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Contemporary medical understanding of the ‘no-fault
accident’ during birth: amniotic fluid embolism,
pulmonary embolism, meconium aspiration syndrome,
and cerebral palsy
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Ithough every pregnant woman and her physician hope for an easy pregnancy free of

complications, complications can occur to a greater or lesser extent, some of which are still
considered inevitable. The maternal mortality ratio in the Republic of Korea recently increased
from 13.5 per 100,000 live births in 2009 to 17.2 in 2011, along with a noticeable increase, of up
to 20%, in the proportion of older pregnant women (>35 years old). In contrast to postpartum
bleeding, which has decreased, amniotic fluid embolism and pulmonary embolism, which are
closely related to older maternal age and typically considered inevitable, are causing an
increasing proportion of maternal mortalities. The neonatal mortality rate, defined the rate of
death per 1,000 live births under 28 days of life, was reported to be 1.7 in 2011 in Korea and
respiratory distress of newborns accounts for about one third of neonatal deaths. The pre-
valence of cerebral palsy (CP) is approximately 2 per 1,000 live-born children and has remained
unchanged over recent decades worldwide. Although multiple antenatal factors, including pre-
term birth, low birth weight, infection/inflammation, multiple gestation, and other pregnancy com-
plications have been frequently associated with CP, the underlying causes of CP remain largely
unknown and recent evidence has indicated that birth asphyxia plays a minor role. This review
provides information on the contemporary medical understanding of amniotic fluid embolism,
pulmonary embolism, meconium aspiration syndrome, and CP, which are generally considered
to be ‘no-fault accidents’ during birth.

Keywords: Amniotic fluid embolism; Pulmonary embolism; Meconium aspiration syndrome;
Cerebral palsy
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MNE DA B ofagate Bato] QAlsh 221w B9
B, AV} Al B EAH) WYY el
J]A% Ak 0E RE o} 2SS el As AN, AAAE AAFAER T
1L 7|22 02 A2|4(physiologic)?] ZA o]t} 18 nha] o] Wej g efel gk o)gt4 Q] olalE FaL) gttt
o slehael B QA Fitel BEE BH

(pathologic) A#o] B524 0 7 ZA§-e Folg 4= g} QFA MM =

olgfgt I AAFH FAHA| thFA EEsk=t

5 EW AR HlEs 10-15%, Elolr13e] Hies 1.89|

2-3%, Z2ke] BT 7-100, A2AG s I olalzEze kA A Z(amniotic fluid embolism)-& 7H22# 413

L El
W= 242t oF 3-59%, [ elHE & epabzr)ake] o] vl 7} #AFE(sudden cardiovascular collapse), ]2 e
7} 0.5-1%¢°l &ttt &gk Als Ul globalge] RI% 20048 3}, gEAdE IS o (disseminated intravascular
o] 19 g2 EABH ol Pl Ti} ‘—’? oul coagulation) 5-& E% 0 & dh= x4 =ol Alg}Agto|c},
F2 FAoleHl. g 24 A 3| FFAATE 192601 Meyer 50] 5521 of/do] 72k

= HgelA 10078 5 1782 Ao} *Uﬂ’\*gz(neonatal HA ABgEE o] F RS Fote] LtRe] HE | Blot
resuscitation) 0] FQ3ltiel= AFALE ot o g ZF A debris7} Y& #23EFP L 0|5 1941 Steinere}

A SIHR), A% 2790 o] Ao golske b A  Lushbaughel SIghe] 1 5 e i A el Apg o
A

o] Rlwr} ZA¥o} 1,0007<] B 1.7780]31(2011d, =) T FAE sske] Ao HdwdelA fetal mucint squa-

o] Z AlAgo} E%E—%O] oF 33-9] 19] YU AHA[FHH3I. mous cello] WAH -5 AT 0 2 71=H A5,
U}\-]}\].Eﬂ—___ i u—o]. ZAol} 109+ S VAEIR=1 5—].
“*}“‘Hl el -2yt 5A Eate] ofshd 2. 91T ¥ mAAlR FAT| AFLHERO| 21|
20090 13,5%¢l4] 2011 17,2902 F7letslom o GRS 2R BgAPgol T3k delolat, 53] ¢
25k U2l Fo] SRR 354 o) o] AL skre] Fgul 7} oF & 4 gl (unavoidable) BAATES] T8 o= 2 ¢

200 27} BE Ao BAEACH), ARG A5 eldl QIEHel FRAAFe 53] ARFel maAbel
gzl o ARLANET Tl el NAEG Fed 9slow vFeE FaREel AN €]
ol o3 IHEAIAE O R v 2R AR o] AA) 2 o] 13.7%%, 7ol SFolM= 242 10.9%, 13.1%F
Ayl 3ie] 2 AN A2 Sedete] ARt AAETHE). FFRANIATY el oJ5hA 2007-
o] Al dhHos &4 5o delo] fastal 2008\ 3% -Euiete] BAgAPGe] 2] & AT o] 2
A, AAAT & 9 A ATl o’k Aol Al 5 AJeh= Wl AAe] 11.5%00 sfBetIeH7). FFHde
Fea Qlon] ojzigh Wiake vl 5 AmeM e Wajel o] Ml vj% Bol olabd 12,053 B @ Ao
ok

ARl M Adnil= 2480} 1,00078F oF 218 A= Ay 2 A IS,

GHoH4), oje} Zo] ala} Z4tol] gt WAl S FE4 GRS WA Al RAAAEES A7 olle 86%E -

O ZAFtlE B8kl o5 5 RAgAET 2ol uig- S| BAaERl ot 9] olFoll= 26-61%= Had A=
= ASASE v 5T 5 s ol gl7] vl 9 BH7]% 3FIrH10-12], SHA G s il 3 A

o ne B/ AQ] JF O R ofsHARt ATt He g A F A8 ST HA e A T 15%0

7ke] el oEAtaLe] LROE ofsEE B9t B EIIH10]. 3 FFAHS DA A 7] APgE

o} Z5-2] A7} B, (perinatal mortality)= 9-44%= ThF8lA] HILE Q=]
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oft= Al e] Hhago] Bk ol o] FolXi= A9}

7 o] o olA|i= 9o mE Aol 2 Belh10,12],

P AZ ] W71 ob WSlA 914 it FAel
£ o aZe] 99102 s} T LB hme] o,

W-g-adoliel Faldo] del= 210 AZEEITH13).
FFHAFOR AP 2R o] BN vhge] g
5 gESo] e AR ofEgh 7HEE AAsk It
(14]. SFARE, S= AFolAN thge] 47t BAl £dA=
FUH = a7F HA| eerhar BauEa5] H AT
A FrHAF AbRelA FF(anaphylaxis) % e
3 EZeMA(uyptase) 9} = 3|2EF (histamine) o] 7}
She Aol BEETHI6L. ST AR 41%9)4
ol B= A 279 AA o] = Ao ® el glom
AT Hol& kg - T Bol WAshs Ao®
UElT olejel A3hE B2 Clark F(101 F5472%5
olgl= o] ZFA7} ‘misnomer 2kal SFSIT}, webA] SA) %k
TS W eke g 2 2 W8-Eo] Al AR
ot o] A7 el AN ek Brhake A Q] it
SR ofsfHaL YAl ANk
drome of pregnancy) & 2 2] 2T}H13],

Z%+(anaphylactoid syn-

4. fl=elxt

=3t Fjukehe] 3wl o] Euks th o w AlE o)
THEAT 23}, 35208 el s dd e =4
22l SFRIARE 354 o) AR, AN, ARt
(forceps) Bz F(vacuum) £k, ARk 5l gjgkz7)
vky] 2R7E ejoltekE(fetal distress) 50 =
o7 ZAHQITHOL 3, Blolesdt e Ente
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o] WA wayeke] BlolEgigol WayalaL o] Qlstel
A5 bl g 33e] Hol 524 ko] AYH 2

A 4= Qlg= Ao|th6). 20061 Lancetdl] ¥ ¥ o+ 23}
dMe FFaAT B FHH AR Fat
5, AT, st do] AEEATH7). etk
Aldo] B FrAATe] AP LAAA A oM = =gt
o] A=, et AF-elXE fFred vk Alseh A9 Al
g wigte] FoAge] g Rlert 1,89 F7Hodds
ratio [OR], 1.8; confidence interval [CI], 1,3-2.7)¥t}al
g whin7), v= ddde fEEwhe FEads
Hbg o] Zgldol ¢3elart obd A S Z(OR, 1.5; CI,
0.9-2.3) BALEQICHSI. 4, AT By o] Zhaet
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HERIAIE HAFTHI0], B3 -Sagols YA
o 2 830%0fM] WAmR=] o]e] WA oA b
ox] 27] Sdo] WAE A 447 ool HAYgiY,
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Table 1. Diagnostic criteria used for the United States and the Unit- Table 2. Risk factors for venous thromboembolism in pregnancy
ed Kingdom registries for amniotic fluid embolism with adjusted odds ratios compared with women without
the risk factor

Amniotic fluid embolism registry entry criteria

. Adjusted
Acute hypotension and/or cardiac arrest Risk factor odds ratio
Acute hypoxia diagnosed by dyspnea, cyanosis, and/or . i ;
respiratory arrest Pre-existing ~ Previous venous thromboembolism 248
Coagulopathy or severe clinical hemorrhage in the absence Obesity (body mass index over 30)  2.65-5.3
of other explanations Age over 35 years 13
All of these occurring during labor, cesarean delivery, or Parity 15-4.03
dilation and evacuation or within 30 minutes postpartum ) -
with no other explanation for the findings Smoking 2.7
Sickle cell disease 1.7-6.7
Modified from Stafford |, et al. Obstet Gynecol Clin North Am 2007, f B
34:545.553 [18). Heart d|§ease 5.4-71
Systemic lupus erythematosus 8.7
3 3} o 2 A3S uiA|ghe 24 7Fs31tH6,13). Varicose veins 24
1= New onset Assisted reproductive therapy 4.3
n=3} oA FEARS TEARIES S8IA o83l ortransient  Hyperemesis gravidarum 25
AR Z o] A7 |FLS Table 13} 2018, Pre-eclampsia 29-58
Immobility 7.7-10.3
6 2= Multiple pregnarllcy 1.8-2.6
Postpartum Caesarean section 3.6
FTAHT e Agst BA 7L o} A dEfA A Rt specific Massive postpartum 9
A6l okl ofg Aol Aelolela AztEIg o haemorthage
‘_ Postpartum Postpartum haemorrhage and 12
AS Lo 2 1=
= AT opb A 20k 2 FRINES B F haemorrhage  major surgery
o] w302 oJaEaL glrkiol HARAE FFaH and major
surgery
Zg e A2t e 5 e el g el po .
E F4o] S BATER A2 Y AFol A s _infection
H|=Z2]e] (catastrophic) Aglolal Ao g Rl A% 7} Modified from Gray G, et al. Best Pract Res Clin Obstet Gynae-
— b= _ . . col 2012;26:53-64 [23].
4 A9l Wl dgolehn & 4 ok P44
Aze] B ue] Wk VAThE, AMEFS fAE 2 gsie) A8Tld g HEE 10,0009 2
WA S wAsH= AR W (supportive care)o] 379 Aw g uhsit20 21], QA = FAAAZ g
o} gho 2 FraFe] A7 thigk o B2 vt I Aol A s, AR E S (deep vein throm-
Zast 7oz Azten) bosis)®] 75-80%, fﬂ&‘/’ﬂ% l 20-25%2 2}A|3}aL v]wo|
A TS E? A AZ wAAPE 91919]
HMT™E NoE i}%]fﬂv}i @E}[zzl.
1. 81 3 FMAtbE TR 2| 2. SRR
92 A7 B AZ thromboembolism)¢] $13<) I 2 FANAZ 7Y F 28 AR o] A
241 A o] 2 defA] Qlrk. Al Foll= w1l ol o] 71980l olejgt - ¥ dzle] EHMHZ W
Hlatel AARZe) AR} Sl Zbska Bk F ) o) of 25u) BNk Q1A % WRNAZe SAPAE
2 olell= oF 608 F7FSHCH19]. HA A5 (pulmonary Table 20 YERJITH23]. & W v]st Ah () d=F
thromboembolism) 2] ¥1%E+= 10,0007 A4l & 5-1278 2 215 >30)2] A AAAZ] SFE=T} 2.7-5.38] 7}
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S, AN 4 Aol Aol vlshe] AANAZ
o] T} 3,68 F7hste] BeIAIES e Ao A
A AZe] T4 37 Sk

3.34

(20%), A121(14%), A& (7%
o] SElolA] ALt ETS Hol ARt B AbaEsts
7} Agks wiAIE 7 glom, AT AR de
220z D-dimer &= {4l Foll 45 = QLo B R Qlalbo|
A HA S X2 A ok, A0 R FHAHFo] o
AEE FEXAAAE sl 78 20E Aldstkar, A

RBREHY AT RS AW o] A,

4 X2

HAHZFo] Alste] SHEASTE BT B¢ AlE-3]
(cardiopulmonary bypass) W A& #<(embolec-
tomy)& AlFet vt Al Eukeitt, S
7} QAR LR ellAlE S utds Fojgit), v)Eats]| o}
2(unfractionated heparin)o] # ¥} &u}ginct 7
#Hclot burden)g WH2A] 7H2:21717] wlEol] T 415 5,
8= 80 1U/kgg F(loading) 3+ & aPTTE 7HAISHA
A1 18 TU/kg/h HER Fofgit}23], S 57} QH % o]
L 3go] wjekst Satol| Al A FAl S at s Fofd
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Hor] o= 20118 A RAARY Q1] oF 4-9f 1]
Sl EH3). ofejeh wishs Adgeke] AT sl w2t &
&ol Zhashal ek Akw L Frkse, A AR 5l =4
o] F71 e dale] S71, AN EEe S7)
o] A= o= fefuztelx AHHT o Qg &

ox, ot

Abge o S71e Ao g feldnt. H2 s el
g3) o] A7l mp2H 354 o o] kR = AFFAGTF
7855 AT AR FE R ket

A A |9
2E} o] ARS-S H3IAL 9 o o] g o]
ol 229 Faho tigh AFH AT A= gl Aotk
(24], wehr] Ho 2 g AAel ghe A HdSE o
3171 9l A77t Rl = ojof & Ao 2 AZErt

7P 83 dlolrt. HHFATTTOR A APge
WA=

2 559 39 WS AFEE 125089 5-379)°] o]

of BfHERIFFro| HAS BFaL o] F 9F 1,000%12] 2148
o} Abgto] wRABEITH27], 2002 Yoder E{28]9] Hilo]
°J&hH 1990 5.8% WS HAY BHZAZTFTo]
19976l 1.5% . oF 38-2] 12 7H43loled] o] 2gh 7+
20l 71 Bol 7]ofgh @4 frEuke] Ao 415
o] 9o} Hrto] Tragt Aol 7]QIghtaL gt} Jdd® &
T3lal BfHFIF TS Aol EFEHZE 2l 10%
£ AABkAL BE FA7] AP 2%5 AFAIH29] U
oM EHFRATF] FHEE et 2AR= g4kt
2011 ARG ARE 245 Iu] Bl o
E3AA S-ElutollA wipd Hat 4067<] FhatollA Bl
FAST] ZIekE o] o= Het EA4 1,000 0,921
ofl 1FaF AL oot R} Holol| A thas T 52 o] vzt
= ATH301.

& ol

2. et LY EYiERAL| HIE ) Sisiolxt

ok U 2 (meconium staining in amniotic fluid)
Qe whAtellx] 8-25% = S8HA| WHAetaL[27,31,32] 53]
A AL BS S7F, 425 ol Foll= 23-52% 2 =ofx]
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U}H33,34]. 201133 Balchin 5[35]°] 2|8 tjf Rl A}
ofl 2J8h(n=499,096) G e R e] Wlte 22k
A1 5.1%0l B3 whA, Tt A= 16.5% L 425 o3
o] Aol Sl 27. 1% = A3 Z7Iskdc) 2
ATrellA A Wl Bt ] SRl ke A] B1,
Holajo} Q1F2] 97} wiglel] njste] o W Bzt
A=} 742} 8,441, 3,38 F7FeFSIT. 4 W AR
of Z7et B d 71 A F AR Frt s (AT
<5 cm), F5F o] ¥HE2|4=(pulsatility index) 2] 74,
Ahmo] b o} Ko ofEfARA O] AR, A A4l el A
97| YlE(nuchal cord)e] o ¥ Q= 789 5ol 3t
& W B o] thingt 7-9-oll= thickdt 792 &
EFgE A7) oo} o] glrh3zol, ik A g

A

=
compromise) e} A 7= AT o] 7 i Fo]

(o3}

= HA

= 20E 4 Folw £5) BAste] 5 o) iR o
472 wolg

P o FE A7} Bole] AaFS olSshed 5
9] A7} ol 02 Lpebin. olefdh olfr
O] QI vk} o] o4 v BHRIEHA A} Aol

3T LS

oF s¥e] 10 WS e 4 Al el e el
W el Astel & 4 oIk ek 2% 7 HolAle] A
Zol wie} obs U e alo] P E Aivo 2 oy
Sl Hlotel AkEe] olgo] B e &, A%

] AR obs 55 gho] AEHE ok Asto g
AolErt27], BHEelET e 587 SHoRE NS
F 59 TFEHF, AANS, 99 &d(compliance) 2] 7+
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22 QI F71A ™ (air trapping)s-o] T}, A= B
FASFTE 24 T 4R ool s Fehs Ho|HA §
FHIALA Ao A coarse, patchy infiltrate, H|Z<(con-
solidation), 719, air leak, hyperinflation 5-2] 5732
Qg Hole 792 Aok irt30). e, eiiE
SFTO FFE HoliA AdAR] FEHAR] &
& Hole A% & A 55 18ty < Clearys}

< sodll w1 e
B FR1E S 40% B o|3ke] ARAE 48A17F o]ufjof|A]
Q= 3= 39, 2) Ted] HHEITITT 40% s
o]Ato] AAE 48A)7F oA dollA] HQ 2 SPHA] air leakZ}

8AIRE o)

[ LA

N
X
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J
=
=
oot
0,
ol\
i
=,
M

4 SIS X5 HSU AT 2HAH|
R|2=A) )5 18 (persistent pulmonary hyperten-
HEETTo 40004 =, 53

A 2]4=3H(extracorporeal membrane oxygenation) X%

8

= a7 Il SFEHHIQASTT2 75%N A, 21AYo} A
ol o] 2 $5 gHI 5572 100%l|A] Fzheci41],

NEEEEE EREt DERE RO R
[e]

(vasoconstriction)©] A&EHA] R-L shunt(EHH ==
HAES St AGEE AE 5O R gt o]t 7
Fo] @=L WE o] whe-A(vasoreactivity) 2] &
712 018k UAJA AZ(spasm)S FaIA & = I HA|
S (pulmonary arteriole) 2] 81| F(hypertro-
phic muscle)2h= THJ Q1 Wslol| o)Al & 4= JlTt.
A BHER] AATE A& Als kel €IRIA
of isir= EgHdsitt, JAde g4 A= &
einio] HlEHe] AP vk Lo =i A4

BTl PP el Aow deigont, 3
o
gui T

o

T HHEASFT o2 S4 5 48417 ool sl 7
9] 100%0l|4 Hek(distal) F|AEM ] Z53H(musculari-
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zation)o]gl= W E‘iﬁ} | #EEE oz HaEo
[41,43] A2 *é}ﬂ%ﬂ%‘ el HefAE]el QlojA =4 H
HE2l o] ol Th2 ’\%01 Agek 2ot 57 F
ol elghe AL Utk Bt de novoR HAEH
537} dofuh=t] 3-8Y¢] Aelal44] F=AF 2 H
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P o
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gl q]o]y} 2 BT FIHo7 Al
s Bl ATz
e o] 57} thick Zﬂ'7§ -, QFAIEE 4= Sli=(nonreassuring)
gloliukEo] ZakEwl -9 Blofe] Al=(acidosis), Al
A fERE ) o]atoA] B o] #2HE A9 (meconium
below cords), 24 215 7= Atgto] Qgd A9 e
o7} A, A9 7FETHhome delivery)E dH= 4%
o] SATHA48-501.

249, Hlol} o vl el F2lete
ol % g BRI

o

S cligel 4 7 2k, vhe] eie] )
o

2 A

02 APYY

¢

Mo
o
=)
B3
ofl °
%
=)

g

[¢]

=

9/
=2
>
m&
)
ol
2
v
k1
o
=
[A
h
=

3 = ohelArs3, 5. A BAF
B2 T g U5 F S e ke
s
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?l%::‘_? 02 2 T 48AI7F whof] APLE 9 HulojA]
AlS}E g 2 o] 132 W o] x| ol Al o 2 ol i
ZH ARl &5 BTt

A1l S AU 4ol o
At e FrhA)9) 7
= Aoz el
o501, XWH 7]_:‘11141 =A, 74]”4 73 2L
3, AR, S Xﬂ(vasoconsmctors) T 954 Wl
o1ZKinflammatory mediator)ol] &8+ &}eh4 #H|®H(che-
mical pneumonitis), PFA|EO 2 21200} A& d 5T AL
&} (persistent pulmonary hypertension of newborn)
o] ¢J&} R-L shunt7} Ut}

Guinea pigss o8¢+ A A7 oot HHEITF
oA Holi= H&Ak(lung destruction) @] A71-& #H %2
o SrE el o] g} AAAAE Holx| g B
ArkZ(hypoxia), A=(acidosis) o] Ao}l AT-Hrk
FeAIEHST), AFUZFEE heb AVole] 6896

oA Slokel 418K o}l SASATISE) o S0mel A 418
o} 4150l SFAHEISITk L Eehiss 591,

H, v)= ZYE AY(National institute of health) ]
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,EA 5 e A
S730llA oln] X8 B2l 7
Tl ofghth= 7P AASFATHRS). =, Abs o £+
WA AakhaFol oJ5fe] fetal wasting syndromeo] 2
Ay5kar, gute] 384 Mdk(ischemic change) 2 #H|& %
o 4 Bl A3ka vk kgl FeHaL, Aks W 2
Holl eJalirl= 5437, tiAA|E(macrophage) B! Alo]E
7ol o] ghgste}l HANES(complement system)of] 23] A]
z2]9] 937} dofuh= HjopdsHhg-S 5 (fetal inflam-
matory response syndrome)©] % HjH-S1E5 9]
g 71200l F08 ek Beke ol

53] OA AFSH uiol o] BfHERISTT o= AL

Aol BRS 2R AAE ) SRR B
k= SIS Hejdelo] WM 2= 24
Fopsl FR102 21 1] A A2} Bkl e

o

o

1‘

S1o 395 92 A G Zohe o)

A SH0r sigel 710l Qloid §EA
5% AEAEAHapoptosis) 7} Prefgithe o7

= O]T;HGO] 75%3«1]_& EHtﬂ—G =
HA 2= o} 271R] S el gleljA] ¥he)A] Bl AEo]
EoeHo0],

8 &‘ﬁﬂz%

A QA e o] AL 2 vl TRl
59 Slelch deb e A Ao
Ao HAFAFTEe AL Al Ao o
AR o)tz ofn] B QTS QH w Sleho,
ol MHEE VR A3 4150 SR AR 2

7o) 8 5 (expectant management)% 3= Ao B3ty
EH‘?'J*E‘?_Z‘-}TEJ RIS 57% FAAT]AL(RR, 0.43;

.23-0.79) «‘U]A}UP S 70% (RR, 0.31; 95%
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CI, 0.11-0.88) &Ju] | Zol&= Aoz
)) x]ﬁr_ EHo].x\]H]—IE 1/]]3

s % EHOPHH#E HEiL EH HERATTT] HFAA

e THO2].

Eﬂowm% ElAEH A]%—OI %4 o & AlAolo] o] gkt
AP ZFAA TR A= gl Ao 2 B E9THo3],

3) &l 7Y
% Toll S FY(amnioinfusion)$Ho 24 B
o A HEEolZETY LS 7FAAT]EE Al

Lol tigk B2 A7-E0l e 20009 mekEA] A
3, o]t XE T FrFUER SIS ARl
S5 o] QA A S Qlekal B E o4l vt
0]% 2005d New England Journal of Medicineol Y3
H 1370¢] vetella oF 2,0007 ] ARE th o2 g tiqf

A A7 23 WF T FF FYS a5 E "HE

L
54 ?ibl HIE 9 T AR daAl71A) 25
o}

}‘_FLH ez o ] U= 75]"°r ﬂtﬂg‘ﬂ%‘:‘?Lﬂ %’*3%@
27171 Y3l DA (routine) 22 FrFUES A3y

S 2l A A &AL loHool.
4) B9k =5 ?_](mtrzlpartum suctioning)

Ar}H 0 2 1976\ Carson ol JaiA] 5= Ui ezt
o] AT efote] A F|of] QlotA ejote] we|7t i 5
oP7}F Q7] el Al AJote] 77 (oropharynx) Hx= H
(nasopharyx)-& suctionsl= A o] BjH-S015572] WA
MEE 2o % githe ¢ AR} HEE o] F olejd A
At ojsakelstets) B o) solsetse] A de s v
oo o]F- 300 d FRF thi- o] EubellA £3] AlFY
ot 28y =9 = 20044 Lancetol] W E = W
et Ao] Q)el Ao} oF 250078 iAo 2 & vt
A A7 23, suction®] Alfo] BT W
A3 o] Q18 APl A3 Aol7} gl Aoz vheht
(67] o]Al= B o) &= Wl Bzt o] JlE AlAgote] B
vk = 7 == 117 suctiono] YA o 7 HIER| oF

=THO8].
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5) Rk 71w W 54l

Ao} Al AAs 22 W (neonatal resuscitation
program)f| ]3P 4= f e 2Ho] JId B9 &
T 2Aol7F A A li=(non-vigorous) 74-g-ollvk 21t 7]
7% M-S E&te] 715 WY(endotracheal) o]&2L 52l
AL AABFAL2] vigorousdt Aol 7 e A4S F
le] FashA] L 743 ulidel] gl o]&Avt bulb
syringe B large bore suction catheterZ o]-83}¢] A
Ak Zbe gt

9. 42

Rfes} 2l Ske] MG BTEIAL R E QSRR
& e ol@ % AR ES Hol B7hE2) el 43
olch, Wy 71Ae] Bl 1F 3 G5 ) B AL
wAte] of sio] 104 WAshe 5 B39 W o] 3 5
= QIR Ao} A} ke 4 gl B E STl
WPASF=AE oba7bA) Erhelsol] aiA] Rt sl
Loz oje] §Ug Aok T 2e
R AR 25 Ao} 77} 5 w2 suction)
£ A28 Foo] Bhie] 54U AAE o717 91 =
Sol BEAFFEE AP 5 girks ARaSe] oln] 3
St @AiAle] A7A B ERIE R WA 7
AR 5 P A EA2E 417 RS B A
Al gk o] fUsm B F AX 2 24
A5 e 24 o] ehold Aol A Sl gl
e 2] 71§21 ISR 1 ool B EIEF
& dPgel] 13 e vk B9, YN 7
SOl BAEIET ] BT 5 ks AbIT A4k}
Aggo] w33 HUEATT RN AT B
s@e] Wk o)

HERASTe w7l Q1o 1

ofsh ub7h ARH QL AR, ko
o

tru of
RO
o,
>
i—”;
N
X
N

|- got|

1. 82 Y ™o

=)duli](cerebral palsy) 2] BEAIRIE== A0} 1,0007
F oF 2rgon], L 400] AT AMAIH o2 HelelA] ek
TH4L 2006\ duiH] o] & A Hakr] g A1 3]
] A3} x| gunl= v 2ol Aol HATH69,701. g
npulek w0l Ql= Bjo} B dote] o] mxley g
o 2 Qlate] Fgoll AlghS = 5o ApA|e] Wt o7
A o5 Zlfslh= Ak Fo =M FF 717, AA|, AT,
OARF oY THE e o3 FAQl A A o] EAIR Qlgh

&g} sk = F

A 3
o] 3Alek= AHeolvH71). g, ¥ dwinle] 21
W]z e} ofulz ) dmin) of Kiko] Wi xl= AR ol
ol ofr] el Qlo] WASHIAL, A He X of o o
Al 827t Y o)} AsstA| bettehs ojulolt. 5, 4173
Al A% B8 Wwlo] gluh ol= Adnin) o] X7
ol BHA] oFett, e AAR Hduin|e] 7157l
T RS A ARl wheb A 13 Sl AR
anejste] xguin) o] Aeojol] ‘G olehs BEHE Ak
Wl AAA vl ol $-5 WEzsto] nlarzstA] &
thaL A2 = a gloh72].,

2. o] 2| ZIEHAD|
g o] Z1Ee 18247480l & 5= Shonk g3 gel
!

=
ST 735 Bt 270l ek 5 Qlar e
[e]

A3 Aol 36714714 vlE 5 Stk Aerkee HAdnt
H| 8] A7 |2 #2gh AF- 24709 o] -2 sk Alof whe
Astehar AT, T olf= A5 18740l 217884
Ql oPdaiis Ho Hgup] o] 7ksAdo] sitar AE 1A
R 50l AR e IS Hol=s 797t 7] wheol
o AAR o2l A2 Fttotollx T wol Agste|[73]
Ak o 2= 14| w AV oS BRI 452 50%¢])
A 7AlokE A A7 e Btk gvH74), =gk
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187] €0l AR 3= 792 Aol=E U late walking’
L o] slole] &ak Fdo] Rt A2 late walker?]
o3, 5005k0] T2 0 2 w2 ek ATHTS).

ZITHo] of24=2 0|
Vo wgnile) ke Al e o, R
dov}7], 747] 59 &5 o|FAFE(motor milestone), Al

4 AREZARL 20 Fofl tish ARl gl o84
Ol ZAA} rE= X o] Pzko)] oj&3it} 2008\ Paneth [71]
= ¥Adulnle] Flgto] ofgf2 o7} tha2] 47FA] 1ol

7103 AL skQIe. A, s dmiul o] Xk ZpA7E of mek
21 AL Atel] ofste] XekEl= Zlo] ofuigk AAkxt
ojgkz] AL A} 22710 ofshe] ko] A B o=
ZAAAZE 2o (interobserver variability) 7} 27}2] 3}
o 24, W dnha o] Y FdE vehle A o)
ﬂ GEi7F ThFsiet. A, = Advinl o] Hgtke] o] fofA)=
Rl oFs7]] elolEe 22t 5 5ol xfol7} Qo
743 o] wdni) o thE AR ER S Hel= A
515’4'9] FrEo] olfdtt. YA, Gfrolre] WA B

ol o %

i

ot
o)

o] 917] mhol Thekh £ ol o] A0 % ekt 2
o % 91t o] ol 3] 2 AW} ke B 9l
WA U o] & Al7]6] lgke] o] FojA| 3ol gk

of 57} 91 % 9l

4. =ldoty|of HEY
] gup] elx] e k= 2573l 9] 570l whetbA] 4]
A(spastic), AFA(ataxia), T-Z17o)Hdystonia), o}H]
E A2 (athetosis) o] FE|Z L]—-r_'ll, =7l o] A H9
o wpebA] &= wh)(diplegic), AwkH] (hemiplegic), AFA]
vlH](quadriplegic) 2 &3}
wpguiale) e Hgebelel delelxel Hei ok
A ek, o ol Sshpiel s i
= ARAHR] 797} o] AL ZAtole] Fg-ofl= <
S P
F 7HA Qele =21 HEF(perinatal stroke)d} A%

o1goleh, 1A %2 il Zoteln o B

F..~ O_L4 [1,—4
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Rl ol A = e 4 QIeH76], 8, bS] ke
S8 S o) ol wget s grhule] Fele T2 44

2 A o] e e,

e qw 3 Akl Azﬂw %*@—o—kcﬂl olefdt gk &3l
517] 98k 7AA} Blgo] Wl T HEE)Z QS ol
3k 750l o] 2j3t HAFES AF3HE Zlo] ulghAlgkA| ol o)

FiEsee daejE fle el et

r°"

6. irldotH| O ZITHM X F ek HALY| #EY
e 2 g JA k] ZA=o] ZhiAlE A7) et =
g 3 o] WS vEhA ot =, A ek A
AL 34 ) olFo] Popm e o] AZle] $71H =
= 347 &) sale F2 wkg-Ee(brain mal-
development) ] YERATE A A1 F3E7] o] ol Al
A P H Bt FR o FolAH o] 24 2 o]
o] zlt}, wetA] o] Al719) A = AP ASES 21
AEEo] el S WIAA Ha Ao 4l 377
Z719] Zitolelre W AT A Asl S (periventricular
leukomalacia)o] & @At} wdlk vhilol= oy a2
e ARS8 A (basal ganglia, thalamus) o] A}l 2k
3}, webA 21713 924 (magnetic resonance imaging,
MRI) HAR= S guirle] dRlo] Alg-d AR ofaish=t
5ol "rH77-791 #H< MRI ZAbe] #8442 F718taL
919—‘3“] FAoll= A gdnta] o] Kol AFEdeE e
MRIS} 22 G duba o2 Al =)A] ekgtort
2004 n|=AIAF8ES] (American Academy of Neuro-
logy) el BE = dunof] thellx] o P daAE A8
AL AAICHS0]. 20081 Korzeniewski 5[81]2] H.11o]|
ofshA A = Adwn] Fhote] 850004 <] o) dAzie] ¥t
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Table 3. Odds ratios for cerebral palsy according to gestational age at birth, stratified for year

of birth, maternal age, parity, and smoking habits

ool thak AALE arefsfof gtk &

£ sguiu)e] gl Aol o)

. . . 95%
Gestational age ~ Population  Cerebral palsy Adjusted odds . 3 7k} ol AA) HEAXE AJS
(wk) (n=1548,122)  (n=1,746) ratio C(i"[]‘tfé‘:\‘j;‘fe Akl QR ARAARE A9
ok 313 w1 Aofiel, AR
23-27 3,105 90 (2.9 335 29.0-38.6 ) ol el s
28-29 3,180 100 3.1) 367 32.1-420 B 5ol it e E asteh
30-31 5,064 120 (2.4) 262 23.0-29.9
32-36 71376 254 (0.4) 39 34-44 T
37-41 1,356,436 1,065 (0.08) 1.0 Reference -
1990, ' 1) of8] oA} rei= odstolat Aalofx
42 or more 108,911 17 0.1) 12 0.99-15 ) ol ST el

] gvin] o] TreFsl $ldQlAlEol ¥

Modified from Thorngren-Jerneck K, et al. Obstet Gynecol 2006;108:1499-1505 [85].

A=A 713 T3 ogﬂ- 2zo g A9 (periventri-

cular region) ] W&~ 2l(white matter loss)©]%laL 2174
/‘1]350]%0]/}}(neuronal migration disorder)¥} 7+ 2]
AR 7185 AA HAukE 2] 10-15%S 2FA8FTh
2006\ 1]=3] Wu 5{82]0] H.a1ol| &]F}H 367 o] 5o £
THE ] Adnpe] Sol(n=3777)2] | MRI &ex] 71 &
A s o e F4A WA (focal arterial in-
farction) 22 22%ES A3+l 7|8 (brain malfor-
mation) 14%, ¥HAF$M Ao K periventricular white
matter abnormalities)©] 12%, *]$]Z(brain atrophy)?]
7%E Ao A ik 313’“‘4 &4 (hypoxic
S s%ell Etatict.
Sk AAAaAS Hole A9 31%4t. o] 7 v=
14 199145E] 20024744 100] ol 2 o]0l 3

FEAPRA 2 o] ATAAE Boel Waolol] W
& A duhn] 5 ERkg et gl Qlvka =
o] Z70JR & 5 e AR S| LIETL

A ¥ guke) Soke] e svoollArk Fago] sl ArHs2),

ischemic brain injury)& 2SI 7

7. x|AMdofH| gtoto| I}

Ashwal F(80]0] A|Qtet ¥ duin] glole] 1S 317
215t %7t Aol whz, = guin] o] Hk 27]o el o
St FFHAE Aldste] ] W e SR A w7139
&'rr"l’ﬂrci}d‘jr o} P dzArtellx le] BHEAA|
F 79 dA RS st digh AALE Aledet
HAnpr)e] 7o) Q= Akl e] Ag-oll= gL

&O

#4031 9]

A7) e w vl ] QA A folo @t ]
Lol20Al ofsh, 354 o)), TR, 291, 5 214l Aol
PRYo) vl LA AL A%, A3 o HolAige] 371,
She 28] AAA S, 74, B, P AS, Aol
8, 2 A8k} e 2hwe] Aol SIehisy), wak Ao}
S5 g o]

>

1B Lol or] Felol Hguhilel wANEr}
F7hithe dashe olrhs2,83). Hnule) o4l &
S1890 2 AHA7Y, 228, ThRlA, QAEESol
o k7] vlelsl 2 Q14 Bl 3%, A ) Hol

82|91, TORCHS} 22 nfolg)2 Agt Az U] 7+, A4
A e Zé*ﬂ‘@rz—i TEFA Tl it o ol 714
Aqd 8 2. x| Adujd| o] HhA o] BakA ¢Jolo 7 zkas)
s 7} ‘E%E}.

Z A}

rlr

Do

2) 22k
2 prematurity)o] +Jju)e] 88 slele ofn]
2 delch. 2001 291 519] Hagberg (8419] $74%%
ol ofa}e A 4] Fo} FolA 327 nlgke] Zato]
FABR= H]o] 28% Il 32-36F Afole] FAto
T HE0] 150%, 375 o] do] whakiuto] A
ofoll RABRE Hlgo] S8t ek T
o] WA Wi 2 of-3-H]= Table 39} Z2T}HS5],
3) A& U] o} 2311

) =geh] Folol] A f et w5 | el(fetal
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Bo| QIotE e ATAAREE ofp] Bol THIH O]
53] 210 110] She 4H29] 713, A48 L) 71 2
& 8 TORCH vho|el2: 7k 50| Hlelnt. o] 3 23
o) 2tk = gebuishe] gRlel Bal ke F) A7l
o 34

S Fa15}7] nkEehss), s A 5851 ] WA
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© 2 EFSITHSIL.
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2,500 gm o1 %@6} b 205 et
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Zgui] o] NI e 7haebA] ehgkom (93]
TRatellA AP o] HE e Bkl
o] NIT= F7FEACHO4], AAZ vl 2| o}
199195 200019714] 109 52 5005+ ¥ o))
SEE Ao R g ATFelx FA7] 7HALe] RlEE
1,00078 2] "35’:—0]— ZAT 14.8ol|A] 1,370 2 90% A
HA o 22 7|7t HAdnpn] B Eelle W] HAEA|
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B4 Rl T A 7 AR HlEo] mih - Sk Al
ARgieE, BEgk efjo} AlukE AFA7E 2l Al gofe]
& A7 el tigh =8 ATES TS veki 4
Fof M 2185 ejo} ks BUEE sk A2 2o} A
o] 9718=(base deficit) 2} A3 BAZF AL 21480}
Wz (neonatal seizure)] HIEE 7HAA 7|+
A AR A 0 2 T3] Aol dw]
8H4 o]ghs A3 HAaAl71A] ZATkaL ZE&AI0H971. 71
& < Hol Al % A A=) 71 2 AL 2Ee] AlE
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o sk e 2

2 4] k) ofe] areletelre Falel e o
8t2e] 2|24 2 ZAS nEho 2 0}04 2003 w12}
8}3)(American College of Obstetricians and Gyneco-
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trics) A= RE 5 A2kaFo] ] Aduku] of AT} Bdo]
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H71H-=0] 12 mmol o]l -
ool HA] R 5 24 ARE ool Ao} FEE 2 F
o ALt S8 HEFe S Hole A AA
e o] §-8 F 72143 AR (spastic quadriplegic)
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= % g Ao 2 Q3 Flo]
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Disease Control), 220}217438}3](Child Neurologic So-
ciety), U= T HH ALY (National Institute of Health)®
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Table 4. Risk factors from before conception, antepartum, and intrapartum period for newborn encephalopathy

Reference Unadjusted Adjusted OR

Risk factor group risk (95% CI)

Reference
group risk

Unadjusted  Adjusted OR

Risk factor (95% Cl)

Preconceptional sociodemographic and maternal conditions

Antepartum/prenatal maternal and fetal risk factors

Maternalage <20 1 1 Gestational 39 1 1
20-24 237 4.21 (1_10_1750) age (Wk) 37 144 2.35(1.11-4.97)
2529 185 5.91 (142-24.54) 38 1107 1.18 (0.90-1.56)
30-34 131 6.71 (1.53-29.44) 40 0.57 141 (117-170)
535 146 6.01 (1.28-28.15) 41 177 3.34 (2.09-5.35)
Maternal Professional 1 1 o 42 397 13.2(5.03-34.83)
employment  Unskiled ~ 2.35 384(143-1028  Centile birth —>90th 1 1
manual weight 3-9th 163 4.37 (143-13.38)
Housewife 357 2.48 (1.14-5.39) <3rd 132 38.23
Unemployed 4.47 3.60 (1.10-11.80) 944154.79)
Health Private 1 1 Abnormal Normal 1 1
insurance Public 22 3.46 (125-9.50) o aconts onormal 321 207(0115:3.79
Family history No 1 1 Late/no No 1 1
of seizure Yes 3.10 2.55 (1.31-4.94) prenatal care  Yes 15.14? 5.45 (0.47-62.98)
Family history ~ No 1 1 Intrapartum factors
of neurologic  VYgs 26 2.73(1.16-6.41) Occiput No 1 1
disorder posterior  Yes 297 4.29 (1.74-10.54)
Infertility No 1 1 position
treatment Yes 223 4.43 (1.12-1760) Maternal No 1 1
Antepartum/prenatal maternal and fetal risk factors pyrexia Yes 534 3.82(144-10.12)
Maternal No 1 1 Acute No 1 !
thyroid disease yes 59 97 (197-4791) g\};iptaﬁum Yes 6.80 4.44 (1.30-15.22)
Preeclampsia No 1 1 Mode of Spontaneous 1 1
Severe 3.93 6.30(2.25-1762) delivery Instrumental  2.23 2.34 (1.16-4.70)
Bleeding No 1 1 Emergentc/s  2.94 2.17 (1.01-4.64)
(moderate to veg 2.32 3.57 (1.30-9.85) Elective 0.23 0.17 (0.05-0.56)
severe) cesarean
Viral iliness No 1 1 General No 1 1
Yes 2.10 2.97 (1.52-5.80) anesthesia  vgs 4,407 3.08(1.16-8.17)

Modified from Badawi N, et al. BMJ 1998;317:1549-1553 [102].
OR, odds ratio; Cl, confidence interval.
“Not significant.
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Table 5. Subcategories of placental pathology relevant to cerebral palsy

flammatory processes) % fetal

Sudden
catastrophic
events occurring
before or during
labor

Fetoplacental
thromboinflammatory
processes with onset

before labor reserve

Placental lesions
indicative of
decreased placental identified in the

Adaptive thrombotic vasculopathy@} chronic

responses villitis with obliterative fetal vas-

Uteroplacental Fetal thrombotic Chronic maternal
separation vasculopathy underperfusion
Fetal hemorrhage  Chronic villitis with Diffuse chronic villitis
Umbilical cord obliterative fetal Chronic abruption/
occlusion vasculopathy peripheral
Amniotic fluid Meconium associated fetal ~ separation
embolism vascular necrosis Chronic fetal vascular

Chorioamnionitis with occlusion

severe fetal vasculitis

Massive perivillous
fibrin deposition

placenta culopathy #7he] 4= 5= Hof] A2t
Increased o] ERF AR MM 3] FdshE 5=
circulating S
2|31 ¢l 2] go}= A vl
nucleated red 7]‘ ]—’— ME]' ]’]'Iﬂ ] EH ]’-T =1 o}ﬂ
blood cells ¢l chorioamnionitis with severe
Villous o .
chorangiosis fetal vasculitis®} meconiumasso-
Distal villous ciated fetal vascular necrosist 4k
immaturity

% o olNE sk okt wis

whe] HAoln]

Modified from Redline RW. Clin Perinatol 2006;33:503-516 [112].

gk B Aol osfA] ) duiul o] Aol oF 8% 7}
ghoh= vl =] A JITH109).
9) EjF 2

19991 Kraus} Acheen [110}= v 2
1571 5 117§9] BiRtellA efjo} D wfol] Do] i
The AbdS BarshaA] i dnia) o] Aol glojx] efo} 3
7443 ¥ (fetal thrombotic vasculopathy, FTV) ] £
o] 7z=57] Aatedth. 20059 Redline 1111 1253 ¢]
Ko} wZ e AR o5 At BeE Tl
o] gt 2](placental pathology) ZAA}F A3}, Efjwke] o]z
7HA] Bjo}& 3 (fetal thrombotic vasculopathy, chro-

>
&
of

)
i/ A/ elo

o

nic villitis with obliterative vasculopathy, chorioam-
nionitis with severe fetal vasculitis, meconium asso-
ciated fetal vascular necrosis)©] 50% o]0 2 AAtole]
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IH(Table 5).
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