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Preparation and Environment

Feed & Wrap

MR Compatible Incubator (Lammers)

Clinical monitoring with presence of neonatologist 
and/or neonatal nurse



Feed and Wrap

• Feed: to induce sleep 

• Wrap: swaddling them snugly in a blanket or a vacuum 
mattress

• Newborns < 3 to 6 months old

• Avoid sedation or general anesthesia



Appropriate Coils

Magnetic Resonance in Medicine 66: 1777 – 1787 (2011) 



Appropriate Coils

Specifically designed 
neonatal coils

Suitable for small head
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Optimised Protocol

TR 10.000, TE 270 TR 5.000, TE 105 



3T - Why high resolution?

The evolution of radiology is based on the continuous 
improvement of the 3 faces of imaging resolution:

ü Space
ü Contrast
ü Time

This is especially important in Neonatal and Paediatric Brain
ü Small
ü Different contrast between G/W matter
ü Time sensitive



3T x 1.5T

S/N

MORE SIGNAL
Less time, equal spatial resolution
Equal time, more spatial resolution

MORE NOISE
Same parameters, more artefacts



3T x 1.5T

3T

0.38 ml imaging

1.5 T

1.7 ml imaging 

Look at the contrast !
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3T – The standard

0.45 x 0.57 x 3.0 mm = 0,769 ml 

Time: ~ 4 min 



T1 MPRAGE

Neonates have long T1 times, low WM–GM contrast

Standard 3D MP-RAGE protocols → long (~9 min), motion-prone, lower diagnostic 
yield

Optimised MP-RAGE provides fast, high-quality 3D T1 imaging in neonates, with 
better SNR/CNR and clinical usability.

He L, et al. Optimization of magnetization-prepared rapid gradient echo (MP-RAGE) sequence for neonatal brain MRI. Pediatr Radiol. 2018 
Aug;48(8):1139-1151. doi: 10.1007/s00247-018-4140-x. Epub 2018 May 2. PMID: 29721599; PMCID: PMC6148771.



MPRAGE



T1 MPRAGE
Optimization strategy

↓ Receiver bandwidth → reduces noise

↓ Acquisition train length (via partial Fourier 6/8) → boosts contrast

Bloch equation simulations with neonatal tissue properties → tuned flip angle, TI

He L, et al. Optimization of magnetization-prepared rapid gradient echo (MP-RAGE) sequence for neonatal brain MRI. Pediatr Radiol. 2018 
Aug;48(8):1139-1151. doi: 10.1007/s00247-018-4140-x. Epub 2018 May 2. PMID: 29721599; PMCID: PMC6148771.



T1 MPRAGE

SNR efficiency ↑ 160%

CNR efficiency ↑ 26%

Scan time ↓ 60%

Higher image quality, fewer motion failures

He L, et al. Optimization of magnetization-prepared rapid gradient echo (MP-RAGE) sequence for neonatal brain MRI. Pediatr Radiol. 2018 
Aug;48(8):1139-1151. doi: 10.1007/s00247-018-4140-x. Epub 2018 May 2. PMID: 29721599; PMCID: PMC6148771.



T1 MPRAGE



DWI
Higher water content → higher ADC values in neonates

Motion sensitivity → echo-planar imaging (EPI) is fast but prone to 
motion and susceptibility artifacts

Timing after HIE → DWI is most pronounced at 1–4 days of life; 
pseudonormalization can occur around 7–10 days

1.5T: Lower SNR – reduce B value to gain some signal (B800 instead 
of B1000)



Lakatos A et al (2019). Neurodevelopmental effect 
of intracranial hemorrhage observed in hypoxic 
ischemic brain injury in hypothermia-treated 
asphyxiated neonates - an MRI study. BMC 
Pediatrics. 19. 10.1186/s12887-019-1777-z. 



SWI

Haemorrhage: 
germinal matrix, intraventricular, parenchymal, subdural

Venous anatomy and thrombosis

Characterizing HIE
venous prominence, microbleeds

Calcifications (e.g., congenital infections)

Vascular malformations and stroke sequelae



SWI

“Brush sign” 
Conspicuous medullary veins

venous congestion
increased deoxyhemoglobin
impaired superficial venous drainage



Brush Sign 

Xie, Q., Liao, YH., He, Wj. et al. Evaluation of Neonatal Cerebral Circulation Under Hypoxic Ischemic Risk Factors Based on Quantitative Analysis of 
Cerebral Veins with Magnetic Resonance Susceptibility Weighted Imaging. Clin Neuroradiol 34, 859–869 (2024). https://doi.org/10.1007/s00062-024-
01432-0



FLAIR ⚠

Incomplete myelination + high water content → leads to high signal 
intensity, can mimic lesions

Low sensitivity in very young neonates (<1 month) → often less useful 
than T1, T2, and DWI at this age

Longer acquisition time → increases risk of motion

Poor SNR in small brains → requires optimized coils and careful 
parameter selection



FLAIR 
post gad
Useful when detecting abnormalities in the subarachnoid spaces or dural layers 

Sturge Weber

Newborn

2y old

T2W SWI T1W post cont FLAIR post cont
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Compressed SENSE (CS)

Advanced MRI acceleration technique that combines:

SENSE (Sensitivity Encoding): parallel imaging technique 
uses the spatial sensitivity of multiple coil elements to 
reduce scan time

Compressed Sensing (CS): reconstruction method 
allows accurate image reconstruction from undersampled
k-space data.



Compressed SENSE (CS)

• Key idea:
•

By combining Sensitivity Encoding and Compressed Sensing, 
CS MRI can significantly shorten scan times while 
maintaining image quality, which is especially crucial in 
neonates who are prone to motion.



Compressed Sense

Benefit Explanation

Shorter scan time Reduces total examination time by 30–50% or more.

Reduced motion artifacts Faster acquisition reduces blurring from involuntary movements.

High-resolution imaging Maintains fine anatomical detail despite undersampling.

Lower sedation Minimizing scanning time reduces the need for sedation.

Flexible protocol design Enables more sequences in the same session (DWI, SWI, FLAIR, 
T1, T2).

Vanasawala et al.  Pediatric MR Imaging with Compressed Sensing. Radiology. Published Online: Aug 1
2010 https://doi.org/10.1148/radiol.10091218

https://doi.org/10.1148/radiol.10091218


Compressed Sense
0.45 x 0.57 x 3.0 mm = 0,769 ml 0.3x0.3x1.1 mm = 0,099 ml (99nl) 

Possible to further reduce the spatial resolution below the limit of 0.1 ml (100 nl) 



Compressed Sense

0,769 ml 0,099 ml (99nl) 

Band Heterotopia



MR Spectroscopy

Mitra S, et al. Arch Dis Child Fetal Neonatal Ed 2019;104:F424–F432. doi:10.1136/archdischild-2018-315478 

Lactate/N-acetylaspartate within 2 weeks of birth

Accurately predicts 2-year motor, cognitive and language outcomes in neonatal 
encephalopathy after therapeutic hypothermia

BGT Lac/NAA threshold of 0.39 sensitivity and specificity for 2-year: 

• motor outcome 100% and 97%
• cognition 90% and 97% 
• language 81% and 97%



MR Spectroscopy

Mitra S, et al. Arch Dis Child Fetal Neonatal Ed 2019;104:F424–F432. doi:10.1136/archdischild-2018-315478 



ASL

Proisy et al. AJNR Am J Neuroradiol 37:1766 –73 Oct 2016 

HIE neonate treated with hypothermia

Day 3

DWI:  ischaemic injury in the thalami, lentiform 
nuclei and frontal watershed areas

ASL: higher perfusion in same areas
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Chemical structure GBCA



Chelate stability

• Macrocyclic agents are more stable and less prone to 
release gadolinium ions than linear

• Nephrogenic systemic fibrosis (NSF): stability of the chelate 
appears to have a role in the development of NSF in patients 
with renal impairment

Bhargava R, et al. Contrast-enhanced magnetic resonance imaging in pediatric patients: review and recommendations for current practice. Magn
Reson Insights. 2013 Oct 20;6:95-111. doi: 10.4137/MRI.S12561. PMID: 25114547; PMCID: PMC4089734.





Summary

• Preparation: coils, feed / wrap

• Tailored acquisition: correct parameters

• Magnet: high resolution, advanced techniques 

• GBCA 
has to be justified
macrocyclic



Muito Obrigada!

• NHNN Neuroradiology Team

• UCLH Neonatology Team

• Magda Sokolska (UCLH Clinical Scientist)

• Dr Fabio Triulzi - University of Milan 
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