Antenatal neuroprotective
strategy to prevent perinatal
brain injury
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exposure, or all

of the cells will die
and the pregnancy
will not develop.

Each barshows when 2 baby's organ systerna and body parte are forming. The shaded ares indicates the most vulnsrable time for birth defacts,
"The paried of greatest vulnarabiity is from 2-8 weeks siter conception. During thie fime, inzults could result in abnormally formed organs.
**During the growth period, insulis may result in nomaly formed organs that are unable to funcion properky.

Source: Modified from Moore KL The Deyabping Arman: Cliniealy Orented Embryafogy. Phiadelphia, Pa; W.B, Sandera Cormpany: 1563, Reprinted by
permiszion, in Mary-K Moos. Aaconcaptions Heaalth Pranotan. White Phins, NY. March of Dimes Birth Defects Foundation. 1984:47,
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Cut edge )
of amnion .-

Yolk sac

Primitive
streak

A 16 days B

18 days

Anterior neuropore

A 19 days

Neural fold

Cut edge of amnion \/

Neural plate

Neural groove

Somite

rimitive node

Primitive streak

20 days

Neurulation

Includes the formation of
the neural plate (day 18-19),
the neural folds (day 20-21),
and the neural tube (day
22-26); the latter will
develop into the future
brain and spinal cord.




e (A, B): sites of the
future brain structures

e The arrows point to
the telencephalic
vesicle.

e (D, diencephalon;
M, myelencephalon;
R, rhnombencephalon,;
T, telencephalon.)




e Coronal and semi-
axial planes

e The arrow points to
the falx cerebri.

(R, rnombencephalon.)




e choroid plexuses do not
fill the lateral ventricles,
which is normal at this
gestational age.




A tilted axial plane
demonstrates the choroid
plexuses and the forming
posterior fossa.




e Cerebellum




e corpus callosum is
fully formed.







| 2425 (S1), SA(L3), A QI(L1)

o =l =0| BICE Q1A
103=: 22|,

]

=

A (-]
=le 2,

of

2t A

=
=

S|, & &=

o 2
=

0D

J|

(==
—

2824 =B, XAF=H2] &cf

ot J|

010

DJ

oK
4

2
50
o

21



t

Antenatal care

Intrapartum
assessment

Postpartum period
neonate

Antenatal strategy to avoid
fetal neurodevelopmental

disoder
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get)l E=30]| &= S 42 (FIGO 2015)
e Folate, Vit B12, Vit B6

e Omega 3, 6

o VItD

e Ca

e lodine

e ZINC

o VIt A

e Selenium
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& 4t (Folate, Vitamin By) :

o 28X H|EHT
o HUIOIM T 27}
o Y(2E)0f Ot
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0 50 100 150 200
Micrograms of Folate per Serving

Natural Food Sources of Folate Serving Size
Beef liver, cooked, braised 3 ounces
Lentils, boiled (not canned) 1/2 cup
Pinto beans, canned 1/2 cup
Spinach, canned, drained 1/2 cup
Collards, boiled, drained 1/2 cup
Green peas, canned 1/2 cup
Chickpeas, canned 1/2 cup

Red kidney beans, canned 1/2 2
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Neural fold

Cut edge of amnion \/

Neural plate

Cut edge )
of amnion .-

Neural groove

Somite

rimitive node

Primitive streak

Primitive
streak
A 16 days

< 20 days

18 days 19 days

Anterior neuropore

Neurulation

Includes the formation of
the neural plate (day 18-19),
the neural folds (day 20-21),
and the neural tube (day
22-26); the latter will
develop into the future
brain and spinal cord.
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Anencephaly

www.med.unc.edu/
embryo_images

Greenwood Genetic Center
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Folic acid - significant protective effect

NTD risk (%)
5.

1%
prevented

1.0%

(6/593)

Folic acid

Relative Risk = 0.29
(95% CI 0.12-0.71, p<0.005)

3.5%
(21/602)

No folic acid

MRC Vitamin

Study in UK (1991)
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e UJS.: Fortification of cereal grain
products: 140 ug/100 g (- FDA 1998)
- NTD occurrence decreased by 27% (CDC; MMWR 2004)

e Canada: Fortification with folic acid of all types of white flour,
enriched pasta, and cornmeal:

150 ng/100 g of flour or cornmeal,

154-308 g/ 100 g of rice (1998)

- The prevalence of NTD decreased by 46% (1.58/1000 births >
0.86/1000 births) (NEJM 2007)
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All neural-tube defects
Spina bifida
Iniencephaly
Encephalocele
Anencephaly

Neural-tube defect NOS
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IR

[ Spina bifida
[ Iniencephaly

[ Encephalocele

[l Anencephaly

[ Neural-tube defect

1993

1.55
0.83
0.02
0.19
0.51
0.00

1994

1.59
0.24
0.03
0.17
0.55
0.00

1955

1.55
0.89
0.01
0.16
0.47
0.01

I
1996

1.69
091
0.01
0.18
0.56
0.03

NS )
1 I
1997 1998 1899 2000 2001 2002
Year

1.50 114 0.99 0.86 0.86 0.86
0.77 0.62 0.53 0.39 0.41 041
0.03 0.01 0.00 0.01 0.00 0.00
0.15 0.14 0.12 0.15 0.10 0.10
052 0.36 0.33 0.29 0.34 0.34
0.03 0.01 0.01 0.02 0.01 0.01

AN

=T o

(19984E =7 o Lot HH AlH)
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Serum folate (ng/mL) concentration (and % risk
reduction) expected for given folic acid intake against
background serum folate (ng,/mL)

2-5 5-0 7-5 10-0
Increase in folic acid intake (mg/day)
o1 3-4 (23%) 5-9 (13%) 8-4 (9%) 10-9 (7%)
0.2 4-4 (36%) 6-9 (23%) 9-4 (16%) 11-9 (13%)
03 5-3 (45%) 7-8 (30%) 10-3 (23%) 12-8 (18%)
o4 6-3 (52%) 8-8 (36%) 11-3 (28%) 13-8 (23%)
05 T2 (57%) 9.7 (41%) 12-2 (32%) 14-7 (27%)
L5 9-6 (66%) 12-1 (51%) 14-6 (41%) 17-1 (35%)
1-0 11-9 (71%) 14-4 (57%) 16-9 (48%) 19-4 (41%)
2-0 21-3 (82%) 23-8 (71%) 26-3 (63%) 28-8 (57%)
éQD 30-7 (87%) 33-2 (78%) 357 (71%) 382 (66%)
-0 40-1 (89%) 42-6 (82%) 45-1 (F6%) 47-6 (71%)
5.0 49-5 (91%) 52-0 (85%) 57-0 (75%)

54-5 (80%)
R

Values are background serum folate (reduction in risk of neural tube defect).
Hd2 HE0AN Sat M= g3l o =& BHet
— Wald NJ, et al. Lancet 2001
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Lip- Phlltrum Gmde

The smoothness of the philtrum and the thinness of the upper lip are assessed individually
on a scale of 1 to 5 (1 = unaffected, 5 = most severe).

The patient must have a relaxed facial expression, because a smile can alter lip thinness and

philtrum smoothness.

Scores of 4 and 5, in addition to short palpebral fissures, correspond to fetal alcohol syndrome.

43
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SEE

o EiOI X RZ ABEY Hof
« Attention deficit hyperactivity disorder
* Inability to foresee consequences
* Inability to learn from previous experience
* |nappropriate or immature behaviour
* lLack of organization
* Learning difficulties
* Poor abstract thinking
* Poor adaptability
* Poor impulse control
* Poor judgement

* Speech, language and other communication
problems

44
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TABLE 4. NEUROPSYCHOLOGICAL TEST SCORES AMONG THE CHILDREN OF WOMEN WITH
HyroTHYROIDISM DURING PREGNANCY AS COMPARED WITH THE CHILDREN OF MATCHED
CoNTROL WOMEN, STRATIFIED ACCORDING TO WHETHER THE HYPOTHYROIDISM
Was BEING TREATED.*

CHILDREN OF CHILDREN OF
TREATED UNTREATED
WomEN wWiTH Women wiTH ConTrOL
HyrOTHYROIDISM P HyroTHYROIDISME P CHILDREN
Test (N=14} VaLvet {(N=48] Vawuet (N=124)
Inrelligence
WISC-III full-scale 10} score 111 0.20 0.005 107
WISC-IIT full-scale 1) score 0 (.90 0.007 5
=85 (%)

Maternal hypothyroidism—fetal neurodevelopment study
(1999, NEJM)
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e TFT in Pregnancy

€ Reference range for TSH

v

v

First trimester 0.1-2.5 mIU/L
Second trimester 0.2-3.0 mlIU/L
Third trimester 0.3-3.0 mIU/L

Treated hypothyroid patients
who are planning pregnancy
should have their dose adjusting
TSH <2.5mIU/L preconception

TABLE 1. Recommended patient profiles for targeted
thyroid disease case finding in women seeking
pregnancy or newly pregnant

Women over age 30 yr

Women with a family history or autoimmune thyroid disease or
hypothyroidism

Women with a goiter

Women with thyroid antibodies, primarily thyroid peroxidase
antibodies

Women with symptoms or clinical signs suggestive of thyroid
hypofunction

Women with type 1 DM or other autoimmune disorders

Women with infertility

Women with a prior history of miscarriage or preterm delivery

Women with prior therapeutic head or neck irradiation or prior
thyroid surgery

Women currently receiving levothyroxine replacement

Women living in a region with presumed iodine deficiency

50
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Gestational Age / Prevalence of CP
Birthweight
23 - 25 Weeks / 25%
500 - 600 grams
All infants 5 -10%
<1000 grams
27 - 28 Weeks / 3%
1000 grams

36 Weeks 5/1000
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Ureaplasma urealyticum and
mycoplasma hominis, have
emerged as important
perinatal pathogens
Bacterial vaginosis:

adverse vaginal flora, such
as in bacterial vaginosis, Is
associated with spontaneous
preterm birth

latrogenic

=
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Amnionic
fluid infection /*
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infection
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: alcohol, smoking, drugs, inadequate maternal weight

40
oot

gain, advanced maternal age, poverty, short stature,
occupational factors, psychological and physical stress,
periodontal disease, lower genital infection (e.g,
bacterial vaginosis), multifetal gestation, prior D&C,

uterine anomaly, prior conization, prior PTB etc.
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— Singletons
= & =1
No prior PTB Prior PTH
Single TVU CL
at 18-24 wks* 7P
Serial TVU CL
CL =20 mm CL =20 mm at 16-23 6/7
wks
Maginal Routine
progesterone’ obstetric care CL <25 mm CL =25 mm
Mdg’e" Continue
. . . continue
a|f TVU CL screening is performed; P17P 250 mg intramuscularly every week 1 7P I7P
from 16-20 weeks to 36 weeks; ceg, daily 200-mg suppository or 90-mg gel

from time of diagnosis of short CL to 36 weeks.

SMFM committee, Am J Obstet Gynecol 2012;206:373-86.
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o LY

e Measurement of cervical length
e Progesterone

e Tocolytics : Magnesium, beta-agonist, CCB,
atosiban, etc...

e Cervical pessary
e Cervical cerclage
e Antibiotics
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-Magnesium sulfate(MgS04)

TABLE 42-10. Magnesium Sulfate for the Prevention of Cerebral Palsy”
Treatment

Magnesium Sulfate Placebo Relative Risk
Perinatal Outcome’ No. (%) No. (%) (95% CI)
Infants with 2-year follow-up 1047 (100) 1095 (100) =
“Fetal or infant death 99 (9.5) 93 (8.5) 1.12 (0.85-1.47)
Maderate or severe cerebral palsy:
Overall 20/1041 (1.9) 3/1095 (3.4)  0.55 (0.32-0.95)
< 28-31 weeks" 12/442 (2.7) 30/496 (6) 0.45 (0.23-0.87)
> 24-27 weeks” 8/599 (1.3) 8/599 (1.3)  1.00 (0.38-2.65)

“Selected results from the Beneficial Effects of Antenatal Magnesium Sulfate (BEAM) Study.
“Weeks’ gestation at randomization.
Data from Rouse, 2008.
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6. %= L& 2t

1. OtRE: =S X=X

> Fetal adverse effects:

v Spontaneous abortion; deformities of cranium, ears
(microtia, low-set ears, anotia), face, heart (TGA, TOF,
VSD etc), limbs, liver; hydrocephalus, microcephalus.

v Cognitive defects

Left—Dbilateral
microtia or anotia,
Right—flat,
depressed nasal
bridge and ocular64
hypertelorism




Fetal hydantoin syndrome:
Upper facial features
including upturned nose,
mild midfacial hypoplasia,
long upper lip with thin
vermilion border.

Lower distal digital
hypoplasia.

65



L2 XA 13

3. 2titel

Fetal warfarin syndrome Chondrodysplasia punctat
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lonizing radiation from Natural source oo
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lonizing radiation

& Anatomic bomb survivors from Hisroshima and
Nagasaki (Greskovich & Macklis, 2000)

" 150rad: 60%MR Q
-
60 |- T
4
50 - .
All gestational

r < ’ os _,‘
w O N

40 - ‘
% o > g
m 5 - f'
o = . P
LU Ly sn - . #
E o . - i
| d h ’#
& e " r\

Z -
3 L ," -—,
o= . ,+°  16-25weeks
If‘
”"
al ! ]
0 0.10 0.200.30 0.50 1.00 1.50
FETAL DOSE (Gy)

Copyright @2006 by The MoGraw-Hill Companies, Inc
all viAabbe Fec e -

69



7. ZARS

= Lf

v 10 rad O|

oL o

[I[g

=1

0

N~

B
0

K

< %o
50 ¥
0 R
R
%0 <
S R
@ Ko
o Ur
5 <
S ..



A O
T

71



o0

02
[Z
Of¥
=
fou
rlr
12

OH Ot &= HIIR?

AVIHOZ = BOf, 2, 210 SO Ykt
X0l HiCH 3l &3 Obs

SDIIE o0 ALl JIE 10| EX5HE 2
NS0, MK, A0, S5 S2 42 820l
=0t 2ol B &F O AN oS,

72






9. SASCtADN Off &

74



9.

SAasctE20t

Symd

Fecal - soil
contamination
1
‘ecal oocysts :
O VSES <

A

).
)

) Tachyzoites

75



EHOL &l 8 B2 = Flol A= &
A QIDJ}F?

10. EfOFK AFA S ]
EHOML R OH, 4

76




EHZ= = 2l-Variable deceleration

Fetal heart
rate

Uterine
contraction

cord

Umbilical ‘

&9

| Partial

Umbilical vein |l
Umbilical artery D

Fetal W
systolic BP

X

occlusion

I
Complete | Partial
occlusion  eclusion

==
v

1 1
[ 1
1
1 I
1
1 1
1 I
1 1
L NN
1 1 :
X
s y
1 1
1 1

di dv i

Y40

Lee et al. Obstet Gynecol. 1975
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EHZ= = 2l-Variable deceleration o2

(beats/min)

300

200 H

100

(mm Hg)

60
50
40
30
20

10

Fetal heart rate

v

Blood pressure

v

Aorta

Umbilical
? artery

v

Umbilical
vein

0 20 40 60 80 100 120

e Experimental evidence: fetal
sheep

v Partial occlusion of umbilical
cord, 1 min every 3 min:

-Brain damage only after 2
hours

v Total occlusion of umbilical
cord, 1min every 5 min:

-No significant acidemia
after 4hours.
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L X J
[
It 1k |. -
<EHOt A& EItE>
RISK FACTOR TEST FREQUENCY START
All pregnhancies FMC Daily 24-28 wk
Low-risk pregnancies FMC Daily 24-28 wk
IUGR(EHOFHL = &H0H) mBPP/Doppler Once or twice weekly At diagnosis
Oligohydramnios mBPP Twice weekly At diagnosis
Decreased fetal movement mBPP PRN At diagnosis
mBPP Once or twice weekly
32-34 wk, or 1 wk
Previous fetal death before previous
Alternative: BPP or CST ~ Weekly fetal death
Postterm pregnancy mBPP Once or twice weekly 241 wk

FMC: fetal movements count
mBPP: modified biophysical profile -
BPP: biophysical profile
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Antenatal care

Intrapartum Postpartum period-
assessment || neonate

Strategy to avoid
Intrapartum injury

82



e Unfortunately, because in most cases the
genesis of cerebral palsy occurred long
before labor, this did little to mitigate risks for
CP

-O’Callaghan 2013.

e Only 2-5% of CP cases could be attributed to
Intrapartum hypoxia

-Strijbis 2006, Stanley 1991.
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Intrapartum fetal evaluation to
identify abnormal FHB

Normal oxygenation

Hypoxia

The purpose of fetal heart rate monitoring is to detect
fetal hypoxia and metabolic acidosis

85



Acute peripartum or Intrapartum event
leading to Hypoxic-Ischemic
Encephalopathy(HIE)

86



Acute peripartum or Intrapartum event oo

leading to Hypoxic-Ischemic o
Encephalopathy(HIE)

e Apgar score <5 at 5 and 10 minutes

e Umbilical artery pH <7.0 and/or a base deficit
of 212 mmol/L.

e Suggestive MR neuroimaging obtained within
24 1o 96 hours of birth and read by a
radiologist with expertise in pediatric
neuroradiology, or suggestive MRI or MR
spectroscopic findings. Repeat imaging at 10
days is more predictive of the full extent of the
injury.

e Presence of multisystem organ failure.

2014 The American College of Obstetricians and
Gynecologists and the American Academy of Pediatrics



Acute peripartum or Intrapartum event Eg:
leading to Hypoxic-Ischemic o

Encephalopathy(HIE)

e Suggestive intrapartum findings:

a Sentinel hypoxic-ischemic event occurring immediately
before or during labor and delivery, including uterine
rupture, severe abruption, umbilical cord prolapse, amniotic
fluid embolism or other causes of maternal hemodynamic
collapse, and fetal exsanguination (eg, associated with
vasa previa, fetal-to-maternal hemorrhage, twin demise
with monochorionic placentation).

b Suggestive fetal heart rate pattern (eq, conversion of a
Category 1 to Category lll tracing). The observation of a
Category lll tracing upon admission is strong evidence of
pre-existent insult and NNE with or without the subsequent
diagnosis of CP may occur despite appropriate
management and expeditious delivery within 30 minutes.

e Spastic quadriplegic or dyskinetic CP.

2014 The American College of Obstetricians and
Gynecologists and the American Academy of
Pediatrics



Current Commentary : : : :
The 2008 National Institute of Child Health oot
)

and Human Development Workshop Report
on Electronic Fetal Monitoring

Update on Definitions, Interpretation, and Research Guidelines

George A. Macones, Mp, Gary D. V. Hankins, M, Catherine Y. Spong, Mb, John Hauth, Mp,
and Thomas Moore, MD
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2 000
Three-Tier Fetal Heart Rate Interpretation System 0000
Category  Normal coo’
. X X X J
GOy i Ta acings in all of the following: 0000
* Baseline rate: 110-160 beats per minute (bpm) X X )
* Baseline FHR variability: moderate o0
* Late or variable decelerations: absent
* Farly decelerations: present or absent
_* Accelerations: present or absent

caegory I |[ndeterminate
Category Il FHR tracings indude all FHR tracings not categorized as Category I or Category II. Category 11
tracings may represent an appreciable fraction of those encountered in clinical care. Examples of Category II
FHR tracings include any of the following:
Baseline rate

* Bradycardia not accompanied by absent baseline variability
* Tachycardia

Baseline FHR variability

* Minimal baseline variability
* Absent baseline variability not accompanied by recurrent decelerations
* Marked baseline variability

Accelerations
« Absence of induced accelerations after fetal stimulation

Perlodic or episodic decelerations

* Recurrent variable decelerations accmngamed by minimal or moderate baseline variability
Prolonged deceleration =2 minutes <10 minutes

Recurrent late decelerations with moderate baseline variability

Variable decelerations with other characteristics, such as slow retumn to baseline, “overshoots,”

or “shoulders”

categorymm  ADNormal
Category Il FHR tracings include either:

» Absent baseline FHR variability and any of the following:
- Recurrent late decelerations
- Recurrent variable decelerations
- Bradycardia

» Sinusoidal pattern
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Three-Tier Fetal Heart Rate Interpretation System 000

0000
Category I 0000
Category I fetal heart rate (FHR) tracings include all of the following: : : o
* Baseline rate: 110-160 beats per minute (bpm) P

* Baseline FHR variability: moderate

* Late or variable decelerations: absent
* Early decelerations: present or absent
* Accelerations: present or absent

Category I1

Category Il Abnormal
Category III FHR tracings include either:

 Absent baseline FHR variability and any of the following:
- Recurrent late decelerations
- Recurrent variable decelerations
- Bradycardia

* Sinusoidal pattern

pCeleray

or “shoulders”

Category III
Category IIl FHR tracings include cither:

» Absent baseline FHR variability and any of the following:
- Recurrent late decelerations
- Recurrent variable decelerations
- Bradycardia

» Sinusoidal pattern
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A2 EfBE E&-Late deceleration :

Hypertonus

Mean artenal
blood pressure

UA

Mean arterial
blood pressure

UA
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EHZ= = 2l-Variable deceleration

Fetal heart
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Lee et al. Obstet Gynecol. 1975
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EHZ= = 2l-Variable deceleration o2

(beats/min)

300

200 H
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(mm Hg)
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10

Fetal heart rate

v

Blood pressure

v

Aorta

Umbilical
? artery

v

Umbilical
vein

0 20 40 60 80 100 120

e Experimental evidence: fetal
sheep

v Partial occlusion of umbilical
cord, 1 min every 3 min:

-Brain damage only after 2
hours

v Total occlusion of umbilical
cord, 1min every 5 min:

-No significant acidemia
after 4hours.
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EHOIEI &-Sinusoidal fetal heart rates | ¢¢

Severe fetal anemia
Rh-D isoimmunization
Feto-maternal hemorrhage
TTTS

Vasa previa with bleeding

e Definition(NIC

-Having a visua
apparent, smoot

HD)
ly

N, Sine

wave-like undulating
pattern in FHR baseline
with a cycle frequency
of 3-5/min that persists
for > 20 minutes.



to avoid neurodevelopmental disorder

<1> Antenatal strategy

Summary
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Summary 3t

<2> Strategy
to avoid intrapartum injury
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Thank you for your attention !




