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Supplementary Material
Supplementary Table 1. Missing data for each variable.
	Variables
	Missing, n

	Male
	0 (0.0)

	Age
	0 (0.0)

	Height
	0 (0.0)

	Weight
	0 (0.0)

	BMI
	0 (0.0)

	Hypertension
	0 (0.0)

	Diabetes mellitus
	0 (0.0)

	Hyperlipidemia
	0 (0.0)

	Prior cerebral infarction
	1 (0.2)

	NYHA functional class
	0 (0.0)

	NRS-2002 score
	0 (0.0)

	LVEF
	0 (0.0)

	CPB duration
	0 (0.0)

	Aortic cross-clamp time
	0 (0.0)

	Operative time
	0 (0.0)

	Lactate
	0 (0.0)

	Surgical type
	0 (0.0)

	White blood cell count
	0 (0.0)

	Red blood cell count
	0 (0.0)

	Platelet count
	0 (0.0)

	Hemoglobin
	0 (0.0)

	Hematocrit
	1 (0.2)

	Serum albumin
	0 (0.0)

	ALT
	0 (0.0)

	AST
	16 (3.1)

	Serum creatinine
	16 (3.1)

	eGFR
	16 (3.1)

	APTT
	0 (0.0)

	D-dimer
	0 (0.0)

	Serum potassium
	0 (0.0)

	Bicarbonate
	16 (3.1)

	Delayed extubation
	0 (0.0)

	VIS
	1 (0.2)

	APACHE II score
	0 (0.0)

	Delayed EN
	0 (0.0)

	Use of anti-arrhythmic agents
	0 (0.0)

	Use of sedatives
	0 (0.0)

	Use of opioid analgesics
	0 (0.0)

	Antibiotic therapy: combined
	0 (0.0)


Values are presented as n (%). BMI, body mass index; NYHA functional class, New York Heart Association functional class; NRS-2002 score, Nutritional Risk Screening 2002 score; LVEF, left ventricular ejection fraction; CPB, cardiopulmonary bypass; ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomerular filtration rate; APTT, activated partial thromboplastin time; VIS, vasoactive-inotropic score; APACHE II score, Acute Physiology and Chronic Health Evaluation II score; EN, enteral nutrition.


Supplementary Table 2. Hyperparameter search space and final optimized values for each machine learning model.
	Model
	Hyperparameter
	Search space
	Selected value

	SVM
	C
	0.01, 0.1, 1, 10, 100, 1000
	0.1

	SVM
	kernel
	linear, rbf
	rbf

	SVM
	gamma
	scale, auto, 1e-4, 1e-3, 1e-2, 1e-1
	1e-2

	RF
	n_estimators
	50, 100, 200, 500
	50

	RF
	max_depth
	3, 5, 10, None
	None

	RF
	min_samples_split
	2, 5, 10
	2

	RF
	min_samples_leaf
	1, 2, 4
	4

	RF
	class_weight
	None, balanced
	balanced

	NB
	var_smoothing
	1e-9, 1e-8, 1e-7, 1e-6, 1e-5
	1e-9

	DT
	max_depth
	3, 5, 10, 20, None
	5

	DT
	min_samples_split
	2, 5, 10
	2

	DT
	min_samples_leaf
	1, 2, 4
	4

	DT
	criterion
	gini, entropy
	entropy

	DT
	class_weight
	None, balanced
	balanced

	DT
	splitter
	best, random
	random

	DT
	max_features
	None, sqrt, log2
	None

	XGBoost
	n_estimators
	100, 200, 500
	100

	XGBoost
	max_depth
	3, 5, 7
	7

	XGBoost
	learning_rate
	0.01, 0.05, 0.1
	0.05

	XGBoost
	subsample
	0.7, 0.8, 1.0
	0.8

	XGBoost
	colsample_bytree
	0.7, 0.8, 1.0
	0.8

	XGBoost
	reg_alpha
	0.01, 0.1, 1
	0.1

	XGBoost
	reg_lambda
	0.5, 1, 5
	1

	XGBoost
	min_child_weight
	1, 3, 5
	5


SVM, support vector machine; RF, random forest; NB, naïve Bayes; DT, decision tree; XGBoost, extreme gradient boosting.
Supplementary Table 3. Baseline characteristics of patients with and without ENFI after cardiopulmonary bypass surgery.
	Variables
	Patients with ENFI (n = 253)
	Patients without ENFI (n = 266)
	p-value

	Male, n
	179 (70.8)
	164 (61.7)
	0.029*

	Age, (years)
	60.0 (50.0–69.0)
	61.0 (55.0–70.0)
	0.045*

	Height, (cm)
	168.0 (160.0–172.0)
	165.0 (158.0–170.0)
	0.010*

	Weight, (kg)
	68.0 (60.0–80.0)
	65.0 (57.0–75.0)
	0.014*

	BMI, (kg/m2)
	24.8 (21.9–27.7)
	24.2 (21.2–27.2)
	0.103

	Hypertension, n
	139 (54.9)
	107 (40.2)
	< 0.001*

	Diabetes mellitus, n
	23 (9.1)
	24 (9.0)
	0.978

	Hyperlipidemia, n
	8 (3.2)
	8 (3.0)
	0.919

	Prior cerebral infarction, n
	92 (36.4)
	114 (42.9)
	0.131

	NYHA functional class
	
	
	0.037*

	2, n
	4 (1.6)
	9 (3.4)
	

	3, n
	217 (85.8)
	239 (89.8)
	

	4, n
	32 (12.6)
	18 (6.8)
	

	NRS-2002 score
	3.0 (3.0–4.0)
	3.0 (3.0–4.0)
	0.507

	LVEF, (%)
	56.0 (47.0–60.0)
	57.0 (51.0–60.0)
	0.005*

	CPB duration, (min)
	186.0 (146.0–222.0)
	162.0 (135.0–199.0)
	< 0.001*

	Aortic cross-clamp time, (min)
	129.0 (95.0–154.0)
	110.0 (84.0–142.0)
	0.002*

	Operative time, (min)
	400.0 (330.0–479.0)
	340.0 (290.0–430.0)
	< 0.001*

	Lactate, (mmol/L)
	5.1 (2.5–8.4)
	2.7 (2.1–3.7)
	< 0.001*

	Surgical type
	
	
	< 0.001*

	Valvular surgery, n
	91 (36)
	156 (58.6)
	

	Great vessel surgery, n
	97 (38.3)
	49 (18.4)
	

	Combined valvular surgery and coronary artery bypass grafting, n
	42 (16.6)
	51 (19.2)
	

	Surgical repair of congenital heart disease, n
	9 (3.6)
	5 (1.9)
	

	Coronary artery bypass grafting, n
	6 (2.4)
	5 (1.9)
	

	Other cardiac procedures, n
	8 (3.2)
	0 (0.0)
	

	White blood cell count, (109/L)
	11.7 (9.0–15.5)
	11.8 (9.4–15.1)
	0.562

	Red blood cell count, (1012/L)
	3.4 (3.0–3.8)
	3.5 (3.1–3.8)
	0.373

	Platelet count, (109/L)
	98.0 (71.0–143.0)
	119.0 (85.0–161.0)
	< 0.001*

	Hemoglobin, (g/L)
	104.6 ± 18.5
	106.2 ± 17.4
	0.302

	Hematocrit, (%)
	31.2 ± 5.5
	31.7 ± 5.1
	0.238

	Serum albumin, (g/L)
	30.1 (27.5–33.6)
	30.4 (27.4–33.2)
	0.748

	ALT, (U/L)
	24.8 (17.0–40.0)
	26.0 (18.0–40.0)
	0.542

	AST, (U/L)
	72.0 (47.4–108.0)
	68.9 (46.6–102.3)
	0.353

	Serum creatinine, (μmol/L)
	106.5 (78.6–150.4)
	77.1 (62.8–94.4)
	< 0.001*

	eGFR, (mL/min)
	65.7 ± 31.0
	84.9 ± 23.7
	<0.001*

	APTT, (s)
	41.6 (37.7–48.5)
	40.3 (37.3–45.7)
	0.060

	D-dimer, (μg/mL)
	3.0 (1.5–6.0)
	1.6 (0.9–3.0)
	< 0.001*

	Serum potassium, (mmol/L)
	4.4 (4.1–4.8)
	4.3 (3.9–4.7)
	0.233

	Bicarbonate, (mmol/L)
	23.6 (21.7–25.9)
	22.9 (21.3–24.9)
	0.016*

	Delayed extubation, n
	228 (90.1)
	182 (68.4)
	< 0.001*

	VIS
	22.0 (17.0–26.0)
	15.0 (14.0–18.0)
	< 0.001*

	APACHE II score
	15.0 (12.0–17.0)
	12.0 (10.0–14.0)
	< 0.001*

	Delayed EN, n
	162 (64.0)
	47 (17.7)
	< 0.001*

	Use of anti-arrhythmic agents, n
	223 (88.1)
	179 (67.3)
	< 0.001*

	Use of sedatives, n
	230 (90.9)
	195 (73.3)
	< 0.001*

	Use of opioid analgesics, n
	80 (31.6)
	24 (9.0)
	< 0.001*

	Antibiotic therapy: combined, n
	227 (89.7)
	172 (64.7)
	< 0.001*


Values are presented as mean ± standard deviation (SD), median (interquartile range, IQR), or n (%), as appropriate. Continuous variables were compared using Student’s t-test, Welch’s t-test, or the Wilcoxon rank-sum test, as appropriate. Categorical variables were compared using the chi-square test or Fisher’s exact test. *p-value < 0.05; ENFI, enteral nutrition feeding intolerance; BMI, body mass index; NYHA functional class, New York Heart Association functional class; NRS-2002 score, Nutritional Risk Screening 2002 score; LVEF, left ventricular ejection fraction; CPB, cardiopulmonary bypass; ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomerular filtration rate; APTT, activated partial thromboplastin time; VIS, vasoactive-inotropic score; APACHE II score, Acute Physiology and Chronic Health Evaluation II score; EN, enteral nutrition.
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	Variables
	Train set (n = 363)
	Test set (n = 156)
	p-value

	Male, n
	240 (66.1)
	103 (66.0)
	0.984

	Age, (years)
	61.0 (52.0–69.0)
	59.5 (52.5–70.0)
	0.765

	Height, (cm)
	167.0 (160.0–170.5)
	165.0 (160.0–172.0)
	0.948

	Weight, (kg)
	66.0 (58.0–77.0)
	67.5 (58.5–77.0)
	0.798

	BMI, (kg/m2)
	24.5 (21.5–27.3)
	24.8 (21.6–27.6)
	0.546

	Hypertension, n
	171 (47.1)
	75 (48.1)
	0.839

	Diabetes mellitus, n
	31 (8.5)
	16 (10.3)
	0.532

	Hyperlipidemia, n
	8 (2.2)
	8 (5.1)
	0.077

	Prior cerebral infarction, n
	145 (39.9)
	61 (39.1)
	0.857

	NYHA functional class
	
	
	0.676

	2, n
	10 (2.8)
	3 (1.9)
	

	3, n
	316 (87.1)
	140 (89.7)
	

	4, n
	37 (10.2)
	13 (8.3)
	

	NRS-2002 score
	3.0 (3.0–4.0)
	3.0 (3.0–4.0)
	0.420

	LVEF, (%)
	57.0 (49.0–60.0)
	57.0 (50.5–60.0)
	0.944

	CPB duration, (min)
	176.0 (135.0–215.0)
	172.5 (140.5–213.0)
	0.787

	Aortic cross-clamp time, (min)
	121.0 (86.5–148.5)
	120.0 (89.5–145.0)
	0.885

	Operative time, (min)
	370.0 (305.5–450.0)
	360.0 (302.5–460.0)
	0.819

	Lactate, (mmol/L)
	3.0 (2.2–5.9)
	3.3 (2.2–5.5)
	0.945

	Surgical type
	
	
	0.351

	Valvular surgery, n
	166 (45.7)
	81 (51.9)
	

	Great vessel surgery, n
	107 (29.5)
	39 (25.0)
	

	Combined valvular surgery and coronary artery bypass grafting, n
	66 (18.2)
	27 (17.3)
	

	Surgical repair of congenital heart disease, n
	9 (2.5)
	5 (3.2)
	

	Coronary artery bypass grafting, n
	7 (1.9)
	4 (2.6)
	

	Other cardiac procedures, n
	8 (2.2)
	0 (0.0)
	

	White blood cell count, (109/L)
	11.7 (8.9–15.4)
	12.1 (9.5–15.3)
	0.217

	Red blood cell count, (1012/L)
	3.5 (3.1–3.8)
	3.4 (3.0–3.8)
	0.241

	Platelet count, (109/L)
	110.0 (81.0–155.0)
	107.5 (75.5–152.5)
	0.634

	Hemoglobin, (g/L)
	106.0 ± 17.5
	103.9 ± 18.9
	0.224

	Hematocrit, (%)
	31.7 ± 5.2
	31.0 ± 5.6
	0.224

	Serum albumin, (g/L)
	30.4 (27.6–33.5)
	29.9 (27.1–33.3)
	0.336

	ALT, (U/L)
	26.0 (18.0–41.3)
	23.0 (17.0–39.1)
	0.124

	AST, (U/L)
	70.4 (48.0–103.6)
	71.6 (40.8–106.6)
	0.778

	Serum creatinine, (μmol/L)
	87.2 (65.8–114.9)
	87.9 (69.8–124.2)
	0.181

	eGFR, (mL/min)
	80.0 (58.5–98.0)
	78.5 (54.0–96.0)
	0.259

	APTT, (s)
	40.4 (37.3–46.6)
	41.2 (38.2–48.3)
	0.221

	D-dimer, (μg/mL)
	2.4 (1.0–4.7)
	2.0 (1.0–4.5)
	0.499

	Serum potassium, (mmol/L)
	4.4 (4.0–4.7)
	4.4 (3.9–4.8)
	0.716

	Bicarbonate, (mmol/L)
	23.2 (21.6–25.3)
	23.3 (21.3–25.3)
	0.811

	Delayed extubation, n
	293 (80.7)
	117 (75.0)
	0.143

	VIS
	18.0 (14.0–23.0)
	17.0 (14.0–22.0)
	0.580

	APACHE II score
	14.0 (11.0–16.0)
	13.0 (11.0–15.5)
	0.310

	Delayed EN, n
	152 (41.9)
	57 (36.5)
	0.256

	Use of anti-arrhythmic agents, n
	279 (76.9)
	123 (78.8)
	0.619

	Use of sedatives, n
	300 (82.6)
	125 (80.1)
	0.495

	Use of opioid analgesics, n
	75 (20.7)
	29 (18.6)
	0.589

	Antibiotic therapy: combined, n
	274 (75.5)
	125 (80.1)
	0.250

	ENFI, n
	178 (49.0)
	75 (48.1)
	0.841


Values are presented as mean ± standard deviation (SD), median (interquartile range, IQR), or n (%), as appropriate. Continuous variables were compared using Student’s t-test, Welch’s t-test, or the Wilcoxon rank-sum test, as appropriate. Categorical variables were compared using the chi-square test or Fisher’s exact test. BMI, body mass index; NYHA functional class, New York Heart Association functional class; NRS-2002 score, Nutritional Risk Screening 2002 score; LVEF, left ventricular ejection fraction; CPB, cardiopulmonary bypass; ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomerular filtration rate; APTT, activated partial thromboplastin time; VIS, vasoactive-inotropic score; APACHE II score, Acute Physiology and Chronic Health Evaluation II score; EN, enteral nutrition; ENFI, enteral nutrition feeding intolerance.
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