per imputed dataset (500 for complete-case analyses). Calibration slopes are optimism-corrected, before shrinkage; primary-analysis values differ slightly from Table 5 of the manuscript (200 resamples per dataset). Records with implausible ICU stay were added to the complete-case data only if they had complete predictor data (9 of 10).
Table S7. LASSO single-stage model (sensitivity analysis)
	Term
	Mean coefficient
	Selected in imputed datasets, %

	Age
	0.0305
	100

	Female sex
	0.0000
	0

	LVEF
	-0.0227
	100

	LVEF, spline term
	0.0048
	20

	Creatinine (log2)
	0.0000
	0

	Creatinine, spline term
	0.2331
	100

	COPD
	0.2152
	100

	Extracardiac vascular disease
	0.3991
	100

	Atrial fibrillation/flutter
	0.0529
	100

	Critical preoperative state
	0.1507
	100

	Concomitant procedure
	0.7695
	100

	Haemoglobin
	-0.0335
	100

	CPB duration (per 30 min)
	0.1211
	100

	Intraoperative RBC transfusion
	0.0000
	0

	Cardiogenic shock
	0.8828
	100

	PaO2/FiO2 (per 50 mmHg)
	-0.0736
	100

	Chest-tube drainage (log2)
	0.1396
	100

	Intercept
	-3.8803
	—


Penalty chosen by 10-fold cross-validation (λ minimising deviance) in 5 imputed datasets. Apparent AUC 0.75; optimism-corrected AUC 0.72 (100 bootstrap resamples per dataset, repeating the tuning).
Table S8. Internal–external cross-validation by calendar period
	Validation period
	n
	Events (%)
	AUC Model 1
	AUC Model 2
	AUC EuroSCORE II
	O/E Model 1
	O/E Model 2
	CITL M1 / M2
	Slope M1 / M2

	2019-2020
	363
	41 (11.3)
	0.73
	0.77
	0.70
	0.64
	0.58
	-0.61 / -0.76
	0.80 / 0.90

	2021-2022
	246
	57 (23.2)
	0.71
	0.74
	0.69
	1.68
	1.60
	0.71 / 0.69
	0.92 / 0.79

	2023-2026
	306
	33 (10.8)
	0.66
	0.65
	0.58
	0.98
	1.28
	-0.02 / 0.30
	0.65 / 0.52


Models were developed in the other two periods and applied to the validation period (unshrunk coefficients), averaged over 20 imputed datasets. O/E: observed-to-expected ratio; CITL: calibration-in-the-large (positive values indicate underestimation).
Table S9. Five most influential observations in Model 2 (first imputed dataset)
	Rank
	Cook's distance
	ICU stay, days
	Prolonged stay
	In-hospital death
	Age
	LVEF, %
	Concomitant procedure
	Cardiogenic shock
	Drainage POD 1, mL
	PaO2/FiO2
	CPB, min

	1
	0.024
	27
	Yes
	Yes
	48
	46
	No
	Yes
	35
	130
	0

	2
	0.020
	6
	No
	No
	67
	31
	Yes
	Yes
	210
	108
	173

	3
	0.020
	44
	Yes
	Yes
	62
	50
	No
	Yes
	335
	310
	96

	4
	0.020
	2
	No
	Yes
	63
	25
	No
	Yes
	665
	190
	112

	5
	0.019
	9
	Yes
	No
	53
	53
	No
	No
	110
	428
	0


All influential records had plausible values; the conventional threshold of 1 for Cook's distance was not approached, and no observation was removed.
Worked example
A 72-year-old man is scheduled for isolated CABG. Preoperative LVEF is 35%, serum creatinine 1.4 mg/dL and haemoglobin 12.5 g/dL; he has no COPD, extracardiac vascular disease, atrial fibrillation or critical preoperative state.
Model 1. Spline terms: s(LVEF = 35) = 0.0089; log2(1.4) = 0.4854; s(log2 creatinine) = 0.7068. Linear predictor = -2.2085 + 0.03477×72 + -0.05041×35 + 0.03650×0.0089 + (-0.7554)×0.4854 + 0.8789×0.7068 + (-0.0328)×12.5 = -1.625. Predicted probability = 1/(1 + exp(1.625)) = 16.5%.
Model 2. After surgery, CPB lasted 130 minutes, there was no transfusion or shock, PaO2/FiO2 on ICU admission was 180 and first-day chest-tube drainage was 800 mL. Using the expanded Model 2 coefficients (Table 4), the linear predictor is -3.2312 + 0.02866×72 + -0.04155×35 + 0.03008×0.0089 + (-0.6227)×0.4854 + 0.7244×0.7068 + (-0.0271)×12.5 + 0.0796×(130/30) + (-0.0862)×(180/50) + 0.1492×log2(800) = -1.277, giving a predicted probability of 21.8%.
Points score. Age 70–79 (2 points) + LVEF 31–50% (1) + anaemia (1) = 4 preoperative points (predicted risk 13.8%, intermediate stratum). At 24 hours: CPB >120 min (1) + PaO2/FiO2 <200 (1) + drainage 500–999 mL (1) = 7 points (predicted risk 21.7%, intermediate stratum).
Recalibrated EuroSCORE II
For calibration, reclassification and decision-curve analyses, EuroSCORE II was recalibrated to the outcome: logit(probability of ICU stay ≥7 days) = 1.195 + 0.967 × logit(EuroSCORE II predicted mortality).


[image: ]
Fig. S1. Shape of the association of LVEF (A) and serum creatinine (B) with prolonged ICU stay in the final Model 1, expressed as odds ratios relative to 55% and 1.0 mg/dL. Both were modelled with restricted cubic splines (three knots). The rise at LVEF >60% is based on few patients and is imprecisely estimated. Rug marks show the distribution of observed values.
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