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Magnetic resonance imagining findings of the white matter abnormalities
in the brain of very-low-birth-weight infants

Jae Hyuk Choi, M.D., Young Pyo Chang, M.D.

Department of Pediatrics, College of Medicine, Dankook University, Cheonan, Korea

Purpose : To observe the abnormal white matter findings on the magnetic resonance imaging (MRI) scans of very—low—
birth—weight (VLBW) infant brains at term—equivalent age and to determine the clinical risk factors for the development
of periventricular leukomalacia (PVL).

Methods : In all, MRI was performed in 98 VLBW infants and the white matter abnormalities were observed. Clinical risk
factors for cystic and noncystic PVL were determined.

Results : MRI scans of 74 infants (75.5%) showed diffuse excessive high signal intensity (DEHSI) in the periventricular
white matter, 17 (17.3%) lateral ventricle dilation, 5 (5.1%) and 11 (11.2%) focal punctate lesions and cystic changes in
the periventricular white matter, respectively, 9 (9.1%), germinal layer hemorrhage (GLH) or subependymal cysts 3 (3.1%)
intraventricular hemorrhage (>grade 2) 2 (2.0%) posthemorrhagic hydrocephalus and 2 (2.0%) periventricular hemorrha—
gic infarct. Gestational age (GA), 1—minute Apgar score, Clinical Risk Index for Babies—II (CRIB—II) score, and inotrope use,
and GA, CRIB—II score, postnatal steroid administration, inotrope use, and abnormal white blood cell (WBC) count at admis—
sion were related to cystic PVL and noncystic PVL development, respectively (P<0.05). However, in logistic regression ana—
lysis, CRIB—II (odds ratio, 1.63, 295% confidence interval, 1.15-2.30 P=0.006) for cystic PVL, and GA (odds ratio 0.90,
95% confidence interval, 0.82-0.99 P=0.036) for noncystic PVL were only significant independently.

Conclusion : White matter abnormalities could be observed on MRI scans of the VLBW infant brains at term—equivalent
age, and CRIB—II and GA were only independently significant for cystic and noncystic PVL development, respectively.
(Korean J Pediatr 2009;52:1127—1135)

Key Words : Leukomalacia, Periventricular, Magnetic resonance imaging, Infant, Very low birth weight

v BA S 79 Wl AES (cystic PVL) 9] Aol f-&

M =) sht v Su 4 F-9) A A8 (noneystic PVL) &) ZIgte]|

B SAE Y. S W Aduhe] S 7R ok 40-50%%to)

Ztete] Fo Huld AgowE Sy 9] WAALS 2Bolr)oll AL o ZgFte) o] AdE Btk AT A

(periventricular leukomalacia, PVL) 3} S5 $-9] 284 4 So] P ol2ldh ¥ 25Tk HALY] S H9) wiH A s
A (periventricular hemorrhagic infarct)©] It} F5A F9 Eh=y

9 sAE Hs] Al FHZdde ¥ A ¥ #HY
3} (magnetic resonance imaging, MRI)©] °] €51 S+
] MRI= =4 AAlF E40telA B4 SuAd F4 NdAs)Ss
U 5 289 st B 0]"43} HGA SuA 59 wldAs)
57

MAABFE T2 A AF AR AelN ARHE ¥ 2
Aakell o8l Agelo] gk, ¥ 23 AR A ) 8o

Bl
iizzgeei:zoS;pgjzss;zgggé Revised : 15 November 2009 = Ade] ¥ 283 Bl @ £ APE HoFEIL 9 T;]_
Address for correspondence : Young Pyo Chang, M.D. olof AFAEL 7 3 Aol HFX R AA I A=
Department of Pediatrics, College of Medicine, Dankook University, 359 =N Zﬂ zﬂ *ﬂﬂ(very low birth weight infant) ‘:HN”
Manghyang—Ro Dongnam—Gu Cheonan Chungnam, 330—715, South Korea

Tel : +82.41.550—3937, Fax: o8 W F WAE0F) FA I Al@E H MRICA
E—mail : ychang@dankook.ac.kr é ] _z,_u_ o]/\ol iﬁ—% _:L'_—}_—ial-'é‘]—i o]—‘é— = Lo/\é —i— ]}é HH Bﬂ%g_

o A 20085 WETetu Yek Aul Agom AT,

- 1127 -



JH Choi, YP Chang

AshFah HPY S6 9 NAAREL wel DolEe 9
A0S g F6 WA 204 69l fobE) a Bstel
Za 79 MAARE WA B Y= WY NY AAES
.

Chy 2

1.0 &

2005 8¥H-El 20089 129717 d=igty -4 e 4l
Aot AFA TN Sl A8E B 28AT
%

1
29 32 ANT Bl F 24 F42 W 2 Y MR

o
oz 23t Madslc ¥ FA
g N8 5O Fa A8y Y @

2. = MRI
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ATE 98 A9 (transverse) F+= 712 W (sagittal) & T1-
7} 974 (T1—weighted conventional spin echo image; 4—
mm thickness, repetition time 500 ms, echo time 11 ms) ¥}
T2-7F% 9924 (T—-2 weighted fast spin echo image; 4—mm
thickness, repetition time 3,000 ms, echo time 60 and 120
ms) = #HE3Th

W FF 405 FA BE7] grellA] AL, v 5% 5
o] )P Aol AAR 2E Thseh FolE ¥ MRI AR Hujo]

Fogsiglon, ARHo Sf F AE AHlA Agssot
avi o)

3. k| MRI &2 A&

¥ MRI &719] 352 g 9] ol gdel9)
g9 ¥ MRI 5ol )53k §7k2lstat d&
AT Aol ZASI] PAH o7 o) FoHP F Y
Huld 59 F7re w3, HA 5e T
A a7 =42 B 234
cular hemorrhage) ¥ 8 % icl—r (posthemorrhagic hy-

L )

© ol rlo g rfn

drocephalus), FA% %% (germinal layer hemorrhage,
GLH) T=& 49 3F $&(subependymal cyst) 5& 23}
ot Huid el 59 7t Ad F T2—7Fe 97delA H8d 59
o] Mo ® Frketa T1-7ks GAdelrs 7Hasl] Kol v
W I 7 A ST (diffuse excessive high signal inten-
sity, elst “DEHSI'2} shth & #&si3ia (Fig. 1), T1-7F
@A FHA Fiel FEEA] o2 H|5olFl =4 Wil &
9 =7} (focal punctate lesions in the white matter) S 2+
SkoTH(Fig. 2). ¥4 -2 o]de] AT Aol LA Fy
A9 ¥4 W B A2 (tranverse atrial diameter)”} 10 mm
oPdel Az SO Y, FuA 9] Wi We Zu A 5
9 F8A A A e v SuA B nddssoR
o] Eekelth(Fig. 3, 4). A S -9 WA A S-S
8 F HFFolu SHA B9 2873 AA0] gle el 5
H FH oM T1-7Hs GdelA HH 7 22 A 4
LY T2—7Fs @7dolA WA s 22 1 AT
= A ‘Eﬂi}ﬂ UAH(Fig. 34), ¥4 79 94 34 vt
EFo R o]ojA w9 oxbA] Gt Bt gk ¥
9] A& Hole AR 31 (Fig. 3B), HI'dd SHA #2
A As Ee Mo Y] W) glo] WA FANEE Hole
-2 sklth(Fig. 30). F SxA 79 wde
A S Fe) mAAstFold SHA Fe 28 A4,

4 F H5E Sl gl AR Sk

]

i

Fig. 1. Transverse T2—weighted images of infants at term—equivalent age show diffuse
excessive high signal intensity (DESHI) (arrows) (A) and no DEHSI (B) within the
cerebral white matter.
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Fig. 2. Transverse T1— and T2—weighted images of infants at term—equivalent age born
at 29 weeks gestational age (GA). There is a focal punctate lesion unilaterally in the white
matter of the centrum semiovale, showing high signal intensity (arrow) on the T1—
weighted image (A) and low signal intensity (arrow head) on the T2—weighted image (B).

(A) (B) (@)

Fig. 3. Magnetic resonance imagining (MRI) images of the periventricular leukomala-
cia (PVL). (A) Sagittal T1—weighted and transverse T2—weighted images of infants at
term—equivalent age born at 28 weeks gestational age (GA) show dilation of the lateral
ventricle and multiple cystic lesions on both the sides (cystic PVL) in the parietal and
occipital white matter adjacent to the lateral ventricle, which show hypointensity on the
T1—weighted image (arrow) and high signal intensity on the T2—weighted image (arrow
heads). (B) Transverse T1— and T2—weighted images of infants at term equivalent age
born at 26 weeks GA show marked asymmetric dilation of the lateral ventricle with
irregular walls (arrows and arrow heads), resulting from the loss of white matter
adjacent to the lateral ventricle. (C) Sagittal and transverse T1—weighted images of in-
fants at term—equivalent age born at 25 weeks GA show moderate ventricular dilation
with squared off anterior and posterior horns of the lateral ventricle (noncystic PVL).
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thatol 987 9] Ht AE 7|17 29.1+2.25, FH -
©1,172.74202.3g, = MRI 7AAl @A B4 1
40.242.25, 18, 5% Apgar A+ ¥+ 5.312.04, 7.7+1.
é 12om CRIB-1I H4 Hd 7.742.74 o1dv) A2

ZEAol7} 30 (30.6%), Hokl= 529 (53.1%), oJol= 467
(46 9%), Ae Ul A AdS 129 (12.2%), 7] ¥ s+
58 (59.2%), AR t&%ﬂg 2478 (24.5%), AP AE|RO|E F
o] 887 (89.8%), 4 ¥ AH|Zo|= Foj= 1994 (19.4%),
2ol & 7t T s JNESTS 242 507 (50.1%),
39%(39.4%), 713A 9 o|FYF 45‘3*(45 9%) o1t It
AE5AE 278 (27.6%) Q) Folold Tk, 1 Al Al3F
MG o] -e 279 (27.6%), C WA 57% 278 (25.5
%), Fel wjek ALl FA AAS B A= 4 (4.1%) 0]
ThH(Table 1).

Fig. 4. (A) Transverse T2—weighted images of an infant at term—equivalent age born at
32 weeks gestational age (GA) shows subependymal cyst (arrow) with high signal inten-
sity. (B), (C) Transverse T2— and sagittal T1—weighted images of an infant at term—
equivalent age born at 29 weeks GA show intraventricular hemorrhage with extension
into the adjacent white matter (arrow heads). (D), (E) Sagittal and transverse T1—weighted
images of an infant at term—equivalent age born at 28 weeks GA show posthemorrhagic
hydrocephalus with insertion site of ventriculoperitoneal (VP) shunt catheter (arrow). (F)
Sagittal T1—weighted image of an infant at term—equivalent age born at 24 weeks GA
show posthemorrhagic hydrocephalus with porencephalic cyst (arrow) in the adjacent
white matter. The porencephalic cyst usually developed from periventricular hemorrhagic

infarct in the white matter.
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Table 1. Clinical Characteristics of Enrolled Infants

Clinical characteristics ngggnb(e(;o)
Gestational age (weeks) 29.1+2.2
Birth weight (g) 1,172.7£202.3
Corrected gestational age at MRI scan (weeks) 40.2+2.2
Apgar score at 1 minute 5.3%£2.0
Apgar score at 5 minute 7.7£1.4
CRIB—II score 7.7£2.7
Cesarean section 30 (30.6)
Male 52 (53.1)
Female 46 (46.9)
TUGR 12 (12.2)
PROM 58 (59.2)
Maternal fever 24 (24.5)
Antenatal steroid 88 (89.8)
Postnatal steroid 19 (19.4)
RDS 50 (51.0)
PDA 39 (39.8)
BPD 45 (45.9)
Inotrope use 27 (27.6)
Abnormal WBC at admission

(>2.5000/, <5,000/) 27 (27.6)
Elevated CRP 25 (25.5)
Positive blood culture 4 ( 4.1)

Values are expressed by meanzxstandard deviations.
Abbreviations : MRI, magnetic resonance imaging; CRIB—II, cli-
nical risk index for babies—II; IUGR, intrauterine growth retar-
dation; PROM, premature rupture of membrane; RDS, respira-
tory distress syndrome; PDA, patent ductus arteriosus; BPD,
bronchopulmonary dysplasia; CRP, C—reactive protein

2. x| MRl &4A

2 AAF 2401 HWA MRICA 7Hd &3] 25 &
A2 DEHSIE 984 = 749 (75.5%) ol #2E ek HA g
A 178 (17.3%), =4 9l 59 57 5% 6G.1%), ¥4
o P 2748 119 11.2%), 4% £Y == 49 3t 3=
> 9“ﬂ(9 1%), Al 294 o142 w4 Ul 3 34 (3.1%), =3
T H5E 2% (2.0%), FHA 9 24 A4 29(2.0%) ©13
E‘r(Table 2).
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Table 2. Magnetic resonance imagining (MRI) Findings of the
White Matter

. Number
MRI findings n=98 (%)
DEHSI 74 (75.5)
Ventricular dilation 17 (17.3)

Punctate lesions in the periventricular white matter 5 ( 5.1)
Cystic lesions in the periventricular white matter 11 (11.2)

GLH or subependymal cyst 9 (9.1)
IVH (grade>2) 3 (3.1)
Posthemorrhagic hydrocephalus 2 (2.0)
Periventricular hemorrhagic infarct 2 (2.0)

Abbreviations : DEHSI, diffuse excessive high signal intensity;
GLH, germinal layer hemorrhage; IVH, intraventricular hemor-
rhage
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Table 3. Comparison of Clinical Risk Factors Related to the Development of Cystic or Noncystic periventricular leukomalacia (PVL)

Normal WM Cystic PVL Noncystic PVL

n=75 (%) n=9 (%) n=7 (%)
Gestational age (weeks) 29.6%£2.0" 1 27.6%£1.1" 26.3%1.6"
Birth weight (g) 1,192.9+£192.6 1,092.9£173.7 1073.0+£230.5
Corrected gestational age at MRI scan (weeks) 40.1£0.9 41.3%£2.1 40.8+2.4
Apgar score at 1 minute 5.6£1.7" 4.242.3" 4.3+£2.5
Apgar score at 5 minute 7.7£1.3 7.3%1.7 7.1£2.0
CBIB—1I score 7.242.4% 7 9.9£1.8" 11.0+2.6
Cesarean section 22 (29.3) 3 (33.3) 3 (42.9)
Male 37 (49.3) 3 (66.7) 2 (28.6)
Female 38 (51.7) 3 (33.3) 5 (71.4)
IUGR 12 (16.0) 0 ( 0.0) 0 ( 0.0)
PROM 41 (54.7) 5 (55.6) 6 (85.7)
Maternal fever 14 (18.7) 3 (33.3) 3 (42.9)
Antenatal steroid 65 (86.7) 9 (100) 7 (100)
Postnatal steroid 12 (16.0) 2 (22.2) 4 (57.1)
RDS 37 (49.3) 5 (55.6) 4 (57.1)
PDA 28 (37.3) 3 (33.3) 4 (57.1)
BPD 32 (42.1) 4 (50.0) 5 (71.4)
Inotrope use 14 (18.7)"1 5 (55.6)° 6 (85.7)°
Abnormal WBC at admission (>2.5000/, <5,000/) 16 (21.2)7 4 (50.0) 4 (57.1)°
Elevated CRP 19 (25.0) 1 (12.5) 3 (42.9)
Positive blood culture 2 (2.6) 0 ( 0.0) 0 ( 0.0)

"P<0.05 between normal WM and cystic PVL, TP<0.05 between normal and noncystic PVL. Values are expressed by mean+standard

deviations.

Abbreviations : WM, white matter; PVL, periventricular leukomalacia; CRIB—II, clinical risk index for babies—II; IUGR, intrauterine
growth retardation; PROM, premature rupture of membrane; RDS, respiratory distress syndrome; PDA, patent ductus arteriosus; BPD,

bronchopulmonary dysplasia; CRP, C—reactive protein

Table 4. Analysis of Independent Clinical Risk Factors Related to the Development of Cystic or Noncystic Periventricular Leukomalacia

(PVL), as Revealed by Logistic Regression

Normal WM vs cystic PVL

Normal WM vs noncystic PVL

OR (95% CI) P value

OR (95% CI) P value

Gestational age

CBIB—-1I 1.63 (1.15, 2.30) 0.006

0.90 (0.82, 0.99) 0.036

Abbreviations : PVL, periventricular leukomalacia; WM, white matter; CRIB—II, clinical risk index for babies—II; OR, odd ratio; CI,

confidence interval
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