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Objectives

1. To explore the range of outcomes in early adult life following EP
birth

2. To understand the relative roles of tissue injury and
developmental problems in generating poor outcomes

3. To evaluate the effectiveness of early interventions
To discuss potential therapeutic strategies



Saving lives

Marginal gains
Marginal harms

Thinking outside the
neonatal period
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Born too soon. WHO 2012



Survival
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Survival rate doubles for premature babies

Kaya Burgess

The number of extremely pre-
mature babies who survive has
doubled over the past decade,
prompting new guidance allow-
ing doctors to try to save babies
born as early as 22 weeks into a
pregnancy.

The threshold recommended
by the British Association of
Perinatal Medicine (BAPM) was
previously 23 weeks, but experts
said that intensive care had im-
proved significantly.

In 2008 only two out of ten
babies born alive at 23 weeks
went on to survive. Today it is
four out of ten.

Guidance previously recom-
mended that doctors should not
attempt resuscitation and “active
care” for babies born before 23
weeks, as their chances of sur-
vival were too slim and those
who lived were likely to suffer
severe complications. It was rec-
ommended that these babies be
offered palliative care to ensure
their comfort.

The BAPM cited figures
showing that doctors now of-

Four out of ten babies born alive
at 23 weeks go on to survive
ALAMY

fered intensive care to 23 per
cent of babies who survived at
22 weeks. It has updated its
guidance but said that each case
should be assessed for chances
of survival, quality of life and
the wishes of parents.

The survival rate of babies
born at 22 weeks is still very low.
About 60 per cent have died be-
fore labour begins and of foetus-
es still alive when labour starts,

only 63 per cent survive the
birth. Only 5 per cent of babies
born at 22 weeks survive to their
first birthday and a third will
have disabilities including blind-
ness, deafness, severe learning
difficulties or movement
problems.

About 60,000 babies are born
prematurely in the UK each
year, of which 3,148 are consid-
ered “extremely premature” —

born before 27 weeks.

Dominic Wilson, professor of
medical ethics at Oxford Uni-
versity, said that such “complex
ethical decisions” could not be
reduced to simple rules.

The legal abortion limit is set

At 22 weeks a baby in the
foetal position is the size
of a bell pepper

18 weeks
Left of nine-month pregnancy

® Height 28cm outstretched
® Weight Less than Ilb

Source: What to Expect

at 24 weeks, allowing for the ter-
mination of foetuses at 23 and
22 weeks. Professor Wilson said
that the BAPM’s guidance was
“focused on the care of extreme-
ly premature babies [and] does
not deal at all with questions of
termination”. M



Impairment

* Disability
1995-2006
15% improvement in survival

13% in survival with no
impairment

= No change in disability
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Moore T et al BMJ 2012



Prematurity is a continuum

@ - 24-27 0-5% (0-4-0-6)
28-32 1-1% (1-0-1-3)
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Prematurity is a pervasive disorder

Antenatal factors

Motor disorder Lung function

Injury
Preterm birth
Core Executive Vascular

Deficits function

Sensor
Developmental y

function
arrest h

Behavioural Other organs:
problems e.g. Kidneys

Developmental
arrest
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Transition to young
adult life

Review
* Cognitive and consequent attainment
* Social and mental health outcomes

* Lung and cardiovascular function



Spectrum of neurocognitive findings

Education Cogm:lon |
Special needs Executive function

Working memory

Affect

Socialisation Behaviour
Peer group Inattention
Psychiatric probs




Cognitive outcomes following EP birth

* Commonest domain of impairment

* Translates into
= Poor educational attainment
= Behavioural phenotype

* Stability over childhood poorly defined
= Bavarian Longitudinal Study (sreeman et al pediatrics 2015; 136:415)

= \VP/VLBW scores more stable over time
= Prediction from 20m for VPT/VLBW (r >0.50)



Cognitive trajectories

A Extremely preterm and term-born controls (observed)
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Preterm birth: development of executive function

Effect size d: Difference preterm-term in SD
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Key executive processes differentiating preterms

* Most 66 accounted for by Predictor AUC  (95%Cl) p
Verbal processing speed Maths rating  Verbal speed 83 .73-93 <001
Working memory Working memory .79  .68-.90 <.001

. English rating  Verbal speed .73 61-.85 .002
* Including:

= Qverall FSIQ differences

= Differences on behavioural
measures (SDQ, Connors rating)

= Academic attainment

Working memory .73 .61-.85 .002
Teacher rating Verbal speed 74 61-.86 .002
Working memory .81 .70-.92 <.001
SEN provision  Verbal speed J4  62-.86 .001
Working memory .75 .63-.88 .001

Mulder, Pitchford, Marlow BJ Educ Pscychol 2011, JINS 2011, ADC 2010



Spectrum

Cognition
Executive function
Working memory

Education
Special needs

N A
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Behaviour

SDAQ Total Difficulties Score (parent-report)

Conduct Problems Score (parent-report)
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DSM4 Outcomes
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Database association studies

* Extremely preterm adults at risk of:

= Increased ASD? RR:9.5 (1.5, 36.2)
= Other behaviour/emotional disorders! RR: 10.5 (5.6, 19.9)
= ADHD? aRR: 5.0 (2.1, 11.8)

Non-affective psychosis, depressive disorder, bipolar disorder3 (<32w)
Psychotrophic meds*
* Antipsychotics, antidepressants, anxiolytics

* All have “dose-dependent effect” of gestation

1. Moster et al NEJM 2008

2. Halmoy et al Biol Psychiatr 2012

3. Nosarti et al Arch Gen Psychiatr 2012
4.  Crump et al Int J Epidemiol 2010



Norwegian study

Births 1967-1983 (n=867 692); 19-35y
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Babies born very prematurely 'more likely
to be unemployed and single as adults’

The prematurely-born babies were also found to be more likely to suffer from chronic health problems as adults

Independent 24 May 2016



Education and occupation at 19y

Fig 1. Highest school attainment Fig 2. Occupational status
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Cleveland Study

Social outcome profile as VLBW young adults
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Hamilton Study

Social outcome profile as ELBW adults >30 years
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Spectrum of outcomes

Cognition
Executive function
Working memory

Education
Special needs

Socialisation Behaviour

Peer group Inattention
Affect Psychiatric probs




Lung function - Spirometry

Postbronchodilator FEV, z scores in
extremely preterm (EP) and control groups
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Cardiovascular function

Central blood pressure values in Augmentation index in
extremely preterm (EP) and control groups extremely preterm (EP) and control groups
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Implications for adult life

S0
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after Fletcher C, Peto R BMJ 1977




Pervasive effects of extremelyv preterm birth

Antenatal factors

Motor disorder Lung function

Injury
Preterm birth

Core Executive
Deficits

. Sensor
Low IQ Developmental Developmental functioyn

Behavioural Other organs:
problems e.g. Kidneys

Vascular
function

Adult consequences

Mental HealthH Education H Earning H Health Ageing




Risk factors for preterm cognitive impairment

Parental education

Lower SES
SGA
Small OFC

Brain injury

Prognostic Factor

Brain abnormality or injury®
Lower level of parental education
Lower gestational age

Smaller head circumferenceh
Lower parental SES

Small for gestational age
Preeclampsia

Retinopathy of prematurityd
Patient ductus arteriosus

Male sex

Bronchopulmonary dysplasia®
No antenatal corticosteroid use
Lower birth weight
Ventilation®

Lower maternal age

Outborn

Multiple pregnancy

Postnatal corticosteroid use

Mecrotizing enterocolitisd

Not Significant in Final Model

[T s [rR[m]k

(o[ m |

0

T

s* | m | 1

R| P | oOo|m

s* | R

T | s*

Significant in Final Model

R 5* T
M T
P

[l Low-to-moderate risk of bias study

with sample size =1000

. Low-to-moderate risk of bias study
D Moderate-to-high risk of bias study

No. of Studies

Linsell et al JAMA Pediatr doi:10.1001/jamapediatrics.2015.2175
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Doing something

by /4
about it ... ‘ d J/ ,
P

* Effective early intervention?




Early developmental intervention programmes provided post hospital discharge
to prevent motor and cognitive impairment in preterm infants

Review: Early developmental intervention programmes provided post hospital discharge to prevent motor and cognitive impairment in preterm infants

Comparison: 7 Early developmental intervention versus standard follow-up (subgroup analysis: quality of studies)
Outcome: 1 Cognitive outcome at infant age (BSID-M DI, Griffiths GCl: DQ)

INFANT

outcomes

Study or subgroup Intervention Follow-up Std. Mean Difference Weight Std. Mean Difference
MeanisDi MeanisDi IV,Random,95% CI IV, Random, 95% CI

1 Higher-quality studies
AFPIP 1998 179 96.3(17.1) B8 92.9(18.7) —8— 16.8% 0.19[-0.06,045]
ILH.OLP. 1930 343 102.6 (19.37) 532 92.84 (19.08) —=— IBTE 0.51 [ 0.37, 0.65]
Kaaresen 2006 69 94.7 (17.3) &7 90.5 (20.7) . 111 % 0.22[-0.12,0.56]
Koldewijn 2009 g1 9251018 7 90 (175 . — 125% 0.14[-0.17,045]
Nurcombe 1984 25 1156124 28 1056 (11.1) - 4.8% 0.50[-0.04,1.05]
COhgi 2004 12 764 015.4) 11 67.9(15.1) - 22K 0.534 [-0.30,1.37]
Spittle 2009 58 9o ilz.| 57 95.6(12.8) . — 97K 0.27[-0.10,0.63]
Wu 2014 98 99.19 (9.08) 45 96 (3.4) — 102 % 0.35[-0.01,0.701]

Subtotal (95% CI) 865 905 -l 100.0 % 0.34 [ 0.21, 0.46 ]

Heterogeneity: Tau® = 0.01; Chi* = 9.26, df = 7 (P = 0.23); * =24%

Test for overall effect: Z = 5.24 (P < 0.00001)

2 Lower-gquality studies
Bao 1999 36 104.5610.8) 41 Ba.9(12) I 15.9% 1.26 [0.77.1.75]
Dusing 2015 3 10667 (12.58) 4 97.5 (17.56) + = - 5.3% 045([-1.06, 2.04]
Goodman 1985 40 101.5610.5 40 1011 —— 167 % 0.05[-0.39, 048]
Johnson 2009 a1 91.3 (18.6) 103 92.91018.2) —s— 187 % -0.09[-0.37.0.201
Melnyk 2001 20 102.5 (6.1} 22 BE.9(24.4) —_— 14.0% 0.73[0.11,1.36]
Nelson 2001 15 BZ.67 (21.65) 12 7467 (17.26) = - 12.0% 0.39[-0.38.1.16]
Sajaniemi 2001 43 9261 (17.41) 51 93.67 (16.26) —s— 17.3% -0.06[-0.45, 0.33]

Subtotal (95% CI) 254 ——— 100.0 % 0.36 [ -0.06, 0.77 ]

Heterogeneity: Tau® = 0.22; Chi* = 27.19, df = & (P = 0.00013); I =78%

Test for overall effect: Z = 1.69 (P = 0.091)

Test far subgroup differences: Chi* = 0.01, df = 1 (P = 0.93), * =0.0%

-1 -0.5 a 0.5 1

Cochrane Database of Systematic Reviews
24 NOV 2015 DOI: 10.1002/14651858.CD005495.pub4

Favours follow up

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005495.pub4/full#CD005495-fig-00701

Favours intervention


http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005495.pub4/full#CD005495-fig-00701

Early developmental intervention programmes provided post hospital discharge
to prevent motor and cognitive impairment in preterm infants

Rewview: Early developmental intervention programmes provided post hospital discharge to prevent motor and cognitive impairment in preterm infants

Comparison: 7 Early developmental intervention versus standard follow-up (subgroup analysis: quality of studies)
Outcome: 3 Cognitive outcome at school age WISC, Kaufmann: 100

School Age

Study or subgroup Intervention Fallow-up Std. Mean Difference Weight Std. Mean Difference
MeanisD) il Mean(50) IV, Randam,95% CI IV, Random, 95% C|
1 Higher-quality studies
APIP 1998 124 99.7615.3) 63 1011 1% —— 21.2% -0.09[-0.40,0.21]
ILH.D.P. 1990 336 90.7 (18.2) 533 90.9 (17.8) —&— 27.8% -0.01 [-0.15, 0.13]
Kaaresen 2006 66 100.9(14.3) 59 9B.2 (16.6) — 19.2% 0.17 [-0.18, 0.53]
Koldewijn 2009 ] 97.7 (15.8) 67 94.3 (15.8) —— 19.8% 0.22[-0.12, 0.55]
Murcombe 1984 24 110.5611.7 31 97.2 113.7) —_— 121 % 1.02[0.45 1.59]
Subtotal (95% CI) 619 753 - 100.0 % 0.18 [ -0.08, 0.43 ]
Heterogeneity: Tau® = 0.06; Chi* = 1415, df =4 (P = 0.01); * =72%
Test for overall effect: Z = 1.36 (P=0.17)
2 Lower-quality studies ;
Subtotal (95% CI) 0 0 Mot estimable
Heterogeneity: not applicable
Test for overall effect: not applicable
Test for subgroup differences: Not applicable
-1 -0.5 1] 0.5 1

Favours follow-up Favours intervention

Cochrane Database of Systematic Reviews
24 NOV 2015 DOI: 10.1002/14651858.CD005495.pub4
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005495.pub4/full#CD005495-fig-00703



http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005495.pub4/full#CD005495-fig-00703

Infant Health and Development Program
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Doing something
about it ...

* Effective early intervention? \
" Too early?

* Working memory training?
* Processing speed?
* Inattention?

* Educational support?
" Too late?



Cognitive outcomes

* Measurement challenging
* Development not cognition
* 1Qis a global summary score

* |Q comprises a series of processes
= Basic functions — processing speed
= Executive functions — higher order

* Functions differentiate over time
* Intervene when differentiating?

EXECUTIVE FUNCTIONS

|

Cognitive Flexibility

Induding being able to “think outside the box,” see
something from many different perspectives, quickly switch
between tasks, or flexibly switch course when needed

suppoerts creativity and theory of mind

- =
=~ ~
Working M. ¥ intaining your goal, or what you Inhibitory Control <
should and shouldn’t do, in working ~
memaory is critical for knowing what to Response Y
Including mental math, re- inhiki Interference Control Inhibition Y
ordering items, or relating - o Self-
r Inhibition of | |l Inhibition at Inhibition elf- 1
one idea or fact to another — . thoughts and | || the level of at lhlell‘evel Regulation¥;
liting envir: & internal dis- memories attention of behavior e 7
Verbal Visual-Spatial g'acmr:_ is critical for staying \‘:fcgsed on (Cognitive (Selective (Self- N\ P
= & working memaory contents of inte: 4
Working Working Inhibition) | |I©F Focused | | Control & }\’
Memory Memory ) P ) - .
\ ) \

as Executive Attentionis
usually assessed (using a flanker
task), it is completely synonymous
with inhibitory control of attention

Higher-Level Executive Functions

Reasoning

Problem-Solving

Fluid Intelligence is completely synonymous with these |
T 1

Planning

Figure 4

Effortful
Control refers to
the innate tempera-
mental predisposi-
tion to exercise
better or worse
Self-Regulation

*Self-Regulation
includes (a)
response inhibition,
(b) attention
inhibition, but also
in addition (c)
maintaining optimal
levels of emotional,
motivational, and
cognitive arousal

Exccutive functions and related terms.

Diamond Ann Rev Psychol 2013



The fate of British Cycling changed one day in 2003

» ..the performance of British riders had
been so underwhelming that one of the
top bike manufacturers in Europe
refused to sell bikes to the team because
they were afraid that it would hurt sales ®
If other professionals saw the Brits
USing their gear. James Clear

 Dave Brailsford —
“the aggregation of marginal gains”




Cerebral Palsy rates
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Potentially better practices VEN Vement Oxford

VON Qi initiative e.g.:
* Neurodevelopment — 16 practice changes
* BPD — 13 PBP identified

* Sepsis bundle reduced infection rates
= Antibiotic stewardship

» Staffing — reduced staffing turnover
* Neonatal abstinence
* ALL need local leadership for Ql team



Can we improve outcomes further?

* Antenatal Steroid * No RCT data

* Key positive influence in many
studies (confounded)

Tocolysis H Antenatal Steroid ] X
Male sex
Breech Perinatal AI|ve at 5m
Cx suture Death HR>100
SoL

Morgan et al BMC Pregnancy & Childbirth 2016

Section

Caesarean ]




Can we improve outcomes further?

* Antenatal Steroid * No RCT data <24 weeks
* Magnesium Sulphate * Accuracy of dating?

* Should this stop its use?
* PReCePT Study



Can we improve outcomes further?

* Antenatal Steroid * No RCT data
* Magnesium Sulphate
* Delivery Route

Section

Tocolysis H Antenatal Steroid ] X
Male sex
Breech Perinatal AI|ve at 5m
Cx suture Death HR>100
SoL

Morgan et al BMC Pregnancy & Childbirth 2016

v
Caesarean




Can we improve outcomes further?

* Antenatal Steroid

* Magnesium Sulphate

* Delivery Route

* Physiological cord clamping

Delayed Early Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Backes 2016 2 18 4 22 4.4% 0.61[0.13, 2.96] —
Duley 2016 ] 46 10 39 131% 0.51 [0.20,1.27] —T
WTM APTS 2017 a0 436 68 435 825% 0.73[0.582,1.03] .
Total (95% Cly 500 496 100.0% 0.70[0.51, 0.95] L 2
Total events 58 az
Heterogeneity: Chif= 0.57, df= 2 (P = 0.75); F= 0% 0 U=US U=1 1=U 260

Testfor overall effect. 2= 225 (P=0.02) Favours delayed Favours early

Tarnow Mordi et al AmJOG 2017



A

Can we improve outcomes further?

* Antenatal Steroid % Reinas
Gynaecologists

* Magnesium Sulphate

* Delive ry Route Perinatal Management of Pregnant

Women at the Threshold of Infant
Viability (The Obstetric Perspective)

* Physiological cord clamping

* Senior person at delivery
= Obstetric
= Neonatal

Scientific Impact Paper No. 4|
February 2014



Can we improve outcomes further?

[ ] Deaths [ Survivors
* Antenatal Steroid 2507

* Magnesium Sulphate 200 p=02

p=.04 ns ns
* Delivery Route 1501
* Physiological cord clamping '
* Senior person at delivery 50- E D ﬂ

Number of admissions
=
o
o

* Care in the rlght |O|ace a4% 22% 51% 32% 71% 73% 81% 80% Survival
high low high low high low high low
23w 24w 25w 26w

Gestational age at birth and activity

Marlow et al ADC F&N 2014



Can we improve outcomes further?

* Antenatal Steroid Stabilieatian

. REarI'Ig‘"m |
. . @ Etcetera
: Magnesmm SU|phate . d° Engage parents/improve confidence
. Delivery Route - 2: E::::llltate attachment
) D.
» Physiological cord clampi . A" EC
YSIOIO§gICal cord Clamping . L
: : - A
* Senior person at delivery eoac
. . e E * LISA
* Care in the right place . £+ Prevent nosocomial infection

* Avoid long antibiotic courses

* Neonatal care




Summary

1. Prematurity produces a range of adverse outcomes through into
early adult life

2. The origin of long term outcomes is a subtle mix between
sociodemographics, specific developmental changes and tissue
injuries

3. Current developmental and neonatal interventions are of uncertain
efficacy in changing these long term outcomes

4. Potential therapeutic strategies include marginal improvements in a
range of neonatal care issues and developing better informed post
discharge interventions



