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m Major public health issue
m 23% of the total 4 M deaths in the world

m 20% of global incidence of cerebral palsy

Lawn JE et al, Lancet 2005

0.94 million

Other

Congenital
.l'lqil

Sepsis/
preumania
20%

Infections

A.-.p.hg,-xm 36%

23%
Tetanus

7%
i m
3%

Preterm
27%

1.1 million



m Maternal

Cardiac arrest

| Asphyxiation

Severe anaphylaxis
Status epilepticus
Hypovolemic shock

m Uteroplacental

| Placental abruption
| Cord prolapse

Uterine rupture

Hyperstimulation with oxytocic
agents

m Fetal

Fetomaternal haemorrhage

Twin to twin transfusion

Severe iso-immune haemolytic disease
Cardiac arrhythmia

Hyponie lsehemie Encophalopathy

D WA




Moderately severe

m 1-3 /1000 livebirths

m Severe handicaps: 30-50% (epilepsy,
cognitive impairment, CP...)

m Mild handicaps: 10-20%

m Normal outcome at 2y: 30-40%

Severe

0.5-2 /1000 livebirths
Neonatal mortality: 50-75%

Severe handicaps: 80%

Mild handicaps: 10-20%

Normal outcome at 2y: 10%



"
Sarnat & Sarnat staging (1976)

Consciousness hyperalert

Activity Normal

Neuromuscular control

Muscle tone Normal

Posture Mild distal flexion

ORESE et e Overactive
Primitive reflexes

Suck wEak

Moro Strong

Toni k .

onic nec Slight

Autonomic function

Pupils Normal

Heart rate Tachycardia
Seizures None

Stage 0 = Normal

Lethargic of obtunded

Decreased

Mild hypotonia
Strong distal flexion
Overactive

Weak or absent
Weak, incomplete
Strong

Miosis
Bradycardia

Common

Stupor or coma

Absent

Flaccid
Intermittent decerebration
Decreased or absent

Absent
Absent
Absent

Mydriase or variable, unequal
Variable

Uncommon



*
Early evaluation of HIE

- Early and repeated clinical examination: Classification de Sarnat et Sarnat
staging+++

« Clinical investigations:

- EEG: early, continuous recording using either standart EEG or aEEG
- Ultra sonographic scan: easy and early but non specific
as early as possible

. Short term prognosis. Therapeutic management: HYPOTHERMIA?

- MRI: standard sequences + Diffusion +/- DTl + MRSpectroscopy:
between day 3 and day 8 +/- day 10-15

Long term outcome.

—_—



"
Amplitude EEG features in HIE

From Thoresen M, ot al, Effect of hypothermia on amplitude-integrated slectroencephalogram in infants with asphyxia.
Pediatrics. 2010 Jul; 126(1):¢131-8. PMID:8563847 Reprinted with permission of The American Academy of Pediatrics
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- Basal ganglia and thalami

- Cortical enlighting

- Post limb of internal capsule
- White matter

Rutherforf et al., Lancet 2010



Potential pathways for HIE-induced injury

Hypoxia-ischemia

Anaerobic glycolysis

l H%P l

Adenl:sine 4 Glutamate 4 Lactate
N-methyl-D-as art*e NMDA) recepto
Hypoxanthine y P ( Bl
A Intracall:.llar Ca+
Xanthine &~ ¢ 5 “h
oxidase Clivates
Activates lipases niiric cxide
i synthase (NOS)
Xanthine
* Free fatty acids
l 0, l o Nitric oxide
| :

Free radicals Free radicals Free radicals

Perlman J M Pediatrics 2006;117:528-533



HIE and energy failures

[PCrPi]

251

20}

16

10

05

1 i - |

10 0 10 20 30 40 50
Time after resuscitation (hours)

* First energy failure during HIE
* Rapid recovery

* Secondary energy failure after
6-12h post HIE

* Mitochondrial insult

* Cell death and apoptosis
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Brain metabolism is normal following
resuscitation but deteriorates later

31P MRS in asphyxiated infant 1 v 4
born at 37 weeks gestation 5

5h

36h

31h
1

2345 6 -
8h

518§ & =5 - - w 2s e

PCr/Pi

8 31 36 55
time (hours)

Azzopardi et al. Pediatr Res 1989;25:445-451)



*
Hypothermia: concept

18

Induction phase | Start of re-warming

- (wtart of coohng) phase (<0.5 °C per hr)

L

36 1

351

341

Core (rectal or esophageal temperature *C)

}n.s'c:u.:ﬂc

EER S

i [

: .| [Begmning of
371 H | maintenance phase |

: i

30 min
- : :

o [ 1 n 74 & ™ &

Elapsad tme in howrs

* To induce a stable central temperature around 33.5°C +/- 0.5°C
*» Before 6 hours of life

* In the most stable manner

* For a 72h duration

* Progressive and cautious rewarming 0.2°C/h



* M
Hypothermia:

A post-conditioning concept

Post-Cond
> Baseline 60 min Latent-phase
Neuraprotection Outcome <> Bl i il -
h
vl a
¢ v
I LY E
. i
assessment
-+ » % >
Hl  Resuscitation Min. NTP/EPP
Primary
Bnsgy Activation of reuroloxc cascades Secondary snargy faiurs
[ Therapeutic hypothermia

i (" Adjuvant therapies: anficomailsants, xenon, enthmoposdin,d |
Preconcitoning Antimodants “{W aganists, antirflammatorny
\ Apents _.-

Dirnagl et al., 2009




m Reduces cerebral metabolism, prevents edema
m Decreases energy utilization
m Reduces/suppresses cytotoxic amino acid accumulation

(glutamate) and nitric oxide

Inhibits platelet-activating factor, inflammatory cascade
Attenuates secondary neuronal damage and cell death
Reduces extent of brain damage

Prevention of blood brain barrier dysruption



"
Experimental evidence supporting
therapeutic hypothermia

m Hypothermia applied after HIE:

1 Reduces elevation of dopamine, free fatty acid and glutamate
m Stroke 1989 :20:904-10.
"1 Preserves cerebral energy metabolism
m Pediatr Res 1995 ;37:667-670; Pediatr Res 1997 :41:803-808
"1 Reduces the delayed increase in extracellular glutamate
m Neuroreport 1997 ;8:3359-62
"1 Reduces the secondary rise in cortical impedance (cytotoxic oedema)
m Pediatrics 1998 ;102:1098-1106
"1 Inhibits apoptotic cell death
m Neuropathol Appl Neurobiol 1997 ;23:16-25



Head cooling
or
total body cooling
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Hypothermie: monitoring is crucial

Brain regional temperatures
in pigglet Temperature stability according to

devices

tem e e 12 okl apndbrng
o T

n SHC - cooling cap, Targee
_J + milld body hypothermian = 8 Tt s
%

] M 500 5°C
L ; .

O

WEC - cooling mattressn=6

@ 2 ® W 1@ W0 W 0 M0 IO W
Time minuies

13 5e05°C

Rectal inmparatune ("C)

EITEER.

Seizures during
rewarming

33350 5°C

B2y EE

O B 10 6 20 26 30 M 40 46 S0 65 S0 85 TO T W0
Duration af hypothermia followsd by rewsrming hours

Thoresen et al., 2008



Acidosis

*pH<7

*Base deficit 216 mmol/I
elLactate 211 mmol/I

Apgar score =5 a M5

No spontaneous breathing
at M10

Rescucitation at birth

Clinical signs of HIE (Sarnat)

=
ePerinatal event leading to HIE e
*GA=36wgetBW=1800¢g
ePostnatal age < 6 hours
,-r""'_*
Biological and/or clinical markers for HIE at birth? or
YES
Clinical signs of neurological disorder linked to HIE? S

YES l

If possible, abnormalities:
* EEG

* aEEG (staging)

Therapeutic hypothermia




A ¥ N KD

Heartrate: d 14 bpm/min

PaCO,: d 2 mmHg

pH: A 0,12 unité

Leak of NaCl, KCl and Mg?*

blood viscosity

Platelets

Insulin resistance

WBC

Pharmacokinetics of morphine and anti-epileptic drugs



Beneficial effect of hypothermie
according to HIE severity

. Hypotherme | Mormathenmia | FRisk Ratia Riisk Ratic

Study or Subgroup ~ Events Total Events Total Weight, % M-H, Fixed (95% ) N-H, Fieed (5% CI)
Intants With Moderate Encephalopathy

Azzoparadi et al,** 2009 20 65 0 BT 174 0,60 (0.44-1.08) -

Gluckman & al,'? 2005 28 62 39 5] 223 0.80 (0.57-1.13) -

Gunn et al* 1908 4 10 1 5 08 2.00 (0.30-13.51) e

Jacobs et ol @ 2011 26 61 M 51 224 064 (0.45-0.91) -

Shankaran et al'? 2005 2 69 a0 (] 190 067 (0.43-1.03) -

Simbruner ot al ! 2010 f 18 g 15 61 0,53 (0.24-1.15) ——

Zhoi et al, 12 2010 g 1 19 # 15 0.47 (0.24-0.02) —.
Sublatal (85% CI) 27 m 100.0 0.67 (0.56-0.81) *

Total events 118 162

Heterogeneity: x]=3.75; Pa.71; 22 0%
Test for overall effect: 2=4.27; P<.001

Intants With Severe Encephalopathy
Arroparadi et al,"® 2009 54 98 56 9% 268 093 (0.73-1.19) -
Gluckman et al,"" 2005 Fi| 40 32 s 161 077 {0.51-0.06) -
Gunin et al 32 1988 2 3 3 3 16 0.71 {0.31-1.66)
Jacobs e al, @ 2011 25 30 24 Fi 19 0.94 (0.76-1.15) -
Shankaran et al,'¥ 2005 ] rn 3 40 142 085 (0.56-1.08) -
Simbruner et al 2 2010 A 3 30 43 162 0.68 (0.51-0.90) -
Ihou ot al, 2 2010 2 u r k] 132 0.75 (0.54-1.04) .-
Sublotal (05% CI) b1 m 100.0 0,83 (0.74-0.82) "
Total events 175 Fil I i n " )
H“ﬂlﬂ“ﬂf: I.i'EJzi P53 Pa0% om R 1.00 10,00 100000
Test for overall effect: 2= 3.46; P<.001 Favors Hypothermi Favors Normothermia
NNT 6-8

Tagin et al., Cochrane 2012
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eneficial effect of hypothermie
according to cooling technique

Hypothermia Normothermia
Study or Subgrouy Evenis  Toll = Events :
Total Body Cooling
Azroparadi et al, ™ 2009 74 163 8% 162 76
Jacobs et a.® 2011 ] 1] 54 78 16.3
Shankaran o a7 2005 45 0z 7] 103 16.7
Simbraner ot a7 2010 o 53 43 58 120
Sublotal (95% CI) a0 a0 676
Total events. 1w 256
mﬂ-ﬁ.ﬂl;?—.ﬁ:#-ﬁ
Test for overall affect: £« 4.50; P< 00N
Selective Head Cooling
Gluckoman st al,' 2005 ] 108 7 110 189
Gunn et ol ™ 1998 7 18 4 13 12
Thou e 3l 2010 k1 b ] 45 T 123
Sublotal (85% C1) 05 199 azs
Total events o 123
md:!ﬁFiJ‘l:ﬂﬂﬁ
Test for cwverall effect: 7=2.79; P= 005
Total (85%. C1) 614 B0 100.0
Total events 204 e
m lil!.ﬂ_"l 45 0%
Test for owverall effect: r«5.28; P< 00N

Test for subgroup differences: 3§ =0.06; P=.80; 2=0%

Risk Ratio

Totd | Weight %  M-H, Fixed (95% CI)

0.86 (0.68-1.07)
0.75 (0.60-0.04)
0.71 (0.54-0.03)
0.62 (0.46-0.82)

0.75 (0.66-0.5)

0,82 (0.56-1.02)
1.26 (0.46-3.44)
065 (0.47-0.80)

0.77 (0.65-0.93)

0.76 (0.69-0.84)

Risk Ratio
M-H, Fied (85% C1)

-

-
L ]
Ll

'

f
0.01

u‘tu
Favars Hypothermia

T
1.00

1000 10000
Favors Normathermia

Tagin et al., Cochrane 2012




"
Normal outcome following
hypothermia for HIE

- - Risk Ratio Risk Ratio
Study or Subgroup Everts  Total Events Total Weight, % M-H, Fixed (5% GI) M-H, Fixed (95% C1)
Azzoparadi et al,"? 2000 m 163 45 162 334 1,57 (1.16-2.12) _—
Gluckman et al,'? 2005 20 108 20 110 197 1.48 (0.89-2.44) ]
Jacobs et al, 2 2011 42 108 22 a7 17.0 1.75(1.13-2.70) —_—
Shankaran et al,'? 2005 I 102 22 106 160 1,51 (0.04-2.42) N T —
Simbruner et al. 2! 2010 N 33 B 25 6.7 1.99 (1.06-3.72) I —
Zhou et al.22 2010 a2 59 15 49 12.1 1.77 (1.09-2.87) S
Tatal (95% C1) 571 549 99.9 1.63 (1.36-1.95) e
Total events 227 132 i | ' ; .
Heterogensity: 1:-0.!1: P= 07, 12=0% 0.2 0.5 1.0 20 50
Test for overall effect: 2=5.35; P<.001 Favors Normothermia Favors Hypothermia

Tagin et al., Cochrane 2012
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Impact of hypothermia on MRI findings

Conled™ W ¢ led Tokal
in=E3) {m=&7)
8 dars
Tl Man osisd  Adjiabea™ Lo i ™ -
R (85T > ] o Wt drabled el i e |
— v Dbt o linasbsined o 1 1
0 % 4 cE@EIy 2 oM@y 0@ S - u =
1 n in MRl shwrrrme sy presenk
1 u 4 Heed cnaliled i 7 8
i 1B . Died o clinsbiec it 1 b |
Postarad beniD OF ST Gk Tbsl o B 1] )
o 1] i | SO0 0 HERDOn o8 =8 dapn
gl ‘; 5 MR sbwrssrmgiol ey gboard
Abncral
Wl deaslsledt n 2 1
e n n SHPDOT) o8 XN  om ERedan clhion ! : b
1 11 = Toksl b 13 w
7 % " MR ST pReeen
3 7 5 Moot diaashlad L] 4 11]
Cortert Dkt o disasbient 3 18 M
L] i 24 SEIE@IF-14T 08X 5014 oM Tokai 12 L H
1 1% b
2 1%
] 4 4 Cooked Mo coaled
ki il 5 n L rREdL1Eh on
R Sty CRE@DIO-09N  004088-10)
Fita arw rearrvbee o 00 (5% ) * e s o prapesce or abmesre o W00 2t v et e o - o b i o o
iy, et ol honst il B ity o gt retaptatd L. bl prontratil i ok Positios pradiclive ke O76D65-080) 074063085
Pt could et d = v et o oy Mogabive predickivevalee 001 [BE3-008) 092 @H5-059)
Ty } (oracles of corsbrsl leviors wen on Wl i cooled and moe ooled ety

Therapeutic hypothermia makes
MRI abormalities more specific to
poor outcome

Therapeutic hypothermia reduces basal
ganglia and WM lesions...
... but has no effect on cortical damage

Rutherford et al., 2009



12-30 months: Bayley

m (Eicher & al., 2004; Jacobs & al., 2011; Shankaran & al., 2005)

6-7 years: WPPSI-IlIl / WISC-IV / NEPSY / M-ABC

m (Marlow & al., 2005; Shankaran & al., 2012)

9-10 years: WISC-IIl / M-ABC / CBCL

m (de Veries & Jongmans, 2010)



m Objective

Long term evaluation (6-7 y) of infants having experienced
hypothermia for HIE

m Methods and patients
208 infants with HIE 2-3 at birth
' 93 controls (6 y 8 m) vs 97 hypothermia( 6y 7 m)
18 lost (15% of surviving)

Motor : GMFCS / Intellect : WPPSI-III & WISC-IV / Attention, FE, Visuo-
spatial : NEPSY / Emotional & Social : Child Health Questionnaire

Shankaran et al., NEJM 2012



m Results

Hypothermia ( n = 97)
m 27 deaths (28 %)
m 5lost (5 %) O death O lost ®CP
m 12/69CP (17 %)
m 1/67 blindness (1 %)
m 3/63 deafness (5%)

Controls (n =93)
m 41 deaths (44 %)
m 13 lost (14 %)
m 15/52 CP (29 %)
|
|

O blindness M deafness

2/50 blindness (4 %)
1/50 deafness (2%) Hypothermia Controls

Shankaran et al., NEJM 2012



'__
Chilhood outcomes after
hypothermia for HIE

m Results
[0 Hypothermia
= 19/701Q < 70 (27 %)
m 2/48 dysexecutive functions (< 70) (4 %)
m 2/53 visuo-spatial impairment (< 70) (4 %)

[0 Controls
m17/521Q <70 (33 %)
m 4/32 dysexecutive functions (< 70) (13 %)
m 1/36 visuo-spatial impairment (< 70) (3 %)

Sha

nkaran et al., NEJM 2012



" A
Chilhood outcomes after
hypothermia for HIE

m Interpretation

1 No significant difference:
m CP
m [Qat6-7y
m Emotional skills

1 15% lost of follow up
"1 Behavior and school performances?
1 Appropriate scales?
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Hypothermia + neuroprotective agents

Global [ 1. Xenon & MN-Acetylevsteine
Hypoxia- 3—( 2, Melatonin 6. Allopurinol
. 3. nNOS inhibitors 7. Adenosine Ala Receptor antagonist
EXCITOTOXICITY iz
Ischemia pe it 4.BH4 8. Erythropoietin
A ':z

7\ \

."' "'., . activation 1 ﬁ_{
/ + \  AuR ' E MITOCHONDRIAL
! ) INCTION

activation lon/ Ca’* influx

'O

nNs

ENERGY / ATP

Robertson et al., 2012



Promising candidate molecules to be
associated with hypothermia

Melatonine Epo MAC Epo Allopurinal Xenon Vit CRE Memantine Topiramate Adenosine AZA
mimetics rec antag
Easy to use 10 10 10 10 7 4 9 3 4 5
Regimen 7 7 7 7 ] g g 5 4 5
SAE 10 8 10 8 B8 g 1 2] 5 B8
Toxlcity 10 10 10 7 10 B B 10 g 2
Benefits B 8 3 ) 3 ) 4 3 3 5
FDA approval yey yeu g na Peg na ] ] e ng
Total score 45 43 a0 £t 36 34 i3 27 5 22
/50
Ranlk 1 (909%) 2 (Be%) | 3 (80%) 4 (76%) 5(72%]) 6 (6B%) | 7(66%) 8 [54%) 9 (50%) 10 (44%)
% score

LI | |

From Robertson et al., 2012



m Anti-oxidant, anti-excitotoxic m  Melatonin in neonatal rat models of
and anti-inflammatory agent HIE

m High inocuity m Reduced lesion score

(p<0,05)
m Reduced ROS accumulation
(p<0,05)
L g . m_Better behavioral scores
! ( {p<l},l}5}
— = % '8 | wle ;,.I:
— £ :_“,‘.:'_ﬁ.. >

FuliaF et al, J Pineal Res 2001; 31(4):343-9
Signorini C et al, J Pineal Res 2009; 46(2):148-54 \- __/’
Carloni S et al, J Pineal Res 2008; 44(2):157-64 & — s
Gitto E et al, J Pineal Res 2009; 46(2):128-39 Hi Hil-

mclatonin




Hypothermia and inhaled Xenon

T Juvenile " Xegw, = Xesoy, = Xeow, = Xesow,
Controls  NTaysg MNT3zec HT3zeg HTazec

m  Synergistic effect of hypothermia in pre-clinical model using hypothermia (32°C) and inhaled
Xenon (50%]) (rats subjected to HIE) :

| Hypothermia alone was associated with early and long-term behavior improvement
(p<0.001)

1 Xenon alone was associated with long-term behavior improvement (p<0.05)

| Both hypothermia and Xenon were associated with better histological scores (p<0.05)

Hobbs C et al., Stroke 2008; 39:1307-



* M

Deleterious co-factors to be avoided

m Prevention of additional insult :
1 Pain
"1 Subclinical seizures
"1 Neurosensory dystimulation

"1 lonic disorders

"1 Adequat use of oxygen
"1 Rewarming

"1 Developmental care



m HIE trigger is poorly understood msss) public health issue

m More than 1M deaths and 2M infants with neurocognitive
impairments / year

m Therapeutic hypothermia is feasible, safe in referral centers
and efficient at mid-term if initiated before 6h of life
... but impact in long-term outcomes?

m Hot topics for neuroprotective strategies

m ... the future msss) combination of hypothermia + other
pharmacological agent(s)
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