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Choosing Wisely in Newborn Medicine: 
Five Opportunities to Increase Value.  

T Ho et al. Pediatrics 2015; 136(2):e482-9. 

There is insufficient evidence that the routine use of 
TEA or discharge screening brain MRIs in preterm 

infants improves long-term outcome 

Survivor of twin (GA 25 wks) 
TEA-MRI: moderate 
cerebellar damage from an 
unrecognized bleed 
 
Reply: Acta Paediatr.  
2012 101:1016-7.  
Janvier A, Barrington K. 
 

2012 101:1013-5 

Incidental findings on routine brain MRI scans  
in preterm infants  

Malova et al; Arch Dis Child Fetal Neonatal Ed 2017;102:F73  

•  IFs were detected in 28 out of 276 VLBW infants (10.1%).  
•  In total, 21 cases (7.6%) required an intervention, which 

was only diagnostic in 16 cases, and both diagnostic and 
therapeutic in 5 cases.  

GA 27 2/7 wk/BW 1100g 
PMG chance finding on routine MRI at 30 and 41 weeks 

MRI raised concern; 
Normal outcome (BSID 100) at 2 yrs 

GA  28 3/7 wk, 685 gram; SC because of HELLP 
Odd shaped VM from day 1 
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MRI at 30 wks PMA and at TEA: PMG 
Megalencephaly-Polydactyly-Polymicrogyria-Hydrocephalus 

(MPPH) syndromes with capillary malformation. 
Mirzaa GM  et al, Am J Med Gen 2012 

MRI helped to make the diagnosis 

Sequential cUS identifies lesions which 
are predictive of cerebral palsy, if: 

•  High resolution cUS is used with a good field of view 
•  cUS is performed every week till discharge and again 

at TEA 
•  The mastoid window is used as well to identify larger 

cerebellar haemorrhages (>4mm) 
•  Those doing the cUS have sufficient expertise 

However: cPVL (and thus CP) is becoming less 
common 

Trends in cerebral palsy among infants of VLBW (<1500 g) or 
born prematurely (<32 weeks) in 16 European centres: a 
database study. Platt MJ et al; Lancet.2007; 6;369:43-50. 

Change in incidence c-PVL and CP   
GA ≤ 32 wks 

Van Haastert et al I-C et al, J Ped 2011  
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Development of c-PVL, 2wks following CONS infection. 
Importance of field of view 

+2wks 2 wks 

Cysts 
‘gone’ in 
local 
hospital 
2 wks later 

Development of c-PVL, 2wks following CONS infection 

TEA 2 wks DWI 

Hemiplegia 
(Lt) 
BSID-III:  
105 CCS 

GA 30 
wks-1100 g 
cUS normal 

day 5 
Stroke 

diagnosed 
day 10 

Development of focal infarct, cUS prior to discharge. 
Importance of sequential cUS TEA-MRI and outcome at 9m 

GA 24 wks 
NEC at 31 

wks 

cUS 2 wks and MRI 3 weeks post surgery 

MRI 2 days before NEC 

before after 

Late 
onset   
c-PVL 

Preterm infant 29+3,  
Apneas day 9 

Unexpected small IVH 
day 9 with seizures 
confirmed on aEEG. 

 

Development of IVH and c-PVL, cUS for apneas day 9. 
Importance of sequential cUS 
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cUS and MRI at 41 
wks PMA 

DQ at 3 ½ yrs 100, 
mild diplegia, 
GMFCS level I 
 

Importance of cUS at TEA 

US/day n 1-7  8-14 15-21 22-28 29-35 36-42 43-49 40 wks 

IVH grade III     32 31 1  - - - - - 

IVH grade III +cPVL  6 0 1 2 1 2 - - - 

IVH grade IV     36 35 - - - - - - 1 

PVL grade I      303 303 - - - - - - - 

PVL grade II     17 - - 3 5 6 1 1 1 

PVL grade III    18 1 2 5 3 1 1 1 4 

Focal Infarction  12 1 6 3 2 - - - - 

 
19 infants developed “cysts” beyond day 28 

12/19 : cysts were detected on their weekly US 
6/19 first showed at 40 wks PMA 

17/19 developed CP 

Time of occurrence of major US abnormalities,       de 
Vries LS et al, J Pediatr 2004 

Screening Cranial Imaging at Multiple Time Points Improves 
Cystic Periventricular Leukomalacia Detection.  

Sarkar et al, Am J Perinatol 2015 

95 (14.3%) of 664 cPVL cases seen on early imaging were no longer 
visible on repeat screening closest to 36 weeks PMA.  
Such disappearance of cPVL was more common in infants < 26 
weeks’ gestation versus infants of 26 to 28 weeks’ gestation (18.5 vs. 
11.5%; p = 0.013). 

Cysts resolve!! Sequential imaging is very 
important to get the full picture. 

TEA 

GA 31+5;  
MRI at 36 wks and 

42 wks PMA;  
cysts gone, 

irregular dilatation 
and early glial 
scarring seen 

instead 

36 w 

TEA TEA 

36 w 36 w New MRI - White matter score  
Martinez-Biarge M et al, PLoS ONE 2016 

  First 2 wks 
after birth/insult 

2-6 wks after birth/
insult 

TEA 

Grade III Extensive 
(confluent) DWI 
abnormalities 

Extensive 
periventricular cysts 
  

  

Extensive periventricular cysts, and/or at 
least 2 of the following: 
Decreased WM volume and mild-moderate 
VM (>10mm), irregular in shape 
Extensive increased SI WM lesions on T1 
No/abn myelination of the PLIC 

T2 T1 DWI early TEA 
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Type of cUS lesion Likely Outcome 
Unilateral PVHI Unilateral spastic CP 
Bilateral c-PVL Bilateral spastic CP 
Unilateral stroke Unilateral spastic CP 
Cerebellar haemorrhage Rarely ataxia 

Major cUS abnormalities predictive of 
abnormal (mostly) motor outcome, well 

visualised with sequential cUS, similar to MRI 

Cranial ultrasound and MRI at term age in extremely preterms  
Horsch S et al, Arch Dis Child Fetal Neonatal Ed 2010;95:F310 

All infants with 
severe 

abnormalities 
(n=3, 4%) 

were identified 
as severe on 
MRI and cUS 

Prediction more subtle lesions less clear 

Brain atrophy and results of Bayley scales at 3 years 

Ultrasound diagnosis of brain atrophy is related  
to neurodevelopmental outcome in preterm infants. 

Horsch S. et al; Acta Paediatr 2005; 94:1815  

The relationship between ventricular size at 1 month 
 and outcome at 2 years in infants less than 30 weeks’ gestation. 

Fox LM et al, Arch Dis Child Neon and Fetal Ed 2014 

•  Ventricular size measured early 
in the postnatal course using 
linear ultrasound biometric 
measures correlate with 2-year 
outcome in very preterm 
infants. 

•  Larger lateral ventricles in the 
parietal region at 1 month of 
age are associated with poorer 
motor outcome at 2 years. 

Single TEA-MRI identifies severe as well 
as subtle lesions 

•  The right neonatal sequences are used 
•  Slice thickness is 1-2 mm rather than 5mm 
•  There is no or minimal movement artefact 
•  The MRI is performed at TEA, allowing assessment 

of myelination of the PLIC 
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I-III-PVHI 
 
 
 
PWML-
II-III 
 
 
Punctate
unilateral 
bilateral 

Single MRI at TEA  
 
•  - conventional T1 and T2 for identification of 

   *  White matter abnormalities 
   *  Punctate white matter lesions 
   *  Cerebellar abnormalities 
   *  Performing 2D- measurements      

The right neonatal sequences are used 
and 3T rather than 1.5 Tesla 

T2 weighted SE, UMCU 
From Whitby E et al, Pediatrics 2004 

1.5 T 3 T 

Use of fast sequences for movement artefact 
(BLADE/PROPELLAR/ T1-FLAIR-BLADE) 

Moved                     fast sequence            high resolution   

A good cUS tells you more than a poor MRI !! 

TEA- MRI will show (asymmetrical) myelination of the 
posterior limb of the internal capsule (PLIC)  

TEA 

2 yrs 

Myelination of the PLIC at TEA  
predictive of CP, not yet present at 36 wks! 
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Neonatal DTI early after birth predicts motor 
outcome after PVHI.  

Rose E et al. Pediatr Research 2015 

DTI at TEA 

GA 29 wks; blateral PVHI;  
Asymmetry DTI at 1 week 

Asymmetry of the PLIC and subsequent 
USCP, unexplained by sequential cUS 

GA 25 wk-750 g 

GA 24 
wks 

 
US at 

36 
PMA 

 
and 

 
 
MRI at 
TEA 

Missed PVL-II ? 

 
Brain development and maturation in the third trimester 

29+5 weeks 31+5 weeks 33+6 weeks 

39+6 weeks 38+0 weeks 41+4 weeks 

UMC Utrecht - WKZ data 
Courtesy Kristin Keunen 

 
Brain injury and altered brain growth in 

preterm infants: predictors and prognosis. 
Kidokoro et al. Pediatrics 2014 

 

Increased interhemispheric distance was associated with 
reduced cognitive development, independent of BPW. 
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Brain injury and altered brain growth in 

preterm infants: predictors and prognosis. 
Kidokoro et al. Pediatrics 2014 

 

Both the BPW z score and IHD were predictors 
of MDI scores (P = <001 in BPW,  

P < .001 in IHD)  in the multivariable analyses  

Predictive value of specific type of lesions 

Moderate-severe WMI 
Woodward et al; NEJM 2006 

 

WM signal abn. 
WM volume loss 
WM cysts  
Degree of VM 
Corpus callosum 
thinning. 

Neonatal white matter abnormalities an important predictor of 
neurocognitive outcome for very preterm children. 

Woodward LJ, PlosOne 2012 

At 4 and 6 years, very preterm children without cerebral white 
matter abnormalities showed no apparent neurocognitive 

impairments relative to their full-term peers 

Predictive value of specific type of lesions 
 

Punctate white matter lesions (PWML) 

N=83;  
outcome at 12-18 months 

Early and TEA-MRI 

Early Brain Injury in Premature Newborns Detected with MRI 
is Associated with Adverse Early Neurodevelopmental 

Outcome. Miller SP et al, J Pediatr 2005 
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Graph shows the number of infants with punctate WM lesions (PWML) on MR images per age group. 

Clinical Implications of MR Imaging Findings in the White 
Matter in Very Preterm Infants: A 2-year Follow-up Study.  

de Bruïne FT et al; Radiology 2011 

n=110 preterm infants 
(GA < 32 weeks) 
 
n=86 (78%) had FU at 
24 months CA 
 
PWML (26%)were 
significantly associated 
with  
MDI  (p = 0.02)  
PDI   (p < 0.001) 
CP    (p = 0.01)  

n=112 
2 MRIs 

n=67 
Linear pattern 
Low SI on SWI 

 n=19  
 mixed pattern   

 

Different patterns of punctate white matter lesions 
in serially scanned preterm infants. 
Kersbergen KJ et al, PlosOne 2014  

 n=26  
 cluster pattern   
high SI on DWI 

9/112 CP 
6 due to PVHI 
only 3 due to 

PWML 

Stochastic process for white matter injury detection in 
preterm neonates 

Irene Cheng, Steven Miller et al. Neuroimage Clinical 2015 

Automated method for detection and visualization of brain 
abnormalities in MR images acquired in 177 very preterm born 

neonates. This approach uses a stochastic process that estimates the 
likelihood of intensity variations in nearby pixels; 

Quantitative Assessment of White Matter Injury in Preterm 
Neonates: Association with Outcomes.  

Guo T et al. Neurology 2017 

Blue BSID ≥ 85; pink <85 

Predictive value of specific type of lesions 
 

Cerebellar haemorrhages 

Clinical impact of term-equivalent magnetic resonance 
imaging in extremely low-birth-weight infants at a 

regional NICU. Melbourne L et al; J Perinatol 216 
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Cerebellum of the Premature Infant: Rapidly Developing, 
Vulnerable, Clinically Important. Volpe JJ; J Child Neurol 2009 

Longitudinal Regional Brain Development and 
Clinical Risk Factors in Extremely Preterm 

Infants. Kersbergen KJ et al J Ped 2016 

258% 

Seeking a unified framework for cerebellar function and 
dysfunction: from circuit to cognition.  

D'Angelo E, Casali S. Front Neural Circuits 2013; 6:116 

The clinical presentation of preterm cerebellar haemorrhage.  
Ecury-Goossen GM et al; Eur J Pediatr (2010) 169:1249–1253 

Cerebellar hemorrhagic injury in premature infants occurs 
during a vulnerable developmental period and is associated 

with wider neuropathology.  
Haines KM et al, Acta Neuropathologica Communications 2013 

,  

27 weeks-515 g; cUS and simultaneous MRI  

1st wk 3rd wk TEA 

TEA 3rd wk 

Evolution of 
unilateral 
cerebellar 

haemorrhage 
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GA 28 6/7 wk; 750 g; complicated neonatal course; 
ataxia and learning disabilities at 5 years of age 25 wks- 850 g 

T2 T1 

Control left  for 
comparison 

Case right at TEA 

15 and 21m CA; walking at 18 
m CA; with BSID-III MDI 70 

T2 

4 yrs 

Progress  

The smallest 
haemorrhage 
visible sofar! 

T2 

SWI 

Hindbrain Regional Growth in Preterm Newborns and its 
Impairment in Relation to Brain Injury 

Kim H et al, Human Brain Mapping 37:678–688 (2016)  

Does Cerebellar Injury in Premature Infants Contribute to the 
High Prevalence of Long-term Cognitive, Learning, and 

Behavioral Disability in Survivors? 
Limperoupolos C. et al, Pediatrics 2007 
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Cerebellar Hemorrhage on Magnetic Resonance Imaging in 
Preterm Newborns Associated with Abnormal Neurologic 

Outcome. Tam E et al, J Ped 2011;158:245-50 

•  Cerebellar hemorrhage was detected on both cUS 
and MRI in 3/131 preterm newborns, whereas smaller 
hemorrhages were seen only on MRI in 10 newborns 
(total incidence, 10%). 

•  No association with the Wechsler -III but five fold 
increase in abnormalities of neurologic examination 

MRI and cUS at term equivalent age;  
prognostic value 
Selected papers 

MRI and US at term equivalent age;  
prognostic value 

•  Susan Hintz et al: Neuroimaging and 
Neurodevelopmental Outcome in Extremely Preterm 
Infants 

•  n = 480 infants <28 weeks’ gestation surviving to 
near term in the Neonatal Research Network. 

•  Outcomes included NDI or death and significant 
gross motor impairment or death, with NDI defined as 
cognitive composite score <70, significant gross 
motor impairment, and severe hearing or visual 
impairment 

Neuroimaging and Neurodevelopmental 
Outcome in Extremely Preterm Infants.  

Hintz S et al; Pediatrics 2015 
n=480; GA <28 wks 

Conclusions  

•  Sequential cUS will identify  
- major lesions, often resulting in cerebral palsy – 
- TEA-cUS will show VM and increased eCSF space 
   associated with motor and cognitive outcome 
 

•  TEA-MRI allows  
- assessment of myelination of  the PLIC 
- will allow 2D measurements (transcerebellar) 
- will allow quantitative MRI measurements (DTI) 
- will find chance findings (PMG) 

MRI should be performed in every ELBW infant 

      Yes: because 
•  cUS misses migrational 

disorders 
•  cUS misses infants who 

develop mild CP 
•  cUS unable to assess 

subtle WMI and small 
cerebellar lesions 

•  MRI is a wonderful 
research tool 

No: because 
•  cUS should detect all 

lesions that result in CP 
•  MRI only of additional 

value when done well 
using adjusted neonatal 
sequences in a baby who 
is not moving 

•  MRI is expensive 
•  Worry for the parents 

(Pierce R, Acta Paediatr 2012) 


