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eFigure 1. Study population 

Abbreviations: CNN, Canadian Neonatal Network; NICU, neonatal intensive care unit. 

Infants born at 23-32 weeks’ gestation admitted to CNN 
NICUs during 2004-2017 

N= 54 923 

Excluded (N= 4092) 
• Moribund (532)
• Major congenital malformation (1936)
• Missing birth date or last discharge date

(62)
• >7 days old on first NICU admission

(1562)

Period 2004-2008 

N= 15 060 

Included infants 

 N= 50 831 

Period 2013-2017 

N= 20 079 

Period 2009-2012 

N= 15 692 
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eFigure 2. Process control chart for rate of survival to discharge without major morbidity 
among infants born at 23-32 weeks’ gestation 2004-2017 

Mean (solid line) and upper (UL) and lower (LL) control limits (dashed lines) were calculated using 2004-2017 data. Margins of the 
limits were re-calculated for each period based on the number of infants per 6-month period. 
Circles shows the percent of infants born each 6-month period who were exposed to the care practice. Percentage of survival to 
discharge without major morbidity is among all infants for each 6-month. Median number of infants for each 6-month period was 1937 
(Range 1183 to 2153).  
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eFigure 3. Interrupted time series regression comparing rates of survival to discharge 
without major morbidity among infants born 23-32 weeks’ gestation 

Trend in survival to discharge without major morbidity was analysed using interrupted time series models which we implemented using 
generalized estimated equations to examine linear trends in 3-month periods. We analyzed the change in trends for three separate 
time periods based on the “EPIQ” program dates: EPIQ-1 (2004-2008), EPIQ-2 (2009-2012) and EPIQ-3 (2013-2017). We 
hypothesized that each EPIQ program would result in slope changes.  
The linear generalized estimating equation model used the rate of survival to discharge without major morbidity for each 3-month time 
period (adjusted for gestational age, GA [as categorical variable], sex, multiple births, small for gestational age, outborn and SNAP-II 
score >20, antenatal steroids) and used robust standard errors to account for within-NICU correlation over time. Analysis conducted 
using infants with complete data (n=48,817). 
All slopes were significantly greater than 0 (p ≤0.002). No difference in slopes between EPIQ-II and EPIQ-I (0.72), and between EPIQ-
III and EPIQ-II (p>0.18). 
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eFigure 4. Process control chart for rate of death or bronchopulmonary dysplasia among 
infants born at 23-32 weeks’ gestation 2004-2017 

Means (solid lines) and upper (UL) and lower (LL) control limits (dashed lines) calculated using 2004-2017 data. Margins of the limits 
were re-calculated for each period based on the number of infants per 6-month period. 
Circles shows the percent of infants born each 6-month period who were exposed to the care practice. 
Percentage of death or bronchopulmonary dysplasia is among infants all infants (N = 42,945). 
Median number of infants for each 6-month period was 1500 (Range 954 to 2217). 
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eTable 1. Comparison of outcomes between time periods and time trend analysis by gestational age strata 
aOR (95%CI)a aOR (95%CI)b 

for yearly trend 
p-value for yearly trend

GA groupc 2009-2012 vs 
2004-2008 

2013-2017 vs 
2009-2012 

2013-2017 vs 
2004-2008 

Individual outcomes 

Survival 23 - 25 wks 1.06 (0.85-1.31) 1.28 (1.11-1.47) 1.35 (1.13-1.61) 1.03 (1.02-1.05) 0.0001 
26 - 28 wks 1.01 (0.76-1.33) 1.16 (1.01-1.33) 1.16 (0.90-1.51) 1.02 (0.99-1.05) 0.21 
29 - 32 wks 1.17 (0.86-1.61) 1.06 (0.80-1.40) 1.25 (0.86-1.81) 1.02 (0.98-1.06) 0.37 

Bronchopulmonary dysplasia 23 - 25 wks 0.78 (0.59, 1.03) 0.84 (0.64-1.09) 0.65 (0.47-0.90) 0.96 (0.93-0.99) 0.017 
26 - 28 wks 0.79 (0.62-1.01) 0.71 (0.59-0.87) 0.57 (0.42-0.76) 0.94 (0.91-0.97) <.0001 
29 - 32 wks 0.71 (0.61-0.83) 0.72 (0.52-0.98) 0.51 (0.34-0.75) 0.92 (0.88-0.97) 0.0005 

Severe neurological injury 23 - 25 wks 0.98 (0.81-1.18) 0.84 (0.69-1.01) 0.82 (0.63-1.06) 0.98 (0.96-1.01) 0.21 
26 - 28 wks 0.88 (0.74-1.05) 0.92 (0.76-1.11) 0.81 (0.64-1.02) 0.97 (0.95-0.99) 0.022 
29 - 32 wks 0.96 (0.78-1.19) 0.88 (0.74-1.04) 0.85 (0.68-1.06) 0.98 (0.96-1.00) 0.052 

Necrotizing enterocolitis 23 - 25 wks 0.97 (0.75-1.24) 0.99 (0.70-1.41) 0.96 (0.70-1.31) 1.00 (0.96-1.03) 0.81 
26 - 28 wks 0.94 (0.73-1.22) 0.84 (0.69-1.02) 0.79 (0.63-1.01) 0.97 (0.95-0.996) 0.021 
29 - 32 wks 0.94 (0.73-1.21) 0.71 (0.57-0.88) 0.66 (0.4-,0.09) 0.95 (0.92-0.98) 0.0022 

Severe retinopathy of 
  

23 - 25 wks 0.79 (0.56-1.13) 0.89 (0.75-1.06) 0.71 (0.50-0.99) 0.96 (0.93-0.99) 0.021 
26 - 28 wks 0.69 (0.49-0.98) 0.75 (0.56-1.02) 0.52 (0.36-0.77) 0.93 (0.89-0.97) 0.0004 
29 - 32 wks 0.96 (0.59-1.56) 0.53 (0.35-0.81) 0.51 (0.30-0.87) 0.95 (0.90-0.99) 0.046 

Late-onset sepsis 23 - 25 wks 0.88 (0.69-1.11) 0.84 (0.73-0.97) 0.74 (0.57-0.97) 0.97 (0.94-0.99) 0.032 
26 - 28 wks 0.75 (0.59-0.96) 0.70 (0.6-0.81) 0.52 (0.41-0.67) 0.93 (0.91-0.96) <.0001 
29 - 32 wks 0.75 (0.64-0.88) 0.61 (0.52-0.72) 0.46 (0.37-0.56) 0.91 (0.90-0.93) <.0001 

Composite outcomes 
Survival without major morbidity 23 - 25 wks 1.65 (1.14-2.38) 1.35 (1.01-1.81) 2.22 (1.63-3.02) 1.08 (1.05-1.11) <.0001 

26 - 28 wks 1.36 (1.12-1.66) 1.49 (1.29-1.71) 2.03 (1.60-2.58) 1.09 (1.06-1.11) <.0001 
29 - 32 wks 1.33 (1.19-1.49) 1.39 (1.18-1.63) 1.85 (1.54-2.21) 1.07 (1.05-1.1) <.0001 

Death or Bronchopulmonary 
dysplasia 23 - 25 wks 0.74 (0.57-0.97) 0.80 (0.62-1.03) 0.59 (0.44-0.81) 0.95 (0.92-0.98) 0.0023 

26 - 28 wks 0.80 (0.64-0.99) 0.72 (0.60-0.87) 0.58 (0.44-0.76) 0.94 (0.91-0.97) <.0001 
29 - 32 wks 0.72 (0.61-0.85) 0.76 (0.58-0.99) 0.54 (0.39-0.77) 0.93 (0.90-0.97) 0.0005 

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; GA, gestational age. 
a Adjusted ORs of adverse outcome (comparisons between three studies time periods) using multivariate logistic regression models with GEE approach, adjusted for gestational age, sex, 
singleton, small for gestational age outborn and SNAP-II score >20, antenatal steroids. 
b Adjusted OR of adverse outcome per year (treating admission year as continuous to account for the variation over time). Multivariate logistic regression models with GEE approach were used, 
adjusted for gestational age, sex, singleton, small for gestational age outborn and SNAP-II score >20, antenatal steroids. 
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c There was no significant difference between yearly trends in outcomes of infants born 29-30 weeks’ and 31-32 weeks’ gestation (p value for interaction factor between gestational age group 
and trend ≥0.05) so odds ratios are presented for the combined group of infants born 29-32 weeks’ gestation. 
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eTable 2.  Comparison of outcomes between time periods and time trend analysis for all infants born at 23-32 weeks’ gestation 
aOR (95%CI)a aOR (95%CI)b for 

yearly trend 
p-value for yearly trend

2009-2012 vs 2004-
2008 

2013-2017 vs 2009-
2012 

2013-2017 vs 2004-
2008 

Individual outcomes 

Survival 1.06 (0.87-1.29) 1.16 (0.08-1.26) 1.25 (1.02-1.51) 1.02 (1.01-1.04) 0.03 

Bronchopulmonary 
dysplasia 0.78 (0.68-0.9) 0.76 (0.64-0.91) 0.59 (0.47-0.75) 0.94 (0.92-0.97) <0.0001 

Severe neurological injury 0.95 (0.82-1.1) 0.9 (0.78-1.03) 0.85 (0.69-1.04) 0.98 (0.96-1.00) 0.08 
Necrotizing enterocolitis 0.94 (0.76-1.15) 0.84 (0.69-1.03) 0.79 (0.61-1.02) 0.97 (0.95-0.99) 0.027 
Severe retinopathy of 
prematurity  0.77 (0.56-1.05) 0.82 (0.67-0.99) 0.63 (0.45-0.87) 0.95 (0.92-0.98) 0.0036 

Late-onset sepsis 0.82 (0.72-0.93) 0.77 (0.72-0.83) 0.63 (0.55-0.73) 0.95 (0.94-0.96) <0.0001 
Composite outcomes 
Survival without major 
morbidity 1.36 (1.20-1.55) 1.42 (1.22-1.66) 1.94 (1.58-2.37) 1.08 (1.06-1.10) <0.0001 

Death or 
Bronchopulmonary 
dysplasia 

0.77 (0.66-0.90) 0.76 (0.63-0.91) 0.58 (0.45-0.75) 0.94 (0.92-0.97) <0.0001 

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval. 
a adjusted ORs of adverse outcome (comparisons between three studies time periods) using multivariate logistic regression models with GEE approach, adjusted for gestational age, sex, 
singleton, small for gestational age outborn and SNAP-II score >20, antenatal steroids. 
b adjusted OR of adverse outcome per year (treating admission year as continuous to account for the variation over time). Multivariate logistic regression models with GEE approach were used, 
adjusted for gestational age, sex, singleton, small for gestational age outborn and SNAP-II score >20, antenatal steroids. 
Adjusted analysis conducted using infants with complete data (n=48,817). 
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eTable 3. Sensitivity analysis using 22 centres that contributed 2004-2017 data: rates of survival for each gestational age by 
week strata 

aOR (95%CI)a aOR (95%CI)b for 
yearly trend 

p-value
for yearly trend 

GA groupc 2009-2012 vs 2004-
2008 

2013-2017 vs 2009-
2012 

2013-2017 vs 2004-
2008 

Survival All 
23 - 32 wks 1.04 (0.82-1.31) 1.14 (1.08-1.21) 1.19 (0.95-1.49) 1.02 (0.99-1.04) 0.16 

23 - 25 wks 1.09 (0.84-1.38) 1.23 (1.05-1.44) 1.33 (1.08-1.64) 1.03 (1.01-1.05) 0.003 
26 - 28 wks 0.98 (0.70-1.69) 1.09 (0.94-1.25) 1.06 (0.81-1.41) 1.01 (0.98-1.04) 0.57 
29 - 32 wks 1.04 (0.72-1.49) 1.16 (0.98-1.63) 1.21 (0.97-1.03) 1.01 (0.96-1.06) 0.64 

Survival without 
major morbidity 

All 
23 - 32 wks 1.31 (1.17-1.45) 1.50 (1.23-1.81) 1.95 (1.55-2.46) 1.08 (1.05-1.10) <.0001 

23 - 25 wks 1.43 (0.98-2.08) 1.49 (1.04-2.14) 2.13 (1.49-3.03) 1.08 (1.04-1.12) <.0001 
26 - 28 wks 1.31 (1.08-1.59) 1.54 (1.29-1.85) 2.03 (1.55-2.64) 1.08 (1.05-1.11) <.0001 
29 - 32 wks 1.29 (1.15-1.44) 1.47 (1.20-1.79) 1.89 (1.53-2.33) 1.07 (1.05-1.10) <.0001 

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; GA, gestational age. 
a Adjusted ORs of adverse outcome (comparisons between three studies time periods) using multivariate logistic regression models with GEE approach, adjusted for gestational age, sex, 
singleton, small for gestational age outborn and SNAP-II score >20, antenatal steroids. 
b Adjusted OR of adverse outcome per year (treating admission year as continuous to account for the variation over time). Multivariate logistic regression models with GEE approach were used, 
adjusted for gestational age, sex, singleton, small for gestational age outborn and SNAP-II score >20, antenatal steroids. 
c There was no significant difference between yearly trends in outcomes of infants born 29-30 weeks’ and 31-32 weeks’ gestation (p value for interaction factor between gestational age group 
and trend ≥0.05) so odds ratios are presented for the combined group of infants born 29-32 weeks’ gestation. 
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