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Study on the neurodevelopmental predictors for the results of the Bayley Scales of
Infant Development II in high-risk neonates

Mi Kyeong Woo, M.D., Dong Wook Kim, M.D.*, Kyoung Huh, M.D., Gyu Hong Shim, M.D., and Myoung Jae Chey, M.D.

Department of Pediatrics, Sanggye Paik Hospital, Inje University College of Medicine, Seoul, Korea
Department of Pediatrics*, Andong Hospital, Andong, Korea

Purpose : To identify the risk factors for poor neurodevelopmental outcomes in high-risk neonates.

Methods : We studied 94 infants admitted to the neonatal intensive care unit at the Sanggye Paik Hospital between
January 2002 and November 2005 and evaluated the follow-up data. The following events were considered as risk
factors: <32 weeks of gestation, very low birth weight, Apgar scores of less than 5, neonatal resuscitation, neonatal
seizure, congenital infection, and abnormalities in cranial ultrasound or magnetic resonance imaging (MRI). The infants
who had any one of these risk factors were included. They were evaluated at their mean corrected age of 13.84+8.03
months. Mental and Psychomotor Developmental Indices (MDI, PDI) were determined by a clinical psychologist using the
Bayley Scales of Infant Development II.

Results : The mean MDI and PDI of all the patients were 96.28+26.70 and 94.00+22.80, respectively. Abnormalities on
cranial ultrasound or MRI were significant predictors of both low MDI (P<0.05) and low PDI (P<0.001). These abnor-
malities showed a stronger association with low PDI than with low MDI. The infants with periventricular leukomalacia had
the lowest MDI and PDI (70.10+£28.68 and 69.70+24.91, respectively). Apgar score at 1 minute and very low birth weight
were also significant predictors for low PDI (P<0.05, P<0.05, respectively).

Condusion : Image findings with cranial ultrasound or MRI were the strongest predictors of neurodevelopmental outcome.
Periventricular leukomalacia was the best predictive factor for mental and psychomotor development. (Korean J Pediatr
2009;52:1221-1227)
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o] & (left cortical dysplasia with agenesis of corpus
callosum), 284 Z3}5 (tuberous sclerosis), 5 A4 =
A ZYo]y} 7+ (focal hemorrhage or infection in right
] WA Q] FoH (increased hyperin-
tense lesion in both cerebral white matter) 7} E.o A4t
3 ol gilEE AE s

g sholEo 7 Bayley &g A Bayley Scales of Infant
Development 11)” S QA X BAF Aldalgla, QA
A)4=(Mental Developmental Index, MDI) ¢} 252X
(Psychomotor Developmental Index, PDD) & 24 o]&3}
STt 8574 o]k A, 708 84732 AE g A, 69
2 olsh= Algh e Ao ® ALt

FAIAA S SAS (version 9.1) & ©]€3l91 o, F 172
2 ke HgelA] I 218 HlaE student t—test, Al & ©]
Fo® WiE W) 5 1F vl ANOVAE o] §39lal, AR
AAol= Scheffe’s testE A|&sFTE T3 T A8 AR
A& o]-&sto] MDI ¥ PDIef| thaf] S 20 % Ja:g A= ¥
S el —Er“ skl P gkol 0.05 mIRkQl A9-5 FAsHg o=
ettt MDISH PDIS] Qe w7 $18)
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oFo] A A

(e}
T el 2,

o] oFe] A, 0.8KT}t & 73%% uf}-- 7k ng A
9

thalamus), %=

% 9479) Fo} F ol 573 (60.6%), Jok= 377 (39.4
%) ol3em, Bayley d HAK] it Al AZlE w4 1%
13.84+8.0371 <o) lek. A Shote] Hat A A% 34.11+
4137, 2 A= 2,1984902 g, 1% Apgar A= 6.87+
2.437%, 53 Apgar F4+ 8.35+1.787%, MDI+= 96.28+26.70

A, PDI= 94.00£22.80% 018tk MDI7} 855 w|wkl -+
257 (26.6%), PDI7} 857 mI¥IRl -9+ 249 (25.5%) 013 2.
v, MDI®} PDI & % shirt 854 w|ekel A9+ 339 (35.1
%), MDI$} PDI B 857 mI%kl -9+ 16 (17.0%) ©131th
MDIS} PDI= @Fe] Aa#AE HIAth(Pearson AT r=
0.58, P<0.001, Fig. 1).

1. 480 M2 Hlw

A hAFolA ol ofo} 7ol W A, Aef A, EA
A%, Apgar A5 MDI, PDI¢] §-2]8F xfol= ¢igich

rlr

2. 24 HE0| WE Hlw

=4 AAE
= ™ MDI, PDI®] -2]3t Afo]=

Z28ote} 187 ok FlofR JhEdte] T4 3k
31t} (Table 1).

32

3. XHEH AH0|| }HE HIW
el A ER gEeto] %’:dﬂ 1S w] MDI, PDIS] {28t
2pol= fllout AEl Aol 285 wiwi]l fote] - MDI=

Table 1. Mental and Psychomotor Developmental Indices ac-
cording to Birth Weight

{1,500 g >1,500 g

Birth weight (2=28) (1=66) P
Corrected age (month) 13.43+£5.5 14.02+8.92 NS
Gestational age (week) 29.7£1.97 3597433 <0.001
Apgar score at 1 minute  6.25+2.35 7.14£2.43 NS
Apgar score at 5 minute 8.11+1.87 8.45+1.75 NS
MDI 95.71+24.99 96.52+27.57 NS
PDI 97.71+19.7 92.42£2396 NS

Abbreviations : MDI, Mental Developmental Index; PDI, Psy-
chomotor Developmental Index; NS, non-significant
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140

120

100

T T T
0 50 100 150 200
MDI

Fig. 1. Correlation between Mental Developmental Index and
Psychomotor Developmental Index. Pearson correlation coefficient
r=0.58, £<0.001
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83.33%£20.10, PDI¥ 83.00£17.09% t}& o] ulsf @& 3
5 HAH(Table 2).

El

4. Apgar &0 2 HI

1% Apgar A57F 54 olakel 2 674 o]dl + Thef| w7
A%, A= 9%, 24 AF 4 MDI, PDI& 23 =
t}(Table 3).

5% Apgar A7t 574 okl ¥ 65 o4l o hell A
A=, Ae A7, FA AF 2L MDI, PDIE #2138 xbo]7F 9131
t}(Table 4).

-

5. & =5t I 7| Y HAL Zatof| @HE HlW

MDIg} 9] Gerd AL 2738 Fo3 AAAAE no
] (PX0.05), PDI ] 9] @Aaksha] Al azdx) dzaA7) 9l
AH(K0.05). HAFEH WA A5l 49 MDIE 70.10+

28.68, PDI= 69.70424.91% 9u| QA W*& H4ES Byt
(Fig. 2, 3).

Table 2. Mental and Psychomotor Developmental Indices
according to Gestational Age

Gestational {28 weeks  28-32 weeks =32 weeks

age (n=6) (n=27) (n=61) r
MDI 83.33+20.10 98.81+25.37 96.43+£27.79 NS
PDI 83.00+17.09 96.81+18.90 93.84+24.72 NS

Abbreviations : MDI, ental Developmental Index; PDI, Psycho-
motor Developmental Index; Ns, non-—significant

Table 3. Mental and Psychomotor Developmental Indices
according to Apgar Score at 1 Minute

Apgar score at 1 minute <5 (n=27) >6 (n=67) P
Corrected age (month) 13.11+3.89 14.13£9.2 NS
Gestational age (week) 33.15+£4.42 34.49+397 NS
Birth weight (g) 2,063+1,003  2,252+860 NS
MDI 87.59+£3598  99.78+£21.24 NS
PDI 90+£23.18  95.61£22.62 NS

Abbreviations : MDI, Mental Developmental Index; PDI, Psy-
chomotor Developmental Index; NS, non-significant

Table 4. Mental and Psychomotor Developmental Indices ac-
cording to Apgar Score at 5 Minute

Apgar score at 5 minute <5 (n=9) >6 (n=85) P
Corrected age (month) 13.89+2.47  13.84+842 NS
Gestational age (week) 32.79+4.97  3425+4.04 NS
Birth weight (g) 2,227+1,033  2,195£894 NS
MDI 942242293 96.49+27.18 NS
PDI 100.33£20.46  93.33+£23.04 NS

Abbreviations : MDI, Mental Developmental Index; PDI, Psy-
chomotor Developmental Index; NS, non-significant

&t 7)E e Aot 2AES AAESIE 327 9] St

F 16%0] 718 A9 DL H00 WFrHAE 97 3
S 181500 329) Bok F 1% Apgar F571 571 olalel &
_‘I

skl Fhol= 978(9/32, 28.1%)°]3Ath
Aol Al MRS 3 13 A] ¢k 3 7hell MDI, PDI
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Fig. 2. Mental Developmental Index according to the findings of
cranial ultrasound or magnetic resonance imaging (MRI). Abbre-
viations: MDI, Mental Developmental Index; PDI, Psychomotor
Developmental Index; Increased PVE, Increased periventricular
echogenicity; IVH Gr 1-2, Intraventricular hemorrhage grade
1-2; IVH Gr 3-4, Intraventricular hemorrhage grade 3-4; PVL,
Periventricular leukomalacia

PDI
140
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Cranial ultrasound or MRI

Fig. 3. Psychomotor Developmental Index according to the
findings of cranial ultrasound or magnetic resonance imaging
(MRI). Abbreviations: MDI, Mental Developmental Index; PDI,
Psychomotor Developmental Index; Increased PVE, Increased
periventricular echogenicity; IVH Gr 1-2, Intraventricular he-
morrhage grade 1-2; IVH Gr 3-4, Intraventricular hemorrhage
grade 3-4; PVL, Periventricular leukomalacia

- 1223 -



MK Woo, DW Kim, K Huh, er al

Table 5. Mental and Psychomotor Developmental Indices in
Relation to Neonatal Resuscitation

Resuscitation  No resuscitation

Neonatal resuscitation (n=32) (n=62) P
MDI 93.81+£31.17 97.55+24.25 NS
PDI 96.50+23.07 92.71£22.74 NS

Abbreviations : MDI, Mental Developmental Index; PDI, Psycho-
motor Developmental Index; NS, non-significant

Table 6. Multiple Linear Regression Analysis of Risk Factors
Associated with Neurologic Outcomes

Risk factors P (MDD P (PDI)
Very low birth weight NS <0.05*
Gestational age NS NS
Apgar score at 1 minute NS 0.05*
Apgar score at 5 minute NS NS
Cranial ultrasound or MRI <0.05* <0.001*
Neonatal resuscitation NS NS
Neonatal seizure NS NS
Congenital infection NS NS

Abbreviations : MDI, Mental Developmental Index; PDI, Psycho-
motor Developmental Index; NS, non-significant
* P-value< 0.05

= e 2ol 7k |1tk (Table 5).
7. 8ot ZE |20 WE Hlw

Aot Zwe] gl a9t gl 7 Fbell MDL, PDI= -2l 2

9. Ok M =[HEAM

o A AR
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| ZM 27, 1% Apgar A, =4 AT 240191 492 &
o5 ABAS Bk st MDIE T PDIVF ¥ 9] JAkeh4] 7
At iJJr A#BAZE B 2 R o7 YeldtH(Table 6).
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