ONLINE DATA SUPPLEMENT
ASSOCIATION BETWEEN EARLY ECHOCARDIOGRAPHY SCREENING AND PRETERM INTRAVENTRICULAR HEMORRHAGE

SUPPLEMENTARY METHODS
Echocardiography estimation of systemic blood flow
Research collaborators were responsible for echocardiography performance and interpretation. All of them had at least 3-year experience in functional echocardiography. The professional background was varied: neonatologist (5 centers), pediatric cardiologist (3 centers) and pediatric intensivist (1 center). 
Researchers were centrally trained in the echocardiographic protocol for data acquisition. All measurements were taken with simultaneous electrocardiographic tracing to determine heart rate (HR) and timing of the cardiac cycle. 
Systemic blood flow (SBF) refers to the total cardiac output that perfuses systemic organs. There are several echocardiographic measurements that are used to estimate SBF including right ventricular output (RVO), left ventricular output (LVO), superior vena cava flow (SVCf) or descending aorta flow. RVO is the sum of systemic venous return and left-to-right shunt through the patent foramen ovale (PFO). During the first days of life shunt through the PFO is small and therefore RVO is considered a good estimate of SBF. RVO was measured from parasternal modified long axis view. First the pulmonary annulus diameter in cm (DMPA) was measured in maximal systole (average of 3 consecutive cardiac cycles). Then, the velocity-time integral in cm2 (VTIMPA) of the MPA pulsed-Doppler signal was obtained and averaged from 5 consecutive cardiac cycles. RVO (ml/kg/min) was calculated as (DMPA/2)2 x VTIMPA x π x HR divided by weight. 
Main pulmonary artery maximal velocity (MPAVmax) is considered a surrogate measure of RVO with values above 0.45 m/seg usually indicating preserved RVO. This measurement has the advantage of simplicity as there is no need to measure vessel diameters which is an important source of error. MPAVmax was measured using Pulsed-Doppler at end-systole in the proximal MPA (just above the pulmonary annulus) from a modified parasternal long axis view. Velocities obtained from five consecutive cardiac cycles were averaged. 
SVCf reflects the proportion of systemic blood flow that is directed to the upper body and is not affected by the presence of shunts. For this reason, it is considered the preferred echocardiographic method to estimate SBF in neonates. For the measurement of SVCf, first the SVC pulsed-Doppler signal was obtained from a subcostal long axis view 2 mm above the cavo-atrial junction at the intersection with the right pulmonary artery. The VTIsvc was traced over 10 consecutive cardiac cycles and averaged. The SVC diameter (DSVC) was measured from a modified parasternal long axis view of the SVC using M mode perpendicular to the SVC wall in the intersection with right pulmonary artery. The DSVC was obtained averaging 5 maximal and 5 minimal diameter measurements to account for respiratory variation in SVC diameter. SVCf (ml/kg/min) was calculated as (DSVC/2)2 x VTISVC x π x HR divided by weight. 
Management of arterial hypotension during the transitional period. 
All centers had written guidelines for management of arterial hypotension in preterm infants. Most centers defined hypotension according to a mean arterial pressure below GA. All centers administered an initial fluid bolus of 10 ml/kg crystalloid to treat hypotension only in case of suspected hypovolemia, otherwise vasopressors were started. Dopamine was the first line treatment of hypotension in most centers. Other agents used were epinephrine and norepinephrine. Most centers used systemic hydrocortisone to treat of refractory hypotension that did not respond to two vasopressors. 
Management of patent ductus arteriosus
All centers performed early screening for PDA in preterm infants <28 weeks of gestational age. Some centers performed early screening also in preterm infants below 30 weeks of gestational age fulfilling certain criteria (need for mechanical ventilation after birth, hemodynamic instability etc.). The definition of HsPDA was based on multiparametric echocardiography gradation of shunt severity in all centers. PDA treatment criteria included moderate-severe shunt with low probability for spontaneous closure as determined by semiquantitative multiparametric echocardiography (mainly large PDA without restriction of flow) in 7 centers or by a quantitative PDA score in two centers. The decision to treat PDA was complemented by clinical data in all centers (high ventilator needs, metabolic acidosis, vasoactive support, hypotension). The drug of choice was intravenous ibuprofen in all centers. 

Statistical analysis (extended)
Data were summarized as mean (standard deviation) and medians (interquartile range) according to the data distribution, and categorical data were summarized as numbers (percentage). Categorical variables were compared between the intervention and control groups using chi-square test or Fisher test where appropriate. Continuous variables were compared using t student test for independent samples or U Mann Whitney test. Missing data was managed using multiple imputation if the variable had less than a 30% of missing values. Otherwise, data were not imputed and complete-case analysis with appropriate statistics was performed. Missing values in essential variables (eg: center and outcomes) were not imputed and the subject was prospectively excluded. Echocardiography parameters of SBF were analyzed using ANOVA for repeated measures. The effect of time, group and time by group interaction were assessed to investigate if SBF trajectories differed between preterm infants with and without the main outcome (>Grade II IVH or ED) according to which of the study groups they belonged or if they received inotropes to treat LSBF or not. 

For the primary analysis, we used a propensity score (PS)-based approach to control for confounding factors that may influence the occurrence of IVH 1–4. The PS was defined as the individual probability of a patient to be in one of the study arms (intervention or control) based on the individual observed covariates. PS was estimated by logistic regression with study group as the dependent variable in relation to the variables listed in Table 3 of the main document. As recommended in the literature, the criteria for selecting covariates for PS estimation were: 1) The covariate must be associated with the outcome (prognostic variable) 2) The covariate can be associated both with the intervention and the outcome (confounding variable) and 3) The covariate must be measured in the patient before the intervention. Variables that are only associated with the intervention (instrumental variables) should not be included in the calculation of the PS. As in our study echocardiographic screening of LSBF was performed per protocol in 100% of patients in the intervention group and in 0% in the control group, the study center was not used to calculate the PS. Instead, the center-effect was assessed using generalized mixed-effect models to account for clustering (see below). 
The primary analysis was based on inverse probability of treatment weighting (IPTW).5–7 Briefly, IPTW uses weights based on the PS to create a synthetic sample in which the distribution of measured baseline covariates is balanced independent of treatment assignment. A subject’s weight is equal to the inverse of the probability of receiving the treatment that the subject actually received. We decide to choose this PS based method instead of PS matching because ECHO assessment of LSBF is a screening strategy that can be offered to the whole population of at-risk preterm infant, and therefore we were interested in the average treatment effect (ATE) instead on the average treatment effect in the treated (ATT). Extreme weights were trimmed to the 1st and 99th percentile of the weight distribution to avoid increase in the variance estimator. We assessed covariate balance by comparing standardized differences (SD) before and after IPTW. A SD below 10% was considered adequate.8 Additional balance diagnostics included SD of pairwise interactions and squares of continuous covariates. 8Outcomes were compared between the intervention and control group in the original cohort and in IPTW cohort. The results are expressed as the estimated odds ratios with 95% confidence intervals using generalized estimating equations (GEE) regression with robust variance estimator to account for repeated measures and paired data. In the IPTW cohort, a generalized mixed-effects model regression with hospital as a random effect and study group as fixed effect was also used to account for clustering. 
Complementary analysis for the main outcomes included a sensitivity analysis excluding infants exposed to inotropes by IPTW, a negative outcome control analysis (late onset sepsis) in the original cohort adjusted by PS, a multivariate logistic regression in the original cohort and a multivariate logistic regression in the subgroup of preterm infants below or above 29 weeks of GA in the original cohort. Variables considered for model specification in multivariate regression were those with a known association with outcomes based on the literature and a univariate association with a p value <0.1. The final model was the one with a lower Akaike information criteria(AIC), non-significant Homer-Lemeshow test p value and adequate discrimination (AUROC). 
SUPPLEMENTARY RESULTS
Figure s1: Distribution of the propensity score among the study groups
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Table s1: Additional balance diagnostics in the inverse probability of treatment weighting cohort
	Interactions of continuous variables
	Standardized differences (intervention vs control group)

	Gestational age-Birth weight
	+1.37%

	Gestational age-Apgar 5’
	+1.06%

	Gestational age-CRIB II
	+0.9%

	Gestational age- CRP 
	+3.9%

	Birth weight-Apgar 5’
	+1.26%

	Birth wieght-CRIB II
	+1.7%

	Birth weight-CRP
	+2.6%

	Apgar 5’-CRIB II
	-6.8%

	Apgar 5’-CRP
	-0.6%

	CRIB II-CRP
	-12%

	Gestational age2
	+1.4%

	Birth weight2
	+4%

	Apgar 5’2
	-2.3%

	CRIB II2
	-0.4%

	CRP2
	-0.1%
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Table s2: Characteristics of the participating centers. 
	
	CENTER 1
	CENTER 2
	CENTER 3
	CENTER 4
	CENTER 5
	CENTER 6
	CENTER 7
	CENTER 8
	CENTER 9

	Hospital characteristics
	
	
	
	
	
	
	
	
	

	Births/year
PT <32 weeks GA/year
Included in the study
	1650
24
24
	7000
166
40
	2300
30
30
	1750
31
20
	1680
25
17
	3500
63
63
	1800
56
24
	2900
78
66
	3664
54
48

	NICU complexity*
	Low
	High
	Low
	Low
	Low
	High
	Intermediate
	Intermediate
	Intermediate

	Routine delayed cord clamping
	NO
	YES
	NO
	YES
	NO
	YES
	NO
	YES
	YES

	Cord milking
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO

	LSBF protocol
	YES
	YES
	YES
	YES
	YES
	NO
	NO
	NO
	NO

	LSBF screening criteria
-GA
-Other
	
<30 wks
31-32 wks
IND
	
IND
Risk factors
	
<32 wks
	
<32 wks

	
<32 wks
	
	
	
	

	Timing of screening
	3-6 hours
	6 hours
	6 hours
	6 hours
	6 hours
	
	
	
	

	LSBF assessment
-TcECHO
-NIRS
-Lactate
-SatO2v
-Clinical signs
	
X
X
X
-
X
	
X
X
X
-
X
	
X
X
X
-
X
	
X
X
X
X
X
	
X
X
X
-
X
	
	
	
	

	LSBF criteria
-SVCf (ml/kg/min)
-RVO (ml/kg/min)
-MPAVmax (m/seg)
	
<55 
<120
<0.45
	
<55
<100
<0.6
	
<45
<150
<0.45
	
-
<120
<0.6
	
<50
<120
<0.45
	
	
	
	

	LSBF treatment
-Drug of choice
· Initial dose
· Maximal dose
-Duration
	
DB
5
10
Up to 48 h
	
IND
IND
IND
IND
	
DB
5
15
Up to 72 h
	
DB
5
5
Up to 48 h
	
DB
5
15
Up to 48 h
	
	
	
	

	Hypotension protocol
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	NO

	Hypotension definition
-MBP <GA
-MBP <GA+ 5 mmHg
-MBP <p5 for sex/age
-Individualized
	

X
-
-
-
	

-
-
-
X
	

X
-
-
-
	

X
-
-
-
	

X
-
-
-
	

X
-
X
-
	

X
-
-
-
	

X
-
-
-
	

X
-
-
-

	Hypotension treatment criteria
-Blood pressure
-Clinical signs
-Lactate
-NIRS
	

X
X
X
X
	

X
X
X
X
	

X
-
-
-
	

-
X
X
X
	

X
X
X
X
	

X
X
X
X
	

X
X
X
X
	

X
X
X
X
	

X
X
X
-

	Initial fluid bolus
-Always
-Only if suspected hypovolemia
	
-
X

	
-
X

	
-
X

	
-
X

	
-
X

	
-
X

	
-
X

	
-
X
	
-
X

	Initial fluid bolus
Repeated fluid bolus
Maximal fluid load
	10 ml/kg
YES
20ml/kg
	10ml/kg
YES
IND
	10 ml/kg
YES
IND
	10ml/kg
NO
-
	10ml/kg
NO
-
	10 ml/kg
YES
20 ml/kg
	10 ml/kg
NO
-
	10ml/kg
YES
20ml/kg
	10 ml/kg
NO
-

	First line vasopressor
-Dopamine
-Epinephrine
-Norepinephrine
-Individualized
	
-
-
-
X
	
-
-
-
X
	
X
-
-
-
	
-
X
-
-
	
X
-
-
-
	
X
-
-
-
	
X
-
-
-
	
X
-
-
-
	
X
-
-
-

	Hydrocortisone 
-With 1 vasopressor
-With 2 vasopressors
-Adrenal insufficiency
-Other criteria
	
-
X
X
-
	
-
-
X
X 
	
-
X
-
-
	
-
X
-
-
	
-
X
X
-
	
X (high dose)
-
X
-
	
-
X
-
-
	
-
X
-
-
	

X
-
-

	PDA management protocol
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Early screening (<72h)
Criteria (GA)
	X
<30 weeks
	X
<30 weeks
	X
<28 weeks
	X
<28 weeks
	X
<28 weeks
	X
<28 weeks
	X
<28 weeks
	X
<28 weeks
	X
<28 weeks

	Definition of HsPDA
-Multiparametric echocardiography
	
X (PDA score)

	
X (PDA score)

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	PDA treatment criteria
-Qualitative echocardiographic shunt gradation
-PDA score
-Probability of spontaneous closure 
-Clinical data
	



X
X

X
	



X
X

X
	
X



X

X
	
X



X

X
	
X



X

X
	
X



X

X
	
X



X

X
	
X



X

X
	
X



X

X

	Drug of choice
-Intravenous ibuprofen
	
X

	
X
	
X
	
X
	
X
	
X
	
X
	
X
	
X


aHT, arterial hypotension; PBF, pulmonary blood flow; GA, gestational age; IND, individualized; LSBF, low systemic blood flow; MBP, mean blood pressure; MPAVmax, main pulmonary artery peak velocity; NICU, neonatal intensive care unit; SVCf, superior vena cava flow. *NICU complexity was arbitrarily divided in low (preterm infants below 33 weeks <40/year), intermediate (preterm births below 33 weeks >40 without cardiac surgery programme) and high (preterm infants below 33 weeks >40/year and cardiac surgery programme). 





Table s3: TcECHO parameters of systemic blood flow among the study groups during the first 72 hours of life
	
	6h
	12h
	24h
	48h
	72h

	MPAVmax (m/seg)
-Intervention
-Control
	
0.59 (0.14)
0.58 (0.13)
	
0.61 (0.1)
0.54 (0.1)*
	
0.65 (0.1)
0.57 (0.12)*
	
0.72 (0.14)*
0.64 (0.12)
	
0.76 (0.13)
0.74 (0.12)

	PBF (ml/kg/min)
-Intervention
-Control
	
172(69)
172 (72)
	
174 (41)
145 (48)*
	
196 (61)
156 (60)*
	
227 (71)
195 (68)*
	
243 (69)
229 (69)

	SVCf (ml/kg/min)
-Intervention
-Control
	
72 (27)
72 (31)
	
72 (21)
66 (33)
	
85 (29)
71 (29)*
	
92 (31)
86 (33)
	
104 (26)
98 (22)


Overall preterm infants in the intervention group had higher values of MPAVmax and PBF at 12, 24 and 48 hours. SVCf was only lower in the control group at 24 hours of life.
Data available for 191 preterm infants (121 in the intervention group and 70 in the control group). * p<0.05 for the comparison between intervention and control group (t student for independent samples)

COMPLEMENTARY ANALYSIS FOR THE MAIN OUTCOME
Table s4: Multivariate regression in the original cohort. Outcome >Grade II IVH and/or ED. 
	
	OR 95% CI
	P

	Study group
	0.227 (0.09-0.556)
	.001

	DR resuscitation
	3.2 (1.5-7.4)
	.003

	CRIB II
	1.3 (1.2-1.4)
	<.001

	Dopamine
	4.8 (2.1-13.3)
	.001


Model AIC 202; Homer-Lemeshow p=0.185. AUROC 0.841. Accuracy:89% Variables considered for model specification: Study group, gestational age, birth weight, sex, twin pregnancy, antenatal steroids, chorioamnionitis, gestational hypertension, delivery room resuscitation CRIB II score, early anemia (<3 days of life ), early thrombocytopenia ((<3 days of life), early hypocapnia (<3 days of life), maximal CRP (<3 days of life), treated hypotension, use of dopamine, surfactant administration, mechanical ventilation. 

Table s5: Multivariate regression. Subgroup analysis in preterm <28 weeks of GA. Outcome: >Grade II IVH and/or ED.
	
	OR 95% CI
	P

	Study group
	0.140 (0-0.45)
	.001

	DR resuscitation
	2.9 (1.1-7.8)
	.033

	CRIB II
	1.4 (1.2-1.7)
	<.001

	Dopamine
	3.9 (1.2-12.3)
	.023


Model AIC 112.9. AUROC 0.82. Homer-Lemeshow p=0.710. Accuracy 95%. Variables considered for model specification: Study group, gestational age, birth weight, sex, twin pregnancy, antenatal steroids, chorioamnionitis, gestational hypertension, delivery room resuscitation CRIB II score, early anemia (<3 days of life), early thrombocytopenia (<3 days of life), early hypocapnia (<3 days of life), maximal CRP (<3 days of life),  treated hypotension, use of dopamine, surfactant administration, mechanical ventilation. 
Table s6: Multivariate regression. Subgroup analysis in preterm >28 weeks of GA. Outcome: >Grade II IVH and/or ED.
	
	OR 95% CI
	P

	Apgar 5’
	0.710 (0.526-0.957)
	.025

	Dopamine
	6.5 (1.09-38)
	.039


Model AIC 45. AUROC 0.79. Homer-Lemeshow p=0.458. Variables considered for model specification: Study group, gestational age, birth weight, sex, twin pregnancy, antenatal steroids, chorioamnionitis, gestational hypertension, delivery room resuscitation CRIB II score, early anemia (<3 days of life), early thrombocytopenia (<3 days of life), early hypocapnia (<3 days of life), maximal CRP (<3 days of life), treated hypotension, use of dopamine, surfactant administration, mechanical ventilation. 
NEGATIVE CONTROL ANALYSIS
	
	aOR (95% CI)
	P
	bOR (95% CI)
	P

	Mechanical ventilation
	1.03 (0.58-1.83)
	.920
	0.93 (0.52-1.67)
	.807

	PDA treatment
	0.75 (0.37-1.52)
	.426
	0.85 (0.38-1.95)
	.706

	Late-onset sepsis
	0.72 (0.39-1.23)
	.272
	0.81(0.41-1.60)
	.547

	Modified Bell’s II-III NEC
	0.89 (0.31-2.53)
	.825
	0.74 (0.24-2.25)
	.596

	Grade II-III BPD
	1.23 (0.35-2.78)
	.608
	1.83 (0.73-4.75)
	.194

	Death
	0.71 (0.28-1.80)
	.475
	0.63 (0.26-1.55)
	.320


Table s7: Negative control analysis for selected morbidities in the original cohort and in the IPTW cohort
aOdds ratios indicate the association between intervention (vs. control) by logistic regression with covariate adjustment by gestational age and sex. bOdds ratios indicate the association between intervention (vs control) by generalized estimating equations in the IPTW cohort. 




 

SENSITIVITY ANALYSIS
Table s8: Sensitivity analysis using inverse probability of treatment weighting excluding infants exposed to any hemodynamic intervention in the first 3 days of life (vasoactive medication for any indication, PDA treatment, fluid boluses, inhaled nitric oxide or hydrocortisone)
	
	ORIGINAL COHORT
	IPTW COHORT

	MAIN OUTCOME
	INTERVENTION (N=85)
	CONTROL (N=156)
	OR (95% CI)
	INTERVENTION (N=225)
	CONTROL
(N=232)
	OR (95% CI)a
	OR (95% CI) b

	IVH>grade II and/or ED
	3 (3.2%)
	13 (8.3%)
	0.402 (0.11-1.4) p=0.165
	8/225 (3.6%)
	18 (7.7%)
	0.389 (0.17-1.4)
p=0.142
	0.466 (0.12-1.1)
P=.078


aThe associations between study group and outcomes were estimated by generalized estimating equations with robust variance estimator. bGeneralized mixed effect model with hospital as random effect and study group as fixed effect. 
A new propensity score was estimated by logistic regression after excluding infant who received any hemodynamic intervention during the first 3 days of life. Balance diagnostics were analogous to the main analysis. IPTW achieved a good balance of all prognostic factors used to estimate the PS between the intervention and control groups (standardized differences ranging -4.8% to +10.1%).

COMPLEMENTARY ANALYSIS FOR SELECTED SECONDARY OUTCOMES. 
Table s9: Multivariate regression in the original cohort. Outcome: Grade III-PVI or ED 
	
	OR 95% CI
	P

	Study group
	0.359 (0.130-0.991)
	.048

	DR resuscitation
	5.6 (2.2-14.3)
	<.001

	CRIB II
	1.31 (1.16-1.47)
	<.001

	Dopamine
	4.2 (1.54-11.4)
	.005


Model AIC 102; Homer-Lemeshow p=0.692. AUROC 0.866.. Variables considered for model specification: Study group, gestational age, birth weight, sex, twin pregnancy, antenatal steroids, chorioamnionitis, gestational hypertension, delivery room (DR) resuscitation CRIB II score, early anemia (<3 days of life), early thrombocytopenia (<3 days of life), early hypocapnia (<3 days of life), maximal CRP (<3 days of life), treated hypotension, use of dopamine, surfactant administration, mechanical ventilation. 

Table s10: Multivariate regression in the original cohort. Outcome: Grade III-PVI 
	
	OR 95% CI
	P

	Study group
	0.253 (0.08-0.756)
	.014

	DR resuscitation
	3.68 (1.4-9.8)
	.009

	CRIB II
	1.26 (1.13-1.41)
	<.001

	Treated hypotension
	3 (1.07-8.5)
	.037


Model AIC 103.; Homer-Lemeshow p=0.254. AUROC 0.901. Variables considered for model specification: Study group, gestational age, birth weight, sex, twin pregnancy, antenatal steroids, chorioamnionitis, gestational hypertension, delivery room resuscitation CRIB II score, early anemia (<3 days of life), early thrombocytopenia (<3 days of life), early hypocapnia (<3 days of life), maximal CRP (<3 days of life), treated hypotension, use of dopamine, surfactant administration, mechanical ventilation. 
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