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Servo-control with dedicated ambulance 3/21 821 12721 14721

24/7 service 18/21 18721 1921 19121
Audit 2121 2121 2121 2121
Rectal temp 2121 21721 21221 21721
Outreach education 17721 1921 2121 2121
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CoolCap study

* We used aEEG recordings to improve the
specificity of case selection, to control for
severity of injury, and to allow subgroup
analysis to test the hypothesis that
hypothermia is not protective in infants with
the most severe abnormalities on aEEG before
randomization.

Gluckman PD 2005 Lancet

CoolCap study
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Bayley MDI <70 25% 40% 0.15
mAIREE 7% 14% 0.34
aEEGEERF (n=46)
185 AR DR F (L EEREE 79% 68% 0.51
b Am 50% 36% 0.39
EERE 58% 43% 0.70
Bayley MDI <70 55% 36% 0.67
AR EE 25% 31% 1.00
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Gluckman PD 2005 Lancet

TOBY trial

* They had to have abnormal background
activity of at least 30 minutes’ duration or
seizures on aEEG.

Azzopardi DV 2009 NEJM
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Should amplitude-integrated electroencephalography be used to
identify infants suitable for hypothermic neuroprotection?
Sarkar S. J Perinatol 2008
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* 31§l : High voltage artifact
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component
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Marics G. Prevalence and etiology
of false normal aEEG recordings in
neonatal hypoxic-ischaemic
encephalopathy. BMC Pediatrics
2013
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* Thoresen M. Pediatrics 2010

* Hallberg B, et al. Acta Paediatr. 2010
¢ Takenouchi T, et al. J Pediatr. 2011

* Shankaran S. Pediatrics 2011

* Massaro AN. Neonatology 2012

* Azzopardi D. Arch Dis Child Fetal Neonatal Ed
2014




BERERREAER

2016/07/15

FHFRELTDAEEGDH AHED

B+ S ERREEHY:
» . A &48FEETIC

. aEEGRT RANEIE
S ThIEFREET

as s RIREFEELL:
& K %2485 FTIC

o | 22 | a aEEGAT R AN EE

T 1T ThIEF R B

P . °® ou\\@m
O NT-normal ; :;::::;:‘ed A HT-normal : :I::::;Ied

Thoresen M. Pediatrics 2010

FHFRELTDIAEEGHH AHED

fom] T \
BIEO ) a3
| 2a5ma | A NEE=A
[ 1= e

3] = =

@ Mgy Mo

[Es) (=) [ Pl eme]e] () (R

ERUBE TOEGEEMELMBEFENFETR(127A)D
BE&EPPV=0.60, NPV=1.0TdH 27z,

Hallberg B, et al. Acta Paediatr. 2010

FHFHELTNDIAEEGDH AHR

Onset of sleep-wake cycling
L R S = PRt R PP hours]
Normal o m|
(n=15) .. .
MRI Mild
(n=4)
Moderate] o |o
n=2)
Severe ol CL L
(n=8) EEEN

O shzmEhe $#ar EEHe FRET
@ +zEHe FFE M EEHE $EFR
12085 LI D B HAE & F i R IFOBEEICDOLTIE.
X E=0.93. $EE= 0.60. PPV = 0.68, NPV = 0.90
Takenouchi T, et al. J Pediatr. 2011

FHFHELTNDIEEGNH AHD

R HEE PPy NPV

HEHKOBERETD

AEEGEE 0.89 0.33 0.56 0.75

HikeBHETD

AEEGEE 0.85 0.48 0.57 0.80
OR 95%Cl p

HEREBER 228 (0.71-7.31) 0.17

EEHIE 9.12 (3.15-26.37)  <0.0001

ERREE 0.32 (0.12-0.83) 0.02

H1ReRFMIFETDaEEGREE 112 (0.44-2,86) 0.82

RO LI DaEEGRERT R 1T T & LEEA LY
LiESROIT TS,

Shankaran S. Pediatrics 2011

F%FRELTDIAEEGD A AHG

A (H) EFRER

F%FRELTNDAEEGDHAHG

PPV 95%ClI 14

RE $SEE PPV NPV

1HE 007 100 1.00 0.39
2BB 036 100 100 0.46
#5881 051 100 1.00 051
#:8% 070 090 094 057

Ho

ERREEP ICABEN RO LN DIESE
FREIFTHD,

Massaro AN. Neonatology 2012

ERED
D

EERFRE(H) 023 (012034) o - <
EERE(—) 039 (0.27052) O BB EEB TPPVAME(E

HaEil THHZEIFBHRBEED
ERERRE(+) 055 (0.45-0.65) > N g
EARRA(—) 063 (053073) O x}]%b\b?tﬁ\b&%$

aBEG/$5— =aEEGOFRDHYIZF

DLV BNEND (LR EA
EFBREE(+) 007 (0.00-0.17) 0.07 %of‘i:l,%%lg&m*
EMRESGE(—) 025  (0.08-042) = =
BS/CLV/FT

{EM#EESE(4+) 051 (0.42-0.60)

ERREA(—) 059 (050067) O
CLV/FT
EARRIUA(+) 059 (047071 o

EM#ESE(—) 071 (0.59-0.34)

Azzopardi D. Arch Dis Child Fetal Neonatal Ed 2014
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B4 IR FEAELaEEG

« 2645111745 (65%) THME £ F LR, B
FREIREZEZE DO =D I1X1751 5415 (23%) D
HT#HoT= (Wusthoff CJ. J Child Neurol.
2011),

s BEKECIERE=RIVTETEHIEN
#HLW BBPOHERREEZHOZDHEL
SEIK TIXaEEGIXHIESE ] OB KRR TE
TR AL#ERTH S,

BEHERFORE

* aEEGIZHITHRIEEFLIF v RILDRHE=SY)
DUTIEFERRIEDNLB3ERET
(Wusthoff CJ. J Perinatology 2009) ,

* FERREDBREEL, BF v 1RIL(39%)
DAEDEF v 2)L(30%) kY E L (Bourez-
Swart MD. Clin Neurophysiol. 2009) ,

5

* HIESEfI CaEEGHEAT HEEICIL, BIE%H
EZIZWDEFTAIENLOM?

~_*

« FERRFEORHHZEML T, atEGDRA
%%Déo

FEREEDEIR

FAEEER n=851
RITEEER (FP1/FP,) 39(5%)
FIlyER (C3/Ca/C,) 478(56%)
{BISEEB (T3/T4) 213(25%)
%5880 (0,/0,) 121(14%)

Shellhaas RA. Pediatrics 2007

LHREORERF

OR 95%Cl p

EiE IRz (c3-ca) 241 1.88-3.08 <0.001
IHR/—MIE 2.14 1.87-2.46 <0.001
SE1EMERE 1.08 1.02-1.13 0.004
HEREOTYTIF2-M 1.004 1.003-1.005 <0.001
RIEODRS 1.001 1.001-1.002 <0.001
B R REE

BERY 0.54 0.23-2.09 0.15

PEERE 0.93 0.44-1.99 0.86

EERE 1.21 0.56-2.62 0.61
RIERER

BIEEER (FP1/FP2) 1.39 0.93-2.09 0.19

{BIEEER (T3/T4) 1.02 0.78-1.38 0.92

R (Cz) 0.96 0.69-1.33 0.80

i ER(C3/c4) 1.02 0.77-1.37 0.87

Shellhaas RA. Pediatrics 2007
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FC CO FT TO FC CCC3T3C3T4
FC CO FT TO FC TT CA4T4C4T3

FC CO FT TO FC TT CATACAT3
] #EEORIELDAATEE
O #ENEDNLD

B REOFEEAATEE

1 RAEBEHNTARE
O S{EZHA AIRE

FERBECOVTORIU
© FERSAEDIRI S, BEEE DTS
ERIFTEEERT B,

« ERKEOREIZIE, FrRILBMNEL
ALREFTHS,

« ERKEOREIZIX 1FvRIILESEH
IMER (C3-C4) AV &KLY,

ABORE

HIEIZE [FBHaEEGDRFRIZDLNT

« 7—FI7Uk

iR ES

« ERPRBIHIE TR LRI
aEEGH\ERER SN T=854]
17N EERR TH1=.

« M. EQIEEFMR

+ 345l : High voltage artifact

+ 1045l : High frequency
component

Marics G. Prevalence and etiology
of false normal aEEG recordings in
neonatal hypoxic-ischaemic
encephalopathy. BMC Pediatrics
2013

AERFE

B IR aEEG EEE(%)
21K 45575 63.6+7.3 63.6
1R 3E 35.7+12.8 78.6%+10.9 42.9
FIEEE  50.0+9.1 56.7+9.1 73.3

Evans E. Arch Dis Child Fetal Neonatal Ed. 2010
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TR EIFBER R THEE YT S,
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s afEGIXE=A—TH D= . 7T—F 777X
A #THD,

s T—FI7ILEROTEAIIBETHS N,
T—F 770D H D EERRICL TAEEGE
ERTHIE,
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RRRZEZEH/NER

FEREBEBRREEOMKES TOESIMRIBREFTIERLE
(Rutherford M)
ORREDHELEETES
QuRFNEREDBEREREZET S
QRIDEEMNELIA(Z T LmEERETES
@BERMETROAVME AR ERERTS
ORBRUNADHREE=4TED
@FEETALA~DHBEEFEITTES
QRZEREDOFHEIOLTIFHREZIRMTS
@ERADI I BEMNEFHEELLNTED
* 4 ROBRRICRELE-BARBOFENKEL
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Profound TclzIAsphyxla I P tialAsphyxia
R %Eﬂ&ﬁﬁ?ﬁhlﬁzl»xéiﬁﬁ%

14 R EE R T O EHR FT
— A&7 ET A

T1CRAIEHE

Basal ganglia/Thalamus . White matter

Posterior limb of
Internal capsule

BG/Th&EWMISFT RA%R1H
hIZHEXERER

Brainstem Cortex

se/rm_mﬁfmmﬂm:#m

4 R EE R 5L D ENR 5T
—ARETREFE - - oo

’
Basal ganglia/Thalamus pattern !

Posterior limb of
Internal capsule

_____________

TERHEDTEZIE

. Watershed
Basal ganglia/Thalamus (ParasaeEralimiay)

Prolonged Partial Asphyxia

Condition Acute Profound Asphyxia
phy: Repeated
. Atypical
Neonatal HIE Typical L .
P Less rususciation, Seizure
+
Sentinel Event Placental abruption, uterine
rupture, cord prolapse
Decreased fetal
uncommon +
movements

infection, metabolic disorders,

Differential Dx. : A
hypoglycaemia, malformations
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Basal ganglia/thalamus/ $2—2 [&Watershed/ S 82— kY BB (X E AR Basal ganglia/thalamus/ $2—>/ (£Watershed/$8—> kYL R ZFHRET R
(Miller S. J Padiatrics 2005) Neurodevelopmental outcome at 30 months ~ (Miller S. J Padiatrics 2005)

MRI pattern Watershed- Basal MRI pattern Watershed- Basal
predominant ganglia/thalamus predominant ganglia/thalamus
predominant predominant
Resusciation 4(1-6) 4(2-6) 5(1-6) 0.01 Number 20 48 21
Score(1-6) Death 0 3 5 0.01
APGAR(5m) 6(1-9) 5(1-9) 4(0-9) 0005 Mental 101(77-121)  84(50-116) 62.5(50-104) 0.0007
Encephalopathy 2(0-6) 3(1-6) 5(1-6) 0.0001 development index
score(0-6) (Bayley)
Clinical seizures 28% 44% 82% 0.0001 Neuromotor score 0(0-2) 1(0-5) 5(0-5) 0.0001
Seizure score(0-10) 0(0-6) 0(0-8) 4.5(0-9) 0.0001 (0-5: defecits =3)
B, APG, IMERTT . ERGE BRI EGE B [TBG/ThEE > Watershed > FRICOVWTY, £@PR, MNEE, EBRREOTRIL, B6/ThE>
B EMEOERL DD, Watershed > BEIHR E EH OEMHH D,

FEROEBRFEEMEKEE MRIEBZGOZEO/2—1t

Okereafor A, et al. Pediatrics 2008;121:906 ¥ﬁ$ﬁ,®1&§§§¢$[ﬁm1ﬂ"'ﬂ$ MRIE{%@%@%@,{@_)“:
Classification criteria Associated lesions Okereafor A, et al. Pediatrics 2008;121:906
Pattern Basal White matter " Brainstem,
lia/thalamus | d PLIC* | Cortex Hippocampus Severity of white matter damage
1 + Severe + i+ + T Large areas of abnormality with loss of gray matter/WM
differentiation, consistent with infarction
Mild-
] + + ++ + i i
Moderate o dSir;;:rlL:]otti::tli:)ensmns without loss of gray matter/WM
mn Thalamus onl - - + -
y Mild Periventricular WM changes difficult to differentiate from
by - Moderagte - + - normal appearances(not classified as abnormal)
pp
Vv - Mild/- - + -

*PLIC: Posterior Limb of Internal Capsule—${EB&I—H % 3 2R E IXHEIEET S C

Preceding Hypoxic EventD A FTERHIED/ W8 —2 MRIEHIEED R 7124 Bonifacio s, et al. | Pediatr 2011;158:360
(Okereafor A, et al. Pediatrics2008;121:906)
pmem Basal ganglia/thalamus(BG/T)
Uterine rupture 0 9 0 0 0 1 Abnormal signal in the thalamus
Placental abruption 20 5 7 0 1 7 2 Abnormal signal in the thalamus and -Ientiform nucleus . :
3 Abnormal signal in the thalamus,lentiform nucleus, and perirolandic cortex
Eord[prolapse 3 i & 0 O 3 4 More extensive involvement
Maternal collapse 2 0 2 0 0 0 Watershed(WS)
Prepartum herlnorrhage, 2 0 o 2 o 0 0 Normal
placenta previa 1 Single focal infarction
Prepartum hemorrhage, 2 o 2 0 0 0 2 Abnormal signal in anterior or posterior watershed white matter
other causes 3 Abnormal signal in anterior or posterior watershed cortex and white matter
Total a3 2 1 10 a4 Abnormal signal in both anterior and posterior watershed zones
SE479 BIEMRMMND A R FDBBPTIE, Profound asphyxiasif T D 3 More extensve corical nvolvement
BETHY, ERFREEZRRK F— RS0 .
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MRIFHE D R37 )2 F =8 — AL EEE T

Bonifacio S, et al. J Pediatr 2011;158:360

Predominant pattern of injury

Normal
WS pattern WS region scores higher than BG/T scores.
BG/T pattern BG/T scores higher or as high as WS region scores
total brain injury maximum BG/T and WS scores
Severity

normal imaging or WS score =<2 or
BG/T score =1
moderate-severe brain injury WS score =3 or BG/T score =2

CORHEAETIE, Watershed/ S5— B T, BEEBERBRKREZEZMND
BENHI_EN—DDF R

normal-mild injury

ERRA7) T OEFERREOHRHAEADEA

(Bonifacio SL, et al. J Pediatrics 2011)

Lcontro ) yathermia 00

Basal Ganglia/Thalamus (& Cortex) Region 0.02
0(Normal) 56 80
1 0 6
2 8 6
3 8 2 BEHAK. 5EEO
. e 3 Watershedﬁft%l:,
Watershed (White Matter/ Cortex) region 002 ggﬁﬁ\: g REMND
0(Normal) 2 48 MRIBRI= & 5585
1 2 L e TRE
2 12 9
3 16 9
4 20 9
5 2 1 .

EME &/ S S EOEEREEONRIEAD LA

(Bonifacio SL, et al. J Pediatrics 2011)

_ Control n=25 Hypothermla n=35
(%)

Predominant Pattern of Injury 0.003
Normal 16% 46%
Basal Ganglia/Thalamus 40% 11%

Total Brain Injury 24% 6%
Watershed 44% 43%
Moderate-Severe Brain Injury 0.002

76% 34%

E#HERCTVRIEEOASH TS, PHELLEORER/ 53— HD.

Watershed B DR IHAIASE DL TLVELVAY, KYBEEL TS AIREERHY.

MRIEE(Hi )/ $2—2/1E
(NICHD) Neonatal Research Network (NRN) RCT
Shankaran S. Arch Dis Child Fetal Neonatal Ed. 2012

Sore—Tpecrggon

Score 0 Normal

Score 1A Punctate T1 High/ T2 Low in white matter

Score 1B More extensive cerebral lesions

Score 2A Basal ganglia/thalamus, internal capsule lesions only
Score 2B Basal ganglia/thalamus, internal capsule lesions and

cerebral lesions
Score 3 Cerebral hemispheric devastation

FHEIRMRIZRO 7 &£6-7i% D Outcome 0 BEE

(NICHD) Neonatal Research Network (NRN) RCT  Shankaran S. J Pediatrcs 2015

MRI Score (‘Death or) Normal ; Disablity

10<70(%) Mild (%)  Moderate (%) Severe (%)
Entire cohort
0 (n=50) 8 57 30 13 0
1A (n=6) 17 40 60 0 0
1B (n=4) 25 50 0 25 25
27 (n=8) 38 67 0 33 0
28 (n=49) 65 (= 24 9 47 |
3 (n=7) 100 0 0 0 100
Total (n=124) 39 43 26 13 19

4 RMRIR 37 &6-77% D Outcome D F Al

(NICHD) Neonatal Research Network (NRN) RCT ~ Shankaran S. J Pediatrcs 2015
Normal neonatal MRI Pattern 2B and 3 combined
As a biomarker of normal outcome for death or 1Q <70 at 6-7 years

* Sensitivity of 61% * Sensitivity of 81%
« Specificity of 92% « Specificity of 78%
* Positive Predictive Value 92% * PPV 70%

* Negative Predictive Value 59% * NPV of 87%

E¥MRIFFRTCHAIZLT, BRTFRPALTARTHY., KR IE8
ELTER

EgFA RN ELRE (28,3) THH2—-SBEIEFRFREIEALLILD
 ERF R ORE~NDHRADRICEELZRSH -
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FERMRIZAT £185)A DOutcome D Fifll
( a substudy of TOBY study) Rutherford M, Lancet Neurol 2010

MRIE] {& & B R H 28
Predictive ability of major MRI abnormality for death or severe disability at _
18 months B4505 |RR — —
Major MRI abnormalities: moderate or severe basal ganglia or thalamic lesions, severe Eﬁ ﬂﬁﬁﬁuﬁf@ﬁﬁiﬁ

white matter lesions, or an abnormal posterior limb of the internal capsule.
Severe disability: Mental development <70, or GMFCS score >3

&#230 TIERAERTORESOHR
LEAMUA T2ERER TOEIE B HET

AL £ 0} e
T oo | Noncooked | SAUR - SRRoRRLE

Sensitivity 0.88 0.94 Shankarandc 1= . _ = <
Specificity 0.82 0.68 LIFIFRBEOER EB&[.J:U-E%,E?L-\‘:'?L\B#ﬂﬁ ot S,
c PRABICHECLEORESMEBRET DICL2EH LB R
PPV 0.76 0.74 Lok A
NPV 0.91 0.92 * PO BLGLE FOWITERICRERTIANR LT LVEEHY
HK - BEEXES OLEGERREE EMRSD B ZE R ZE L 4 IR EALIBE D Follow-Up MRI (Rutherford M, 1996)
Barkovich J, AJNR 2005
e ’ [Sie — Neonatlindings || rolowp indings |
Atrophy of lentiform and thalami
o BOICHRRGARR O ZEASHIR>RERSMURRRIBE DA HBLV SR Basal gangliaand High and low i (T1 low, T2 high)
h I ! evere atroj of lentiform, caudate,
P e e 2 thlant (s Hh i)
.3 — by 2 o =g Area of infarction (T1
35RICHBEERHIESMHRIES EILA B Periventricular low, T2 high) 5 E ive T2 high with generalized deficit
-6-7BICIK. RETHE. BREZEUHEICESELREHEX white matter IS:‘r:aky Al mmyRlizaten
- HEGAREERE THEHEEZL T, BHsZEMIcHEL

- ABEEBREREZTO®R, BRETLEGLLTEDLLND,
o RESGHEOMIELRE (T2/FLARhigh) (FBBHSNBL4HZH, BELFRT
s TOREBEFERLETHIENSL HEEHSHMIHLLVIBELSLOTEE.
. Bﬁilﬂ;ﬂEﬁl:li@%ﬁ#(Tz/FwRhigh)’éﬂﬂ)é:&h‘béo ChEPVIERRALL
W eAKE .

4 RHALIEDFollow-Up MRI ,
HERBERE Drolow Up MRI (uveror v 1926 S-10ROMREREDLE $i RAMREROBRBEE S
_ Neonatal findings - Follow-up findings

(Britt J. M. van Kooij,J Ped 2010)
Cortex T1 high “Bat wing pattern” T2 high

Subcortical white matter Neonatal MRI Childhood MRI

N

Corticospinal tract T1 low - T2high Normal 5 Similar 4
If?stseurrheemisphere Focal T1 low N Patchy T2 high Other: White matter 1
X Similar 4

Insula T1 high > . White matter 7
T2 and FLAIR high Other: Normal 3

Infarct involving insula > — —
Cerebellum Nil - Dedicits in myelination but not atrophy Watershed injury 5 Similar 5
Hippocampus T1 high - Atrophy with dilated temporal horns BG/Thalamus injury 11 Similar 9
_ - Other: White matter 2
REEEELBEREORRZEL., KR THROMIRE (T2/FLARigh) 5

IVH 1 Other: BG/Thalamus 1
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T4 BRI 128 1T B MRIEHE FT R D SEE

Systematic Review  Krahgeloh-Mann |, et al. DevMedChildNeurol 2007

>MRIFTRICEESHY 86%
NEFFAERE 56%
RE-EER-REKFE 18%
FRLEE 9%

>EHERICZL/E—
HMREE
cRE-BEZRKRE
>BREERICZL RS-
- NEAEAERE
(RHE R TIX75% TEIRZ
B ASFIRE)

>MRIFFRICEELL 17%

EHRZ I LD BE DN

Krahgeloh-Mann |, et al. DevMedC 2007

SR |15t -2 trimester |Early 39 trimester | Late 3rd trimester
or genetic

AV Rifis LR BIRZFRBARRRE RERRE
SERE 9% 56% 18%

FRIRE FhE. REES PVL HEREERRES

mAFEE HRAERES M i 5 ST RiE=

HEMRL  SEEEREH. ERERIRICES 9 AMRERDI LAt TES,

PVLDEZ W Term MRIETREEMRID EL SN ELIA

IEIEEHH 15 AL aTRE,
PRI, FRICEMER

HT, FELRTHERE
TermMRITI3, BERMAR LU
Term MRI #AREIEREREERNHEN
(T1wW) . SERBRERS O RMFR LB
TIFHL,
Follow-up MRI REOVRITIE, #HES
1y.0. FLAIR CHMEHHAEO SR

ESREERD.

HIARBRICPVUREL HEIMESH TEEHEREE T I
(Nanba Y, Pediatrics 2007)

AEBHEOEE ERFR Sensitivity | Specificity
CystHY s DESEE 62% 87%
SHEBMAITREDY | FASHDOEHEE 100% 97%
SRR YIRE .
=X Ey S D) 100% 100%
SRR TRE _
R BT 90% 100%

|

RYMRITORMESEIZ. PO RERESSLEVEEIHD.
REMRIE, BEROBEREFAED_RYELESHTHMEIS
— B EEIC DLV TIETermMRID A AN KL E LA ALY

HBERERTrREROFELHNILEE

TISESKE 8B
DSMMERE EfE

HFBEBIORE EETH Sensitivity | Specificity
== SHTATRE
RROT1IEES (R ER) 78% 96%
HROTIEEE | SITRAE, B 75% 99%
Cyst ®-EY 73% 99%

- ERECHEEERNEcCPOREDNTAIICER
s TLRRSTIHR S Cyst D IECTEEE

*MRIREFEHNBETHYER~DEEOHLIRE

- BT R B A DT D £ T, FFMRIFHEZE 1T 58K
25> TETLVS,

HERTIHEEFHICEELTRVEETIRACENEET.
B TOEBE R/ \F—2EHMSEAKRE (BHREO
A RE)

HERDEEDHEEREXMTRARMSN TV SFERESE
12, 788 —AEL THIEAS AT BE,
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« FrERHETE. £R1BOMICEHLABRASFEHAT. ThUBTEREY
DE—RFHFATHY. —#ICLORBRNEFEZLL, TORHILD
B ImEL THR,

* PVLIZDOWTHIEEFH D ZADMRITE DR DM HEZD T RAEE.

- SR - B0 ERIT. 1307 KRB TERSNRHICREL
FEHR KYBEHBASLY,

* MRIEE® THMild disability 5372, TS IZER A EMRVEHES OH
JEUEGJ",;%#EO MRIIZ& 2 KRN MR GREZ T RIS #RITE
CHENHY,
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