






and scanned at different postmenstrual ages, impairing
interpretation of time related changes in perfusion. Hence,
we cannot report on brain maturation effects—that is,
the evolution of rCBF—as we only obtained perfusion
measurements once in each infant studied. Thirdly, in
nine out of 27 infants examined, gross image artefacts
were observed which corrupted the time varying signal
intensity (resulting from the bolus passage) within the
dynamic MR data set. Inspection of the images used in the
calculations of rCBF showed that the artefacts occurred
because these patients moved their heads during the first
pass of the injected contrast bolus. Finally, the acquisition
technique acquired only qualitative measures of perfusion
or relativeCBF. We chose not to attempt quantification as
this would require characterisation of the input of the
contrast agent. We designed our measurement protocol to
characterise the rapid first pass of the contrast agent and
assumed an idealised instantaneous input of contrast agent
to the brain.

Interpretation of data acquired
In spite of the difficulties outlined above, our preliminary
results suggest that characterisation of the bolus passage
becomes progressively easier as the brain matures. Images of
rCBF acquired from older infants (fig 1B,D) are comparable

to previously published data obtained from adults. In
contrast, the rCBF data acquired from premature neonates
often showed regions where it was not possible to calcu-
late relative values of perfusion. Such perfusion voids
were predominantly observed within the white matter,
whereas flow in the grey matter was well detected. These
observations probably reflect the lower levels of cerebral
perfusion found in neonates and young infants compared
with the adult brain. This finding may also confirm
observations obtained from other imaging modalities, show-
ing that blood flow to the white matter appears to be
particularly low in the premature human infant (only 17% of
the flow to grey matter).10 Caution is necessary, however,
when interpreting the observations obtained for the current
cohort of patients, as any effects on blood flow arising from
their cerebral pathology or possible hypotensive episodes are
unknown. It may be possible to improve the sensitivity of the
rCBF measurement in prematurely born neonates by
improvements in scanner hardware, the use of different
TEs, or larger doses of contrast agent. This is being
investigated.

The perfusion maps acquired in newborn infants are
similar to those obtained from the healthy adult brain in
that higher blood flow rates were observed in the cerebral
cortex than in the white matter.

Figure 1 Magnetic resonance (MR) structural-functional comparison. Conventional T2 weighted images (A and C) versus MR perfusion images (B and
D); axial sections obtained at two levels of the brain. Functional data are displayed using a non-linear colour scale. CW, Circle of Willis; SS, sagittal
sinus; L, left. See text for further details.
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Finally, we have shown that perfusion voids detected early
in life in term newborn infants may be associated with a
poor neurodevelopmental outcome. Whereas oedema was
the only abnormality detected in the initial T2 weighted
data of an asphyxiated infant (fig 2A), the image of
rCBF obtained during the same neonatal period showed
evidence of a perfusion deficit both bilaterally in the
prefrontal cortex and posterior to the occipital horns of the
lateral ventricles (fig 2B). These areas of hypoperfusion
may reflect the severe hypoxic-ischaemic brain damage
resulting from the insult. The posterior perfusion deficits
correspond to the occipital cystic lesions seen on follow up,
whereas the frontal perfusion deficit possibly precedes the
frontal brain atrophy (fig 2C). We included, for comparative
reasons, the rCBF image from a different 14 day old neonate
who was suffering from fits in the days just before the MR
examination and in whom no obvious regions of perfusion
deficits were characterised (fig 2D). We are therefore

confident that the areas indicated by arrows (fig 2B)
correspond to regions of hypoperfusion, as perfusion was
relatively easy to detect elsewhere within the cerebral
cortex. Where extensive perfusion voids were detected,
however, this may have reflected the characteristics of the
delivery of the contrast bolus, and caution is required when
interpreting the data. Further comparative measurements
involving both healthy subjects and patients may have
increased the number of perfusion abnormalities detected
in this study.

In summary, the rCBF images provide data at a sufficiently
high resolution to allow differences in perfusion to be
detected in different regions within the brain. Our prelimin-
ary study suggests that artefacts arising from head motion
still present considerable obstacles in DSCE perfusion
measurements, particularly during examination of the pre-
term neonatal brain. In spite of the difficulties mentioned,
the results show that it is possible to identify perfusion

Figure 2 Magnetic resonance (MR) structural-functional comparison in hypoxic ischaemic encephalopathy. Conventional T2 weighted images (A and
C) versus MR perfusion images (B and D); axial sections obtained at two levels of the brain. Colour conventions as in fig 1. Arrows indicate regions of
hypoperfusion in the occipital cortex at the age of 13 days (B) corresponding to cystic lesions in the conventional MR at the age of 10 weeks (C). A–C
were acquired from a patient with hypoxic ischaemic encephalopathy, whereas D was obtained from a different patient with convulsions. See text for
further details.

Cerebral perfusion in neonates and infants F529

www.archdischild.com

 group.bmj.com on February 10, 2012 - Published by fn.bmj.comDownloaded from 

http://fn.bmj.com/
http://group.bmj.com/


abnormalities. We believe that this type of measurement
holds great promise for future studies of normal and
abnormal brain function in a variety of illnesses. Early
identification of newborns that may later develop a neuro-
developmental handicap is important in order to counsel
parents and to guide further treatment. It is our hope that
the technique of perfusion MR will both elucidate the
complexities of the developing brain and help to develop
more effective treatments for brain injury in the newborn
infant.
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