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Can we reduce early neurological injury and improve
outcomes of our critically ill preterm infants?

To develop an understanding of the strengths and weaknesses of evidence provided
by systematic reviews and meta-analyses and evaluate how this evidence is
Incorporated in our practice of neonatal -perinatal medicine.

Todayos focus wil |l be on preventing 1T
developmental outcome in preterm infants
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Neurodevelopmental Impairment Among Extremely
Preterm Infants in the Neonatal Research Network.
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Neurodevelopmental outcomes over time

Neonatal Research Network 2011 to 2014
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How do you assess neurodevelopmental outcome?
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What interventions impact on neurodevelopmental outcome?

Placental

transfusion? Oxygen

saturation

Prophylactic targets”?

Indomethacin?

Pain

Antenatal management?

Corticosteroids? Developmental
care?
Follow
up/follow

Brain through?
monitoring?




Intraventricular Hemorrhage
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The origin of GM I VH i1s multifactorial, compl

Intraventricular hemorrhage (IVH) in preterm infants is multifactorial, meaning it can result from a
combination of various factors. The exact cause of IVH is not fully understood, but several factors are
believed to contribute to its development. These factors include:

A Fragile blood vessels

A Variations in cerebral blood flow
A Immature autoregulation

A Hypoxia and ischemia

A Fluctuations in blood pressure

A Inflammation and infection
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Grading ger mi nal
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into the surrounding
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extension involving
>50% of the ventricle
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IVH grade 4 is known to be caused by
venous drainage obstruction and bleeding
into surrounding tissues after venous
infarction and is not an extension of the
original bleeding.

Germinal Matrix-Intraventricular Hemorrhage: A Tale of Preterm Infants. https://doi.org/10.1155/2021/6622598 . International Journal of Pediatrics


https://doi.org/10.1155/2021/6622598

Timing of intraventricular hemorrhage in VLBW infants
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Intraventricular hemorrhage
48% of IVH occurred during 0 -6 hours of life

Al-Abdi SY, Al-Aamri MA. A Systematic Review and Metmalysis of the Timing of Early Intraventricular Hemorrhage in Preterm Neonates: Clinidaésearch
Implications. J ClifNeonatol 2014 Apr;3(2):7638. doi: 10.4103/22491847.134674. PMID: 25024973; PMCID: PMC4089133.



Intraventricular Hemorrhage and Neurodevelopmental Outcomes in Extreme Preterm Infants
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Characteristic

All IVH ( n = 429)

1T 1l IVH ( n = 336)

i IV IVH ( n = 93)

A Moderate/severe neurosensory impairment

OR 2.63, 1.963.53

OR 2.06, 1.4B2.86

OR 5.49, 3.4P8.83

AcCP

OR 2.48, 1.713.61

OR 1.72, 1.112.67

OR 5.99, 3.5010.21

AMDI or

GQ O 2

SD

OR 3.08, 1.885.19

OR 2.37, 1.314.28

OR 6.00, 2.8812.39

A Bilateral blindness

OR 6.14,1.0645.77

OR 4.69, 0.6840.16

OR 11.44,1.14114.92

A Bilateral hearing loss Isolated

OR 2.96, 1.645.36

OR 2.69, 1.4015.12

OR 4.0, 1.609.69

OR 2.34, 1.174.67

OR 2.42, 1.165.05

OR 2.01, 0.586.99

SrinivasBolisetty, Anjali Dhawan,Mohamed AbdelL atif, BarbaraBajuk, Jacqueline Stackiu-LeeOei, Kei Lui, on behalf of the New South Wales and

Australi an

Capital

Territory

Neonat al

Preterm InfantsPediatricsJanuary 2014; 133 (1): 562. 10.1542/peds.204®372
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Antenatal Interventions
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Antenatal corticosteroids for accelerating fetal lung
maturation for women at risk of preterm birth

Roberts D, Brown J, Medley N, Dalziel SR.

30 trlals | Cochrane Database Syst Rev. 2017 Mar 21;3:CD0041i4.
|nvo|v|ng 8158 |nfan  . 10.1002/14651858.CD004454.pub3. Review. PMID: 28321847
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Prophylactic corticosteroids prior to preterm birth

OVERVIEW OF 30 RANDOMIZED CONTROLLED TRIALS

Typical
. Relative Risk Decreased 4 Risk ® Increased

Outcome (# of trials) (95% Cl) 0.2 05 1.0 20 40
RDS (28) 0.66 (0.56, 0.77) L
Intraventricular hemorrhage (16) 0.55 (0.40, 0.76) gy
Necrotizing enterocolitis (10) 0.50 (0.32, 0.78) ——
Bronchopulmonary dysplasia (6) 0.86 (0.42, 1.79) &
Neonatal death (22) 0.69 (0.59, 0.81) L o

0.2 0.5 1.0 2.0 4.0

Roberts 2017

Typical Relative Risk (95% CI)



NIH Consensus Statement

Volume 12, Number 2
February 28-March 2, 1894

Effect of Corticosteroids
for Fetal Maturation on
Perinatal Outcomes

NATIONAL INSTITUTES OF HEALTH
Office of the Director

nAnt enat al
women at risk of premature delivery with few
exceptions and will result in a substantial
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Antenatal corticosteroids for accelerating fetal lung
maturation for women at risk of preterm birth

Intellectual impairment in childhood

Corticosteroids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 25% ClI
Collaborative 1981 8 211 13 219  71.6% 0.64 [0.27 , 1.51] ]
Liggins 1972b D 144 4 114 251% 0.99[0.27 , 3.60] s
Schutte 1980 3 24 0 36  3.4% 4.71[0.25, 88.52] .
Total (95% CI) 409 369 100.0% 0.86 [0.44 , 1.69] ...‘..
Total events: 16 17
Heterogeneity: Chi*=1.80, df=2 (P =0.41); I*=0% 01 02 05 1 2 5 10
Test for overall effect: Z = 0.43 (P = 0.67) Favours corticosteroids Favours control

Test for subgroup differences: Not applicable

Relative risk 0.86 95% CIl 0.44 to 1.69

Roberts D and colleagues. Cochrane Database Syst Rev. 2017 Mar 21;3:CD004454.

doi: 10.1002/14651858.CD004454.pub3. Review. PMID: 28321847
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JAMA

The Journal of the American Medical Association

Association of antenatal corticosteroids with mortality anc
neurodevelopmental outcomes among infants born at 22
25 weeks' gestation.

Carlo WA, McDonald SAFanaroffAA, Vohr BR, Stoll BJ,Ehrenkran®RA, Andrews WW, Wallace D, Das A, Bell
EF, Walsh MCLaptookAR, Shankarars, Poindexter BB, Hale EC, Newman NS, Davis 8&8hiblerk, Kennedy
KA, Sanchez PJ, ValeurskKP, Goldberg RNWatterbercKL, Faix RG, Frantz ID 3rd, Higgins RD; Eunice
Kennedy Shriver National Institute of Child Health and Human Development Neonatal Research Network.

JAMA. 2011 Dec 7;306(21):23488.doi: 10.1001/jama.2011.1752. PMID: 22147379; PMCID: PMC3565238.



Association of antenatal corticosteroids with mortality and neurodevelopmental outcon
among infants born at 22 to 25 weeks' gestation.

No ANS Odds raio (95% Ci)

Death or NDI 4160/6484 (64%) 1929/2368 (81%) OR 0.60 (95% CI1 0.53 to 0.69)
Death 2684/7250 (37%) 1503/2628 (57%) OR 0.59 (95% CI 0.53 to 0.65)
‘ NDI 1476/3800 (39%) 426/865 (49%) OR 0.83 (95% C1 0.70 to 0.99)

Carlo WA and colleagues. JAMA. 2011 Dec 7;306(21):2388oi: 10.1001/jama.2011.1752
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Courtesy of Erika Edwards
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Magnesium sulphate for women at risk of
preterm birth for neuroprotection of the fetus.

Doyle LW, Crowther CA, Middleton RarretS, Rouse D.

Cochrane Database of Systematic Reviews 2009, Issue 1. Art. No.:
CDO004661. DOI: 10.1002/14651858.CD004661.pub3.

Strials |
| involving 6145women
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+ N Cochrane _ _ _
i Library Magnesium sulphate for women at risk of preterm birth
for neuroprotection of the fetus

A any intraventricular hemorrhage 4 studies 4552 infants RR 0.96 (95% CI 0.86 to 1.08)

0
A severe intraventricular hemorrhage 2 studies 3699 infants RO (o Gl 0oz 1o 1.19)

A periventricular leukomalacia 4 studies 4552 infants RR 0.93 (95% CI 0.68 to 1.28)

Doyle LW and colleagues. Magnesium sulphate for women at risk of preterm birth for neuroprotection of the fetus.
Cochrane Database of Systematic Reviews 2009, Issue 1. Art. No.: CD004661. DOI: 10.1002/14651858.CD004661.pub3.



Antenatal Magnesium Sulfate

Risk of cerebral palsy

Magnesium Control Risk Ratio Risk Ratio

Study Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
MagNet (24) 3 85 3 80 2.0% 0.94 [0.20, 4.53] 2002 0
ActoMgS0O4 (25) 36 629 42 626 27.5% 0.85[0.55, 1.31] 2003 L
Magpie (26) 2 798 5 795 3.3% 0.40 [0.08, 2.05] 2006 * .
PreMag (27) 22 352 30 336 20.1% 0.70 [0.41, 1.19] 2007 -
BEAM (28) 41 1188 74 1256 47.1% 0.59 [0.40, 0.85] 2008 ——
Total (95% CI) 3052 3093 100.0% 0.68 [0.54, 0.87] e
Total events 104 154

e 2 — o~ i - 12 = NO, } } } f
Heterogeneity: Chi? = 2.26, df =4 (P = 0.69); I?= 0% 02 05 ) > B

Test for overall effect: Z = 3.08 (P = 0.002)

Favours magnesium Favours control

Reduced risk of cerebral palsy: relative risk (RR) 0.69 (95% CI 0.54 to 0.87); five trials; 6,145 infants).

The number needed to treat to prevent one case of cerebral palsy was 63 (95% CI 43 to 155).

Doyle LW and colleagues. Magnesium sulphate for women at risk of preterm birth for neuroprotection of the fetus.
Cochrane Database of Systematic Reviews 2009, Issue 1. Art. No.: CD004661. DOI: 10.1002/14651858.CD004661.pub3.



The Amesican College of

The Committee on Obstetric Practice and the Society for Mateatal
Medicine recognize that none of the individual studies found a benefit with
regard to their primary outcome.

However, the available evidence suggests that magnesium sulfate given be
anticipated early preterm birth reduces the risk of cerebral palsy in survivin
Infants.

Physicians electing to use magnesium sulfate for fetal neuroprotection shou
develop specific guidelines regarding inclusion criteria, treatment regimens
concurrent tocolysis, and monitoring in accordance with one of the larger tr
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Not enough bang for your buck?

-
1 almost certainly beneficial
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Page. Research designs in sports physical therapy. International journal of sports
physical therapy. Oct 2012; 7(5):482 492.




Other antenatal interventions

Vitamin K prior to preterm birth
- any intraventricular hemorrhage 8 843 RR 076, 95% CI 0- 54 to 1-06
- severe intraventricular hemorrhage
8 843 RR 058, 95% CI 0- 37 to 0-91
Phenobarbital prior to preterm birth

- any intraventricular hemorrhage 9 1591 RR 065, 95% CI 0-50 to 0-83

- severe intraventricular hemorrhage 8 1527 RR 041, 95% CI 0- 20 to 0-85



Delivery Room Interventions
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PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Umbilical Cord Management for Newborns < 34
Weeks' Gestation: A Metanalysis.

Seidler AL,GyteGML, Rabe H, Dia®Rossello JLDuleyL, Aziz K, TestoniCostaNobreD,
Davis PG,SchmdlzeiGM, OvelmanC, Askie LM, Soll R; INTERNATIONAL LIAISON
COMMITTEE ON RESUSCITATION NEONATAL LIFE SUPPORT TASK FORCE.

Pediatrics. 2021 Mar;147(3):e202005d@6i: 10.1542/peds.2020576.



Delayed cord clamping (DCC) versus early cord clamping
(ECC) both with iImmediate neonatal care after cord clamping

25 trials .
| involving 3100 women



Delayed cord clamping (DCC) versus early cord clamping (ECC)

A any intraventricular
hemorrhage

15 studies 2333 infants RR 0.83 (95% CI 0.70 to 0.99)

A severe intraventricular

10 studies 2058 infants RR 094 (95% CI1 0.63 to 1.39)
hemorrhage

A Mortality 20 studies 2680 infants RR 0.73 (95% CI 0.54 to 0.98)



THE LANCET
Child & Adolescent Health

Effects of delayed versus immediate umbilical cord clamping In
reducing death or major disabllity at 2 years corrected age amonc
very preterm infants (APTS):raulticentre randomisedlinical trial.

Robledo KP, TarnoviMordi WO, Rieger I, Suresh P, Martin A, Yeung C, Ghadgeilky HG, Osborn D,
Morris J, Hague WKluckow M, Lui K, Soll R, Cruz M, Keech A, Kirby ASimesJ; APTS Childhood Follow

up Study collaborators.

Lancet ChildAdolescHealth. 2022 Mar;6(3):15057.doi: 10.1016/523524642(21)003731.



THE LANCET Effects of delayed versus immediate umbilical cord clamping in reducing death
or major disability at 2 years corrected age among very preterm infants (APTS):

Child & Adolescent Health amulticentre randomisectlinical trial

Background: Very preterm infants are at increased risk of adverse outcomes in early childhood. We assessed whet
delayed clamping of the umbilical cord reduces mortality or major disability at 2 years in the APTS Childhood Folloy
Up Study.

Methods: In this longerm follow-up analysis of the multicenter, randomized APTS trial in 25 centers in seven
countries, infants (< 30 weeksOd gestation) were ran
clamping for 60 second or more or clamp within 10 seconds of birth, both without cord milking.

The primary outcome was death or major disability (cerebral palsy, severe visual loss, deafness requiring a hearing
or cochlear implants, major language or speech problems, or cognitive delay) at 2 years corrected age, analyzed ir
intentionto-treat population. This trial is registered with the Australian and New Zealand Clinical Trials Registry
(ACTRN12610000633088).

Robledo and colleagues. Effects of delayed versus immediate umbilical cord clamping in reducing death or major dgbdity ebrrected age among
very preterm infants (APTS):raulticentre randomisedatlinical trial. Lancet Child\dolescHealth. 2022 Mar;6(3):15057.doi: 10.1016/S2352
4642(21)003731.



THE LANCET Effects of delayed versus immediate umbilical cord clamping in reducing dea

. or major disability at 2 years corrected age among very preterm infants (APT.
Child & Adolescent Health amulticentre randomiseclinical trial

50%
RR 0-83 (95% CI 0-72 to 0-95)
40%
RR 0-88 95% CI 0-74 to 1-04)
30%
20%
RR 0-70 (95% CI 0-52 to 0-95) 29%  34%
23%  26%
10%
° J J
0% -

Death Disability Death/Disability

B Delayed Cord Clamping l Early Cord Clamping

Death or major disability was determined in 1419 (93%) infants

Robledo and colleagues. Effects of delayed versus immediate umbilical cord clamping in reducing death or major digbdity @rrected age among very preterm infants
(APTS): amulticentre randomisedlinical trial. Lancet ChildAdolescHealth. 2022 Mar;6(3):15057.doi: 10.1016/S2352642(21)003731.



Umbilical Cord Management for Newborns < 34 Weeks' Gestation

Survival without moderate to severe neurodevelopmental impairment in early childhoc

Delayed cord clamping  Early cord clamping Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Delayed cord clamping for < 1 minute compared to early cord clamping
Dasz 2013 499 205 100 193 Z98% 086 [0.78, 1.17] ;
Tarnow-hordi 2017 204 Tog 240 710 T0.2% 0.8a[0.73, 0.949]
Subtotal (95% CI) 914 908 100.0% 0.88 [0.78, 1.00] L
Total (95% CI) 014 908 100.0% 0.88 [0.78, 1.00] L
Total events 303 340
?et?;ngenemfl:l C;I Tg?d:l gfgzgiPnznﬂﬁ.SE};l =0% 001 0 T 00
estior overall effect 2=1.94 (F = 0.03) Favours early clamping Favours delayed clamping

Test for subgroup differences: Mot applicable

Typical relative risk (RR) 0.88 (95% CI 0.78 to 1.00)

Modified from Seidler and colleagues. Umbilical Cord Management for Newborns <34 Weeks' Gestationafhdlytis. Pediatric2021
Mar;147(3):e2020057@loi: 10.1542/peds.2020576.



Does surfactant prevent IVH?
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Systematic Reviews of Original Surfactant Trials

Soll R,OzekE. Prophylactic animal derived surfactant extract for preventing
morbidity and mortality in preterm infants. Cochrane Database of Systematic
Reviews 1997, Issue 4. Art. No.: CD000511. DOI:
10.1002/14651858.CD000511.

Soll R,OzekE. Prophylactic protein free synthetic surfactant for preventing
morbidity and mortality in preterm infants. Cochrane Database of Systematic
Reviews 2010, Issue 1. Art. No.: CD001079. DOI:
10.1002/14651858.CD001079.pub2.

Seger N, Soll R. Animal derived surfactant extract for treatment of respiratory
THE COCHRANE distress syndrome. Cochrane Database of Systematic Reviews 2009, Issue 2
COLLABORATION® Art. No.: CD007836. DOI: 10.1002/14651858.CD007836.

Soll R. Synthetic surfactant for respiratory distress syndrome in preterm
infants. Cochrane Database of Systematic Reviews 1998, Issue 3. Art. No.:
CD001149. DOI: 10.1002/14651858.CD001149.



SURFACTANT THERAPY

EFFECT ON PNEUMOTHORAX

Typical
Risk Difference Decreased € Risk ® [ncreased
TYPES OF STUDIES (N) (95% Cl ) 0.2 05 1.0 20 40
PROPHYLACTIC SURFACTANT
SYNTHETIC SURFACTANT (6) -0.05 (-0.09 to -0.02) &
ANIMAL DERIVED SURFACTANT (8) -0.15 (-0.20 to -0.11) B
RESCUE SURFACTANT
SYNTHETIC SURFACTANT (5) -0.09 (-0.12 to -0.06) K 2
ANIMAL DERIVED SURFACTANT (12)-0.17 (-0.21 to -0.13) B 2
0.2 05 10 20 4.0

From the Cochrane Librar
4 Typical Relative Risk and 95% ClI



SURFACTANT THERAPY

EFFECT ON NEONATAL MORTALITY

Typical
Risk Difference Decreased € Risk ® Increased
TYPES OF STUDIES (N) (95% CI ) 0.2 05 1.0 20 40
PROPHYLACTIC SURFACTANT
SYNTHETIC SURFACTANT (7) -0.07 (-0.11 to -0.03) R 2
ANIMAL DERIVED SURFACTANT (8) -0.07 (-0.12 to -0.03) R
RESCUE SURFACTANT
SYNTHETIC SURFACTANT (5) -0.05 (-0.07 to -0.02) R 2
ANIMAL DERIVED SURFACTANT (12)-0.09 (-0.13 to -0.05) R 2
0.2 0.5 1.0 2.0 4.0

From the Cochrane Librar
4 Typical Relative Risk and 95% ClI



SURFACTANT THERAPY

EFFECT ON SEVERE INTRAVENTRICULAR HEMORRHAGE

Typical
Relative risk Decreased <4 Risk & |ncreased
TYPES OF STUDIES (N) (95% Cl) 0.2 05 1.0 20 40
PROPHYLACTIC SURFACTANT
SYNTHETIC SURFACTANT (4) 1-01, 95% CI1 0-75to 1-38 R =
ANIMAL DERIVED SURFACTANT (8)1-10, 95% CI 0-85 to 1-43 &
RESCUE SURFACTANT
SYNTHETIC SURFACTANT (5) 0-84, 95% CIl 0-63to 1-12 R 2=
ANIMAL DERIVED SURFACTANT (7)0-93,95% CI 0-79t0 1-10 L 2
0.2 0.5 1.0 2.0 4.0

From the Cochrane Librar
4 Typical Relative Risk and 95% ClI



Prophylactic versus selective use of surfactant in preventir
morbidity and mortality in preterm infants.

RojasReyes MX, Morley CJ, Soll R, Camargo BeijersR, Alonsc
Fernandez S.

Cochrane Database of Systematic Reviews 2012, Issue 3. Art. No.:
CD000510. DOI: 10.1002/14651858.CD000510.pub2.

RojasReyes MX, Morley CJ, Soll R, Camargo BeijersR, AlonseFernandez S. Prophylactic versus selective use of surfactant in preventing morbidity a
mortality in preterm infants. Cochrane Database of Systematic Reviews 2012, Issue 3. Art. No.: CD000510. DOI: 10.1002(26628%0.pub?2.
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Prophylactic surfactant vs early CPAP
Effect on severe intraventricular hemorrhage

prophylactic surfactant  selective surfactant Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
1.17.1 Studies without routine application of CPAP
Bevilacqua 19596 23 136 o 132 11.3% 0.83 [0.50,1.37] —
Bevilacqua 1887 10 44 11 44 4 8% 0.82[0.38,1.73]
Cunn 1991 4 G2 3 51 1.3%  280[0.83,10.21]
Engherts 19493 a TA v T2 3.0% 1.10[0.42, 2.87)
Kathwinkel 1993 16 avv 16 aTT B.6E% 1.00 [0.50, 1.98]
Kendig 1991 40 234 46 244 18.7% 0.90 [0.61,1.33] —
Merritt 1991 17 Th 14 T2 B.0% 1.145 [0.61, 2.16] S E—
Walti 1995 4 1249 14 116 8.3% 019 [0.07, 0.54]
Subtotal (95% CI) 1339 1317 59.9% 0.87 [0.70, 1.08] <4
Total events 127 143
Heterogeneity: Chifr=12.90 di=7 (P=0.07); F= 46%
Testfor overall effect £=1.24 (F=0.21)
1.17.2 Studies with routine application of CPAP
Cunn 2011 12 203 G 218 24% 2145 [0.82, 562
SUPPORT 2010 T2 G2a g2 642 37 T% 0.80 [0.60,1.07] —&
Subtotal (95% CI) K| 860 40.1% 0.88 [0.67, 1.16] -
Total events a4 93
Heterogeneity: Chi*= 373, df=1 (P =0.058); F=73%
Test for overall effect: £= 091 {F =0.36)
Total (95% CI}) 2170 2177 100.0% 0.87 [0.74, 1.04] <4
Total events 211 24
Heterogeneity: Chif=16.60, df=9 (P =0.06); F= 46% EII*I EIIE EIIE é é 1=IZI

Testfor overall effect £=154 (F=012

i ] favors prophylactic surfactant favors selective surfactant
Test for subgroup differences:; Chif= 0.00, df=1 P =095, F= 0%
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Surfactant therapy via thin catheter in preterm infants with or at risk
respiratory distress syndrome

16trials '
| involving 2164 infants |
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I/ \
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AbdelLatif and colleagues. Surfactant therapy via thin catheter in preterm infants with or
risk of respiratory distress syndrome. Cochrane Database of Systematic Reviews 2021, Issue .
5. Art. No.: CD011672. DOI: 10.1002/14651858.CD011672.pub2.



Surfactant therapy via thin catheter in preterm infants with or at risk of respiratory distress
syndrome: effect on severe intraventricular hemorrhage

AbdelLatif ME, Davis PG, Wheeler Kl, De Paoli AG, Dargaville PA. Surfactant therapy via thin catheter in preterm infantsatvwitikoof
respiratory distress syndrome. Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD011672. DOI:
10.1002/14651858.CD011672.pub2.



