Neuroprotection in the NICU:
Current and Future
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Prematurity in Korea
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Severe neurologic injury in VLBW infants

IVH or PVL
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J Korean Med Sci. 2019;34(5):e40.



Follow-up program for preterm infants

S=HER|9|
LHES AL

@ 01=2=01 sz R

AegaHp ZEirEn, Do
SLREH, MEWEE, H28L
TUIHH, SATS2, 20

(Ut OIESO0IHEIR 3,
MBT{O] ZTRIES H ] OHH A 2 o
S ST HAB = i) At 01 S0 4T W) O BP0 BIP}0IR 0TI 2L
o e e 201948 9 0I5 S48t 1,500q D12 SHWOIS CHAC2 HICHE )L 3 THEATE2IT0) A2,
KX I FIH =
: T —— FH HelS ol BUt SIDItZ AT31H0] IZ0{XI,
HIHEI2! D10 323 AEARRI0 21015101 BN TOS LS wou BEQORLLZLL QX HMYSLOIS £OH| HLICL
— o = SHL= AA) U= AR
DIES HFharge = c Ul LE s+
OIZSO0I0IH & 22 20FHBII0| ZIF I RIEG| 0I20E 4 TS
o

(=3
TSRO B £

=
n
i
C
fw

O zx 2 une
HEH EILIR?

[

, wE 244, L 0IES0IY A

SI=JE AIEIH IPIR YAECT 9T BL
”

1250 le) adrkabal S male) Sl Slek! dhoe)!




oY) 5}
$7) ob>) & 2 AT 5 47




Contents

1. Prematurity

2. Neuroprotection: Prevention

3. Neuroprotection: Management




IVH and neurodevelopmental outcome at 2-3YO
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US abnormalities and adolescent psychiatric disorders

Nondisabled survivors (exclusion: CP or ,
PL, parenchymal lesion

2 <53) Adjusteqs V5 e
Psychiatric Disorders | GM/IVH PL/VE |
Current

ADHD-inattentive type 1.01 (0.19-5.44) 6.83° (1.26-36.91)

Major depression 2.23 (0.80-6.24) No cases®

Tic disorders 1.89 (0.42-8.57) 9.77¢ (1.69-56.47)

Obsessive-compulsive disorder 11.85% (3.22-43.62) 15.32€(1.82-128.74)
Lifetime

ADHD-inattentive type 0.64 (0.24-1.74) 1.13(0.31-4.10)

Major depression 2.59C (1.02-6.58) No cases

Tic disorders 0.85 (0.21-3.51) 5.02° (1.05-23.92)

Obsessive-compulsive disorder 11.85" (3.22-43.62) 15.32¢ (1.82-128.74)

Adjusted for maternal social risk at birth, sex, completed weeks of gestation, fetal growth ratio, multiple birth, maternal smoking, maternal drinking,
active labor, birth presentation, base excess from the first postnatal blood gas, thyroid status, hypocapnia, hyperoxia, systolic hypotension, and
prolonged ventilation.

Whitaker, Arch Gen Psychiatry 2011



Prevention of GMH/IVH

|, "N Delivery plan

'« Prevention of preterm birth

Prenatal pharmacologic interventions

o Corticosteroid

DR management

e Resuscitation




Antenatal corticosteroid (ANS)

Study or Subgroup

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio

M-H, Fixed, 95% CI

1.7.1 Any IVH grade
Morales 1929 (1)

Kari 1994

Silver 1996 (2)

Qublan 2001

Fekih 2002

Subtotal (95% CI)

Total events:

Heterogeneity: Chi? = 10.04, d
Test for overall effect: Z = 3.0

1.7.2 IVH Grade 3-4

Garite 1992

Lewis 1996

Amorim 1999
Gyamfi-Bannerman 2016
WHO 2020

Subtotal (93% CI)

Total events:

Heterogeneity: Chi2 = 9.08, df
Test for overall effect: Z = 2.3

Steroid (n=371) vs Contrpl (n=349)

0.538 [0.31, 1.09]
0.44 [0.20, 0.96]
1.14[0.72, 1.82]
0.23[0.05, 1.06]
0.39[0.15, 1.01]
0.62 [0.45, 0.84]

4»”1,“

Steroid (n=3155) vs Contfol (n=3114)

0.13[0.02, 0.95]
0.15[0.01, 2.74]
0.35[0.14, 0.85]

4.91[0.24, 102.09]

1.98 [0.50, 7.89]
0.49 [0.27 , 0.88]

i

\ &

McGoldbrick, Cochrane Reviews 2020

FIGURE 1
Outcome relative to treatment to delivery intervals
Outcome Interval
Neonatal deaths <24 hr. —_——
<48 hr. —
1-7 days —
>7 days #
Respiratory Distress <24 hr.
Syndrome
<48 hr. —
1-7 days —a—
>7 days —a—
Intraventricular <24 hr. .
hemorrhage
<48 hr. s
1-7 days =
>7 days =
0.01 0.1 ACSBenefit 1  ACS Risk

Jobe, Am J Obstet Gynecol 2018



ANS stabilizes GM vasculature

8-

Il Dexamethasone
1 [ Placebo
N i + + . *Pregnant ewe, 120 days of gestation
% 14| 1 < Dexamethasone 6 mg x 4 doses
N * Blood-to-brain transfer constant (Ki)
z2 for a-aminoisobutyric acid
0_
5 29 8 E 8 5858 2 £ B
é 3 SRR A f? Stonestreet, Am J Physiol 1999
« |VEGF

« T coverage of nascent endothelial cells with pericytes and astrocyte foot processes
« T basal lamina fibronectin
* Inhibition of neurovascular proteases

« T vascular tone and BP stability
Liebowitz, J Pediatr 2016



Unanswered questions about ANS strategies
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Time (h) 1. Minimal concentration 1 ng/ml
< » 3. Duration for durable response 248 h
= o -» 4. Continuous exposure —Yes?

Jobe, Pediatr Res 2021



Unanswered questions about ANS strategies

a Lung b Hippocampus
s (Gene silencing s Glycerophospholipid metabolic process
E— Regulation of apoptotic process Re-entry into mitotic cell cycle
= Alveolar lamellar body membrane D —— Cell -substrate adherens junction
— Response to insuling = ERBB signaling pathway
= Regulation of protein maturation =—— Positive regulation of synapse maturation
= Cell differentiation —_— Neuronal action potential
= Lipid transport = Axon guidance
— Branching morphogenesis of an epithelial tube coa Neuron differentiation
— Wnt signaling pathway = Regulation of nervous system development
e Morphogenesis of an epithelium [ E— Cell morphogenesis involved in neuron differentiation
— Blood vessel morphogenesis — Regulation of cell development
E=———————— Anatomical structure morphogenesis [ Neuron projection development
- Immune response e Regulation of neurogenesis
e System development == HIF-2-alpha transcription factor network
-10 =5 0 5 -5 -3 -~
log pvalue
1 Surfactant production T Synaptic maturation
t Lung compliance
I Neuronal differentiation
| Morphogenesis of epithelium and vessels | Neuron development

Jobe, Pediatr Res 2021



Antenatal MgS0O4

ACTOMgSO4
(JAMA 2003)

BEAM
(NEJM 2008)

PREMAG
(BJOG 2007;
Gynecol Obstet
Fertil 2008)

1062

2241

573

< 30

to 31

< 33

Cerebral palsy Composite outcome Other outcomes
4qg-> *13.8 vs 17.1% * 6.8 vs 8.2% *Death or CP *Substantial gross mot
1 g/h for RR 0.83 RR 0.83 :19.8 vs 24.0% RR 0.83 or dysfunction:3.4 vs 6.
max 24h (95% Cl 0.64-1.09) (0.54-1.27) (0.66-1.03) 6%

RR 0.51 (0.29-0.91)

* Death or substantial
gross motor dysfunctio
n

:17.0 versus 22.7%

RR 0.75 (0.59-0.96)

6g-> *9.5vs 85% * mod/severe CP  * Stillbirth or infant death

2 g/h for RR 1.12 (0.85-1.47) :1.9 vs 3.5% by 1YO or mod/severe C

max 12h RR 0.55 (0.32-0.95* P at or beyond 2YO of C
) A

« Stabilizing BP and normalizing cerebral blood flow.
.  Blockade of excitatory neurotransmitters, such as glutamate.
4 gloading . Antioxidant effects.

no ..
:  Anti-inflammatory effects.

maintenan-ce DCVEIC 1HULWJI Uysiulicuy

dose n or death

:OR 0.62 (0.41-0.93)

Summary from www.uptodate.com 2021



http://www.uptodate.com/

Umbilical cord care at delivery room

* P: GA < 30 weeks

* |C: immediate CC (n=782) vs delayed CC (n=784)
 O: no difference in major outcomes

v" death or major morbidities (37.2% vs 37.0%)

v" death or severe brain injury (15.3 vs 13.6%)
v IVH grade 3/4 (2.4 vs 3.4%),

Tannow-Mordi, NEJM 2017



Umbilical cord care at delivery room

P-value

Severe IVH

Overall 20/236 (8) 9/238 (3)
23-27 wks 20/93 (22) 5/89 (6)
28-31 wks 0/143 (0) 3/149 (2)
C/S 10/180 (6) 6/159 (4)
V/D 10/56 (18) 2/79 (3)

0.02
0.002
0.24

0.44
0.004

* P: GA 23-32 weeks

* |: umbilical cord milking (n=236)

« C: delayed CC (n=238)

« O: prematurely terminated after first interim analysis
v  death or severe IVH (12% vs 8%, P=0.16)

Katheria, JAMA 2019



Temperature at admission

Figure 1. Temperature Distribution According to Gestational Age and Birth Weight

A

Infants, %

Gestational age
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[ Gestational age, 22 to 28 wk
D Gestational age, 29 to 32 wk

« Canadian Neonatal Network

* Minimum point for reducing
severe neurologic injury

36.6(36.5 — 36.7)°C
_— wm_ mm . Wl .

-

<34.0 34.0-344 345-349  35.0-354 355-359] 36.0-36.4

Admission Temperature, °C

36.5-36.9

37.0-37.4

37.5-37.9

=38.0

Lyu, JAMA Pediatr 2015



Temperature at admission

2,500
2.000

1,500

1.000

<32 32-324 325-329 333.5-339335-339 34-344 345349 35354  355-359 .4 36.5-368 37-375 376-379 >379
=N 1 7 7 9 18 62 116 357 625 2,262 1,016 162 21 10
% 0.02 0.15 0.15 0.19 0.39 1.33 248 7.64 13.37 48.41 21.74 347 045 0.21

I Severe hypothermia I Moderate hypothermia 7 Mild hypothermia Normothemia I Hyperthemia
Fig. 1. Admission temperature distribution. Only 25.2% of infants had a normal admission temperatures

ranging from 36.5°C to 37.5°C. Approximately 74.1% of infants had hypothermia <36.5°C, and 0.66% had
hyperthermia >37.5°C at neonatal intensive care unit admission.

Lee, Korean J Pediatr 2019



| ess Invasive surfactant administration

A | Severe intraventricular hemorrhage

No. of No. of Network Absolute RD Network Favors Favors
Source Infants  Trials per 1000 (95% Cl) OR (95% Cl) Intervention - Control
MV (control)
LISA 211 1 58 Fewer (1 Fewer-86 fewer)? 0.44 (0.19-0.99) « o
Nasal CPAP 2301 3 2 More (44 Fewer-50 more) 1.02 (0.57-1.55) —
NPPV 13 Fewer (68 Fewer-90 more) 0.87 (0.35-2.03) -
Nasal CPAP (control)
I_l.Nsu.RL ______ e oo TR, - SRR, - 4 < ST T [ T TN e T e« S WO W B B ) I— S S I
1 LISA 46 Fewer (7 More-66 fewer) 0.43(0.19-1.09) « o Il
NPV T8 6 11Fewer (47 Fewer-56more)  0.86(0.42-1.78)  —=—— =

Isayama, JAMA 2016



L ess invasive surfactant administration

Number of infants 1214 2624 3695 7533

.. : 0.76 (0.68-0.85); | 0.86 (0.74-0.99);

Clinical sepsis 27.4 34.9 46.3 <0.001 p<0.001 p—0.048! 39.3

. 0.87 (0.75-1.0) 1.0 (0.83-1.21);

Blood-culture proven sepsis 11.6 14.6 19.6 <0.001 p—0.053 p—0.9% 16.6
: 0.67 (0.54-0.84) | 0.68 (0.51-0.81);

Pneumonia 2.0 4.7 8.0 <0.001 p=0.001 p=0.012° 5.8
i 0.55 (0.48-0.64); | 0.62 (0.53-0.73);

Intracerebral hemorrhage grade I11-1V 4.8 12.9 24.3 <0.001 p<0.001 p<0.001% 17.2

Periventricular leukomalacia 2.4 3.6 5.5 <0.001 0.72(0.56-0.94); | 0.75 (0'556_1’01); 4.3

p=0.015 p=0.06

VLBWI with GA< 28+6 weeks

- mma F e 2o P

e o oa s ~ — %

Hartel, Sci Rep 2018




Early afterload mism

—&— group 1
—o— group 2

70 mmHg 70 mmHg
60 | 60 |-
sBP mBP
sof I so b
40 | 40 |
4
30 | 30|
P ol o 0 v
6 12 24 36 48 60 6 12 24 36 48 60
Hours after birth
Group 1: with complications (pul. hemorrhage, IVH and PVL) ———
Group 2: without complications > —o— group2
gp /cm circ/s
137
80 | 1.2
1.1
70 | P
* 1
D ol L*/"/ )
= [ Sool 4
7] i * >
w €
50 | = 0.8
— “F
0.7
40 | / ” /*'F.
N 0.6
30 | i
0.5
20 == . L Y P - .
612 24 36 48 60 cig P8 S8 43
Hours after birth

direct measurement of
arterial pressure waveform :
LU
L\/IDdI ILV'DS v
S - s
. /A No pump
mVcfc (circ/s) = {(LVIDd LVIDs)/LVIDd} x RRZ/ET; dvsfuncti
ESWS (g/cm?) = 1.35X LVIDs x Pes /{4XHes(1 +,7 ystunction
Hes/LVIDs)) ,° ] Hydrocortisone
o/ . LY Catecholamine
16 circ/$ ’ / v . .
: 1 L , | olbog mTusmn
1.4 |- . Furosemide
12 L R Morphine (sedation)
\ PDA (+): PG inhibitors
contractility \ PDA (-): nitroglycerin
L 1
=
0.6 ;
0.4 | +
0.2 | I
|
0 | : | glcm?
0 20 40 60 80 100 120
ESWS afterload

Toyoshima, J Formos Med Assoc 2013



B u nd Ie for red UCi ng Seve re IVH Highest risk preterm infants prior to delivery: <30 weeks’

gestation; may consider if birth weight <1500 grams and up
to 32 weeks if critical {i.e. moderate-severe respiratory
distress syndrome)

Golden Hour Strategy

* Delayed Cord Clamping

* Optimized Cardiopulmonary Resuscitation - better team
communication, improved use of the T-piece resuscitator,
intubation by themost experienced provider

= Adequate Thermoregulation

0l Gl

R Cr. ~C
000 TG4

Delivery Room Protocols:

1} Increased temperature in resuscitation room to 80°F

2)  Use of plastic “body bag” during resuscitation

3) Use of exothermic warming mattress during
resuscitation

4) Intubation by most experienced provider

S)  Continuous monitoring of rectal temperature during
resuscitation

2SS

«
T

Transport Protocols:

1) Notransport if infant’s temperature <36.5°C
2) Keep head midine and elevated at 30°

NICU Protocols:
1)  Cluster Care and Touch Times every 6 hours for the first
72 hours

2) Headmidline and elevated at 30°
3) Arterial line access to prevent heel sticks and cuffed
blood pressure determination

Chiriboga, J Perinatol 2019
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Management of IVH — Post Hemorrhagic Hydrocephalus




Fate of PHH In survivors

IVH and survival > 14 days (n = 221)

Progressive ventricular Ventricular dilatation,
dilatation no progression
(n=56; 25%) (n=153; 24%)

Progressive ventricular dilatation (n = 56)

| |

Persistent PVD

Spontaneous arrest

(n=35; 62%) (h=121; 38%)
1
Total with arrest
l (n = 29; 52%)
Died Surgery Non-surgical treatment:

(n=10; 18%) (n=19; 34%) arrest

(n=8: 14%)

No ventricular
dilatation
(n=112; 51%)

mGr4 Gr3 Gr1/2

- 29

Late mortality 16

9
I -
VP shunt 27
0.6

: : I 71

Ventricular drainage 76

7

0 20 40 60 80 100

Murphy, Arch Dis Child Fetal Neonatal Ed 2002



Management of PHVD

US-guided assessment of PHH

PK-18dB

AHW: anterior horn width

BPD: biparietal diameter
VI: ventricular index i p
V/B ratio: [VI(L)+VI(R)}/BPD w - V|(L)fV|(R)

TOD: thalamo-occipital distance

p—

+ 4|

Pl: 1.431 RlI: 0.784

PSV: 43.2cm/s EDV: 9.3cmss MnV: 23.7cm/s
FlowT!: 391ms

12:NEONATAL HEAD Probe:9120

Dorner, J Perinatol 2018
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ELVIS trial follow-up

(H387) (&37ICH)
Low-threshold High-threshold
group (n =44) group (n=44) Pvalue

Gestational age at birth, 28.1 + 2.4 278 + 2.7 6"
weeks
Birth weight, g 1176 + 361 1175 + 404 .9
Ventricular measurements
on MRI, mm
Ventricular width 13.4 (12.6-15.1) 15.9(145-18.8) <.001"
AHW 6.6 (5.3-10.3) 10.6 (8.4-13.5)  <.001"
FOH ratio 0.42 (0.4-0.46) 0.48 (0.43-0.51) 001"
Total Kidokoro score 8 (5-12) 12 (9-17) <.001"
Infants with grade lll 7 (5-9) 10 (8-12) <.001"
Infants with grade Il 13 (7-19) 16 (15-19) <.001°
+ PVHI
Kidokoro score severity .002*
Normal 3 (7) 0 (0)
Mild 17 (39) 5(11)
Moderate 12 (27) 13 (30)
Severe 12 (27) 26 (59)

Cizmeci, J Pediatr 2019



ELVIS trial follow-up

Bayley Cognitive Score Bayley Motor Score

150 1 - 150

d P=3 P=.01 P=3 P=.004 E
125+ - 125
100 - 100

: : 35% vs 51%
50 - 50
25 == VP-shunt(-) | == VP-shunt(-) o5

] == VP-shunt (+) " mmm VP-shunt (+) E

~ o

4
Low-threshold  High-threshold Low-threshold  High-threshold
Group Group Group Group

(HMagzh (a3dd™op) HI38Z) (=4840

Cizmeci, J Pediatr 2019



Encephalopathy of Prematurity




Treatment options for IVH and white matter injury

Treatment targets

IVH 1
Compression

Blood-brain

(mass effect)  barrier injury

Thrombin Haemoglobin Iron Complement
| ! !
Gl.utame!tc'e Oxidative Inflammation <€
excitotoxicity stress
L
| | | , *Apoptosis
l * Necrosis

Apoptosis, reduced proliferation
and arrested maturation of OPCs

!

® Reduced myelination
e White matter injury

Axonal damage

Surgical clot
removal

Iron chelation

COX2 inhibitor

Minocycline

TNF antagonist

Thyroxine

Hyaluronidase

Mechanism-based treatments

Haemoglobin
scavenger

Thrombin
antagonist

Iron chelation

Antioxidant

AMPA
antagonist

BMP inhibitor

Stem cells

Ballabh, Nature Review 2021



Drain, irrigation and fibrinolytic therapy (DRIFT)

TABLE2 Trial Outcomes at 6 Months or First Discharge Home (When Later)

Outcome DRIFT (N = 34), Standard Treatment Difference (DRIFT — Standard), Relative Risk
n (%) (N = 36), n (%) % (95% Cl) (95% Cl)
VP shunt 13(38) 14 (39; 1 dead) —1(=231022) 0.98(0.54t0 1.78)
Dead 2(6) 5(14) —8(—22106) 0.42(0.09 10 2.04)
Dead or shunt 15 (44) 18 (50) —6(—29t017) 0.88(0.54 10 1.45)
Reservoir 13(38) 27 (75) —37(—581t0 —15) 0.51(032t00.81)
| Secondary IVH 12 (35) 3(8) 27 (910 45) 424(131t0 13.72)

Secondary infection 0(0) 1(3)
Dead or shunt, by center

Bristol 8/22 (36) 14/25 (56) —20(—48108) 0.65(0.34 10 1.25)

Katowice 6/10 (60) 4/10 (40) 20(—231t063) 1.5(0.60t03.74)

Glasgow 11 01

Bergen 0/1 —

. Artificial CSF 500ml

. IVAC pump

Filter

{~ Pressure transducer primed
with normal saline

3 way tap closed

Zero to middle of baby’s head

~- Clamp
Bag

Whitelaw, Pediatrics 2003, 2007



Drain, irrigation and fibrinolytic therapy (DRIFT)

* O: Developmental delay(cognitive/sensory motor) at 2YO

Treatment Severe Disability (<<55)
DRIFT Standard OR P OR (95% Cl) Adjusted P
(N=35/34)2n (%) (N=32), n(%) (95% Cl) for Gender, Birth Weight,
and Grade of IVH
MDI
=85 8 (23) 9 (28) 0.31 (0.11-0.86) 024 0.17 (0.05-0.57) 004
70-84 9 (26) 3(9)
55—69 7 (20) 1(3)
<55 11(31)0 19 (59)P
PDI
=85 4 (12) 5 (16) 0.54 (Cl 0.20—1.45) .22 0.21 (0.05-0.85) 028
70-84 9 (19) o (16)
55—69 11 (32) 4 (13)
<55 14 (41)b 18 (56)°

Whitelaw, Pediatrics 2010



Drain, irrigation and fibrinolytic therapy (DRIFT)

« O: Cognitive quotient (British Ability Scales and Bayley Ill scale) at 10 YO

n DRIFT Standard Crude difference (95%Cl), p Adjusted difference (95% Cl),
Variable (DRIFT:standard) Mean (SD) or n (%) Mean (SD) orn (%) value p value*
Primary outcome
Cognitive ability quotient 27:24 69.33 (30.06) 53.68 (35.70) 15.65 (—2.86 to 34.16), 0.096t 23.47 (6.23 to 40.71), 0.009t
Sensitivity analyses
Cognitive ability quotient 29:26 64.55 (34.04) 49.55 (37.22) 15.00 (-4.28 to0 34.27), 0.125t 22.33 (4.77 10 39.89), 0.014%
Alive and without severe cognitive disability§ ~ 29:26 21 (72%) 11 (42%) 3.58 (1.16 to 11.04), 0.0269] 9.96 (2.12 to 46.67), 0.0049]
Alive and without severe cognitive disability**  32:31 21 (66%) 11 (35%) 3.47 (1.23 t0 9.78), 0.0199] 7.69 (1.96 to 30.11), 0.0039]

Luyt & Whitelaw, Arch Dis Child Fetal Neonatal Ed 2020
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- - Gestational Time Point of Intervention
E h ro O I etl n E PO Age. Birth Wt Intervention
p <32 0/7, 24-96 h of age rhEPO 400 1U/kg IV
<1000 g or SC, 3 times per
whk until 35 0/7
wk gestation
Any GAP <48 h of age rhEPD 400 1U/kg SC,
500-1250 ¢ 3 times per wk
until 35 0/7 wk
gestation
26 0/7-316/7, <3 hof age rhEPO 3000 IU/kg
any BW IVat<3h 12-18
h and 36-42 h
of age
<32 0/7, any <72 h of age rhEPO 500 IU/kg IV
A MDI <70 BW fe:f;yiher day
Study or rhEP Placebo Odds Ratio Odds Ratio
Subgroup ents Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ohls 2004 14 45 16 45 22.6% 0.82(0.34-1.97) N I
Ohls 2014 3 29 6 24 9.0% 0.35(0.08-1.57)
Natalucci 2016 12 191 15 174 26.5% 0.71(0.32-1.56) .
Song 2016 19 309 49 304 41.8% 0.34 (0.20-0.59) ——
Total 48 574 86 547 100.0% 0.51 (0.31-0.81) ‘
Heterogeneity: t* = 0.06; ¥ = 4.01, df = 3 (P =.26); I? = 25% '0.01 071 1 1b 100I
Test for overall effect: Z=2.80 (P =.005) Favors rhEPO Favors placebo

Fischer, Pediatrics 2017



Moderate-to-severe cerebral palsy

Erythropoietin (EPO)

13/311 (4)

18/315 (6)

0.75 (0.36-1.57)

Outcome Erythropoietin Placebo Relative Risk (95% Cl)
no. of events/total no. (%)
Death 63/476 (13) 50/460 (11) — 1.27 (0.91-1.79)
Severe neurodevelopmental impairment 34/313 (11) 44/315 (14) —_— 0.79 (0.51-1.22)
Severe cerebral palsy 8/313 (3) 18/315 (6) = : 0.44 (0.18-1.08)
Bayley-11l composite cognitive score <70 19/311 (6) 28/314 (9) e 0.69 (0.38-1.23)
Bayley-11l composite motor score <70 28/310 (9) 36/314 (11) —I—E— 0.81 (0.50-1.32)
Death or severe neurodevelopmental impairment 97/376 (26) 94/365 (26) —— 1.03 (0.81-1.32)
Gestational age at birth E
24 wk 0 days to 25 wk 6 days 67/190 (35) 62/197 (31) —— 1.12 (0.84-1.50)
26 wk 0 days to 27 wk 6 days 30/186 (16) 32/168 (19) _ 0.84 (0.54-1.33)
Sex .
Male 59/201 (29) 57/183 (31) —— 0.91 (0.67-1.24)
Female 38/175 (22) 37/182 (20) — 1.17 (0.79-1.75)
Moderate-to-severe neurodevelopmental impairment  118/312 (38) 120/314 (38) —I:— 0.97 (0.79-1.18)

Bayley-11l composite cognitive score <85
Bayley-1Il composite motor score <85

Death or moderate-to-severe neurodevelopmental
impairment

77/311 (25)
95/310 (31)
181/375 (48)

87/314 (28)
96/314 (31)
170/365 (47)

0.91 (0.69-1.18)
0.96 (0.76-1.21)
1.03 (0.88-1.21)

. 0.25 0.50 2.00 4.00
P E N U T trl d | ) Erythropoietin Placebo -
Better Better

o P: 24/0-27/6 weeks

* |: <24h, EPO 1000 -> 400 IU/kg, until 32 weeks

« O: death or severe NDI at 22 to 26 mo of PMA Juul, NEJM 2020



Stem cell for severe IVH (grade 4)
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Ahn SY, Stem Cells Transl Med . 2018



Stem cell for severe IVH (grade 4)

TGF-B2

TGF-p1
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Lifelong rehabilitation

A. Hl-injured, p42

\lL)Z M2 (_1_‘1
S1BH ,SIHL ML,

B. Hl-injured, p63
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SIBF, /, Sish

Increased BOLD responses by PE
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p42

D Sham, non-exercise

D Sham, exercise

I HI injured, non-exercise
. HI injured, exercise
*p<0.05

1
B —63

p

injury. In summary, the results of the current study indicate that PE, even if performed beyond the critical period

or during adulthood, can be an effective therapy to treat neonatal brain injuries, providing a potential mechanism

for the development of a potent rehabilitation strategy to alleviate HI-induced neurological impairments.

Chae, Kim, Neuroimage 2019
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“A person is a person, no matter how small.”
- Horton, Dr. Seuss




