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white matter injury of very preterm
Infant
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Magnetic resonance imaging of white matter diseases

of prematurity

Mary A. Rutherford - YVeena Supramaniam « Ashral Ederies - Andrew Chew -
Laura Bassi « Michela Groppo « Mustala Anjari « Serena Counsell « Luca A, Kamenghi

Neuroradiology 2010; 52: 505-21



white matter injury of prematurity

« Germinal matrix hemorrhage/intraventricular
hemorrhage (GMH/IVH)
 Periventricular Leucomalacia (PVL)

— most well recognized acquired causes of motor
Impairment in infants born preterm

* new abnormality on MRI

— punctate white matter lesion (PWML)

— diffuse excessive high signal intensity (DEHSI)
» milder forms of PVL
» spectrum of white matter injury of prematurity

Rutherford MA, et al. Neuroradiology 2010; 52: 505-21




Neuroradiology 2010; 52: 505-21



diffuse excessive high signal intensity (DEHSI)

diffuse high signal lesion in the white matter
on T2-WI and low signal on T1-WI

very common in extremely preterm infants
diagnosed at term equivalent age (TEA)
unclear neurobiological bases

Increased ADC

significant developmental impairment but no
motor abnormality at 2 years of age

Rutherford MA, et al. Neuroradiology 2010; 52: 505-21




Clinical Implications of MR
Imaging Findings in the White

Matter in Very Preterm Infants:
A 2-vear Follow-up Study'

de Bruine FT, van den Berg-Huysmans AA, Leijser LM et al.
Clinical implicatios of MR imaging findings in the white matter

In very preterm infants: A 2-year follow-up study. Radiology
2011; 261: 899-906

110 preterm infants < 32 weeks
MRI at term equivalent age
2 year clinical follow-up
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Figura 3:  Graph shows the rumber of infanls with CEHS|on MR
imeges per ade g, S = poamerstnal ags.

 DEHSI present in 89%

— before 50 weeks
— no association with neuro-developmental outcome

« PWML and ventricular dilatation

— mental and psychomotor developmental delay, motor delay
and cerebral palsy

Radiology 2011; 261: 899-906




Table 3

Presence of DEHSI, Punctate WM Lesions, and Ventricular Dilatation on MR Images and Neurodevelopmental Outcome at a Corrected
Age of 2 Years (n = 86)

Outcome Measure

DEHS|

Punctate WM Lesions

Ventricular Dilatation

No (n = 26)

Yes (n = 59)

PValue

None or < 6
(n = 67)

>6(n=8)

PValue

Normal/Mild
(n=21)

Moderate
(n = 45)

Severe
(n=18)

PValue

MDI score

Any mental delay

Moderate mental
delay

Severe mental delay

PDI score

Any motor delay

Moderate motor
delay

Severe motor delay

Cerebral palsy

Severe cerebral
palsy

Internalizing
problemst

Externalizing
problemst

Total problems?

93.7 +10.6*
2(7.7)
1(3.8)

138

94.8 = 12.9*
1(43)

0(0)

1(4.3)
1(38)
1(3.8)

482 = 10.2*
50.1 = 9.9*

490 =10.1*

972 £ 130"
3.5
1(1.8)

2 (3.6)
931 £ 16.3"

6(12.2)
242

4(8.2)
5(8.8)

0O

481 + 9.5*
50.6 = 9.4*

491 = 8.8

23
.65
.54

.66
31

96

.84

98

975 124"
3 (3.5)
1(1.9)

2(3.0)
9221128
2 (3.4
1(1.7)
1(1.7)
2(3.0

0 (0)

470 = 8.8*
492 + 9.2*

476 = 8.5*

89.3x 11.1*
2(143)
1(7.1)

1(7.1)

789 = 0.5*
5(35.7)
1(7.1)

4 (28.6)
4(25.0)
1(6.3)
535=1.8*
565+ 01*

56.4 = 9.3*

.02t
.20
.32

44
<.001t

002t

.35

97.2 7.6
0 (0)
0 (0)

0 (0)

95.2 = 0.5
0 (D)

0 (0)

0 (0)

1{48)

0 (0)

455 + 8.6*
494 +99*

473 + 83"

96.1 £ 143"
3(7.1)
1(2.4)

2(4.8)

96.7 £13.0*
3(8.3)

2 (5.6)
1(2.8)
1(2.2)

0 ()

50.1 = 9.8*
51.4+01*

50.7 = 9.6

944 + 125"
2(12.5)
1(6.2)
1(6.2)

852 + 21.3*

4(23.8)
0(0)

4(23.8)

4 (25.0)
1(6.2)

494 +99*
501 = 9.6

487 + 8.7*

(9
12
24

31

.02t
.98

Note.—Unless otherwise Indlcated, data are number of Infants and data In parentheses are percentages.
* Data are means = standard devlation.

t Slgnificant Pvalue.

* Based on child behavior checklist (31).

Radiology 2011; 261: 899-906




Jeon TY, Kim JH, Yoo S-Y, et al. Neurodevelopmetal outcomes
In preterm infants: Comparison of infants with and without
diffuse excessive high signal intensity on MR images at near-
term-equivalent age. Radiology 2012; 263: 518-526.

126 high risk preterm infants with <32 weeks or
<1500¢g

— MRI at near-term-equivalent age

— neurodevelopmental outcomes at 18-24 months of age
« DEHSI

— 75%

— no differences on neurodevelopmental outcomes between
with DEHSI and without DEHSI

* cystic encephalomalacia and PWML
— significant predictors of cerebral palsy



Neurodevelopmental Outcomes at a Corrected Age of 18 Months to 2 Years
Ouicome Maasure With DEHSI 0 = 95) Without DEHSI (n = 31)

MDI score® a7 (105, 86) o7 (104, 85)
Savera cognitive dalay* 9 (o) 1 (3)

POI score® 93 (103, 84) 07 (103, 85
Savera psychomaotor delay® 1113 2 (B)
Cercbral palsy* Tim 2 (8)
Neurosansory impairment’ 1113 9 (29}

* Deztz zre medians excapt 2= otherwizs spachied. Numbars in parentheses ans the 75th znd 25th parcentiles, respacinely.
T Determined with the Wilcomon two-sample teat.

*[lata are numbers of patients except as otherwise specified, and numbers in peranthesss are percentzges.

% Detarmined with exact logistic regression analyss.

Radiology 2012; 263: 518-526.
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« DEHSI of the white matter represents a
prematurity-related developmental
phenomenon rather than white matter injury.



27 weeks infant with
MRI at 35 weeks

DEHSI and PWML

MRI at 24 months
c/w PVL

outcome: Cerebral palsy




punctate white matter lesion (PWML)

» spotty high signal intensity on T1-WI and low
signal on T2-WiI

— along the corona radiata and optic radiation, in the
posterior periventricular white matter

— no microhemorrhage on SWI

— decrease number by term

— similar to PVVL

— pathologically, cluster of activated microglia

— the increased risk of motor impairment
« PWML in corticospinal tract, wide-spread PWML

Rutherford MA, et al. Neuroradiology 2010; 52: 505-21




vascular congestion and activated microglia
Neuroradiology 2010;52: 505-521



Neuroradiology 2010;52: 505-521



Neuroradiology

b

2010;52: 505-521




Neuroradiology 2011; 53: 669-67/9

SWIZ AW TPWMLIZ2F85EH 5 LEHE
— hemorrhagic PWML and non-hemorrhagic PWML

hemorrhagic PWML more associated with
GMH and IVH

non-hemorrhagic PWML with white matter
Injury

mixed pattern

histologically, |
— early gliosis and necrosis | ;¢




Punctate WM lesions (arrows) appear as high-signal-intensity lesions on (a) T1-weighted MR image and as less pronounced low-

signal-intensity lesions on (b) T2-weighted MR image, but are not visible on (¢) T2*-weighted gradient-echo MR image, which is susceptible to
hemorrhages or calcification.

Radiology 2011;261: 899-906




DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY CLINICAL INSIGHT

Punctate white matter lesions in a late preterm-born infant with
hypoxic ischaemic encephalopathy: chronological change In
magnetic resonance imaging

TORU KATO' | AKIHISA OKUMURA? | TAKESHI TSUJI' | SEIJI HAYASHI' | MACHIKO KITO' | JUN NATSUME?

1 Departrnent of Pediatrics, Okazaki City Hospital, Okazaki, Japan 2 Department of Pediatrics and Adolescent Medicine, Juntendo University School of Medicine, Tokyo, Japan.
3 Department of Pediatrics, Nagoya University Graduate School of Medicing, Nagoya, Japan.

Comespondence to Or Toru Keto &t Department of Pediatrics, Okazaki City Hospital, 31, Goshoai, Koryujicho, Okazaki, Aichi, Japan. E-mail: kato-jes@ eminac. jp

Accapted tor publication Z2nd November 2011.

a b c

8 days 16 days 18 months

Developmental Medicine & Child Neurology 2012; 54: 862



punctate white matter lesion (PWML)
FREDBE R

PWML may imply a good prognosis, a normal
neurodevelopmental outcome
—  Cornette LG et al. Arch Dis Fetal Neonatal Ed 2002;86:F171-F177

reduced brain maturation: delayed myelination and
reduced cortical infolding
— Ramenghi et al. Neuroradiology 2007; 49:161-167

Useful for predict motor prognosis in preterm infants with
PVL

— Nanba Y et.al. Pediatrics 2007; 120: e10-e19
the increased risk of motor impairment
—  Rutherford MA, et al. Neuroradiology 2010; 52: 505-21

FA significantly lower in PLIC at term equivalent age
—  Pediatr Res 2011; 69: 561-566



Table 3

Presence of DEHSI, Punctate WM Lesions, and Ventricular Dilatation on MR Images and Neurodevelopmental Outcome at a Corrected
Age of 2 Years (n = 86)

Outcome Measure

DEHS|

Punctate WM Lesions

Ventricular Dilatation

No (n = 26)

Yes (n = 59)

None or < 6
(n = 67)

>6(n=8)

PValue

Normal/Mild
(n=21)

Moderate
(n = 45)

Severe
(n=18)

MDI score

Any mental delay

Moderate mental
delay

Severe mental delay

PDI score

Any motor delay

Moderate motor
delay

Severe motor delay

Cerebral palsy

Severe cerebral
palsy

Internalizing
problems?

Externalizing
problemst

Total problems?

93.7 +10.6*
2(7.7)
1(3.8)

13.8)
948 +12.9*

1(4.3)
0(©

1({4.3)
13.8)
1(3.8)

482 £10.2*
501 = 9.9*

490 =10.1*

972 £ 130"
3.5
1(1.8)

2 (3.6)
931 £ 16.3"

6(12.2)
242

4(8.2)
5(8.8)

0O

481 + 9.5*
50.6 = 9.4*

491 = 8.8

.66
42
>.99
> 99
.66
31
96
84

98

975 124"
3 (3.5)
1(1.9)

2(3.0)
9221128
2 (3.4
1(1.7)
1(1.7)
2(3.0

0 (0)

470 = 8.8*
492 + 9.2*

476 = 8.5*

89.3x 11.1*
2(143)
1(7.1)

1(7.1)

789 = 0.5*
5(35.7)
1(7.1)

4 (28.6)
4(25.0)
1(6.3)
535=1.8*
565+ 01*

56.4 = 9.3*

.02t
.20
.32

44
<.001t

002t

.35

97.2 7.6
0 (0)
0 (0)

0 (0)

95.2 = 0.5
0 (D)

0 (0)

0 (0)

1{48)

0 (0)

455 + 8.6*
494 +99*

473 + 83"

96.1 £ 143"
3(7.1)
1(2.4)

2(4.8)

96.7 £13.0*
3(8.3)

2 (5.6)
1(2.8)
1(2.2)

0 ()

50.1 = 9.8*
51.4+01*

50.7 = 9.6

944 + 125"
2(12.5)
1(6.2)
1(6.2)

852 + 21.3*

4(23.8)
0(0)

4(23.8)

4 (25.0)
1(6.2)

494 +99*
501 = 9.6

487 + 8.7*

Note.—Unless otherwise Indlcated, data are number of Infants and data In parentheses are percentages.
* Data are means = standard devlation.

t Slgnificant Pvalue.

* Based on child behavior checklist (31).

Radiology 2011; 261: 899-906
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AX == B B D spotty hyperintensity EEJJF%E&&L |
X = B B dDband-like hyperintensity
K= BB dcystic formation (+T1 hyperintensity)

Nanba Y, Matsui K, Aida N, et.al. Pediatrics 2007;120: e10-e19.
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Nanba Y, Matsui K, Aida N, et.al. Pediatrics 2007:120: e10-e19.



."\_ " ¢
Fla~V <2

EF2—DDRAELT, EBHEFHIEIZLS
|—J1=7?t£7%; SEDERN. F-EET1S

SHNHARZTEBLTLSEMNEIMN?

ODEIﬂJEl:lis EETR LY EIRETR DA NE

I TH D

L

Nanba Y, Matsui K, Aida N, et.al. Pediatrics 2007:120: e10-e19.



MR T, ERESHIEIER Téj_
ERZE HARBOBEBOFIELE
NDEESEFEFETR

Nanba Y, Matsui K, Aida N, et.al. Pediatrics 2007:120: e10-e19.



PWML D F & EDEER

 Useful for predict motor prognosis In preterm
Infants with PVL

— Nanba Y et.al. Pediatrics 2007: 120: e10-e19
« PWMLDE, KEE, LMY, (&, SfAIgE
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White matter injury In premature

Neonatal MRI to Predict Neurodevelopmental
Outcomes in Preterm Infants

Lianne |. Woodward, Ph.D., Peter |. Anderson, Ph.D., Nicola C. Austin, M.D.,

Kelly Howard, B.Sc., and Terrie E. Inder, M.D.

* N Engl J Med 2006; 355:685-694
« 167 very preterm infants < 30 weeks
 term equivalent MRI at 40 weeks

* severe cognitive delay, severe psychomotor delay,
cerebral palsy, and neurosensory (hearing or visual)
Impairment at 2 years of age



- MRI scorlng system

N Engl N Med 2006; 355:685-694



MRI scoring system: white matter

* using five areas of assessment within the white
matter with a score
— 1 (normal)
— 2 (mild abnormality)
— 3 (moderate-severe abnormality)
» for each area of assessment.
* The five areas of white matter abnormality that
were scored included:



1. The nature and extent of white matter

signal abnormality

his was scored based on the T1- and T2-
welghted signal abnormalities in the white
matter best observed in the axial imaging.

Grade 1: normal T1- and T2-weighted signal
throughout the white matter.

Grade 2: focal regions of high T1-or T2-weighted
signal (2 or fewer regions per hemisphere).

Grade 3: multiple regions of high T1- or T2-weighted
signal (more than 2 regions per hemisphere).




2. Periventricular white matter volume loss

 This was also scored based on the combined T1- and
T2-weighted imaging analyzing the ratio of
periventricular white matter to ventricular volume in
both the axial and sagittal imaging.

Grade 1: normal periventricular white matter volume usually
associated with small ventricles

Grade 2: mild reduction in white matter volume with mild to
moderate increased ventricular size.

Grade 3: marked reduction in white matter volume often
occurring with marked increase in the size of the ventricle

and/or extra-axial space.



3. Cystic abnormalities

his was easily assessed on any imaging view
or modality but occurred rarely (only 5 percent
or less of MR Images).

Grade 1: normal, with no cystic abnormality.

Grade 2: less than 2mm single focal cyst.

Grade 3: multiple cysts or a single larger (2mm or
greater) single focal cyst which is rare.




4. Ventricular dilatation

This was also scored based on the combined T1- and
T2-weighted imaging in both the axial and sagittal
Imaging.

Grade 1: normal with no evidence of ventricular dilatation.

Grade 2: moderate enlargement resulting in mild rounding of
the frontal horns, minimal enlargement of the temporal horns
and moderate enlargement of the occipital horns.

Grade 3: more global enlargement of a moderate to severe
nature including significant enlargement of the frontal,
temporal and occipital horns.



5. Thinning of the corpus callosum

 This was scored based on the sagittal and
coronal T1-weighted MR imaging.

 Grade 1: normal, with thick corpus callosum visible
In all views.

» Grade 2 :focal thinning in the corpus callosum often
visible in the mid region of the body of the corpus on
sagittal images.

« Grade 3 :global thinning across the entire corpus
callosum.




an overall white matter abnormality score

a) No a

onormality - Total score 5t0 6

b) mild

abnormality — Total score 7 to 9

c) moderate abnormality — Total score 10 to 12

d) severe abnormality — Total score 13 to 15.



assoclation between moderate-to-severe white-
matter abnormalities on MRI and subsequent
neurodevelopmental outcomes

risks of severe motor delay odd ratio: 9.79 (2.56-37.47)
risk of cerebral palsy odd ration: 8.39 (2.28-30.89)
more sensitive than US of IVH or cystic PVL

White matter abnormalities more sensitive to predict
than gay matter abnormality

A substantial proportion of children with moderate-to-
severe white-matter abnormalities were free of severe
Impairment at two years of age, worrisome MRI
findings may not necessarily result in severe
neurodevelopmental problems.



lwata S, Nakamura T, Hizume E, et al.
Qualitative brain MRI at term and cognitive outcomes at
9 years after very preterm birth. Pediatrics 2012;

129:e1138-e1177

76 very preterm infants
BW<1500g or GA<32 weeks

Neurodevelopmental Outcome at 9 Years in Subjects With or Without Abnormal MRI

Findings: Composite Assessment of White Matter

Normal {(n = a7}

IQ

Verbal 1008 + 129

Performance 935+ 124
Full scale 970+ 112

Incidence of cerebral palsy (%) 1(3)
Requirement for special assistance at school (%) 15 (41)

Abnormal (= 23)
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Neurodevelopmental Outcome at 9 Years in Subjects With or Without Abnormal MRI
Findings: Composite Assessment of Gray Matter

Normal (n = 46)

0
Verbal
Performance
Full scale
Incidence of cerebral palsy (%)
Reguirement for special assistance at school (%)

964 = 154
88.3 = 16.0
918 = 150
4 (9)
26 (57)

abnormal (n=14)

95.1 = 170
86.1 = 173
90.1 = 164
2(14)
8 (a7)
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Two component of PVL- focal and diffuse

JJ Volpe et al. Int J. Devl Neuroscience 2011; 29: 423-440
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Brain Injury in Premature Neonates:
A Primary Cerebral Dysmaturation

Disorder?

Stephen A. Back, MD, PhD'? and Steven P. Miller, MDCM, MAS>#

Annals of Neurology 2014; 75: 469-486




Micro
"\ Necrosis
1-5%

staining for 3-amyloid precursor protein, a marker of
axonal degeneration

Back SA, et al. Annals of Neurology 2014; 75: 469-486
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« White matter injury of prematurity
— prior PVL

— frequently accompanied by neuronal and axonal
disease affecting thalami, basal ganglia, cerebral
cortex, brain stem and cerebellum

— term: encephalopathy of prematurity

— etiology; hypoxic-ischemic injury, infection,
metabolic disease, hydrocephalus, congenital heart
disease



white matter injury of prematurity

« focal/multifocal cavitary white matter injury
— severe clinical manifestation

— decreasing, much less common < 5%
« AJNR 2003; 24: 1661-69, AJINR 2003; 24: 805-9,
 Acta Paediatr 2010; 99: 354-8

 focal/multifocal noncavitary white matter injury
— Intermediate clinical severity
— Increasing, 50% of premature neonate

o diffuse white matter injury:
— mildest clinical manifestation
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« focal/multifocal cavitary white matter injury
— cystic PVL:.CNIEHELEMRE RN IEZDPVLESLTLY

~-MRIE[{&

— USTILPVE higher grade — cystic change
— motor impairment; cerebral palsy
 focal/multifocal noncavitary white matter injury
— non-cystic PVLEE LN T - = ([EEDPVLIZED)

— MICronecrosis

— punctate white matter lesion (PWML)

o diffuse white matter injury

— conventional MRITIZE®EELTEBTEGL
— advanced MRI, DTI, connectivity study G2 T3
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one pitfall on MRI
frequently asked question

so-called terminal zone vs periventricular
gliosis

terminal zone: normal areas of slow
myelination dorsal and superior to the trigones

separated by thin band of myelinated WM vs
diretcly abuts the ventricular wall

loss of myelinated WM volume
Irregular ventricular wall






periventricular gliosis



Ternimal zone
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terminal zone: normal areas of slow
myelination dorsal and superior to the trigones

separated by thin band of myelinated WM vs
diretcly abuts the ventricular wall

loss of myelinated WM volume

Irregular ventricular wall in periventricular
gliosis
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* periventricular gliosis

« myelination delay
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Rolandic type of cerebral palsy
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— HIE DWIT®O{ESZ1t pseudonormalization

— HIE EEBDESES

1-2-3-4 A >

- TIWHIZ TEERNSES BFIZHH
- TIWHZ THRENSEE
- RERHOEEDEEEIEL

(““absent posterior limb sign™)
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 Profound asphyxia:
— basal ganglia injury
« Partial asphyxia

— germinal matrix hemorrhage (intraventricular
hemorrhage)

— periventricular white matter injury (periventricular
leucomalacia (PVL))




T1 hyperintensity at term

Pediatrics 2003:112: 1-7.



32W,1776g Ap 4/8, MRI at 36w gestation
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