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Figure 1 Case 1 with perinatal asphyxia and MRI at day 3 of life. A T2 weighted images with slight T2 hyperintensity of the thalami, no striking signal abnormalities. B T 1 weighted images show abnormal high signal intensities in several cortical areas, sepcifically in the depth of sulci. Thalamic area slightly hypointense. C DWI shows striking lesions (dark) with ADC reduction in bilateral thalami and in some discrete central cortical areas
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Figure 2 Case 1 MRI 10 days after perinatal asphyxia. T2 weighted images show marked hyperintensities in bilateral thalami involving in part the internal capsule and mild ventricular dilatation.





Cho
A B
NAA
Cr
Lac
T ITETRITITI FITRe IR TTA IRTTRTRTI ITRITRITE
4 J 2 1




Présentateur

Commentaires de présentation

Figure 3 Case 2 A MR examination obtained at 12 hours after perinatal asphyxia. Axial T2 weighted image shows no signal abnormalities and single voxel 1H MRS performed over the right basalganglia shows markedly inclreased Lactate resonance with preserved NAA, Cr and Cho resonances. B DWI with axial ADC map shows no diffusion abnormalities.  C and D MRI at ten days after perinatal apshyxia C Axial T2 weighted images show areas of high and low signal intensity in the putamen and thalamus representing clear ischemo-hemorrhagique lesions D Axial Proton density images with excellent detection of the lesion extension.
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Figure 4 Case 2 Coronal and axial Inversion Recovery sequences with T1 weighted contrast at 10 days after perinatal asphyxia. T1 hyperintensities appear irregular (A,C) ( compare to regular distribution of beginning myelination in B). D 1H-MRS shows normalization of Lactate and reduction of NAA compared to 1H-MRS at day 1.
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Figure 5 Case 3 MRI on day 1 after perinatal asphyxia. Conventional MR Imaging reveals no signal abnormalities (not shown). DWI shows no overt lesions but ADC values measured in the left basalganglia (ADC 0.8mm2/ms)(circle) and central white matter (ADC 0.8mm2/ms) (square) respectively reveal markedly reduced ADC values compared to normal term neonates. The graph shows boxplots of ADC distribution in normal fullterm newborns in different regions of the brain (reproduced with permission from Rutherford M et al). 
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Figure 6 Case 3 MRI 7 days after perinatal asphyxia. Coronal T2 weighted images showing T2 hypo- and hyperintensities in the central white matter with additional left sided lesions in the internal capsule and lateral thalamus (see arrows).
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Figure 7 Case 4 MRI at day 2 after perinatal asphyxia (A-D). Conventional T2 weighted images on the level of the basalganglia and the high centrum semiovale show no  signal abnormalities (A,B). DWI shows striking hyperintensities in diffusion weighted images in the bilateral putamen and thalamus in (C) and some high signal in the central cortex (D). MR imaging at 10 days after insults confirms distribution of lesions with hyper- and hypointensities on T2 weighted images (E), typicial high signal intensity with good lesion definition in proton density images (F) , the perirolandic cortex shows typicial T2 and PD hyperintensity (G, I)
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Figure 8 Case 4 MR imaging at 2 months of age reveals the same lesions with marked atrophy and delay in myelination.
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Figure 9 Typical parasagittal distribution of T1 hyperintensities in cortical neuronal necrosis of deep sulcal cortex of another patient with acute perinatal asphyxia.
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Figure 10 Case 5 Term newborn with pathological fetal monitoring for several hours, meconium stained fluid and poor APGAR score with neonatal resuscitation. Axial T2-weighted imaging on day 2 shows diffuse T2 hyperintensities with loss of gray-white matter differentiation. DWI with markedly reduced ADC (ADC <1.0µm2/ms) values througout the brain (B) indicating ongoing necrosis. Chronic stage T2 weighted images with multicystic encephalopathy and massive ventricular dilatation.
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Introduction

Despite marked improvements in antenatal and perinatal care, perinatal brain injury remains
one of the most important medical complications in the newborn resulting in significant
handicap later in life. Early identification of brain injury and appropriate prognostication
though remain a major challenge to neonatal care. New diagnostic tools have emerged to
detect early brain injury and help predict outcome.

Magnetic resonance (MR) techniques are one of these new diagnostic tools that allow the
assessment of the developing brain in detail thanks to their resolving power and their non-
Invasiveness. Thelir capacity to provide detailed structural as well as metabolic and functional
information without the use of ionizing radiation is unique.

This syllabus will focus on the role of the different MR techniques in the study of perinatal
brain injury in the context of hypoxic-ischemic encephal opathy. The specific patterns of brain
injury identified by different imaging techniques will be illustrated by case presentations,
followed by the discussion of pathophysiologic and neurodevel opmental outcome associated
with the described brain lesion. This approach should allow the reader to make the right
choice of imaging method at the right time to decide on intervention, withdrawal of care and

accurate prediction of range of neurofunctional outcome.

Neonatal brain injury in the term infant is most frequently related to hypoperfusion and/or
hypoxemia followed by reperfusion as the infant is resuscitated, typically shortly after
delivery. Thisis summarized in the term “asphyxia’, progressive hypoxemia and hypercapnia
with significant metabolic acidosis occurring both antenatal, intrapartum and neonatal (48).
Perinatal asphyxia may lead to hypoxic-ischemic encephalopathy (HIE) which is the
clinically defined condition of disturbed neurologic function in the term newborn,
characterized by insufficient respiration, depression of tone and reflexes, altered level of
consciousness and often seizures (31). The subsequent neurological deficits of concern are
grouped together under the term of cerebral palsy (26, 30) but include different motor deficits,
such as spasticity, choreoathetosis, dystonia and ataxia. Further cognitive deficits and seizures
might also be the end-result of neonatal HIE. The maor varieties of neonatal HIE are listed in
Table 1.





Table 1. Major varieties of neonatal HIE (Modified from (49))

Major neuropathological varieties of

neonatal HIE in the term infant

Characteristics of the usual insult according to the

pattern of injury or pathogenesis of the injury

Selective neuronal necrosis;
- diffuse

- cerebral cortex - deep nuclear

Characteristics of the insult:
- very severe, very prolonged

- moderate to severe, prolonged

- deep nuclear —brainstem - severe, abrupt
- pontosubicular - unknown
Parasagittal cerebral injury (watershed | Pathogenesis:

injury)

Disturbance in cerebral perfusion dueto :

-parasagittal anatomical factors (arterial border-zones and
end-zones)

-impaired cerebrovascular autoregulation  (pressure-

passive state due to cerebral ischemia)

Foca and multifocal ischemic

necrosis

Pathogenesis:

Generalised systemic circulatory insufficiency (pre- or
post-natal)

-Intrauterine

-Neonatal

The occurrence of a neonatal neurological syndrome is one of the important conditions for

attributing intrapartum insults as a likely cause for the brain injury. The neurological

symptoms of a severe HIE are described in Table 2. Important systemic abnormalities (renal,

cardiac, hepatic...) related to ischemia accompany the neurological manifestations in most

cases but show no relation to outcome (43).

Table 2. Neurological syndrome of a severe HIE (modified from (49))

Birth to 12 hours 12-24 hours 24-72 hours After 72 hours

Deep stupor or coma Variable change | Stupor or coma | Persistent but diminished
Periodic breathing or respiratory | in aertness Respiratory stupor

fallure More seizures arrest Disturbed sucking,
Intact pupillary and oculomotor | Apneic spells Oculomotor and | swallowing, gag and
response Jitteriness pupillary tongue movements
Hypotonia and minimal | Weakness (upper | disturbance Hypotonia>hypertonia
movements/ limbs in terms Weakness (upper limbs in
occasionally hypertonia lower limbs in terms; lower limbs
Seizures preterms) prematures)






The following four cases of term perinatal asphyxia illustrate the clinical course, the
neuroimaging characteristics and the subsequent neurodevelopmental outcome and will
illustrate the role and appropriate timing of MR imaging in the evaluation of the term newborn
after perinatal asphyxia.

Case 1l

History: Term pregnancy with signs of fetal distress, cesarean section, low Apgar score,
perinatal acidosis (pH 6.99). On day 1 general hypotonia, tonic deviations of eyes, sucking,

smacking ““subtle seizures”. Normal neurologic exam on day 10.

Neuroimaging studies (see Fig.1): Neonatal head ultrasound performed on day 1 is normal.

MRI on day 3 reveals no significant signal abnormalities on T2 weighted images and some
signal hyperintensities on T1 weighted images especially in the central cortex. DWI shows
abnormal signal intensities with reduced ADC bilaterally in the thalamus and internal
capsule. Some discrete areas of reduced ADC are seen in the cortex. A repeat Follow-up
study on day 10 (see Fig. 2) shows thalami appearing hyperintense on T2 weighted images.

Clinical correlates in the neonatal period: This child developed signs of moderately severe

impairment of bilateral hemispheres which characteristically results in diffuse hypotonia. He
also presented with neonatal seizures of the ““subtle’” type which are thought to result from
diffuse cortical injury, and could be in relation with the discrete areas or reduced ADC seen
in the cortex. The normalization of the neurological examination at 10 days of life is a good
prognostic sign.

Long term clinical correlates: Ultimately he developed signs of moderate spasticity especially

in the upper limbs, but was able to walk unaided at the age of 3 years with a certain degree of
truncal hypotonia. His fine motor skills were delayed due to dystonic movements of the arms.
The onset of dystonia started around the age of 12 months and became more prominent with
time. He had no major cognitive deficits. The mild spasticity is explained by the involvement
of the central white matter (seen best on DWI at day 3) and the dystonia is the result of the
thalamoputaminal lesions. The relatively good outcome of this patient was in part predictable
from the normalisation of his neurological exam at 10 days of life. The diagnosis still is

dystonic CP with a spastic component.





Case 2

History: Term pregnancy with signs of fetal distress, emergency cesarean section for uterine
rupture, meconial aspiration, low Apgar score (1/3 /5), perinatal acidosis (pH 6.84). Initial
general hypotonia, then hypertonicity, no seizures

Neuroimaging studies: Neonatal head ultrasound performed on day 1 is normal. MRI on day

1 reveals no significant signal abnormalities on T2, T1 weighted images and on DWI Single
voxel 1H-MRS performed on basal ganglia reveals elevated lactate resonance at 1.3 ppm with
no loss of NAA (see Fig. 2). Follow-up MRI at day 10 shows bilateral thalami and putamen
appearing hyperintense on T2 weighted images with clear distinction on proton density
images with no cortical signal abnormalities (see Fig. 2). On T1 weighted images
hyperintensities in this region can be confounded with hyperintensities due to myelination
(see Fig. 3 and 4). 1H-MRS now shows normalization of lactate and reduction of NAA (Fig.
4)

Clinical correlates in the neonatal period: After a brief period of hypotonia, corresponding

most likely to the bilateral involvement of the reticular activating system in the
diencephalon, this child developed rapidly the characteristic hypertonia associated to basal
ganglia lesions and due to the involvement of the extrapyramidal system. It is interesting to
note that no seizure was observed, most likely in relation to the fact that there were no
cortical lesions.

Long term clinical correlates: this child developed striking truncal hypotonia and severe

dystonic posturing of the upper extremities limiting severely her motor development, although
there was no spasticity. She is unable to walk unaided at age 3 years. Her cognitive functions
are however preserved. The diagnosis is severe CP of the dystonic type.

Case 3

History: Term pregnancy with intrauterine growth restriction, fetal distress, cesarean section,
meconial aspiration perinatal acidosis, persistent pulmonary hypertension (pH 7.08)
Neuroimaging studies: Neonatal head ultrasound performed on day 1 is normal. MRI on day

1 reveals no significant signal abnormalities on T2 and T1 weighted images and standard
diffusion weighted images reveal no striking signal abnormality (see Fig. 5). ADC values
measured in the right basal ganglia (ADC 0.8mm%ms) and central white matter (ADC

0.8mm?/ms) respectively reveals markedly reduced ADC values compared to normal term





neonates (1.0-1.2/1.4) (38). 1H-MRS performed on basal ganglia reveals elevated lactate
resonance at 1.3 ppm with no loss of NAA. Follow-up MRI shows marked T2 signal
abnormalities in the basal ganglia with involvement of the left internal capsule with extension

into the central white matter in a parasagittal distribution (see Fig. 6).

Clinical correlates in the neonatal period: This infant did not develop striking neurological
abnormalities in the neonatal period. The only symptom was a moderate hypotonia, and some
weakness in the upper extremities.

Long term clinical correlates: Development of marked right upper extremity palsy at the age

of 6 months. The child did not reach for objects with the right hand and exhibited a spastic
position of the right arm during leg movements. In the ventral position, she was unable to
elevate her right arm. These impairments were in relation with the lesions of the left internal
capsule. Later, at age 18 months, she showed signs of hyperreflexia in the 4 limbs resulting of
the bilateral white matter lesions, but spasticity predominated on the right side, as a sequelae
of the unilateral left internal capsule lesion. Her cognitive performances were mildly delayed.
She was able to walk unaided at the age of 2 years. The diagnosis is spastic CP

predominating on the right side.

Case 4

History: Term pregnancy with uterine rupture at delivery. Perinatal resuscitation with Apgar
scores at 0/0/3 and severe perinatal acidosis. On day 1 development of a moderate hypoxic-
ischemic encephalopathy with lethargy and hypotonia . Efforts in arousing the infant resulted
in hypertonia and jitteriness . Spontaneous movements were diminished. Convulsions
appeared rapidly.

Neuroimaging studies: Neonatal head ultrasound performed on day 1 is normal. MRI on day

2 reveals no significant signal abnormalities on T2, T1 weighted images. Diffusion weighted
images reveal reduced ADC in bilateral putamen and thalami (see Fig. 7). 1H-MRS
performed on basal ganglia reveals elevated lactate resonance at 1.3 ppm with no loss of
NAA. Follow-up MRI at 17 days shows marked T2 signal abnormalities in the basal ganglia
and alteration of the perirolandic cortex bilaterally visible both on proton density images as
well as on T2-weighted images (see Fig. 7). At 2 months of age additional atrophy and delay
in myelination is present (see Fig. 8)

Clinical correlates in the neonatal period: The infant presented with neonatal seizures and a

disturbed level of consciousness which reflected the bilateral cortical lesions.





Long term clinical correlates: The child developed a severe spastic quadriplegia in relation

with the bilateral parasagittal lesions. Additionally, dystonia started around the age of 12-18
months . This extrapyramidal syndrome was the result of the additional basal ganglia lesions.
The child was thus severely disabled and unable to walk unaided. However the cognitive

impairment was mild.

Case 5

History: Term pregnancy with persistent signs of fetal distress, cesarean section, low Apgar
score with meconial aspiration and cardiorespiratory resuscitation

On day 1 general hypotonia, tonic deviations of eyes, sucking, smacking “subtle seizures”,
electroencephalographic status epilepticus.

Neuroimaging studies: Neonatal head ultrasound performed on day 1 shows small ventricles

and increased parenchymal echogenicity. MRI performed on day 5 shows extensive edema
with the cortex roughly isointense with white matter on T2- and T1 weighted images and
apparent sparing of the basal ganglia. On DWI markedly decreased ADC in both cortex,
white matter and basal ganglia (see Fig. 10 A, B). Follow-up MRI shows evolution into
multicystic encephalopathy with loss of both hemispheric gray and white matter and severe ex
vacuo hydrocephaly (see Fig. 10 C, D).

Clinical correlates in the neonatal period: the generalized hypotonia and the seizures reflect

the bilateral extensive cortical injuries. The status epilepticus which is not uncommon in full
term asphyxia is the sign of the severity of the insult.

Long term clinical correlates: the child developed a severe spastic quadriplegia with mental

retardation and microcephaly. Spasticity was a major issue. The seizure disorder remained
active during the first months of life. The EEG remained severely depressed indicating diffuse
cortical necrosis. The diagnosis is severe spastic CP.

See figures in attached Powerpoint file

MR techniques in the evaluation of perinatal asphyxia or HIE

MR has become the technique of choice to evaluate the ischemic brain both in adults and in
the newborn (37). Advanced MR imaging techniques, such as the use of diffusion weighted
imaging and MR spectroscopy have further improved the MR capability to investigate the
neonatal brain. Generally to increase the signal-to-noise ratio, a higher field Magnet (1.5-3T)





should be used, alowing for high resolution imaging and increased sensitivity for
spectroscopy (13, 39).

Conventional MRI Sequences and features in HIE:

The basic information in conventional MR imaging is represented by T1 and T2-weighted
images. Proton density and FLAIR images help illustrate brain lesions with dlightly different
contrast than T1- and T2 weighted images. A neonatal MR imaging protocol should provide
good quality T1- and T2 weighted images with a maximum field of view of 16-18cm and a
dlice thickness of 3mm or less. Due to increased water content of the neonatal brain with
longer T1 and T2 relaxation times the repetition time should be increased in both T1-weighted
and T2-weighted imaging sequence. Typically MR sequence parameters for T1-weighted
images should include an increased TR to 800 ms and a TR above 5000 ms with a TE of 125-
150 ms for T2-weighted imaging (37, 47). To compensate for along TR the echo-train-length
can be increased.

Selective neuronal necrosis after perinatal asphyxia

As shown in the three cases above with a history of acute perinatal asphyxia, selective
involvement of areas with advanced maturation and higher energy demands, i.e. the putamen,
lateral thalami and perirolandic cortex are particularly vulnerable. Characteristic changes
representing selective neuronal necrosis in these areas on T1-weighted images are T1
hyperintensities, which become apparent 3-7days after the insult. These T1-hyperintensities
might represent cellular reaction of glial cells and macrophages containing lipid droplets
and/or some mineralisation of necrotic cells. Some difficulties identifying these lesions arise
from the fact that early myelination shows the same image characteristics (21). T1-
hyperintensities in the internal capsule due to beginning myelination need to be differentiated
from lateral thalamic lesions and lesions in the putamen. Often the posterior limb appears
swollen and has lost its norma T21-hyperintensity/T2-hypointensity, which has a bad
prognostic value with spastic hemiplegia being associated (42). On T2-weighted images
thalami might appear dightly hyperintense in the acute phase (see Case 1) but these signal
changes tend to be very difficult to detect. T2-hyperintensities become more apparent in later
stage, illustrated also by well-defined lesions on proton-density images (see Case 2).
Evolution of these lesions is marked by progressive atrophy of the involved area (i.e.
putamen, thalami, rolandic cortex) with persistent T2-hyperintensity and possible cavitation
(42).





Of note, similar lesions in the bilateral thalami, lenticular nucleus and globus pallidum can be
detected also in premature infants with documented severe anoxic insults, most frequently
associated with the typical periventricular white matter injuries (1).

Parasagittal cerebral injury

Isolated parasagittal injury refers to a lesion of the cerebral cortex and the subcortical white
matter with a defined distribution, i.e. parasagittal, superomedia aspects of the cortical
convexities, usually bilateral but often asymmetric in its extension (27). During the acute
phase the cortex might show increased T1-weighted signal intensity or little abnormality on
conventional MR imaging (see Figure 9). Chronic changes involve cortical thinning and
atrophy.

Multicystic Encephalomalacia

Case 5 shows another form of brain injury associated with HIE. Early on (<2days),
conventional MRI is characterised by a diffuse T1-hypointensity and T2-hyperintensity
involving both the cortex and the subcortical white matter but sparing the cerebellum and the
more basal structures of the medulla (see Fig 10). Late intrauterine generalized prolonged
systemic circulatory insufficiency is probably at the origin of these lesions, which evolve into
severe cortical atrophy with cavitation and are invariably associated with a severe
neurological syndrome.

Diffusion weighted Imaging Sequences and Features in HIE:

Diffusion weighted MR imaging (DWI) measures the self-diffusion of water. The two
primary pieces of information available from DWI studies — water apparent diffusion
coefficient (ADC) and diffusion anisotropy measures — change dramatically during
development, reflecting underlying changes in tissue water content and cytoarchitecture (14,
25). ADC being a quantitative measure (velocity) of overal water diffusion in tissue and
anisotropy being a measure of directionality of water diffusion in a given tissue. The
developing human brain presents several challenges for the application of DWI. Values for
the water diffusion parameters differ markedly between neonatal brain and adult brain and
vary with age. As a result, much of the knowledge regarding DWI derived from studies of
mature, adult human brain is not directly applicable to the developing brain.

In order to perform DWI, the optimum b value required to make the measurement has to be
optimized, as it differs between the newborn and adult brain. In general, a b value
corresponding to approximately 1.1/ADC provides the greatest contrast-to-noise ratio for such
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a measurement (4). In neonatal brain, the high b value is typically on the order of 700-1000
mm?/s.

DWI parameters also change in response to brain injury. The decrease in water diffusion
associated with injury was initially described for animals (24, 36) and adult human
stroke(50), and was subsequently confirmed for human infants (38). Case 1 and Case 4
clearly show the marked reduction of ADC in the basa ganglia with only dlight
hyperintensities on T2-weighted images which can be easily missed. DWI in this case detects

the lesion more reliably.

There is still debate on the precise mechanism for the decrease in the apparent diffusion
coefficient (ADC) associated with injury. Changes in ADC following injury are dynamic.
ADC values are initially decreased, but subsequently increase so that they are greater than
normal and remain so in the chronic phase of injury. During the transition between decreased
and increased values there is a brief period during which values are normal, a process referred
to as «pseudonormalization». Pseudonormalization takes place roughly two days following
stroke in a rat model (17) and at approximately nine days following injury in adult human
stroke (5). Preliminary data indicate that the timing of pseudonormalization in human
newborns follows more closely that of adult humans than that of rodents, taking place at
roughly seven days following the injury (23). Interpretation of ADC values to detect acute
brain injury in the developing brain needs to be adjusted for the regional differencesin ADC
values according to age (see Fig.5) (38). Case 3 illustrates that without numerical
measurement of ADC, acute tissue alteration on diffusion maps can be missed.

Case 2 illustrates that in the human newborns very early (<24h) DWI might also miss
detection of ischemic injury, which has been reported in several studies (22, 34, 45).

From these studies we can summarize the current role of DWI in the evaluation of the term
newborn with HIE:

1) DWI obtained less than 24h after injury may demonstrate focal abnormalities when
measuring ADC values and comparing them to regional age-corresponding values,
however the full extent of lesions might not be detected.

2) DWI with ADC measurement obtained between day 2 and 4 may detect lesions not
detected by conventional MRI

3) DWI a 7-10 days is less senditive then conventiona MRI due to the
“pseudonormalization”.
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Magnetic Resonance Spectroscopy in HIE:

Proton magnetic resonance spectroscopy (*H-MRS) has also entered the clinical arena of MR
techniques routinely used for the evaluation of the brain and permits the non-invasive study of
metabolic alterations in the brain tissue.

The physiologist is usualy interested in the intracellular concentration of a chemical species
in aparticular cell type. It must be noted, though, that the in vivo human MR measurement in
single voxel MRS is an average (over the sensitive volume) of all tissue types. In the brain,
therefore, we generally assess a combination of glial and neuronal cells with different
extracellular space depending upon how much white matter, gray matter, or cerebrospinal
fluid the volume-of-interest contains.

When oxidative phosphorylation is impaired, energy metabolism follows the alternative route
of anaerobic glycolysis and produces lactic acid. Lactate has a chemical shift of 1.3ppm and

presents as a doublet peak in the in vivo 1H-MRS due to coupling effects. Groenendal et al
first described markedly elevated lactate levelsin 5 infants with severe perinatal asphyxia (9).

The five patients died within the neonatal period. 1H-MRS data has been generated that

demonstrates regional differences in lactate elevation after hypoxic-ischemic events in

newborns. Single volume 1H-MRS in these patients showed greater increase of the Lac/NAA
ratio in the basal ganglia than in the occipitoparietal cerebrum (29) This corresponds to the
signal abnormalities observed with early diffusion weighted imaging (DWI) after term
hypoxia-ischemia. Case 2 illustrates the typical changes in 'H-MRS after term perinatal
hypoxia-ischemia.

Early spectroscopy (<18h after event) and measurement of high Lac/Cr ratio in 1H-MRS
correlated well with neurodevelopmental outcome at 1 year (10). This acute phase lactic
acidosis is followed by persistently elevated lactate levels not associated with acidosis 1-2
weeks after the event to severa weeks after the hypoxic-ischemic event (11, 32, 33).
However, 1H-MRS performed in the first 24h after the insult is sensitive to the presence of
hypoxic-ischemic brain injury, and seems to be suitable for the detection of brain injury on
the first day when conventional MR imaging and DWI might not yet detect the injury. Early
MR spectroscopy has recently been shown to predict outcome more accurately than very early
DWI aone (52).

As markers of cell integrity other metabolites visible on 1H-MRS can be used for the
assessment of hypoxic-ischemic encephalopathy. Ratio’'s of NAA/Cho and NAA/Cr have
been used to assess cellular metabolic integrity in neonatal brain injury (8, 15, 28, 35). Studies
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using *H-MRS at a distance (>1-2weeks) to the hypoxic-ischemic event showed good
correlation between reduced NAA ratios with adverse neurodevelopmental outcome (28, 33,
35, 44)where asin early (acute stage) IH-MRS NAA ratio’ s are not correlated with outcome.

From these studies we can summarize the current role of *H-MRS in the evaluation of the
term newborn with HIE:

1) 'H-MRS can play an important role in the assessment of encephal opathic term infants.
Elevated lactate/NAA, lactate/creatine, and |actate/choline ratios or elevated absolute
concentrations of Lactate at less than 24h reliably indicate cellular injury.

2) 'H-MRS might therefore be more useful than DWI techniques in identifying infants

who would benefit from early therapeutic interventions.

MRI in the settings of therapeutic neonatal hypothermia

Mild therapeutic hypothermia is now recognized as the only available treatment after
hypoxic-ischemic neonatal brain injury (12). In such an acute context, thorough assessment of
brain integrity is mandatory in order to manage the patient and help the family. Estimating the
severity of neonatal resuscitation, the neurological status according to Sarnat classification
and assessing the electroencephalographic trace are so far the only available bedside tools.
Cerebral ultrasonography, unfortunately, has limited predictive value in the setting of acute
neonatal brain injury. MRI in this setting requiring close collaboration between the
neonatologists, nursing staff and neuroradiologist will give a thorough assessment of brain
integrity and map out the extent of injury following asphyxia and might guide neuro-
interventions such as hypothermia.

To date few studies have addressed the question of how MRI can be used, when assessing
newborns undergoing therapeutic hypothermia or after the completion of therapeutic

hypothermia.

MRI during hypothermia:

The rational of performing an MRI during hypothermiais to answer whether there is massive
brain injury questioning ongoing medical treatment with possible withdrawal of life-

sustaining therapies and eventually whether this is significant well established injury dating
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the time of insult before birth. It is possible aso that it might be used in the future to monitor
and tailor the length of hypothermia.

The guestion becomes. what do we know of the validity of neonatal cerebral MRI under
hypothermia? What are the effects on proton spectroscopy? What are the effects on diffusion-
weighted imaging?

The ADC has a biphasic evolution following HI in newborns in conditions of normothermia
(22) . Animal data has shown that ADC decrease corresponds to cytotoxic edema with
ongoing cell death and that it's measure correlates with caspase-3 activation (18) as well as
with the neurodevelopmental outcome (2).There is no data to date showing the nature of the
ADC evolution under therapeutic hypothermia in human newborns. Is the biphasic evolution
identical both in its time course and in its amplitude for a comparable injury? The
measurement of the ADC is directly influenced by temperature, with a calculated 6 %
reduction of the ADC at 33.5 degrees Celsius. Referring to normative data established by
Rutherford et al.(38) in conditions of hypothermia the measurement of ADC in normal un-
injured tissue might give falsely decreased measures, although the hypoxic-ischemic brain
regions express generally a much higher reduction with 35% or more. Moreover the direct
effect of localized cortical cooling in rhesus monkey has been shown to induce a measurable
decrease in ADC only with temperatures as low as 20 degrees Celsius (16). The question
remains whether the ADC in this setting is a reliable biomarker of injury. In a small
prospective cohort, qualitative analysis of MRI during hypothermia has been performed on
day of life 1, 2 and 10 (51) Restricted ADC regions could be identified in case of brain injury.
Similarly to normothermic condition, significant injury was better defined on ADC map on
day 2 rather than within the first 24h of life.

Phosphorus spectroscopy has been studied during hypothermia in an animal model with a
keystone article showing that therapeutic hypothermia reduced the degree of second energy
failure after hypoxic-ischemic injury (46) Temperature changes will induce minimal chemical
shift of the water peak that can be used to quantify temperature when studied in relation to the
temperature-independent shift of the neighboring metabolites (3, 6, 19)and should not affect
the magnitude of metabolic peak of lactate or NAA. Clinical experience and data published by
Wintermark and colleagues (7)show that MRI and MRS remains areliable tool to assess brain
integrity during hypothermia. Interestingly, the repeat exam on day 2 showed greater increase

in lactate than the exam done within afew hours of birth.

MRI performed after hypothermia:
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The rational of performing a MRI after the completion of therapeutic hypothermia is to
establish the extent of brain injury. The question in this setting is when is the best time to

perform the exam? Isthe MRI valid?

Conventional T1-weighted and T2-weighted after completion of hypothermia (8 days of life
(6-11) has been demonstrated to have the same predictive ability when compared to non-
cooled newborn infants(40){ Cheong, 2012 2188 /id}.Unfortunately the TOBY trial didn’'t
include early predetermined timing for MRI with the precise analysis of the ADC. Massaro
and colleagues found that T2 hyperintensity quantification of the putamen and the thalamus
when normalizing to the ocular vitreous signal intensity had superior predictive value
compared to T1 or ADC analysis (20). In this study the MRI was performed during the second
week of life, explaining why the ADC had limited value, as injury can produce an ADC value
within to the pseudonormalization timeframe. Further studies are needed to define lesion

evolution by MRI in neonatal HIE and hypothermia treatment.
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