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Purpose: To test the feasibility of pediatric perfusion imaging
using a pulsed arterial spin labeling (ASL) technique at 1.5 T.

Materials and Methods: ASL perfusion imaging was car-
ried out on seven neurologically normal children and five
healthy adults. The signal-to-noise ratio (SNR) of the per-
fusion images along with T1, M0, arterial transit time, and
the temporal fluctuation of the ASL image series were mea-
sured and compared between the two age groups. In addi-
tion, ASL perfusion magnetic resonance (MR) was per-
formed on three children with neurologic disorder.

Results: In the cohort of neurologically normal children, a
70% increase in the SNR of the ASL perfusion images and a
30% increase in the absolute cerebral blood flow compared
to the adult data were observed. The measures of ASL SNR,
T1, and M0 were found to decrease linearly with age. Transit
time and temporal fluctuation of the ASL perfusion image
series were not significantly different between the two age
groups. The feasibility of ASL in the diagnosis of pediatric
neurologic disease was also illustrated.

Conclusion: ASL is a promising tool for pediatric perfusion
imaging given the unique and reciprocal benefits in terms of
safety and image quality .
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CEREBRAL BLOOD FLOW (CBF) represents an impor-
tant physiologic parameter for the diagnosis and man-
agement of childhood brain disorders, particularly ce-
rebrovascular disease. To date, however, both
normative and disease data on pediatric brain perfu-
sion remain sparse due to the lack of suitable tech-
niques for CBF measurement. Nuclear medicine ap-
proaches, such as single positron emission computed
tomography (SPECT) and positron emission tomogra-
phy (PET), rely on radioisotopes and are ethically prob-
lematic when applied to the pediatric population. Al-
though dynamic tracking of paramagnetic contrast
agent in conjunction with magnetic resonance imaging
(MRI) scanning has been routinely conducted in adults
to measure cerebral perfusion(1), its application in chil-
dren has been limited by the technical difficulty in ad-
ministering the intravenous contrast agent, especially
in neonates. While macrovascular flow can be assessed
using transcranial Doppler ultrasound or phase con-
trast MR angiography, only large vessels can be de-
tected and flow values do not reliably predict CBF.

Arterial spin labeling (ASL) perfusion MRI is a prom-
ising approach to directly measure CBF by utilizing
arterial blood water as an endogenous diffusible tracer,
in a way analgous to that used in 15O PET scanning(2).
In ASL, arterial blood water is magnetically labeled
proximal to the tissue of interest, and the effects of this
pre-labeling are determined by pair-wise comparison
with images acquired using control labeling. This tech-
nique has been demonstrated to provide reproducible
and reliable quantitative CBF measurements in various
cerebrovascular and psychiatric disorders in adults(3–
5). Pediatric perfusion imaging based on ASL may pro-
vide unique advantages compared to applications of
ASL in the adult population. Because ASL is totally
noninvasive and does not require intravenous injection,
pediatric perfusion can be safely assessed in a wide
range of age groups, including adolescents, children,
neonates, and even fetuses. While the widespread ap-
plication of ASL in the adult (especially aged) popula-
tion has been hampered by the relatively small frac-
tional perfusion signal, pediatric ASL is expected to
provide improved signal-to-noise ratio (SNR) due to the
increased blood flow in children(6–12). Previous evi-
dence also suggested that the water content of brain is
higher in children than in adults(13), resulting in in-
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creased equilibrium MR signal and spin-lattice, spin-
spin relaxation time (T1, T2)(14), which should further
improve ASL signal in children through increased
tracer concentration and life time. Given the unique
and reciprocal benefits in terms of safety and image
quality, ASL perfusion MRI may be particularly well
suited for pediatric imaging.

The present study was intended to test the feasibility
of pediatric perfusion imaging using a pulsed ASL
(PASL) technique at 1.5 T. Compared to continuous
ASL, which employs relatively long width radiofre-
quency (RF) pulses, PASL techniques use nearly instant
pulses with comparatively low levels of RF deposition
for spin labeling, and are particularly advantageous in
circumstances where specific absorption rate (SAR) im-
poses a limitation, such as high magnetic field and
pediatric imaging(15). The second purpose of this study
was to test the hypothesis that pediatric ASL provides
improved SNR, as well as increased measures of CBF,
compared to adult data. We compared PASL perfusion
images in children diagnosed without neurologic dis-
ease and healthy adults by examining parameters in-
cluding T1, M0, ASL SNR, CBF, and arterial transit
time. Temporal fluctuation of the perfusion image se-
ries was also measured because previous functional
MRI studies suggested that child data may contain
higher level of motion and physiologic noise(16). Fi-
nally, selected children with neurologic diseases were
scanned using the PASL technique to illustrate its fea-
sibility in the diagnosis of pediatric brain disorders.

MATERIALS AND METHODS

Imaging Sequence

MR scanning was carried out on a 1.5-T Siemens Vision
whole body scanner, using the standard birdcage head
coil. Figure 1 displays the diagram of the PASL pulse
sequence. This technique was a modified version of the
FAIR technique(17), in which a saturation pulse was
applied at TI1 � 800 msec after the global or slice-

selective inversion(18). For optimal labeling, a hyper-
bolic secant (HS) inversion pulse was generated using
the MATPULSE software(19) with 15.36-msec duration,
22 �T RF amplitude, and 95% tagging efficiency. A
gradient of 0.7 mT/m was applied along with the HS
pulse during tag, while the HS pulse was applied in the
absence of gradient during control. The slab of the slice-
selective inversion was 10-cm thick, and the slice pro-
file was verified by Bloch equation simulation as well as
phantom test. The saturation pulse was applied to a
10-cm slab adjacent and inferior to the selective inver-
sion slab in both label and control acquisitions. The
purpose of this saturation pulse was to eliminate any
remaining labeling effect at TI1, so that the duration of
the tagging bolus could be explicitly defined for perfu-
sion quantification(20). To improve the effect for spoil-
ing longitudinal magnetization, two saturation pulses
were played out consecutively followed by crusher gra-
dients. A delay time (w) was inserted between the sat-
uration and excitation pulses to minimize transit re-
lated effects in ASL images(20,21). This delay time
should be greater than the arterial transit time to allow
all the labeled blood to flow into image slices by the time
image is acquired (TI2), thereby the ASL perfusion mea-
surement would be immune to uncertainties in arterial
transit time. Imaging parameters were: matrix size �
64 � 64, TR/TE � 3000/29 msec, slice thickness � 8
mm with 2-mm gap. Seven slices were acquired sequen-
tially from inferior to superior using a gradient-echo
echo-planer imaging (EPI) sequence, and each slice ac-
quisition took about 80 msec. The field of view (FOV)
was varied from 20–22 cm in children and 22–24 cm in
adults, which could cause about 20% SNR gain for
adult data.

MR Scanning

Perfusion scans were performed on five healthy adults
(one woman and four men, ages 27–40 years, mean
31.6 years) and nine children (one girl, ages one month
to 10 years, mean 3.7 years). The pediatric subjects
were identified from a list of patients scheduled for
clinical non-contrast MRI for the diagnosis of develop-
mental delay and headaches. The pediatric perfusion
scans (about 13 minutes) were attached to the routine
clinical examination, during which vital physiologic pa-
rameters were continuously monitored. Written in-
formed consent was obtained from the children’s par-
ents as well as from adults before the scan according to
an Institutional Review Board approval. Two children’s
data were later excluded because of RF artifact, result-
ing in seven complete pediatric data sets. Steady state
perfusion imaging with 80 acquisitions was performed
at three delays, respectively, on each adult and child
(w � 0.1, 0.4, and 0.7 seconds in all adults, and five
children; w � 0.3, 0.6, and 0.9 seconds in the remain-
ing two children). A M0 image was acquired after the
perfusion scans for T1 mapping. Five of the seven chil-
dren (age � 5) were sedated during the scan. In addi-
tion, the perfusion protocol was carried out on three
children with diagnosed neurologic diseases (periven-
tricular leukomalacia, benign external hydrocephalus,
and stroke).

Figure 1. Diagram of the PASL pulse sequence used in the
present study, depicting related RF pulses and the gradients
along the slice direction (Gss). The pulse sequence consisted of
interleaved global and slice-selective inversion recovery acqui-
sitions using HS pulses. Saturation pulses were applied to a
slab inferior to the imaging slice (infsat 90°) to externally define
the duration of the tagging bolus (TI1), followed by a post-
labeling delay time (w). Image acquisition was carried out at
TI2 after the HS inversion pulses using gradient-echo EPI se-
quences.
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Data Processing

The raw image series at each delay were separated into
label and control pairs and pair-wise subtracted, fol-
lowed by averaging across the image series to form the
mean ASL perfusion images. The first pair of acquisi-
tion was excluded from analysis to avoid saturation
effect. In each child or adult, T1 image was calculated
using the M0 image and mean raw image in perfusion
scans. Due to the employed TR of three seconds, this T1
measurement may cause underestimation of prolonged
T1 values greater than one second, e.g., 14% reduction
for T1 of 1.4 seconds. Visual inspection of the ASL
images at different delay times suggested most of the
intravascular focal signals disappeared at w � 0.7 sec-
onds (see Fig. 2); therefore, data acquired at w � 0.7
second were used for CBF quantification. Linear inter-
polation was used to obtain the data at w � 0.7 second
in the two children undergoing scans with w � 0.3, 0.6,
and 0.9 seconds. CBF images were calculated by (18)

f �
��M

2�M0TI1exp� � TI2/T1a	
(1)

where �M is the difference signal between tag and con-
trol acquisitions, � is the blood/tissue water partition
coefficient, T1a is the longitudinal relaxation time of
blood, � is the inversion efficiency, TI1 � 800 msec is the
duration between the inversion and saturation pulses,
TI2 (� TI1 
 w) is the image acquisition time (see Fig. 1).
Conversion to CBF values used assumed values of � �
0.9 mL/g, � � 0.95, T1a � 1.2 seconds, and the acquired
M0 image. These parameters were primarily based on
experience in healthy adults; potential effects of ignor-
ing the difference between adults and children on CBF
quantification will be discussed below.

Because ASL signal series at three delays were ac-
quired in each child or adult, it is possible to estimate
the arterial transit time for the tagged blood to flow from
the labeling region to the imaging slices. This was per-

Figure 2. T1 histogram averaged across the seven children and five adults with representative T1 and M0 images acquired in a
16-month-old child and 29-year-old adult (displayed using same scale). The child T1 and M0 images have higher intensities than
adult images.

Table 1
Whole Brain Mean T1 and M0 Along With the Gray and White Matter Fraction in Child and Adult Groups

T1 (msec) M0 (AU)
Gray matter

fraction
White matter

fraction

Child group 988.1 � 59.0 1168.2 � 204.7 0.73 � 0.07 0.17 � 0.09
Adult group 885.3 � 29.7 946.8 � 44.3 0.52 � 0.03 0.30 � 0.06
T test P value

(2-tailed unpaired)
0.003 0.029 0.0006 0.01
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formed by fitting the ASL signal series with the following
equation using the “curvefit” routine supplied by Inter-
active Data Language(18)

�M �
� 2M0f�

�
exp� � TI2/T1a	

� [min��a � w, 0	 � ��a � TI2	] (2)

where �a is transit time and the min( ) function returns
the smaller of its two arguments. Figure 5a displays the
simulation results of Eq. [2] (fractional ASL signal, �M/
M0, as a function of delay time, w) at different assumed
transit times. The parameters used in the simulation
were f � 60 mL/100 g/minute, � � 0.9 mL/g, � � 0.95,
T1a �1.2 seconds, and TI1 � 800 msec. It can be seen
that �M reaches the maximum at w � �a and at least
one sample point has to be acquired at w � �a for

convergent results. Analyses of the data showed only
the ASL signals in the bottom slice met the criteria in all
the subjects and were used to estimate the transit time.
In two children, the ASL signals in the two edge slices
were found to be higher than the center five slices,
which is suspected to be caused by an imperfect slice
profile of the labeling pulse perhaps attributable to sub-
optimal coil performance. Data from the two edge slices
of these two children were excluded for transit time
measurement and other analyses. In each child or
adult, two regions of interest (ROI) of gray and white
matter were identified based on the T1 range associated
with each type of tissue according to the T1 images and
histogram (see Fig. 1). We chose to empirically define
the segmentation of gray and white matter mainly be-
cause automatic segmentation (SPM) failed to reliably
separate different tissue type in child data. Comparison

Figure 3. Four representative sets of ASL perfusion images acquired at three delays in the child (a, b, c) and adult (d) group.

Table 2
Demographic Data as Well as Perfusion Measurements of the Child Group

Child
subject

Age
(months)

Gender
ASL SNR (AU) CBF (mL/100g/min)

GM WM WB GM WM WB

1 82 M 7.53 2.99 6.24 75.4 33.3 65.1
2 120 M 7.06 2.11 5.81 64.6 19.2 54.3
3 16 M 7.19 2.49 7.01 70.1 27.7 68.4
4 57 M 7.25 3.66 6.70 67.3 41.0 63.4
5 20 M 13.5 6.03 12.5 99.3 44.7 92.7
6 17 M 8.71 6.02 8.55 54.2 36.4 52.0
7 1 F 7.23 3.60 6.18 64.1 33.1 55.0

AVG � SD 44.7 � 43.4 8.35 � 2.34 3.84 � 1.59 7.57 � 2.35 70.7 � 14.1 33.6 � 8.4 64.4 � 13.9

GM � gray matter, WM � white matter, WB � whole brain.
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between the adult and child groups was then performed
on the whole brain and ROI based measures of ASL
SNR, M0, T1, CBF, and transit time. Because the ap-
parent intensities of M0 images are affected by MR sys-
tem variations, the M0 values were calibrated using
recorded transmitter voltage and receiver gain on each
subject according to the product manual(22). The ASL

SNR was defined as the ASL signal intensity divided by
the background noise level (measured from regions of
no signal). These parameters were then entered for re-
gression analysis with age using SPSS software as well
as an unpaired t-test (two-tailed) for comparison be-
tween the child and adult group. In addition, the tem-
poral stability of the perfusion image series, determined

Figure 4. Measures of whole brain based ASL SNR (a), M0 (b), T1 (c), and CBF (d) as a function of age. Except for CBF, the other
three parameters show negative linear relationship with age. The fitted function along with the correlation coefficient (R) and
P-value of the regression analysis are shown in the plots. The triangle symbols and error bars represent the mean and SD,
respectively, of the CBF measurements in each group.

Table 3
Demographic Data as Well as Perfusion Measurements of the Adult Group

Adult
subject

Age
(years)

Gender
ASL SNR (AU) CBF (mL/100g/min)

GM WM WB GM WM WB

1 27 M 5.35 1.87 4.19 44.5 16.2 36.2
2 29 M 6.27 3.62 5.43 55.7 33.5 50.0
3 31 F 5.59 1.48 4.68 69.9 17.2 61.4
4 31 M 4.40 1.88 3.79 46.9 21.5 42.5
5 40 M 4.67 2.16 3.95 71.5 36.6 63.3
AVG � SD 31.6 � 5.0 5.26 � 0.74 2.20 � 0.82 4.41 � 0.66 57.7 � 12.5 25.0 � 9.4 50.7 � 11.7
P(T test) 0.01 0.04 0.01 0.12 0.14 0.09

GM � gray matter, WM � white matter, WB � whole brain.
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by the SD divided by the mean of the time course of �M
images, was measured in the whole brain, gray matter,
and white matter ROIs and compared between the two
age groups.

RESULTS

M0 and T1 Mapping

Figure 2 displays the averaged T1 histogram along with
representative T1 and M0 images from the child and
adult group. It can be clearly seen that child brain has
both elevated T1 and M0 compared to adult brain, and
the differences reach statistical significance (see Table
1). The averaged T1 histogram shows adult T1s are not
only distributed in a relatively lower range, they are also
more dispersed compared to the child data. The child
T1 values are more concentrated, and the separation
between gray and white matter is more difficult to be
discerned. Based on Figure 2, the T1 range associated
with white and gray matter was empirically defined as
600–800 msec and 800–1100 msec, respectively, in
adults, and 650–850 msec and 850–1150 msec, re-
spectively, in children. This T1 based empirical tissue
segmentation was verified in each subject by compari-
son with raw EPI images and ASL perfusion images that
showed contrast between the gray and white matter.
The volume fraction of white matter was found to be
reduced, and the fraction of gray matter was corre-
spondingly increased in children compared to adults
(see Table 1). This effect was also statistically signifi-
cant.

Perfusion Imaging

Figure 3 displays four representative sets of ASL perfu-
sion images acquired at three delays in the child (a, b, c)
and adult (d) group. With delay time greater than 0.7
second, most of the bright focal intravascular signal dis-
appears and the cortical structures become manifest in
all four data sets. The overall image intensity fades as the
delay time increases and also decreases from inferior to
superior slices due to the T1 decay of the tagged spins. The
spatial pattern and intensity of the �M images as a func-
tion of delay time are similar in the two age groups, and
are consistent with previous results using various ASL
techniques(21,23,24). The child ASL images show less
susceptibility artifact in the orbitofrontal region compared
to adult images because the sinuses are not fully formed
during childhood(16).

It can be easily seen that the child ASL images
provide increased signal as well as improved delinea-
tion of cortical and subcortical gray matter structures
compared to adult images. The measures of ASL SNR
and CBF are tabulated in Tables 2 and 3. The ratio of
the whole brain ASL SNR acquired in children and
adults is 1.72:1 (1.69 and 1.74 in the gray and white
matter, respectively). The mean child CBF (whole
brain) is 1.27 times of that in adults (1.23 and 1.34 in
the gray and white matter, respectively). Because the
T1 and M0 are higher, the increase of ASL SNR in
children compared to adults is greater than the in-
crease in CBF. Unpaired t-test shows that the child
ASL SNR is significantly higher than that of adults,

while the difference in CBF displays a trend in statis-
tical analysis (Table 3). Figure 4 displays the regres-
sion analyses of the whole brain ASL SNR (a), M0 (b),
T1 (c), and CBF (d) with age. The measurements of
ASL SNR and T1 showed negative linear relationship
with age (P � 0.05), whereas the regression of M0 with
age nearly reached statistical significance (P �
0.056). The linear regression of CBF with age was not
statistically significant.

Figure 5 shows the simulated curve of ASL signal as
a function of delay time (a) and the fitted curves in
two typical subjects from each age group (b). The
transit time estimated from the ASL signal series in
the bottom slice was not significantly different be-
tween adults and children (see Table 4). The pattern
of the fitted curves in Figure 5b suggests that child
ASL signal is increased due to prolonged T1, elevated
CBF, and M0 (see Discussion), but the flow velocity
seems to remain the same as in adults. Temporal
stability characterized by the normalized temporal
SD shows no significant change between the two age
groups (Table 4). Our results suggest child and adult
image series demonstrate similar relative levels of
temporal fluctuation due to motion or physiologic
noise.

Figure 5. Simulated curve of ASL signal as a function of delay
time at various transit times based on Eq. [2] (a) and the
typical fitted curves in a 16-month-old child and 29-year-old
adult (b).
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Clinical Applications

CBF images acquired at the delay time of 700 msec
from three children with cerebral disease are shown in
Figure 6 (ischemia stroke, 83-month-old male), Figure
7 (benign external hydrocephalus, 17-month-old male),
and Figure 8 (periventricular leukomalacia [PVL], 17-
month-old male). In all the three pediatric patients,
considerable transit related artifacts (bright focal sig-
nal) are present, especially in the stroke case, suggest-
ing prolonged transit time. The measured global CBF is
markedly lower compared to normal children (36.1,
35.5, and 36.3 mL/100 g/minute for stroke, benign
external hydrocephalus, and PVL, respectively). A large
area of perfusion deficit is present in the left middle
cerebral artery (MCA) territory in the stroke patient,
consistent with the infarct location detected in the dif-
fusion-weighted images (DWI). A mismatch between the
deficits in the perfusion and diffusion images is also
observed, akin to the ischemic penumbra pattern in
adult stroke (Fig. 6)(25). The child with benign external
hydrocephalus shows not only globally reduced blood
flow, but the ventricles are also considerably enlarged,
which can be identified in both CBF and T2-weighted
images (Fig. 7). PVL, characterized as periventricular
white matter ischemic injury, is clearly manifested in
the T2-weighted images, especially in the center slice
(Fig. 7). Correspondingly, hypoperfusion in the center
slice of CBF images is present in a radial region with
periventricular origin (Fig. 8).

DISCUSSION

The present study demonstrated the feasibility of non-
invasive pediatric perfusion imaging based on a PASL

technique at 1.5 T. The obtained perfusion images
showed substantial improvement in SNR and moderate
increase in quantitative CBF compared with healthy
adult data acquired using the same hardware. With the
current technique, the values of brain T1 and M0 can be
obtained simultaneously without penalty in scan time.
Previous MRI studies on brain maturation suggested
that there is a rapid decline in the relaxation time
within the first year of life, followed by a more gradual
decrease afterwards, especially in white matter(14,26).
In neonates, the T1 in white matter can even exceed T1
in gray matter. This phenomenon can be primarily at-
tributed to a decreasing water content, as well as the
process of myelination during brain maturation. Our
results showing that the measures of brain T1 and M0

decrease linearly with age are consistent with these
findings. Interestingly, the T1 images of the only neo-
nate in the present study showed spatial pattern and
value analagous to the older children, with the T1 of
gray matter greater than that of white matter. This
observation justfied our empirical approach to use uni-
form T1 range for gray white matter differentiation in
the present cohort. The increased ratio of gray vs. white
matter volume in children compared to adults has also
been reported(27), and has been primarily attributed to
changes in cortical cell-packing density and the growth
of cortical-subcortical fiber systems after birth(26).

The perfusion model (Eq. [1]) used in this study was
based on parameters derived from healthy adults, and
might cause errors for child CBF estimation. This pos-
sibility arises from the choice of two parameters: the T1
of blood (T1a) and blood–brain partition coefficient of
water (�). Blood T1 in children is expected to be longer
than 1.2 seconds because the blood water content is

Table 4
Transit Time and Temporal Fluctuation Measured in the Child and Adult Groups

Transit time
(msec)

Temporal fluctuation

GM WM WB

Child group 481.1 � 67.1a 0.51 � 0.15 1.43 � 1.16 0.55 � 0.17
Adult group 416.2 � 50.9 0.46 � 0.22 1.22 � 0.72 0.55 � 0.27

aN � 5.

Figure 6. Quantitative CBF and DWI of an 83-month-old boy with ischemic stroke.
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higher than that in adults(28). Our observation of ele-
vated child brain T1 added support to this speculation
because it has been reported that blood T1 generally
parallels but is slightly higher than brain T1(29). As a
result, adopting adult blood T1 in Eq. [1] may lead to
overestimation of child CBF. On the other hand, previ-
ous results suggested that the blood–brain partition
coefficient of water is higher in children (1.1 mL/g in
neonates)(28) as opposed to adults (0.9 mL/g), which
would cause underestimation of child CBF by using the
adult �. Because the effects of � and T1a tend to be
balanced by each other, the adult perfusion model
likely provided a reasonable approximation in child
CBF quantification, yielding CBF measures comparable
to values obtained using radioactive methods(6). A sim-
ulation was carried out to estimate the effects of in-
creased � and T1a in children on the accuracy of pedi-
atric perfusion quantification. Figure 9 displays the
contour map of the deviation between the realistic and
calculated CBF values if adult parameters are used in
Eq. [1]. Based on the reported values of � � 1.1 mL/g
and T1a  1.5 seconds in neonates(28,30), there may be
slight (10%) overestimation of perfusion in neonates

but the overall error is around 5% across the entire age
span (0–18 years). Given the relatively sparse literature
and large varibility of these parameters in pediatric age
groups, CBF quantification based on adult perfusion
model seems to be a reasonable solution at present.
Nevertheless, optimizing the specific perfusion model
for child populations bears considerable importance
and significance in clinical diagnosis, as these param-
eters may vary with pathologic state.

The improvements in the quality of pediatric perfu-
sion images can be attributed to combined effects of
increased blood flow, M0, and T1 in the pediatric pop-
ulation. Because ASL techniques rely on arterial blood
water as an endogeous tracer, increased blood water
signal (blood M0) will directly lead to higher tracer quan-
tity and subsequently greater ASL signal in children.
Because the lifetime of the tracer determined by blood
T1 is also prolonged in children, the loss of spin labeling
during the transit time will also be reduced compared to
adults, producing further increased perfusion signal in
brain tissue. These two effects, in conjunction with the
moderately elevated CBF, yield major improvements in
the pediatric perfusion signal obtained with ASL MRI.

Figure 7. Quantitative CBF and T2-weighted images of a 17-month-old boy with hydrocephalus.

Figure 8. Quantitative CBF and T2-weighted images of a 17-month-old boy with periventricular leukomalacia.
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Additionally, T2 has been reported to be longer in chil-
dren than adults(14), which could lead to further ad-
vantage in the ASL SNR, although this T2 effect is ex-
pected to be small because the T2 of blood at 1.5 T is
much longer than (� three times) the current TE of 29
msec. Another interesting observation was that the
temporal fluctuation of the ASL image series was at a
similar level in both the child and adult groups. This
finding does indicate an increased absolute level of sig-
nal fluctuation, probably due to greater motion and
cardiorespiratory pulsatility in children(16); however,
the normalized temporal SD remains the same as in
adults because the ASL signal is also increased in chil-
dren. Because ASL perfusion data are obtained using
pair-wise subtraction of control and labeled images on
a very short time scale of only a few seconds, bulk
motion effects are reduced compared to dynamic sus-
ceptibility contrast (DSC) approaches, providing a po-
tentially additional benefit for performing ASL vs. DSC
in pediatric subjects.

Previous studies have used radioactive methods such
as PET and SPECT to study the developmental change
of CBF with age(6,7,9–12). As previously reviewed(8),
these studies seem to suggest that child CBF starts at a
low level during the perinatal period and peaks around
three to eight years before gradually reaching the adult
value. Evidence also indicated that there may be inter-
mittent stages of increased CBF corresponding to
phases of rapid brain growth during childhood(8). A
similar developmental curve of CBF change with age
was also observed in rodent studies(31). Interestingly,
the observed ratio (1.3) of CBF in the child vs. adult
group was highly compatible with previous stud-
ies(6,7). However, we were unable to provide a more
detailed developmental curve of CBF in the pediatric
population because of a relatively small sample size. In
the present study, five of the seven children were se-
dated during CBF measurements. The effects of seda-
tion on child brain metabolism, including CBF, cerebral
blood volume, and oxygen consumption are compli-
cated and not well understood. A general trend of sup-
pressed cerebral metabolism during anesthesia has

been reported in humans and animals(32,33). CBF in
awake children could be higher than the values re-
ported here.

In conclusion, we have demonstrated the feasibility of
pediatric perfusion imaging with ASL in children with
and without cerebral disease. The improvements in im-
age quality and patient safety render pediatric ASL a
very promising approach in diagnosis and prognosis of
childhood brain disorders.
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