SUPPLEMENTARY DATA

SUPPLEMENTARY METHODS
Study variables
Baseline characteristics. Baseline characteristics screened for the study included sex, prematurity, birth weight, associated genetic or chromosomal syndrome, additional congenital heart disease (CHD) and/or comorbidity, and age and weight at the time of catheterization. 
Preprocedural characteristics. When available, we recorded symptoms associated with PDA and transthoracic echocardiogram (TTE) characteristics, including left ventricular (LV) end-diastolic diameter, minimal ductal diameter, ductal length, and maximal flow velocities in the left pulmonary artery (LPA) and descending aorta (DAo). Increased pulmonary artery (PA) pressure was determined by the direction and velocity of ductal shunt, reverse or flattened septal curvature, and/or increased tricuspid regurgitation velocity >2.8 m/s. Participating institutions were characterized by a variable representing the annual number of PDA device closures during the study period.
Procedural characteristics. PDA characteristics were recorded, including angiographic minimal ductal diameter and ductal length, as well as ductal morphology categorized as conical (A type), window-type (B type), tubular (C type), complex (D type), and elongated (E type), according to the angiographic Krichenko classification. Short PDA was defined as ductal length <4 mm. Procedural access and route, type and size of material used to close the PDA (coil or device), type and size of delivery sheath, fluoroscopy time, and radiation dose were evaluated. 

Procedural outcomes. 
Adverse events. Adverse events (AE) were defined a priori (supplementary table S1). All complications were systematically classified based on severity. When 2 AE were reported for a patient, the most severe AE was considered in the analysis. Embolization was defined as a released coil or device that was no longer located in the PDA. Embolization was categorized as “immediate” when occurring during the procedure, and “delayed” when diagnosed after the patient had left the catheterization laboratory. Outcomes were also classified as early (<30 days after device implantation) or late (>30 days). LPA and/or DAo obstruction was defined as an increased flow velocity with Vmax >2.5 m/s, while a Vmax between 2.0 and 2.5 m/s indicated mild stenosis.
Composite outcome. A composite outcome was defined as procedural failure and/or the presence of moderate, major or catastrophic AE, classified as type 3, 4, or 5. We combined the components of procedural failure and the occurrence of grade 3, 4, or 5 AE because each component of the composite criterion holds equivalent significance for infants, and the incidence rates appeared similar among these components.8 This approach considers that some AE may result from more aggressive closure attempts by some practitioners, while others might have halted the procedure without deploying a device, referring the patient for surgery. 

Late outcomes. Routine outpatient follow-up was usually arranged at 4-6 weeks, 3 months, 6 months, and 12 months postprocedure and then once yearly thereafter for at least 1 to 2 years before potential follow-up discharge. Prospective follow-up was achieved until June 2024 and relevant data were recorded including follow-up length, late onset or worsening of device-related LPA and/or DAo obstruction, late device embolization, late persistence of any residual shunt, device-related hemolysis, thromboembolic complications, bacterial endocarditis, and unplanned catheterization or surgical intervention.

To assess the relationship between procedural weight and history of prematurity in relation to a composite outcome (procedural failure and/or major AE), patients were categorized into 4 groups based on these variables: (group A, reference group) procedural weight ≥ 4 kg and < 6 kg in term infants; (group B) procedural weight > 2 kg and < 4 kg in term infants; (group C) procedural weight ≥ 4 kg and < 6 kg in premature infants; and (group D) procedural weight > 2 kg and < 4 kg in premature infants. A logistic regression model was applied with the composite outcome as the dependent variable and procedural weight and prematurity at birth as the explanatory variables of interest, summarized in a 4-level categorical variable as previously described. The model was adjusted for variables identified as confounders in the directed acyclic graph. Individuals with missing data for variables included in the model were excluded, resulting in a sample of 779 participants for multivariable analyses. Odds ratios and 95% confidence intervals (95%CI) were calculated and presented 
Secondly, we focused on the relationship between procedural weight and composite outcome occurrence. Children weighing 2.0 to 3.9 kg at the procedure (exposed group) were matched (1:1 propensity score matching without replacement) with children weighing 4.0 to 5.9 kg at the procedure (unexposed group) for variables identified as confounders as well as prematurity. Exact matching was set on the following variables: ductal morphology, prematurity, nutritional support, respiratory support, and increased pulmonary artery pressure. The corresponding risk ratio (RR) and 95%CI were calculated. Through this method, the estimand is the average treatment effect for the treated (ATT). In other words, the analysis addressed the question: “What would have been the risk of the composite outcome if the children analyzed, weighing 2.0 to 3.9 kg at the procedure, had weighed 4.0 to 5.9 kg?” This method follows standards of statistical analysis in epidemiologic studies.9,10 P <.05 was considered statistically significant.



Table S1. Demographic-, procedural-, and hospital-level characteristics of infants in relation to procedural success or failure (n = 1231)

	
	Study sample
	Success
(n = 1 170)
	Failure
(n = 61)
	P
	Missing values (%)

	Patient characteristics
	
	
	
	
	

	  Gestational age at birth, WG 
	36.00 [28.00, 38.00]
	36.00 [28.00, 38.00]
	36.00 [30.25, 39.00]
	.2622
	17.0

	  Birth weight, g 
	2200.00 [1144.75, 2900.00]
	2175.00 [1131.25, 2900.00]
	2344.00 [1321.25, 2977.50]
	.3470
	24.7

	  Severity of prematurity 
	
	
	
	.7363
	17.0

	     32-36 WG 
	238 (23.3)
	225 (23.3)
	13 (24.1)
	
	

	     28-31+6 WG 
	133 (13.0)
	126 (13.0)
	7 (13.0)
	
	

	     < 28 WG 
	210 (20.5)
	202 (20.9)
	8 (14.8)
	
	

	  Genetic syndrome 
	254 (20.6)
	238 (20.3)
	15 (24.6)
	.5235
	0.0

	  Associated CHD 
	481 (39.0)
	456 (39.0)
	24 (39.3)
	1.0000
	0.0

	  Previous hospitalization for heart failure 
	502 (40.7)
	468 (40.0)
	32 (52.5)
	.0722
	0.0

	  Diuretics 
	472 (38.3)
	446 (38.1)
	25 (41.0)
	.7538
	0.0

	  Respiratory support 
	421 (34.1)
	395 (33.8)
	26 (42.6)
	.1991
	0.0

	  Nutritional support 
	254 (20.6)
	369 (31.5)
	29 (47.5)
	.0137
	0.0

	  Use of catecholamine 
	41 (3.3)
	36 (3.1)
	5 (8.2)
	.0708
	0.0

	Preprocedural characteristics 
	
	
	
	
	

	  Left ventricular volume overload 
	
	
	
	.0061
	47.4

	     No LV dilatation 
	199 (30.7)
	194 (31.9)
	5 (12.5)
	
	

	     Moderate LV dilatation (Z-score: +2 to +3 SD) 
	171 (26.3)
	153 (25.2)
	18 (45.0)
	
	

	     Severe LV dilatation (Z-score > +3 SD) 
	279 (43.0)
	261 (42.9)
	17 (42.5)
	
	

	  Increased pulmonary artery pressure 
	683 (55.4)
	639 (54.6)
	42 (68.9)
	.0405
	0.0

	Procedural characteristics
	
	
	
	
	

	  Age (at time of procedure), d 
	132.00 [83.00, 194.00]
	133.00 [83.00, 196.00]
	120.00 [78.00, 174.00]
	.2945
	9.3

	  PDA closure attempt after 2010 
	1017 (90.4)
	960 (90.1)
	55 (96.5)
	.1692
	8.8

	  Average number of PDA closure attempt per center/y (for this weight category) 
	3.50 [1.90, 7.80]
	3.50 [1.90, 7.80]
	3.60 [2.50, 7.80]
	.5958
	8.1

	  Weight (at time of procedure), g
	4747.00 [3700.00, 5300.00]
	4747.00 [3700.00, 5300.00]
	4500.00 [3700.00, 5350.00]
	.8437
	0.0

	  Narrowest PDA diameter, mm 
	3.81 (1.70)
	3.77 (1.70)
	4.61 (1.42)
	.0012
	28.8

	  Short duct 
	58 (4.7)
	55 (4.7)
	3 (4.9)
	.4905
	54.9

	  PDA narrowest diameter/PDA length ratio
	0.40 [0.29, 0.62]
	0.40 [0.28, 0.60]
	0.51 [0.40, 0.78]
	.0063
	57.7

	  PDA narrowest diameter (mm)/weight (kg) 
	0.84 [0.58, 1.18]

	0.83 [0.57, 1.17]
	1.06 [0.90, 1.36]
	.0005
	28.8


	  PDA narrowest diameter/body surface index ratio 
	15.08 [10.66, 20.45]
	14.83 [10.57, 20.35]
	17.51 [14.98, 20.76]
	.0369
	53.0

	  Morphology 
	
	
	
	.0089
	17.5

	     Type A (conical) 
	443 (43.6)
	428 (44.5)
	15 (27.3)
	
	

	     Type B (window-type) 
	27 (2.7)
	24 (2.5)
	3 (5.5)
	
	

	     Type C (tubular) 
	424 (41.7)
	389 (40.5)
	34 (61.8)
	
	

	     Type D (complex) 
	30 (2.9)
	30 (3.1)
	0 (0.0)
	
	

	     Type E (elongated)
	93 (9.1)
	90 (9.4)
	3 (5.5)
	
	

	  Type of device used 
	
	
	
	.0479
	0

	     Coils
	65 (5.3)
	65 (5.6)
	0 (0.0)
	
	

	     Duct occluder 
	904 (73.4)
	860 (73.6)
	42 (68.9)
	
	

	     Vascular plug 
	229 (18.6)
	211 (18.1)
	18 (29.5)
	
	

	     VSD occluder 
	33 (2.7)
	32 (2.7)
	1 (1.6)
	
	

	     ASD occlude r
	2 (0.2)
	2 (0.3)
	0 (0.0)
	
	

	Use of an alternative device compared with ADO 1 
	691 (56.0)
	650 (55.6)
	41 (67.2)
	.0976
	0


ADO, Amplatzer duct occluder; ASD, atrial septal defect; CHD, congenital heart disease; LV, left ventricular; PDA, patent ductus arteriosus; VSD, ventricular septal defect; WG, weeks of gestation.
The values are expressed as No. (%), mean ± standard deviation, or median [Q1, Q3].


Table S2. Population characteristics before and after matching
	
	Before matching
	After matching

	
	2-3.9 kg
(n = 403)
	2-3.9 kg
(n = 212)
	4-5.9 kg
(n = 212)
	P

	Patient characteristics
	
	
	
	

	  Gestational age at birth, WG
	33.00 [27.00, 36.50]
	33.00 [27.00, 37.00]
	31.00 [27.00, 37.00]
	.3465

	  Birth weight, g 
	1650.00 [940.00, 2410.00]
	1570.00 [900.00, 2431.50]
	1470.00 [793.00, 2600.00]
	.6652

	  Severity of prematurity 
	
	
	
	.1685

	     32-36 WG
	112 (30.9)
	47 (24.9)
	35 (18.9)
	

	     28-31+6 WG
	58 (16.0)
	25 (13.2)
	38 (20.5)
	

	     < 28 WG
	102 (28.1)
	57 (30.2)
	60 (32.4)
	

	  Previous hospitalization for heart failure 
	199 (49.4)
	109 (51.4)
	84 (39.6)
	.0193

	  Diuretics 
	187 (46.4)
	103 (48.6)
	92 (43.4)
	.3298

	  Catecholamine use 
	32 (7.9)
	20 (9.4)
	5 (2.4)
	.0039

	Preprocedural characteristics
	
	
	
	

	  Left ventricular volume overload
	
	
	
	.9005

	     No LV dilatation
	60 (31.7)
	32 (29.9)
	41 (32.5)
	

	     Moderate LV dilatation (Z-score: +2 to +3 SD)
	56 (29.6)
	30 (28.0)
	33 (26.2)
	

	     Severe LV dilatation (Z-score > +3 SD)
	73 (38.6)
	45 (42.1)
	52 (41.3)
	

	Procedural characteristics
	
	
	
	

	  Age (at time of procedure), d
	79.00 [53.00, 119.00]
	80.00 [53.00, 120.00]
	180.00 [118.50, 234.50]
	<.0001

	  Narrowest PDA diameter, mm 
	3.59 (1.45)
	3.45 (1.39)
	3.70 (1.68)
	.1035

	  PDA narrowest diameter/PDA length ratio 
	0.40 [0.29, 0.57]
	0.38 [0.28, 0.56]
	0.38 [0.25, 0.55]
	.4408

	  PDA narrowest diameter/weight at procedure ratio 
	17.97 [13.99, 23.13]
	17.20 [13.03, 21.29]
	13.04 [8.89, 17.51]
	<.0001

	Procedural outcomes 
	
	
	
	

	  Procedural success 
	379 (94.0)
	204 (96.2)
	204 (96.2)
	1.0000

	  Composite outcome 
	89 (22.1)
	35 (16.5)
	16 (7.5)
	.0072

	  All adverse events 
	106 (26.3)
	49 (23.1)
	22 (10.4)
	.0007

	     Minor AE
	41 (10.2)
	21 (9.9)
	13 (6.1)
	.2107

	     Moderate AE
	31 (7.7)
	12 (5.7)
	9 (4.2)
	.6544

	     Major AE
	45 (11.2)
	20 (9.4)
	3 (1.4)
	.0006

	   Catastrophic AE
	1 (0.2)
	0 (0.0)
	0 (0.0)
	1.0000


CHD, congenital heart disease; LV, left ventricular; PDA, patent ductus arteriosus; WG, weeks of gestation. 
The values are expressed as No. (%), mean ± standard deviation, or median [Q1, Q3]. 
P values were computed between matched groups.

