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Application of New Imaging Techniques to Pediatric
Central Nervous System
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Department of Radiology, Kanagawa Children's Medical Center
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Helical Scanning CT and Multislice CT

Kazuhiro Katada
Department of Hygiciology, Fujita Health University, School of Health Science

(Abstract -

For the past ten years, CT diagnosis has been totally revolutionized by the introduction of helical

S — S —

scan, real-time CT, three-dimensional diagnosis and other technological improvements. Recent
development of multislice CT allows us to acquire volumetric data with higher resolution in shorter
scanning time, which makes it possible to improve the quality of 3D, MPR images. This study
illustrates the fundamental aspects and new applications of modern computed tomography.

Keywords . Helical scanning CT, Three-dimensional display, Multislice CT
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Fig.1 An example of wide-range scanning by single-slice helical scan.
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Fig.2 Examples of multislice detector system (Toshiba Aquilion)
An arbitrary slice thickness can be generated by collecting the data from DAS (data acquisition system).

Fig.3 Wide-range, high-resolution scanning

by multislice helical CT.
Bilateral carotid arteries were visualized from the
origin (aortic arch) to the bifurcations with single
breath-holding scan. Bilateral vertebral arteries,
thyrocervical trunk, and other major branches were
also well visualized, Scanning conditions: 0.5 s/rot.
1 mm slice X 4, pitch: 3.5, 32-seconds, and 150mAs.
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First (intracanalicular) segment of ophthalmic artery

Calcification of carotid artery wall

Septum within cavernous sinus

Fig.4 High-resolution sagittal image of cavernous sinus.
Isotropic volume data permits sagittal images to be obtained with spatial resolution compatible

to that of axial images. Detailed anatomical structures which were difficult to delineate with

conventional helical CT were clearly demonstrated. Scanning conditions: 0.5 s/rot. 0.5 mm slice X

4, pitch: 3, 20-seconds, and 150mAs.
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Fig.5 Three-dimensional CT of cleft palate (left) and plastic model (left).
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s _g" Fig.6 Three-dimensional CT angiography
45,- ‘ ‘.é 515! of aneurysmal dilatation of vein of
~oBK./1M/4935993/99.5.13 /1 Galen.
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Fig.7 Three-dimensional CT angiography of
Moyamoya disease.

Fig.8 Ray-sum image of atlanto-axial
joint generated from isotropic
volume data.

Selective data projection permits to
generate the image of atlanto-axial joint
without the superimposition of unnecessary
parts, Scanning conditions: (.5 s/rot. 0.5mn

slice X 4, pitch: 3, 60-seconds, and 150mAs.
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Fig.9 Functional map generated from the data of multislice dynamic CT.
Four slices can simultaneously be evaluated with the injection of minimum amount of contrast

medium (30 mé).
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MR angiography for Evaluation of Pediatric Central Nervous System

Mika Kitajima, Yukunori Korogi, Mutsumasa Takahashi
Department of Radiology, Kumamoto University School of Medicine

—{ Abstract ——

MR angiography (MRA) is a non-invasive means for evaluation of cerebrovascular diseases

without contrast agents. In particular, MRA is also useful for screening and follow-up studies of
cerebrovascular diseases in the pediatric group. Although advanced MRA techniques enable visualization
of the precise vessel condition, MRA cannot replace catheter angiography currently. In this paper,
we summarize the basic MRA techniques and recent advances. The limitations of MRA for steno-
occlusive lesions and intracranial aneurysms are also discussed. We present the MRA findings of

several pediatric cerebrovascular diseases.

Kevwords . MR angiography, Pediatric neuroimaging
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DF — 22 E LTE e % A (zero-
filling) L 7= &% TP A 179 HikTh 5. Zh
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Ml mB9, F7-, selective MIP (target MIP)
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Fig.2
Contrast-enhanced MRA of a 22-vear-old
normal volunteer using fast 3D gradient
recalled acquisition technique with

a Fig.1 MRA of a 31-year-old normal volunteer T 1| MIP
— a: MRA without zero-filling technique shows step contrast bolus injection. Coronal MII
ladder artifacts of arteries. image shows normal carotid arteries
b : Zero-filling technique can reduce the artifacts. (arrows) without venous enhancement

or flow- related signal loss.
abhd, BEEEMIZRK - 22 MIP§%, Pz AT T 3 1 B 2 L ERIAS ] 00 3E 17195

MIP f&%ll!l'ii-.r; X0 Eflm L TATF LAY WTHAH. PNRTIE, AR E, #BEKO
HIEHEIZED, MEOTALD AT, kb IRIETIEMERT -’;’Eﬁ@r 5T EH% 0, MRA
Iz azlr a5 5, 2. EYEYHOAZY) — FIZEBERhTED,
=L, BT, SR A ORIE, 1 {1 19 A SR 20 \UJFQJ’:N" vCE, N
IR # Jf/fj_t Rk E X MAENE A LAY IR PAEOIE, FEPH, MR o IRIE A

54 XA IMAT A T H 5 HIAZENT (Fig 3). MRA & MRI # [ii]Il¥
It % tu‘cLD PHAEMERZE 4260 ~ 88 %

ARFRANERIE QMR T S T E AT A 67 ~qzl%r;)wm ThHil X i,
MRAGeH M A b TONEENTS—92 %S & Wl

1. BhiRER ERC BN, Wk A Fi U 2= Gl Wl ey
1) EYEVH i 230 O MRA TOS I3 L bas, 32T

T B, RIS N FIIR O supra- BB TGRS - 78K @ enhance & LT
clinoid portion 7* & fiklaiig ., b KEE)IRE o oh s, NEMEERE LT, Slonmic
R PRS2 A L b RS IR PRI IR 45 (STA-MCA bypass) <, il
PR ZMTNIR & 50 vid, Mfse, sz & 4 Or % =2 i 14 % 7 L 7= encephalo-duro-arterio-
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synangiosis, encephalo-mvo-synangiosis,
encephalo-myo-arterio-synangiosis 22 £ @73 4 73
AghiA A rdrdn s . T O A T IE O GEf (3
presqlurmion pulse L 7ZZMRAIZ L O, 1)

& L OieA & oo KGR~ o i i # sl C &
%] (Flg.4‘ ;
2) BEVEYHEMMLL 22 i & 9 S50

EVEYRH L MAREL R TERIZ BT
MRAZHTHITH 4

neurofibromatosis type-I {3 gl A i o
AP TRYIMTHREENES VL, D%
(AR HZEVER A T & A | intimal hyperplasia
&b, HETT A LY YR L RO R %
45 (Fig.5). F 7, WU R —
SEO W A 360 C IR PRSP A B L
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EYEYHIZAPT 2N ARTAZ LD S
(Fig.6). [ s U -CRlabiangng, (g
. DESEMHGENE &y o A i ER O s A3 % <,
BROIFHIZ 0~ 10N ETHIEILAETD
FEAE £ TO WML EBLL LA 10N T
&5 '*-i‘, ZHe DM TIEMRAIZELS 22 Y
— = SRR HET T U I R A g b
THZENTUWTH S
ZOfth, HAT lifﬁli’ﬂi LTdh A, sickle
cell disease (Z 35\ v C & NHMIE=>, oKl
Wk, AN IRAE (7 0> 43 2 & 4, IR
ITROEEIZ L D Y BvH &ML L 2= ke A
AF . MRAOATHIPEIZ 20Tt g mgs
DIFEEH85% . &I 80.5% , 4‘:"'w104%
LORERH B,

Fig.3

A 3eyear-old girl with moyamoya
disease; MRA (coronal selective
MIP image) depicts stenoocclu-
sive changes of bilateral internal
carotid arteries (ICA) and middle
cerebral arteries (MCA) (arrows),
and movamoya vessels at the
bilateral basal ganglia regions
(arrowheads).

Fig.4

An 8-year-old boy with moyamoya disease treated by
superficial temporal artery (STA)-MCA anastomosis;
MRA with mid-sagittal presaturation pulse shows
selective flow signal caused by extracranial to
intracranial flow through STA-MCA anastomosis.
Patency of anastomoses can be more specifically
confirmed with this image.
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3) Z OO L8 {9 vasculopathy

Ehlers-Danlos i (i, Menkes kinky hair
disease, tuberous sclerosis, fibromuscular
dysplasia 7 & O F5 0 Tl N T IIg o B
WEES 2L EhTeh, 22 ) —=v
7L LTTMRAD GG @ % 19 Ehlers-Danlos
FEREET A S S AT YRS, RO TR
SUCTIMRMRENE, K - P IRONIRIG 2 & Tas 5
RS S IR 2D 2 et £, M
TR — RN & 2 5 2 & & & 5 (Fig.7).
Menkes kinky hair disease T, lElihIo4E 1
WEFr A A 64, fibromuscular dysplasia Tl
BIHRO PRSI W 3 & B 10D
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4) angitis

angitis {2, WK aEERIZIR > TR Z B
primary angitis of the CNS(PACNS) & |, {ifill#s |
polyarteritis nodosa %> Wegener A ¥ fi4E
systemic lupus erythematosus (SLE) (Z {15 22k
WL OMEH S0, MAFERE T, fieoy A
ZOENRO ANE, Pl ZOEpiO g &
Wi 2P RBA LGNS A, WEREMAEE %
B & MRAZ & A IS vl fig 2 bh B,

Fig.5

A 15-year-old girl with neuro-
fibromatosistype-Iwithout neuro-
logical abnormalities ; MRA
(coronal selective MIP image)
depicts steno-occlusive changes
of bilateral ICAs and MCAs
(arrows).

Fig.6

An 18-vear-old woman who had
received operation and radiation
therapy for hypothalamic glioma
11 years before ; MRA (coronal
MIP image) shows occlusion of
left ICA, stenosis of right ICA
and bilateral MCA. Right PCA
stenosis and bilateral bypass are
also observed (arrows).

Fig.7
A Gyear-old boy with a giant aneurysm;
MRA (coronal MIP image) shows a giant
aneurysm of left ICA at the cavernous
portion (arrowheads).
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Fig.8 A 4-year-old girl with post ictal brain swelling. She had received hemodialysis for
nephrotic syndrome and seizure had lasted for four days.
a: An axial T2-weighted image shows swelling and increased signal of left occipital and temporal
lohe (arrows).

b MRA (axial MIP image) shows dilatation of left MCA and PCA (arrowheads).

KUMAMOTO

Fig.9 A 7-year-old girl with arteriovenous malformation of right temporal lobe without
neurological abnormalities;

a: MRA (axial MIP image) shows a giant nidus of right temporal lobe with dilated left MCA as a
feeding artery (arrows), and draining vein (arrowheads).

b : Nidus (arrows), feeding arteries (not shown on this image) and draining veins (arrowheads) can
be accurately depicted on source image.
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5) B)iRsE
AN O RERINRRI IR AL IESERi T %, I
Ml K& REIRIEA 2 <, mAcm&.
7 'f L A RIAE R A IR A A
NEE eHEN, Fiz, T LIEEYEYREY,
AVMIZAFT2 28 6 5. Alzili~/z MRA
D BRSO | I'*M)I!I Wi LR s
HZENTUTH

6) O
ANIZIE Tl A0 A, BRSO 4 &

hyperperfusion (2 & & A RO GEWTHZ & MRA

$HRITH % (Fig.8).

2. MEEH

By S IR 45 )2 (AVM) 12 351 € MRA 1S3 A H)
IG5 nidus, SN AHIREMMNS 52 Z &AW TE %)
(Fig.9a). LA L, fl#lZe MASHGEE R shunt

shunt #E 2 & 0 T HE %8R 5 (2 iJLl i
O X IMAS A BTH S, AVMIZEIT 5

MRA OO —2id | R R R L 5
FEEET % nidus ) Kk & X OIRFENT O R
IZh D, iz, HEAlEIIND, JTHi{g e
BT A Z 212K, nidus, WAENE, SEA
iR 20 & A8 o 0 SRR Z B C % 5 (Fig.9b).
UETEAER B 00 BRSNS P A et R oD

A 3-year-old boy with developmental
venous anomaly of left cerebral hemi-
sphere and right persistent trigeminal
artery variant without neurological abnor-
malities;He presented with telangiectatic
malformation involving the skin of the left
facial zone innervated by the first branch
of the trigeminal nerve.

: A coronal T2-weighted image shows abnormal
vessels as flow voids at left occipital lobe (arrows).
MRA (MIP image) cannot depict abnormal vessels
demonstrated on TZ2-weighted image (not shown),

: MRA (sagittal MIP image) shows right persistent
trigeminal artery variant (arrow).

:Conventional angiography of left carotid artery
shows dilated medullary veins along the lateral
ventricle (arrows). These findings are compatible
with developmental venous anomaly.
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Developmental venous anomaly (£ ({jlIR 4058 i
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Bud . MAT N2 2T "umbrella sign” & L T
5414, Developmental venous anomaly |35 4
RAMF A 5 LAV ®, 3D-TOF-MRATO
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Z& DL A OEITTTRIR A & A, AT
LA "umbrella sign” 288 5415,
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O, SRR AE A kg 2 & A & 100 (iR
Wl B 2D-MRA DG (I T
% (Fig.11a). L2 L, 2D-MRA &% i A4 IK
WEVIRLAD B0, A TGN MP-
RAGE (magnetization prepared rapid gradient
echo) L&V T 5, ZOWEETE, ik
L GEREAITCIN 7 A IR O IR O A
KIEE LTl 41 a0 dBkmiE 10 799
RSO0, SRR 3
f1Cid (Figa1b).

BhHIZ

MRA D EudizHEL: L TE D, Mk
T, e OmR AR e s k9 IZh -

7= R S BT & MRA AT U
BHELEARLMAENEL R ar) —=v
oM i TH S, LarL, MRADIR
&M, PRI A SEOTIC R L 2 1T, YA
AR A BN UGt 2 2L AT H S,

Fig.11 A 62-year-old man with dural sinus thrombosis
a:2D-TOF-MRA (coronal MIP image) shows obstruction of left transverse sinus and sigmoid sinus,

b : Thrombus is demonstrated as a filling defect in the left transverse sinus (arrows) and sigmoid

sinus (not shown on this image).
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3. Pediatric fMRI/EPI

Jill V. Hunter
Department. of Radiology, Children’ s Hospital of Philadelphia

- ——
Rapid advances have occurred in pediatric neuroimaging over the past five years, especially in

the area of so-called "Functional imagining" and in particular functional magnelic resonance

imaging (IMRI). This has been accele rated by the introduction of echo-planar imaging (EPI),

which allows for the very fast acquisition (<100 ms/image) of multi-slice images. Pediatric
radiology is no longer just a question of interpreting anatomy, for with the ability to combine
structure with function, we are now able to extract physiological information. This opens up
exciting possibilities for advances in the field of neuroscience, particularly in the pediatric arena.
This review will discuss the background, current status of and future possibilities for pediatric

MRL

Keywords © Functional MRI, EPI, Pediatric Neuroimaging |

Definition

Functional MRI can be defined as the
utilization of an MRI sequence to determine a
parameter not normally seen by conventional
MR imaging. The combination of that parameter
with the high spatial resolution of conventional
MRI leads to the demonstration of functional
anatomy or physiology. FMRI of the brain can
thus be considered to include activation [MRI,
perfusion, diffusion-weighted imaging and MR
spectroscopy. For the purpose of this paper the
discussion will be restricted to the consideration
of activation [MRL.

Background

Functional MRI is based on the original
observations of Roy and Sherrington?, at the
turn of the century, who showed - amongst other
things * that changes in blood flow and
metabolic activity paralleled each other. Other
important advances in terms of neurophysiology

were made by Penfield and co-workers®®, who
mapped the sensory and motor cerebral cortex
in higher primates and man by observing the
effects of direct electrical stimulation.

[n 1988, an early report of dynamic imaging in
normal brain appeared!, which used the
magneltic susceplibility effects of exogenous
contrast material to trace cerebral blood flow.
This was soon followed by an article on
functional cerebral imaging using susceptibility-
contrast MRI™. In 1990, Ogawa et al”, reported
oxygenalion-sensitive MRI signal changes in
rodent brain at high magnetic fields, which did
not require the administration of any extrinsic
contrast agent but relied on the alteration in oxy
-/deoxy *
circulating blood following delivery ol oxygen to

hemoglobin ratio in normally

tissue. This technique, known by the acronym
BOLD, was applied using a 1.5T echo-planar
(EPI) fast acquisition MRI system to map the
8.9)

and motor
cortices!”, as well as Broca's motor area for

activated human visual”, sensory
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MRI
subsequently translated to non echo-planar

language!V, The paradigm was

systems!>1%,

FMRI sequences

Bloed oxygen level dependent (BOLD)
contrast imaging is based on the ohservation
that the brain shows localized blood volume
increases upon neuronal activation. It has also
been shown that these increases far exceed the
oxygen consumption of the tissue. Therelore,
the venous oxygen content increases and yields
an increase in the MRI signal observed. This is
due to the fact that deoxyhemoglohin is
paramagnetic which directly affects the local
susceptibility of the tissue. It generates an
inhomogeneous magnetic field in tissue
surrounding bhlood vessels, causing intravoxel
dephasing and decreased signal intensity on MR
images. These local variations in susceptibility in
the region of the blood vesels contribute to the
apparent {ransverse rela xation time T2 ¥, As the
venous and capillary oxygen content increases,
the amount of deoxyhemoglobin in the blood
decreases, which increases the MR signal. Thus,
changes in the local functional activation can he
detected by any pulse sequence which is
sensitive to T2 *. In conventional scanners, this
sequence is a gradient echo train,

While it has long been recognized that brain
cortex has a much richer vascular supply than
the underlying white matter, there has been
much controversy as to the relative
contributions of capillaries versus venules to the
BOLD signal. Ohservations on the EPI time
course of fMRI at 4T have demonstrated a
multiphasic response in the occipital cortex to
photic stimulation'?, suggesting a sensitivity to
capillaries in the gray matter at high field
strengths. This probably still leaves a significant
signal contribution from larger vessels, such as
draining veins, at the more standard 1.5T field
strength.

EPISTAR is another technique for MR
imaging using echoplanar imaging and signal

by
bo

targeting with alternating radiofrequency®?,
This method relies upon a process known as pre-
saturation to generate a perfusion map. Also
described as spin tagging, the principle of pre-
saturation utilizes the relatively long T1
relaxation times of protons to initially reduce
the MR signal in all protons located inferior to
the imaging slice being studied. he spins within
the imaging slice are already saturated by the
excitation pulses [rom the preceding pulse
sequence. By directing a saturation RF pulse to
the spins in the tissue volume immediately
inferior to the imaging slice, EPISTAR induces a
blood flow dependent decrease in MR signal
within the imaging slice. This signal change
occurs as the low-signal pre-saturated spins in
the blood flow upward into the imaging slice. If
no pre-saturating pulse is administered, the
signal within the imaging slice will change in the
opposite direction, increasing in intensity. Here,
the spins in blood [rom outside the slice are fully
relaxed and move into the imaging slice to
brighten the image. Comparison of the images
with each of the alternated radiofrequency
images generates a perfusion map that indicates
cerebral blood flow.

Task-based fMRI has been performed with
both EPISTAR and BOLD techniques in a
comparison study®?, Volunteer subjects were
asked to perform a sequential finger-thumhb
opposition task and EPISTAR or BOLD fMRI
was done to capture regional cortical activation.
Activation in the perirolandic region was seen
using both techniques, with no significant
differences between them.

Data acquisition

With the standard gradient echo images at
1.5T, the change in signal when the brain is
activated is typically on the order of 2 ~ 10%.
Since noiseint he image is typically on the order
of 1 ~2%, this results in many prohlems in
deciding what is activation and what is noise.
Therefore, the most commonly used method of

data acquisition is the so-called ‘ox-car™®



design, where periods of rest are alternated with
periods of activation by a paradigm designed to
specifically stimulate one area or function of the
brain during the performance of the fMRI. The
images are then subtracted and compared
statistically on a pixel-by-pixel basis to reveal any
areas of functional activation. With the more
widespread availability of echoplanar hardware
and software up grades, not only has the
acquisition time for IMRI come down {o tens of
milliseconds but image reselution has also
improved along with improvements in signal to
noise ratio.

Another factor that has to be taken into
consideration when acquiring fMRI data is the
question of misregistration from patient motion
during the study. Motion correction algorithms
and re-registration techniques are widely
employed in an attempt to compensate for
this!®1® This is of special consideration when
dealing with children where the speed and
simplicity of study design, absence of artefact
producing metal such as braces or other
orthodontic hardware and a knowledge of the
level of patient co-operation are all important
factors in the successful completion ol pediatric
fMRI in the awake child.

Behavioral training in preparation
for ftMRI

Our institution is equipped with (a) a ‘'mock *
scanner that closely resembles an actual
scanner, down to a tape of the sequence noise,
(b) a custom-designed, computerized head
movement detection program and, (c) an
audiovisual entertainment system that includes a
television at the loot of the table and earphones
for the child to wear. Together these three
components [unction in a feedback loop to
provide
information

auditory
his/her

immediate visual and
to the child about
movemen!l during a practice trial. Head
movement is measured by a fiberoptic sensor
affixed to the child’ s head and, ultimately, made
evident to the child as a temporary interruption
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in the video they have chosen to watch through
a system of mirrors on the headcoil -1,

Typical training proceeds as follows. After
interviewing the child and his/her guardian(s)
and introducing them to the facility, a treatment
plan and reinforcement system of rewards for
success is developed. Baseline data on head
movement and tolerance for being in the bore of
the magnet is collected and reviewed. The child
is then carefully challenged with systematic
manipulation of the threshold for acceptable
movement and scanning time so that he/she
learns to feel comfortable with the procedure
and equipment. This process is carried out by
the nursing staffl with the assistance of a
neuropsychologist. Once the child has learnt to
lie still for an acceptable scanning time interval,
the actual (MRI is undertaken.

Study design

One of the single most important aspects of
fMRI is the development of an appropriate
paradigm to accurately test the function that the
investigators are concerned with, Increasingly
this has become a multidisciplinary task
requiring input not only from the radiologist
who can help in the design with their
knowledge of the interplay between the patient,
equipment and sequences involved, but also the
pediatric neurologist and neuropsychologists as
well as the physicists who will implement it and
be involved in the statistical analysis and post-
processing of data. As can be seen no one
person holds all the knowledge and information
required to successlully develop new paradigms,
especially as new questions are developed the
answers o which are as yet unknown. Faulty
task design will only lead to confusing results
which will be uninterpretable or at worst
misinterpreted.

Post-processing

Many methods of post-processing the large
amount of data generated by an activation MRI
sequence have bheen developed and it is not
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unusual for the analysis of a multislice
echoplanar data sel to take a minimum of 2
hours to complete and sometimes much longer.
Taking the simplest case ol a single slab
gradient echo BOLD sequence the fundamental
principal, after any motion correction has been
carried out, is to perform some test of statistical
signific ance on the raw data to produce a 1k

sp -32:
5

SL .
FoV 210%21

256 #2506

tatistical parametric (SPM). A
thresholding correlation is then set, say to a
value of P<0.01 to further remove data points
which are likely to represent noise and help
clean up the image.Integration of the
thresholded SPM with the anatomic image is
then performed in order to produce the final

image, see Tigs. 1B &1C. There are now several

map *
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a: Axial T2-w image in a 13-year-old right-handed boy with intractable TLIE, demonstrating increased signal
returned from the left anterior temporal pole, proven at subsequent resection to be a left temporal lobe

dysgenesis.

b : Sagittal 5mn single slab BOLD technique using FLASH sequence (Siemens, Somatom 1.5T) through the
pathology in the left temporal and in the expected plane of Broca' s and Wernicke' s areas,
demonstrating signal returned from the occipital cortex.

¢ : Sagittal 5mm single slab BOLD technique through the right fronto-temporal region demonstrating signal
returned from the expected positions of Broca s (frontal cortex) and Wernicke' s (superior temporal
gyrus) areas for expressive (motor) and receptive language respectively. This was concordant with the
subsequent Wada test. Note that increased blood flow is again appreciated in the visual cortex.
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‘off the shelf* and commercially available
packages [or handling echoplanar datasets, such
as SPM and AIR including routines for ‘warping
* brains to a Talairich atlas'” in order to pool
data and compare across and between patients.
This methodology may work for the
anatomically normal adult brain but should be
used with some reservation in the growing brain
and especially where there is distortion of
normal architecture by, for example, tumor.

Clinical applications of pediatric fMRI

The most often requested use of fIMRI in the
pediatric population is from the neurosurgeon,
to noninvasively map functional brain tissue and
localize areas of eloquence with respect to
pathological areas of brain. This has trem
endous utility in pre-surgical planning to
minimize the risk of damaging the child and to
pre-plan the surgical approach. We have had
good experience of this at our institution
( I )utilizing finger-thumb opposition to outline
sensorimotor cortex and define displacement of
the central sulcus in relation to a space-
occupying lesion, (II) using LED goggles to
stimulate visual cortex prior to re-operation in a
patient with a partial field cut (Fig. 2) and (lll)
using a covert letter and word generation
paradigm to identify hemispheric dominance for
language before temporal lobectomy in children
with intractable complex partial seizures®™, (Fig.
1). Research from other authors wo uld appear
to corroborate our findings%,

Future directions of pediatric fMRI

We have shown the feasibility of performing
fMRI in children including the performance of
visual fMRI in the sedated infant*. Future
applications of fMRI include the potential to
replace Wada testing in children by a
combination of language task for determining
hemispheric dominance for language in addition
to a memory paradigm in patients with temporal
lobe epilepsy™”. Some authors have reported the
use of fMRI to detect rapid brain metabolic
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Fig.2
Axial slice from an echoplanar BOLD {MRI, with
[unctional map superimposed on conventional
MR image, in a girl with appropriate field cut

following recurrence of a left occipital
astrocytoma (note the susceptibility artefact from
the prior left occipital craniotomy). Visual
stimulation to both eyes revealed decreased
signal in the left calcarine corlex and was used to
map visual cortex in planning the subsequent
surgery which was successfully performed
without additional visual loss.

changes in infants®®. Work is currently in
progress on the changes in functional activation
patterns during normal development*”, and we
have addressed the issue of visual cortex
activation in children with congenital structural
abnormalities®®. Other areas of potential future
research include the elucidation of the
neurobiological basis for neuropsychiatric
disord ers such as obsessive-compulsive
disorder®”, and attention deficit disorder (ADD).
The whole question of plasticity following an
early insult to the infant brain may lend itself to
investigation by a noninvasive test such as fMRI
and there a myriad of questions concerning
gender differences that remain to be answered.
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4. Quantification of Flow and Regional Cerebral Tissue Perfusion in
Children Using MR and Xenon CT

Kenneth J. Poskitt, MDCM

Department of Radiology, British Columbia's Children’s Hospital

—_(Abstract) — —

Non invasive imaging studies such as CTA and MRA have advanced rapidly over the previous
few years. Less effort has heen devoted to the quantification of cerebral blood flow in spite of the
[act that absolute measures of flow and tissue perfusion may be critical in our understanding of
CNS disease and permit objective measures of the success or failure of therapeutic interventions.
With MR, phase contrast cine angiographic techniques can be emploved o measure bulk flow in
intracranial vessels. When applied to arteriovenous malformations (AVMSs), this technique allows
the evaluation of treatments such as embolization or stereotactic radiation. Similarly, neurosurgical
preoperative assessment of AVMs may be enhanced by an objective method of measuring flow in
both the feeding arteries and draining veins. This prompted us to develop a method of measuring
vascular flow V. In contrast, Xenon CT allows for the objective measurement of absolute regional
cerebral tissue perfusion (rCBF) and can be used to determine the risk of stroke in ischemic
neurovascular diseases. We have used such an approach to menitor the effect of hyperventilation in
children suffering from head injuries as well as to determine the risk of stroke and treatment
response in children suffering from Moyamoya disease,

This review will outline the technical issues that must be considered when developing
quantitative MR flow imaging and its application in pediatric neuroimaging. The pitfalls and
challenges of using Xenon CT to measure rCBF will then be discussed followed by its clinical
application in children.

Keywords | Xenon CT, Quantitative MR flow, Pediatric neurcimaging

MR Q FLOW

MR phase contrast angiography relies on the
fact that moving spins in a magnetic field
gradient obtain a different phase than static
spins. This phase shift is in proportion to their
velocity, allowing MR to create an image with a
controlled sensilivity to flow, which we will call
MR Q flow? ™9, Cardiac gating is employed to
divide the phase encoding data through the
cardiac cycle into increments in either a
prospective or retrospective fashion. From such
velocity maps it is possible to estimate
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intraluminal bulk flow. For through plane flow,
the product of mean velocity (cm/sec) and the
pixel area (eni) of the region of interest (ROI)
will determine the flow through the ROI (cnf
/sec). Such techniques have been widely
pursued in cardiovascular imaging, but
infrequently applied to the CNS®. It is critical to
understand that in very small vessels the
technique will underestimate the true velocity
because of partial volume effects, but that flow
measurements will still be correct. The method
of flow calculation is valid because the average
velocity is summed up over a greater area than



the true lumen of the vessel and the included
velocities outside the vessel boundary should be
zero. Thus, correct background phase values are
crucial.

There are many potential sources of error in
MR @ flow techniques and these must be
carefully evaluated. Errors may be introduced
by; aliasing, misalignment, partial volume
effects, misregistration, phase shifts and signal
loss*8", These are briefly considered here in
order to point out desired choices for gradient
performance and sequence selection.

Aliasing occurs because of the cyclic nature of
phase with an inherent limitation of 2 = radians.
Postprocessing can unwind some of these
errors, but it is best to carefully select the
correct velocily encoding (VENC) that does not
result in aliasing. When the true velocity is
unknown we often select three or more VENC
values when performing a clinical study. The
VENC with the smallest value that does not alias
is the most accurate estimate of flow.

Misalignment occurs when the velocity
encoded slice is not perpendicular to the vessel
because velocity is only measured in the
encoded direction. If the slice is oblique to the
true direction of flow, the error is proportional to
the cosine of the angle between the flow and
direction of encoding. In general the error is
small over a broad range; 1% at 5 degrees and
up to 6% at 20 degrees. If the background phase
is truly zero, then no flow error occurs in the
estimate of flow since a larger ROI is generated
to encompass the vessel. However the simplest
approach is to place the slice in the direction of
flow which means MR equipment should have
the ability to obliquely orient the slice in all
three dimensions.

Partial volume effects have been briefly
discussed above. Although the mean velocity
will be reduced, flow values will be correct if the
background phase is zero since the resulting
larger ROI will compensate. These effects are
greatest with small vessels and thick slices and
can be minimized by choosing a slice
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perpendicular to the flow and eliminating
background phase errors. Misregistration is
caused by movement between slice selection,
phase encoding and frequency encoding and if
the slice is oblique to the direction of flow some
of the signal will be displaced outside the vessel.
This problem is also reduced by selecting a
plane perpendicular to the flow and a sequence
with short TEs.

Phase shills are also caused by higher orders
of motion such as acceleration or jerks. The
subtraction of velocity sensitive from velocity
insensitive phase images removes lower order
phase shifts only while higher orders of motion
will be more effectively managed with a shorter
TE. Factors such as the duration of the gradient
profile influence the derived velocity. For
example, a true velocity of 1em/sec and an
acceleration of 10 m /sec x sec and a TE= 22 ms
velocity will be estimated at 1.079cm/sec while
with a TE= 6 ms the velocity would be calculated
at 1.017 em/sec”. Thus it is important to have an
MR system with gradients that allow for minimal
echo times,

Signal loss also occurs for similar reasons as
phase shilts since higher orders of motion also
cause phase dispersion and loss of signal. In
plane velocity measurements are less
susceptible than through plane measurements.
Signal loss is also minimized by selecting a slice
perpendicular to the direction of flow and having
short gradient profiles that lessen the time of
higher orders of motion to influence the image
signal.

Other factors that influence the accuracy and
precision of MR Q flow measurements include

the field of view, temporal resolution as well as

the background pixel value and ROI selection®.
With a smaller field of view there is a demand
for increasing gradient performance that may
cause eddy currents and shifting background
values that are not equal to zero. Thus smaller
filed of views have both a lower signal/noise
ratio and a larger potential for error. Similarly
high temporal resolution is important because
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average velocities may change rapidly
throughout the cardiac cycle.

Background pixel values and ROI generation
are extremely important issues to consider, Flow
values are highly dependant on the background
pixel values being correctly assigned a value of
zero since this enables a generous ROI to
encompass all of the flow from the vessel
or misaligned.
Background phase errors may be caused by
many factors including susceptihility effects,
microcirculation effects, and MR design

whether it is displaced

limitations such as RF instability, gradient
repeatability, echo centering or echo sampling™.
In general, background phase errors are less
serious in the brain than in the chest. The lack
of signal and random noise in the lungs
translates into a greater challenge to find a
background value of zero than occurs from the
signal of the brain. However one of the keys (o
success in MR Q flow is to pay careful atlention
phase errors; if the errors are large, then the
values cannot be trusted,

Differences in flow rates have been reported
to be as great as 824 % due to intra-observer
variability in selecting ROIs®. Burkart describes
an automated technique of vessel detection that
shows less inter user variability with an accuracy
within 10 % of true flow values in phantom tests.
A reliable manual method of ROI generation
consists of using the magnitude images and
selling the window width and levels at 50% of
the maximal intraluminal signal intensity in the
image, Magnification of the magnitude image
allows for easier manual tracing of the ROI and
care must be taken to include only the vessel in
question. The generated ROI is then applied to
the velocity map and each image is reviewed to
ensure that vessel motion or distortion through
systole and diastole is accounted for, ROIs of the
background may be generated to ensure that the
phase errors are minimal. Although we have
stated that if the background phase errors are
minimal, flow estimates are accurate with ROIs
greater than the true lumen, it is important to
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minimize the ROI size and obliquity of flow
because the noise in the image will increase.
Both noise and partial volume effects are non-
linear and may cause significant errors.

It is clear that an MR system with superb
gradient performance and the ability to place the
sample slice in oblique planes are important
factors in the success of MR Q flow. We use a
Picker 1.5 T Edge system with power drive
gradients. The gradients are actively shielded
with a peak gradient strength of 27 mT/m and a
slew rate of 72 mT/m/ms and a temporal
resolution of 40 ms when using prospectively
gated velocity encoded studies. Table one
ouflines the scan parameters available on our
scanner that have largely addressed these
technical requirements for flow studies.

The hest way to ascertain the accuracy of the
method is to perform bench test on each velocity
encoded sequence using pulsatile flow and
tubing of different sizes in order to determine
the relative accuracy of the method before
employing the technique in a clinical setting. We
carried out such tests using a UHDC (University
Hospital London Development Corporation,
London, Canada) flow phantom that could create
a range of continuous and pulsatile flows?. The
data was analyzed with the provided cardiac
software package by two radiologists who were
unaware of what flow rate had been selected and
the results compared to the known answer. A
similar approach was also used using an ECMO
(extra corporeal membrane oxygenation)
machine normally employed for intra-operative
cardiac bypass. Our tests indicated we could
expect a measured value within 10% of the true
flow value, which is competitive or superior to
any current method. Indeed, the MR approach
yields a result freer of assumptions than other
methods by permitting the creation of ROIs that
match the vessel lumen over time and sampling
of all velocities within the cross seclional area.

We first applied MR Q flow to infants with
Vein of Galen malformations? because the
optimal time for intervention was unclear and



the draining vein is large and technically easy to
sample. Having established the feasibility of the
technique and generated believable data we
proceeded to measure flows in selected AVMs
where both the arterial feeders and draining
veins could be sampled®'”, These studies
showed an agreement between arterial and
venous flows within 5-10% and this confirmed
our belief that flow measurements in smaller
arteries could be performed accurately. We
followed these studies with selective arterial MR
Q flow measurements in children with ischemic
neurovascular diseases. The technique was the
same in all studies.

Although the initial work outlining the MR Q
flow measurement was presented in 1995, the
complete work was first presented at
Kumamoto®. MR investigation of children with
AVMs included routine sequences and MRA
performed as 3D TOF MOTSA sequences.
Routine imaging included axial, sagittal and/or
coronal T1 (600/20/2/192 X 256) (TR/TE/AV
/MATRIX SIZE), axial FSE T2 (2500-3500/40,
80/1-3/192 X 256) and a 3DT1 weighted
sequence (24/4.4/2mn/256 < 256). The MRA
was an incoherent gradient echo sequence, (RI*-
FAST)(42/6.9/20/20/0.9/180 X 180
TR/TE/FOV/FLIP ANGLE/ THICKNESS
/MATRIX SIZE) with or without a presaturation
pulse. All patients selected for MR Q Flow
evaluation also had angiography performed.

MRAs were used to place velocity sensitive
sequences perpendicular to either and/or both
the arterial input and venous outflow of the
vascular malformation. Velocity sensitivity was
run in the slice select plane and the sequences
were combined with prospective ECG gating
across two cardiac cycles. Multiple flow sensitive
sequences were performed and visually
assessed for the presence of aliasing. In infants
with VGAMSs, a similar approach to MR Q Flow
was utilized to determine cardiac output by
choosing a sample slice across the ascending
aorta.

The MR Q flow data was analyzed with
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standard cardiac software. Once ROI's were
created the software calculated peak velocity,
average flow rates per duty cycle (30-40 ms) and
average flow rates per second. Arterial flow rates
were determined by adding the flow rates/duty
cycle because of marked variation in flow during
systole and diastole. Flow values were expressed
in mé/mn and in patients with VGAMs, cardiac
output and systemic flow (total cardiac output-
AVM flow) was expressed in mf/kg/nin. These
values were compared to normative data, and
combined with AVM flows to express AVM flow
as a per cent of cardiac output

The initial report discussed 11 pediatric
patients who underwent a combination of studies
including CT, CTA, MRI, MRA, and angiography
as well as 26 MR Q) Flow studies”, MRA and/or
CTA faithfully demonstrated the arterial and
venous components of the wvascular
malformations in all. Seven patients with Vein of
Galen vascular malformations were studied; five
with Vein of Galen aneurvsmal malformations
(VGAM) and two with Vein of Galen aneurysmal
dilatation (VGAD). In the patients with VGAM,
MRA routinely captured arterial and venous
flow, correlating well with corresponding
angiograms, belore and after treatment. Q Flow
data from the VGAMs showed pre-treatment
shunts ranging from 55-73 % of cardiac output
compared to 2547 % in the patients with VGAD.
After embolization in VGAMs, there was an
immediate 40-60 % reduction in shunt flow and a
significant delayed reduction of flow in all three
patients 15-30 months after embolization. With
the reduction of the vascular shunts, total
systemic cardiac output returned to the normal
range of 150-200m¢/min/kg. The serial flow data
from one of these 3 patients is outlined in table
2. Our data suggests there is a delayed
involution of flow many months following
embolizationin VGAMs that is hard to ascribe to
the treatment. Thus it may be unnecessary to re-
embolize until a significant length of time has
passed after the first treatment and points out
the strength of having an objective, noninvasive
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method of measuring treatment effects.

We then selected AVMs where both the
draining vein and arterial input appeared
possible to sample. In these cases the calculated
venous outflow measured with different VENC
varied less than 5 %. Similarly there was 5-10 %
difference between the calculated arterial input
and the venous outflow. In one case the MR Q
flow indicated that there were two feeding
arteries to the vascular malformation even

though the angiogram had suggested that one of
the arteries likely did not contribute flow ( Fig.1,
2). A subsequent super-selective angiogram at
the time of embolization confirmed the MR data.
Excellent agreement between the arterial and
venous results increased our confidence in
arterial sampling and prompted us to apply the
technique to major vessel neurovascular disease.

Ischemic neurovascular disease in children

may be caused by traumatic dissection,

§
Fig.1
Two views from an angiogram showing a left
middle cerebral artery AVM. Nole two polential
arterial feeders on the submental view and the
draining vein on the lateral projection,

Fig.2

Corresponding MRA images accurately duplicate
the angiogram and locate both the arterial
feeders and venous outfllow. The oblique lines on
the submental and lateral views represent the
sample slices used for MR Q Flow. Venous flow
was estimated at 424 m¢/min. with an error of <5 %
using velocity encoding of 100, 200, and 400 cm
/sec. The combined arterial flow from both
arteries was calculated to be 450 m# /min.



inflammatory vessel stenosis, fibromuscular
hyperplasia, or Moyamoya disease and place the
child at risk for inadequate regional tissue
perfusion (rCBI). Any intervention performed
to augment cerebral perfusion should be
assessed by an objective measurement of rCBI.
MRA may image major vessel occlusive
neurovascular disease, and flow alterations may

be assessed over time by employing MR Q Flow
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techniques'***'. Estimation of distal cerebral
tissue perfusion requires a method such as
Xenon. Here we will only outline the value of MR
Q flow. The only difference in this technique
from that described above was the repetition of
the Q flow studies with acetazolamide in an
effort to estimate the amount of vascular reserve
present.

In Kumamoto we first reported on 12 pediatric

Fig.3

Serial MRAs done three months
apart. The initial image shows a
marked focal stenosis of the left
MCA that resolves over time. MR
Q Flow at the times of diagnosis
documented a 20% increase in
MCA flows after acetazolamide.
The patient was not considered at
risk for a stroke and was treated
conservatively.

Fig.4

Xenon CT of patient described in
Figure 1 at the time of diagnosis.
The study shows normal rCBF
which augmented with acetazo-
lamide. The top two images are
baseline flows that show adequate
perfusion to both cerebral hem-
ispheres. The bottom two images
show augmentation after acetazo-
lamide and no regions of oligemia.
Compare with figure 7.
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patients with an occlusion or stenosis of one or
more major intracranial vessel'V, Focal large
vessel disease was present in seven children;
three with traumatic dissections and four with a
major vessel stenosis. Six additional children
had diffuse ischemia,

Twelve of nineteen MRA studies were
performed within one month ol a cerebral
angiogram and allowed direct visual evaluation
of the quality of MRA. All MRA studies were
abnormal, outlining the segments of altered
flow, but in four cases the length of abnormal
vessel was overestimated by visual inspection. In
all six patients who were prospectively chosen
for MR Q Flow and vasoreaclivity assessment,
MRA images permitted accurate placement of
the sample slices and correlated well with the
Xenon CT findings performed on the same day
(Fig.3, 4). In nine studies the MR investigations
preceded the angiogram, while in three the
angiographic study was available to assist the
MRA acquisition. The MRA studies were most
accurate in the group of children with major
vessel stenoses and demonstrated diffuse (low
alteration and collaterals in patients with more
diffuse ischemia.

In three children with major vessel stenosis
there was decreased flow that did not augment
following acetazolamide challenge. In all cases
there was a decrease in rCBF as measured by
Xenon CT that corresponded to the flow data. In
two cases with MR Q Flow and vasodilatation,
the decrease in major vessel flow estimated by
MR was identical to the estimated decrease in
rCBF measured by Xenon CT. In three cases,
serial MR and Q flow studies indicated
improvement in the appearance and flow of the
affected vessel; one in a patient who had
returned for a clinically suspected stroke.
Angiography performed within seven days of the
MR confirmed the MR observations in all three
cases.

Thus MRA and MR Q flow performed in
children with major vessel occlusive disease can
assess the degree of ischemic risk and allow
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non-invasive serial studies of vascular
physiology. The studies correlate well with
rCBF

particularly in focal disease. However the

angiography and measurements,
technique is best used in conjunction with XeCT
which can measure absolute regional tissue
perfusion'",

Xenon CT

Xenon CT as a method for calculating regional
cerebral blood flow is an old technique that has
never gained popularity in North America, but
has been more widely accepted in Japan. The
technique has some notable advantages; it is
relatively inexpensive and can be easily added
onto any CT scanner, it is quick and can be
repeated within twenty minutes so that multiple
interventions may be tested at the same sitting.
The method also measures absolute rCBF
rather than relative flows as in nuclear medicine,
and the generated ROIs are prescribed from an
anatomic map rather than drawn on a
physiological map of flow. The main drawback is
the radiation dose incurred by the patient, and
this limits the number of studies in a patient.
Other issues to be aware of concern the
influence of ROI size and flow values on the
error of measurement and the challenge of
patient motion. One of the best sources of
information is “Cerebral Blood Flow Measurement
with Stable Xenon-Enhanced Computed
Tomography” edited by Howard Yonas'™. This
book is based on papers presented at the First
International Conference on Xenon CT in 1990
and outlines the history of the method, technical
aspects and includes at least twenty papers from
Japanese research groups.

The estimates of cerebral blood flow using
xenon are based on the time dependent
concentration measurements of an inert,
diffusible tracer using the Fick principle. In the
XeCT method gas is inhaled and the end tidal
concentration of Xenon assumed to be
equivalent to the arterial concentration. Selected

levels of the brain are sampled over time and the



change in density used to estimate the rCBF
based on the Kety-Schmidt equation and a one
compartment model. These studies may be
performed as a wash in, plateau, wash out, or
combined study. We have empirically chosen to
use a combined study sampling over six minutes
using a three to four minute inhalation of 28 %
xenon. The accuracy of XeCT rCBI values is
influenced by CT noise, tissue heterogeneity,
errors in estimating arterial xenon concen-
trations and uncertainty about xenon arrival
time. Discussion of these issues may be found
elsewhere!™.

Small ROIs are [raught with errors and
generally need to be as large as 5> 5> 10mf in
order to keep the error < 20%. For this reason
we require a difference > 20% or >10m#/100 g
tissue/min in order to idenlify a difference in
rCBF. Most software packages currently
available will also estimate the confidence
interval of a given measurement.

Patient motion is the most difficult technical
problem influencing the reliability of the data.
Although most investigators have performed
their studies without sedation we have
performed all of ours with sedation using
intravenous Nembutal or Propofol. This results
in high quality data sets but opens the studies to
question about the influence of these drugs. We
have performed over 600 studies, many with
acetazolamide challenges or serial exams over
time. We are comfortable with the reproduci-
bility of the data and the clinical correlation with
outcome would indicate the derived values of
rCBF are valid.

Radiation exposure may be high. Depending
on exposure factors the dose may be in the
range of 2-3 ¢Gy to the brain and up to 20 ¢Gy to
each level sampled. The lens of the eye may be
avoided and the brain is considered less
sensitive to radiation than other organs. Still, the
decision to study a patient must clearly evaluate
the radiation risk. Thus even though newer CTs
permit many levels to be sampled, we have
chosen to sample no more than three levels in
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our studies. Since XeCT offers the only readily
rCBF
measurement, it allows for the only objective

available quantitative method of
method of measuring tissue perfusion in
response Lo disease to therapeutic intervention.
Our studies have focused on the effect of
hyperventilation in head injuries and the risk of
stroke in ischemic neurovascular diseases!*!'¥,
Since our method has been constant, we briefly
outline it here before discussing clinical
applications.

After sedation all XeCT subjects underwent a
routine CT study to select 3-5 levels for sampling
rCBI. The Xenon studies were performed with
an Anzai (Anzai Medical Co. Ltd., Tokyo, Japan)
re-breathing inhalator using a 28 % mixture of
Xenon gas. The chosen levels were sampled five
or six times al 60 second intervals beginning at
30 seconds, resulting in a combined wash-in,
plateau, and wash-out study. Patients were
monitored with an oximeter and had continuous
recordings of C0,, blood pressure, and exhaled
Xenon gas. If a second study was performed
following hyperventilation or the administration
of acetazolamide, at least twenty minutes was
allowed to elapse before re-sampling. When
used, acetazolamide was administered in a dose
of 20mg/kg. More details are available in the
literature'",

The results were analyzed with the provided
software that calculated flow maps and
associated confidence maps. Circular ROIs >2
sq. cm. centered on the cortex were created on
the corresponding anatomic slice. Oligemia was
defined as any ROI measuring <20m¢ /100 g
tissue/min., and tissue with borderline perfusion
was defined as any ROI with flow values <25n¢
/100 g . tissue/nin. On serial studies a minimum
difference of 20% was required to diagnose a
true change.

We reported our initial findings of the effect of
hyperventilation on rCBF in head injured
children at the XV Symposium Neuroradiologicum
in Kumamoto'. The completed work detailed
23 children who had isolated severe head injury
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who were part of a prospective study'”. The
patients underwent intentional, serial changes of
PaCO, at three defined time periods following
head injury while XeCT studies were used to
measure the effect on rCBF. There was a clear
relationship between the frequency of cerebral
ischemia and hypocarbia that was time
dependent and often unpredictable in severity.
As a result we suggested that hyperventilation
should be used with caution and not used
routinely for managing high ICP levels. In other
work we also showed a correlation between
oxygen exiraction fractions of greater than 30%
and cerebral ischemia'®,

We have also reported our experience with
XeCT in children with ischemic neurovascular
disease as mentioned above when discussing its
combined use with MR flow techniques'"-!*,
More recently we have presented our work with
seven children suffering from Moyamoya
disease'™. Estimates of rCBF were performed at
three different levels before and after
acetazolamide administration. Six studies were
performed at diagnosis and ten follow up studies
were carried out after surgical intervention with
post treatment follow up exceeding two years. In
this group of patients four diagnostic studies
(< 20m¢ /100 g .
tissue/min.) and demonstrated a pattern of

showed regions of oligemia

augmented vertebral basilar flow with regions of

Fig.5

diminished flow or steal, in the carotid
distribution. This pattern was also identified in
MR Q flow studies and was used as a method of
recognizing which patients may be at risk of
stroke. Three of four patients suffered new
strokes in the oligemic areas before surgery
while the others did not suffer from additional
strokes. Follow up XeCT studies showed
improved tissue perfusion at six months in two
patients with angiographically proven successful
EDAMs (Fig.5-9). Two other studies showed
improved tissue perfusion at six months without
angiographic change, while at one year
angiography showed failed EDAMs and new
native collaterals. Comparison of XeCT data with
angiography showed the oligemic areas were
confined to areas associated with vessel stenosis
and little neovascularity, From this work we
have shown that XeCT with an acetazolamide
challenge objectively measures rCBI" as well as
vascular reserve, and permits the evaluation of
stroke risk in Children with Moyamoya disease
and may even predict outcome earlier than
angiography.

Others have attempted to estimate ishemic
regions in Moyamoyva disease with SPECT or
MR techniques such as perfusion imaging?*??.
However, all these techniques suffer from the
fact that they only measure relative differences.
Having identified regions of reduced perfusion,

Lateral views of R&L ICA from an angiogram showing typical changes of Moyamoya disease in a
seven year old boy who presented with headaches. Note the poor filling of the middle cerebral

arteries.
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Fig.6
The vertebral basilar injection from the patient described in Figure 5 shows increased perforating
vessels and retrograde filling into the middle cerebral artery territories,

Fig.7

The initial Xenon CT study in the patient described
in Figures 5 & 6. The top two images show an
oligemic right hemisphere while the bottom two
images obtained after acetazolamide show increased
flow to the cerebellum, thalami and left posterior
cerebral artery but decreased perfusion to the right
hemisphere.

Fig.8
A follow up CT study in the patient described in Figures 5-7 demonstrating an
evolving infarct before surgical intervention.
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Fig.9

described in Figures 5

both hemispheres.

Table 1 Scan Parameters for VENC studies

A follow up Xenon CT study in the patient
5-8. The study was
performed six months after bilateral EDAMs.
The top two images show normal flow to both
hemispheres while the bottom two images
obtained after acetazolamide show increased flow
to the cerebellum, thalami and left posterior
cerebral artery and preservation of perfusion to

TR varies with heart rate
TE 2.4-6.6 ms

FLIP ANGLE 30 degrees

Fov 30 or 40 cm

MATRIX 192 X 200

PIXEL SIZE 1.6 X L.5mm or 2.1 X 2 nm
SLICE THICKNESS 4.7-6.8 mn

AVERAGES 2

CARDIAC PHASES 20-45 per cardiac cycle (collected 2 RR intervals)
BANDWIDTH 15.63 KHz

GRADIENTS 27mT/meter & 72 mT/meter/ms shielded power gradients
VENC 50-600 mm/sec (in slice)

Table 2 Calculated flow : V. of Galen Malformation

AVM CoO AVM/CO CO* CO*/KG

mé /min mé /min % mé /min mé /min/ kg
3WKS. 862 1180 73 318 106
3MO. 926 1416 65 490 102
Rx 7TMO. 400 1500 27 1100 115
Rx 11MO. 340 1309 25 969 117
Rx 30MO. 80 2073 4 1993 170

PATIENT EMBOLIZED AT 4 MONTHS CO*= SYSTEMIC CARDIAC OUTPUT (CO-AVM)



these methods cannot determine whether these
regions are truly ischemic (15mf/100 g . tissue/
min). This deficiency is also fairly aimed at MR Q
flow since the interrogated vessels are so small
that the answer is unlikely to be an accurate
measurement. Furthermore MR Q flow does not
evaluate tissue perfusion. PET*) certainly offers
a more complete assessment of circulation and
oxygen metabolism than XeCT, but both appear
to offer insights into the disease and the
response to treatment.

This review has outlined the technical
considerations and pitfalls that must be faced
when developing quantitative MR flow imaging
and Xenon CT and their applications in pediatric
neuroimaging. The careful application of MR Q
flow measurements to intraluminal flow permits
accurate and noninvasive flow quantification of
vascular lesions which may assist in treatment
planning and serve as an objective measure of
treatment response. Similarly Xenon CT allows
for the objective evaluation of rCBF, measures
the effects of hyperventilation in head injuries
and can be used to determine the risk ol stroke
in ischemic neurovascular diseases. Both
techniques are complementary in ischemic
vascular disease with MR flow measurements
most useful in focal disease while the strength of
Xenon CT lies in diffuse ischemia. Such
quantitative measures of flow and tissue
perfusion may be critical in our understanding of
CNS disease and permit objective measures of
the success or failure of therapeutic inter-
ventions in both children and adults.
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Application of PET and SPECT to Child Neurology

Hiroshi Matsuda,

Takashi Ohnishi

Department of Radiology, National Center Hospital for Mental, Nervous,
and Muscular Disorders, National Center of Neurology and Psychiatry

—{ Abstract ——

]

Noninvasive functional neuroimaging with PET and SPECT is widely used even in child

neurology hecause of easy implementation in routine clinical studies. Recent advances in

instruments have made il possible to acquire images with better spatial resolution after
administration ol a lower dose of radioisotope. It is important to comprehend the normal
appearance of brain PET/SPECT images in children because it changes according to brain
maturation and differs from that in adults, e.g. lower blood flow in cerebellum than in cerebrum.
New methods of image fusion of PET/SPECT and MRI such as subtraction ictal SPECT co-

registered to MRI (SISCOM) and statistical parametric mapping alter spatial normalization of

PET/SPECT images to standard brain have been developed and applied to functional disorders,

e.g. epilepsy. Furthermore, neurotransmission imaging using PET/SPECT becomes possible in

terms of benzodiazepine and dopamine systems and early insurance application is expected.

| Kevwords © PET, SPECT, Child neurology
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FLAIR (Preope)

SPECT

Dysembryoplatic neuroepitherial tumor
Fig.1
MRI and PET/SPECT images of a 7-year-old hoy with frontal lobe epilepsy.
MRI with FLAIR sequences showed small-sized cystic areas with adjacent
high intensity areas in the left supplementary motor area. Postoperative
histological examination revealed dysembryoplastic neuroepitherial tumor.
Note much better spatial resolution of PET images than SPECT.

FDG-PET FUSION

Fig.2
Fusion technique of PET and MRI images in the same case as in Fig.1 made

focal decreased glucose metabolism clear in the left supplementary motor

area (arrow).
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Interictal l SISCOM
(Subtraction Ictal SPECT CO-reglstered to MRI)

Fusion

MRI

Curved Reconstruction

Bilateral Perisylvian Sydrome

Fig.3
Fusion images of interictal and ictal SPECT images and MRI in a 12-vear old
girl patient with bilateral perisylvian syndrome. Focal ictal increase of bload
flow was observed in the polymicrogyria on the right perisylvian area.
Difference images between ictal and interictal SPECT (subtraction ictal
SPECT co-registered to MRI : SISCOM) and those curved reconstruction
images revealed clear-cut ictal focal increase on the right perisylvian area.
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2-year-old boy (left porencephaly, epllepsy)

preoperative evaluation of residual funtional visual areas

repetitive CBF measurements using 0-15 H20

B A BABAB (Birest, Ai;photic stimulation by LCD)

SPM
(Statisteal Parametic Mapping)

Render

Fig.4

Visual photic stimulation of a 2-vear-old boy with porencephaly on the left side

activated the bilateral occipital lobes under general anesthesia. Preoperative

PET flow studies using H,!

20 were undertaken to evaluate residual functional

visual areas and analyzed by statistical parametric mapping (SPM).
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Emergency Radiology — Abdominal Pain in Children :
CT Diagnosis

Osamu Miyazaki, Shunsuke Nosaka, Mikiko Miyasaka', Mmdko Hayakawa,
Yoshimasa Imanishi, Yasuo Nakajima, Fumio I\dW;lQllChl“ Tatsuo Kato™,
Ikuo Yamanaka®
Departments of Radiology, Pediatric surgery®, Pediatrics® and Emergency center?,

St. Marianna University Yokohama-city Seibu Hospital
Department of Radiology, St. Marianna University School of Medicine?

Abstract During the past several years, there has been increasing interest in the use of helical
CT for emergency radiology. However, plain abdominal radiography and ultrasonography play the
major role in the evaluation of non-traumatic causes of acute abdominal pain in children. The
indication of emergency abdominal CT for those patients is not clear but it might be necessary for
several complicated conditions. Our criteria of emergency CT for acute abdominal pain in children
are as follows: 1. US diagnosis seems to be incompatible with clinical data, 2. US is unable to detect
whole abnormal findings in pelvic or peritoneal cavity, 3. The diagnosis of US seems to be obscure
and needs more information.

We summarized the differences between non-helical and helical CT especially in the emergency
setting in children. Also, we present some cases demonstrating the clinical usefulness of
emergency CT for acute abdomen in pediatric patients and discussed in detail as compared with
US.

Keywmjd.i‘ | Children, Acute abdomen, CT
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Fig.1 Closed-loop small bowel
obstruction with strangulation
due to post-operative adhesion
(4-year-old, girl).

This CT scan is a non-helical, non-
contrast without breath holding.

These images represented poor
resolution secondary to motion

Note the focal dilatation of

small bowel. High density fluid in

the intestinal lumen suggests

artifact,

intraluminal bleeding due to
strangulation.

49



EREag 7

50 H AR
A, HAEEEME 24 I 00 dt¢
WAIRICE A A T 2 G ST 6 4

%”fMLTiMﬂb%&CF@ﬁ%WCT
U, WEROMEREA I L Az, I
L AR i L vy

CTDiHE R, FlRERA

Ak L7228k e B0, CT AR TOB
BizhWw Tl e ha ko5ich-TEA, HHIC
B R O % G2 W 2 s o T Ly 1 ) %
Ri-LTwaeillbha, —H/NEOIEAEM
IS B CE i GRS ) Tl US A3 e 9 7%
MAERLZLTHS, FOMME LT (1M, JE
iy |, TRALZ I LRI D 2 < HHM\
], [USIZTHEE LW 0T HE it %
WHEZLENY, YTz T E Ihr-.-l"u’r-m\
AR (LU ISR ARG 00 12 5] % di = US A 1T
STWha, USHE—BINTHALAL L., CT#E

441z

A GPOMNPATFETZETTH

50

Bt ANYERERE R S W 2 CT O jEdhis
A, MR TR TO L3 SRz nT
CT#{T-»>TWwa, DUSHT W & AR WA A
BB WA EREES EPUERE R 2 B D | i
F— 2T E P EIEARIE XN AIZE 0
bHoeF, US FREmEAERMTE WS @
US FUSE A RAVERI S h 2 &, KE 0
JIF B A8 B T A (R AU N B 2 M 5. D US
THE TR RS & X & IFINY 2 ki
B PR AW ERTH D, 2D LD HA,
ANFLRHZE , ANUEARRHZE & B A B TR
WO T 4 A h v g v &fTV, CT O
FHatLTw s,

US & Mg U 4z CTOR L 1id@, Godkin
E—#HT3LEbhs, DFOCTIHNEM
A <, FEPTNRS, ATHElRsy , IBImsE (il
[ N B AR B g e P ([ v 1 /A T T b
N5, FFOm@BEhiTE I EAEEhs &
<, FEE, PIBMRCE ORI B B L WA B,

Fig.2 Acute appendicitis (13-year-old, boy)

a: Right lower quadrant US examination with
graded compression method demonstrates
swelled appendix as a typical appearance of
acue appendicitis.

b, ¢ : The CT diagnosis of acute appendicitis in
this particular case is difficult because of poor
intrinsic contrast secondary to paucily of fat
tissue (arrow).
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Fig.3 Perforated appendicitis with
abscess formation (10-year-old, boy)

a : Pelvic US depicting inhomogeneous hypo-
echoic mass posterior to the urinary bladder
suggests abscess formation. Otherwise,
abnormal findings are not demonstrated
entirely.

b, ¢ : Contrast enhanced CT of pelvis can
demonstrate entire pelvic abscess in front
of rectum. Note the high density spot as

appendicolithiasis (arrow) and wall
thickening of distal ileum.
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Fig.4 Acute appendicitis with intestinal malrotation (10-year-old, boy)
a: Right lower abdominal US shows swelling of mesenteric lymph node (arrow) .
b : Wall thickening of small intestine is demonstrated (arrowheads). Considering these findings, the initial

diagnosis of mesenteric lymphadenitis was made.

el

mesentery (arrow). However, the exact etiology of this mass remains unknown.
e, [ : The cecum and ascending colon could not be recognized in the right lower quadrant area.

Contrast enhanced abdominal CT depicts questionable soft tissue mass lesion in the

Only

dilated small intestine is seen in the images of lower abdominal and pelvie CT(arrow). Intestinal

malrotation is suspected from these CT findings.
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Fig.5

Intrahepatic bile duct stones(18-year-old female with a history of
choledochojejunostomy due to congenital biliary dilatation)
a-c : Transverse section of upper abdominal US shows hyperechoic lesion with acoustic shadow near the

hepatic hilum. It is difficult to distinguish intrahepatic bile duct stones from postoperative pneumobilia,

d, e : Non-contrast abdominal CT detects either stones or pneumobilia.
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Emergency Radiology — Abdominal Pain in Children :
Imaging Diagnosis for Abdominal Pain in Infants and Children

Atsushi Yoden
Department ol Pediatires, Osaka Medical College

| Abstract | The child with acute abdomen requires history-taking and physical examination
followed by ]abnralofy and imaging evalution. It is difficult to obtain an exact history and physical
examination from infants and delayed children. In the imaging evalution the pediatric radiologist
play an important role for the diagnosis of acute abdomen, but practically pediatricians are
demanded imaging evaluation at emergency department because of the scarcity of pediatric
radiologists in Japan.
Ultrasonography has become useful increasingly in the evaluation of the child with acute
- abdominal pain. Ultrasound and other imaging findings in intussusception, acute appendicitis,
intestinal obstruction, hemorrhagic colitis, gastric volvulus and internal hernia are reviewed.

Keywords | Acute abdomen, Ultrasonography
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Fig.1 lleo-ileal intussusception
Ultrasonogram shows ileo-ileal intussusception.
An echoic lesion(arrowhead) of the intussu-
sceptum is ileal duplication cyst.
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Fig.2 Strangulating obstruction
Ultrasonogram shows the dilated fluid-filled loops (arrows) of the bowel,

not-dilated loops (arrowheads) and keyboard sign.
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Fig.3 Hemorrhagic colitis
Ultrasonogram shows wall thickening (arrows) of the total colon.
a ; Longitudinal scan of the transverse colon

¢ ; Sagittal scan of the ascending colon
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b ; Sagittal scan of the transverse colon
d ; Sagittal scan of the descending colon
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Fig.4 Gastric volvulus
Abdominal X-ray films show the characterisic finding in mesenteroaxial volvulus. Film (a) shows large
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alblec

dilated stomach (arrows). The gastroesophageal junction is in a relatively normal position(b), but the gastric

outlet(arrowheacds) lies superiorly (c).
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Fig.5 Transmesenteric internal hernia
Abdominal X-ray film shows large round mass
(arrows) in the left abdomen.
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Emergency Radiology — Abdominal Pain in Children :
Imaging Diagnosis for Abdominal Pain in Pediatric Surgery

Takao Fujimoto

Department of Pediatric Surgery, Tokyo Women's Medical University

Abstract | To evaluate the economical and the most effective use of various modalities for acute
abdomen in children, a retrospective chart analysis with respect to diagnostic accuracy, cost and

time which taken to obtain the final diagnosis were examined.

examination for acute abdomen was studied.

Also role of the laparoscopic

To economized the diagnostic procedures of the gastrointestinal tract, the diagnostic algorithm

should be

based on individual symptomatology and extensive use of echography.

Laparoscopic

examination is also quite useful tool for abdominal pain in children and it is saving the time and

cost.

Key Words | cost benefit analysis, Imaging study, laparoscopic examination, acute abdomen,

Children
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Fig.2 A case of SBO due to twisted mesenteric cyst
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Two Cases Undergoing Percutaneous Transluminal Angioplasty for
Pediatric Renovascular Hypertension

Masahiro Misawa, Yoshiyuki Sato, Kensuke Karasawa, Nobutaka Noto,
Naokata Sumitomo, Koji Inamo, Tomoo Okada, Shigeru Takahashi,
Kensuke Harada, Eitetsu Kin!

Department of Pediatrics, Nihon University School of Medicine
Department of Pediatrics, Tokyo Kyousai Hospital”

Abstract | This report describes two pediatric patients (9-year-old and 13-year-old girls) with
renovascular hypertension who underwent PTA (percutaneous transluminal angioplasty).
Hypertension improved after the angioplasty. Angioplasty was performed with balloon catheter
alter heparinization (20~ 25Units/kg). There was obstruction due to thrombosis or vasospasm in
renal artery branch after angioplasty in 1 case, and it was treated with thrombolysis. We conclude
that PTA is an effective treatment as interventional radiology for pediatric renovascular
hypertension, but it needs sufficient anticoagulation before angioplasty for prevention of

complications.

Keywords | Renovascular hypertension, PTA (percutaneous transluminal angioplasty)
Pediatric patients, Complication, Interventional radiology
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a: Selective right renal artery angiogram of Case
1 before angioplasty. Right renal artery
stenosis (white arrow) and poststenotic
dilatation (black arrow) are evident.

b : Angioplasty of Case 1. Right renal artery has
been dilated, and the waist in the balloon
produced by renal artery stenosis has
disappeared.

¢ : Selective right renal artery angiogram of Case
1 after angioplasty. Right renal artery stenosis
has been completely relieved (white arrow)
and hypertension has also improved after
angioplasty.
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Fig.2

a : Aortogram of Case 2 before angioplasty. Left renal artery stenosis of the proximal segment (arrow) is

evident.

b : Angioplasty of Case 2. Left renal artery has been dilated, and the waist in the balloon produced by renal

artery stenosis has disappeared.

¢ : Selective left renal artery angiogram of Case 2 after angioplasty. Left renal artery stenosis of the proximal
segment has been relieved (black arrow), but thrombosis is suspected at the branch of left renal artery

(white arrow).

d : Selective lefl renal artery angiogram of Case 2 after urokinase injection. Lelt renal artery thorombosis

has been improved.
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