REBZBEEE © F3E F19%k 1997

Perirolandic Hypoperfusion on Tc-99m ECD Brain
SPECT in Term Infants with Perinatal Asphyxia:
Comparison with MRI and Clinical Findings

Sunah Lee, M.D., Young Hoon Ryu, M.D., Jong Doo Lee, M.D.
Yoon Joon Hwang, M.D., Dong Ik Kim, M.D., Pyeong Ho Yoon, M.D.
Pyoung Jeon, M.D., Sung Wook Moon, M.D.
and Chang 11 Park, M.D."

Department of Rehabilitation Medicine”, Department of Diagnostic Radiology
Yonsei University College of Medicine, Seoul, Korea

I
H
Ao
]
Ju
I

FNI|0HA}E Qs BOLOIM LEHHS To-99m ECD &
SR AFE oM SHTope BFUL:
RAIIBHYA L AMAAT D

QAT o To)e AR e A, Ee) st

OlMo}- RAE - O|FF - HRE - US - 2WE - M - 24 - UBY
Hgehie ¥ TYNF 2709 A2 Astel £E/5H A olF B 27
B dgoR 94Oz o FYo2 oA M4ty BAFAM MRI 4 &
BEotel ol4aAe Mot A% Hol@ Y4H 54 udshidn uusolgd. 2
EEANE o8 BAOR fol o BARFRAWFEBANA dehte HYF o)y 2

st
A3 MRIAA, 283 4G4 EL vz ozt 3%
QEAHeR HAvHZ g 80993 e FAF MRIY E3Tobe HidaxA HAD
gAez gt olEd A 5-10mCi8 Tc-9m-ECDE A @ FA}
= = & M gAdFAAZHFAAAHE B3] AR, Az
A, A, HTE 2 AX9 RojAAAS BAEYE, o] MRI 2274 € J4543 9

abel FhgAl Bolwti, F47] okt e REel Bl
Atk YAHoE 134 AAvhE dehutch Tc-99m ECDE o848 ¥ wd3x
FH4E 2¥A 8984 dehdth MRIZA SdEol
$ e sl e, 29l dE 45t MRIGAIA o 4
BARARG O BUAG 2RN HOARAAFHEYY ol FLaAo] BY
oz FAEokM o F2AE R B YPH, P2, a3 J)5HeE
% HSTh Tc-9m-ECDE ©§% ¥ wdgARFHEIL s 0@shA
Fg3t g, MRIZG M9 o $H98 F90M o) gade Bgrh

b

rin

o)
N

3
lo o
2
£
i
rir

=]

Job et
1
T M

For correspondence or reprint Contact : Jong Doo Lee, M.D. 120-752, Division of Nuclear Medicine, Department
Diagnostic Radiology Yonsei University College of Medicine 134 Shinchon-Dong Seodaemun-Gu, Seoul Korea
Tel: (02) 361-5837 Fax : (02) 393-3035

of



— The Korean Journal of Nuclear Medicine : Vol. 31, No. 1, 1997 —

INTRODUCTION

Cerebral palsy is a collection of nonprogres-
sive disorders that manifest as abnormalities of
motion and posture”. It results from CNS injuries
sustained in the early period of brain develop-
ment, one of its major causes being hypoxic-
ischemic encephalopathy”. Magnetic resonance
imaging of patients with hypoxic-ischemic
encephalopathy has shown that the developing
brain reacts to hypoxic-ischemic insults in a
predictable manner, the pattern and topography
of which depends on the state of maturation of
the brain at the time of the insult®™,

Perirolandic cortico-subcortical involvement on
MRI has recently been described as a specific
finding in term infants with perinatal asphyxia'®.
In addition, patients with such findings on MRI
presented uniformly with spastic quadriplegia
type of cerebral palsy in a previous study!®.
with on MRI

represent a distinctive subset among patients

Thus patients such findings
with cerebral palsy, namely those with perinatal
asphyxia at term and spastic quadriplegia.

In this study, correlative analysis of Tc-99m
ECD ethyl cysteinate dimer brain SPECT in se-
lected patierits with perirolandic cortico-subcor-
tical involvement on MRI _is carried out, the
purpose of which is to compare the MR and
SPECT features of these infants, to correlate
them with clinical features, and to evaluate the
role of brain SPECT as a functional imaging
method in comparison to that of a structural
imaging method.

MATERIALS AND METHODS

The seven patients included in this study
were selected from a population of over eighty

patients who had been diagnosed as having ce-
rebral palsy. The eighty patients had undergone
a research protocol that included brain MRI and
SPECT. Informed consent to be examined acco-
rding to the protocol was given by the parents
or legal guardian of each subjects.

A summary of the clinical manifestations of
the 7 patients included in this study are provi-
ded in Table 1. There were 5 boys and 2 girls.
Their age ranged from 14 to 39 months {(mean 26
months) at the time of the imag"ing studies. The
intrauterine history of the patiehts W‘efe unre-
markable and all were born at term or at near
term, with birthweights ranging between 2.7 and
3.7kg(mean 3.18kg).
was present in all but one of them. Cerebral

Overt perinatal asphyxia

palsy in the form of spastic quadriplegia was the
uniform presenting clinical feature. There were
no difference in the clinical manifestations or MR
findings between the patients with a history of
perinatal asphyxia and the one without.

1. MRI procedure

MR imaging was performed with a 1.5 signa
(General Electrics Medical
Milwaukee, Wis). A multisection T2 weighted
fast spin echo(FSE) sequence (3333/114 [TR/
effective TE], 20cm FOV, 256 X256 matrix, one
excitation) was used to obtain axial images. A
multisection T1 Weighted sequence (400/12, 20cm
field of view, 256X256 matrix, two excitations)

unit Systems,

was used to obtain axial and midline .sagittal
images. Slice thickness were 5mm, with a 2.5mm
interslice gap. No intravenous contrast was
used.

All MRI data were initiallly evaluated by two
experienced neuroradiologists. Patients with the
specific abnormalities of the area bordering the
central sulcus were selected for inclusion in this
study. Perirolandic cortico-subcortical involve-

ment on MRI was defined as localized atrophy
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Table 1. Summary of Clinical Data

. Age at MRI/SPECT .. . JUP at Birth Birthweight Perinatal
Patient No Sex (months) Clinical Feature (weeks) (kg) Asphyxia

1 F 14 SQ 39 29 +

2 M 16 SQ 40 2.9 +

3 M 38 SQ 39 2.7 +

4 M 14 SQ 40 34 -

5 F 22 SQ 40 33 +

6 M 39 SQ 42 37 +

7 M 39 SQ 40 34 +

SQ : spastic quadriplegia
of the cortex located in areas bordering the
with additional

changes, or tissue loss of the subcortical white
10)

central sulcus, gliosis, cystic

matter . The central sulcus was identified accor-
ding to a method formerly described by Sobel et
al'. The MR images of those included in this
study were reevaluated to assess for tissue loss
and evidence of tissue damage as demonstrated
by areas of altered T1 and/or T2 relaxation. In
particular, the perirolandic cortex, basal ganglia,
thalami, cerebellum, corpus callosum, periven-
tricular and subcortical white matter, and the
frontal, temporal, and occipital cortex were
Additionally, the

changes of the right and left perirolandic area

scrupulously scrutinized.

were qualitatively graded as either subtle or

obvious.
2. SPECT procedures

After intravenous injection of 5-10mCi(185-
370MBq) of Tc-99m-ECD, SPECT images were
obtained with a brain dedicated annular crystal
{Digital Waltham,
USA) equipped with low-energy, high-resolution

camera Scintigraphic Inc,

parallel hole collimators. 120 projections were
acquired with 3 degree angular increments. The
matrix size was 128X128. Transaxial images were
obtained by the filtered back projection method
using a Butterworth filter (Nyquist frequency
1.1 cycle/cm at an order no.10). Attenuation cor-

rection of the transaxial images was performed

by the Chang’s method, and coronal and sagittal
slices were calculated from the original tran-
saxial images (parallel to the orbitomeatal line).
To ensure absence of motion during the SPECT
examination, intramuscular injection of chlorp-
romazine was routinely used to sedate the
patients prior to the procedure.

All SPECT scans were assessed initially by
two experienced nuclear medicine specialists. S-
PECT data were reevaluated in patients exhibi-
ting central cortical and subcortical involvement
on MRI. An overall qualitative visual grading
(as either increased, normal, or decreased per-
fusion) of the SPECT data by mutual consensus
was recorded for the perirolandic cortex, basal
ganglia, thalami, cerebellum, and the frontal,
temporal, and occipital cortex. Abnormalities of
the right and left perirolandic cortex, where
found, were qualitatively graded as subtle or

obvious.

RESULTS

Atrophy and gliosis of the perirolandic cortex
were present in all 7 patients on MRI, subtly in
2, and obviously in- 5 of them. It was depicted
by decreased signal intensities on T1, and increased
signal intensities on T2-weighted axial images.
The lesions were band shaped in the left-right
direction and distributed symmetrically along the
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14mo year old girl with spastic quadriplegia and perinatal asphyxia

Technetium-99m-ECD SPECT demonstrates bilaterally decreased perfusion around the perirolandic
area, on both axial and sagittal reconstructed images. The cortical hypoperfusion is better demons-
trated on the sagittal reconstructed image. Decreased perfusion of the thalami and lentiform nuclei
bilaterally are present. The cerebellum and brain stem exhibits hypoperfusion as well.

Atrophy and gliosis of the perirolandic cortex is present bilaterally. It presents as linear band
shaped area of decreased signal intensities on T1 and increased signal intensities on T2-weighted
images.

C, Midline sagittal T1-weighted images demonstrate thinning of the posterior body of the corpus

callosum.

T2 weighted axial image through the level of basal ganglia and thalami shows relatively normal
appearing thalami .Increased signal intensities at dorsolateral aspect of lentiform nuclei on both
sides are seen.

T2 weighted ‘axial image of the cerebellum appears normal.

central sulcus(Fig. 1B). Subcortical white matter  perirolandic cortex and subcortical white matter

bordering the central sulcus also demonstrated were not observed. Bilaterally decreased perfu-

atrophy in the 7 patients, with signal changes sion around the central sulcus were present in

compatible with gliosis. Cystic changes of the all seven cases on Tc-99m-ECD brain SPECT
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Table 2. Abnormalities Detected on SPECT vs.
MRI

MRI SPECT

Perirolandic Area
obvious
subtle
Basal Ganglia
Thalami
Cerebellum
Temporal Lobe
Corpus Callosum

~NOoOOoUTWNOT=Y
OB IUTO I

Fig. 2. Al6 mo old boy with spastic quadriplegia
and perinatal asphyxia

A, Tc-99m-ECD SPECT demonstrates bil-

aterally decreased perfusion of the pe-

rirolandic cortex, along with hypoper-
fusion of both thalami. The basal gan-
glia show normal perfusion. Cerebellum
appears hypoperfused.

B, Subtle signal intensity changes of the
perirolandic area are demonstrated on
MRI.

(Fig. 1A). Hypoperfusion of the perirolandic cor-
tex was judged to be obvious in all cases, even
in the 2 cases with subtle findings on MRI(Fig.
2A, 2B).

SPECT revealed decreased cerebellar perfu-

sion in 3 patients without corresponding anato-

mic abnormalities on MRI(Fig 1A, 1E). Basal
ganglia was hypoperfused in 5 patients, 3 of
whom showed signal changes on MRI(Fig. 1A,
1D). Hypoperfusion of the thalami was a uni-
versal finding on SPECT, whereas MRI showed
signal changes in 5 patients(Fig. 1A, 1D). Tem-
poral lobe was hypoperfused in 1 case, in which
MRI failed to reveal signal changes. Summaries
of the SPECT and MRI findings are provided in
Table 2.

DISCUSSION

Cerebral palsy, a nonprogressive. disorder of
movement and posture due to damage to the
immature brain, represents a syndrome, rather
than a specific etiologic diagnosis. It results from
various kinds of injuries sustained in the early
period of brain development. The clinical mani-
festations of cerebral palsy are varied as well,
with several clinical subtypes. They are specifi-
athetoid,

atonic, and mixed types.

cally spastic, rigid, ataxic, tremor,

Attempts have been made to assign a specific
imaging diagnosis according to the subtypelz' 13
Imaging diagnosis, i.e., the anatomic distribution
of the cerebral lesions, largely determines the
clinical picture of patients with cerebral palsy.
For example, in spastic diplegia, the most
common form of cerebral palsy, periventricular
leukomalacia predominant around the occipital
homs is the most frequent finding seen on MRI';
passage of motor fibers to the lower extremity
in the white matter tracts affected by perive-
ntricular leukomalacia accounts for the clinical
symptoms.

In addition, MR imaging provides clues to the
timing of the brain injury. Although not as
significantly as has previously been thought to

be, the role .of hypoxic ischemic encephalopathy
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as the major causative factor of cerebral palsy
holds'™®. And having documented the response

patterns to hypoxic-ischemic injuries of the

. . 2-9, 17
immature brain on MRIZ%!?

, the approximate
timing of brain damage can be predicted by
MRI in patients with cerebral palsy :the imma-
ture brain responds to hypoxic-ischemic insults
in a predictable manner, the pattern and topo-
grpahy of which depends on the state of matu-
ration of the brain at the time of the insult.
Preterm infants manifest with periventricular
leukomalacia as the predominant MR - finding,
whereas cortico-subcortical involvement mainly
in the parasagittal watershed areas is seen in
term infants. In the postterm infants, the cortex
and subcortical white matter in the watershed
regions are most severely involved, with relative
sparing of the immediate periventricular white
matter.

Perirolandic cortico-subcortical involvement has
been described as a specific MR pattern in term
infants with perinatal asphyxia, who, with spas-
tic quadriplegia as the predominant clinical feat-
ure, represented a distinctive subset among pa-
tients with cerebral palsy“”. Perirolandic cortico-
subcortical involvement was defined as localized
atrophy of the cortex located in areas bordering
the central sulcus, with  additional gliosis and
tissue loss of the adjacent white matter'®. It
characteristically appeared as band-shaped (in the
left-right direction) areas of decreas‘ed signal
intensities on T1, and increased signal intensi-
ties on T2-weighted MR images.

Involvement of the perirolandic area in peri-
natal asphxyxia at term may be explained in
terms of it being an active zone of myelination
at the time of birth'®.

specific regions of the brain to hypoxic insults

The susceptibility of

depends to a certain extent on the level of
metabolic activity exhibited, and the onset of

myelination in specific white matter tracts is
generally accepted to be related to the onset of

17.19-2D. sulcus

essential functions The central
represents an active zone of myelination at the
time of birth, and hence its involvement in hyp-
oxic insults to the brain in early life. Peri-
rolandic involvement thus represents a pathop-
hysiologically distinctive process causing cereb-
ral palsy.

Patients with perirolandic cortico-subcortical

“involvement manifested uniformly with spastic

12 The pre-

quadriplegia in a previous study
senting feature in all the patients included in
this study were spastic quadriplegia also. Invol-
vement of the central sulcus, and thus the corti-
cospinal motor tracts, accounts for such symp-

toms. Although the basal ganglia were involved

_in a number of cases on MRI, the symptoms

expected from such anatomic lesions(i.e., chore-
oathetoid movements) were masked by the spa-
sticity of the four limbs.

Functional studies such as cerebral blood flow
or glucose metabolism studies of patients with
cerebral palsy have been performed previously
22 Byen attempts to describe the regional
glucose metabolism abnormalities according to
the subtype of cerebral palsy have been made®.
The results have not been consistently. estab-
lished, however. In the asphyxiated term new-
born, parasagittal impairment of cerebral blood
flow has been described”™, but the perirolandic
hypoperfusion observed in our study has not
been mentioned so far.

Decreased cerebral blood flow to the peri-
rolandic area was demonstrated in all patients
included in this study on Tc-99m ECD brain
SPECT scans. It represents cortical hypoperfu-
sion, as the subcortical white matter with its
cerebral blood flow

relatively lower regional

relative to the cortex, little contributes to the
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results of the brain perfusion scans. In com-
parison to MRI which demonstrates structural
alterations of the perirolandic cortex, Tc-99m-
ECD brain SPECT scans demonstrates decrea-
sed cerebral perfusion, and therefore, decreased
function.

Definite hypoperfusion was seen around the
perirolandic area even in cases with subtly vis-
ualized alterations on MRI(Fig. 2A, 2B). In ad-
dition, the reduction in function was seen in a
wider area of brain than was seen structural
abnormalities. Tc-99m-ECD brain SPECT sho-
wed decreased perfusion of the thalamus and
basal ganglia even in cases without demons-
trable signal changes on MRI" Hypoperfusion of
the cerei)ellum and temporal lobes were not
accompanied by congruent structural changes :
MRI failed to reveal structural alterations. The
hypothesis that the distribution of metabolic
beyond the

anatomic involvement as has been previously

impairment extends region of
suggested%) is supported by these results.

The major limitation of brain SPECT is that
it fails to show abnormalities of the subcortical
white matter. The lower regional cerebral blood
flow of white matter in comparison to the.gray,
and the lower spatial resolution of brain SPECT
in comparison to MRI, does not allow :brain
SPECT scans to reveal hypoperfusion in these
areas. MRI may however compensate for brain
SPECT’ s limitations.

REFERENCES

1) Alcock NS, Bates JAV, Bax M et al:Termi-
nology and classification of cerebral palsy. Dev
Med Child Neurol 1964,295-307

2) Barkovich AJ, Truwit CL:Brain damage from
perinatal asphyxia® correlation of MR findings with
gestational age. AJNR 1990,1087-1096

3) Barkovich AJ: MR and CT evaluation of profound
neonatal and infantile asphyxia. AJNR 1992,959-972

4) Barkovich AJ, Sargent SK: Profound asphyxia in
the premature infant ! imaging findings. AJNR 1995;
1837-1846
5) Barkovich AJ, Westmark K, Partridge C, Sola A,
Ferriero DM : Perinatal asphyxia ' MR findings in
the first 10 days. AJNR 1995; 427-438
6) Westmark KD, Barkovich AJ, Sola A, Ferriero
DM, Partridge C: Patterns and implications of
MR contrast enhancement in perinatal asphyxia :
a preliminary report. AJNR 1995;685-692
7) Baenzinger O, Martin E, Steinlin M, et al.: Early
pattern recognition in severe perinatal asphyxia
a prospective MR study. Neuroradiology 1993,
437-442
8) Sugimoto T, Woo M, Nishida N, et al.: When do
brain abnormalities in cerebral palsy occur? An
MRI study. Dev Med Child Neurol 1995,285-292
9) Truwit CL, Barkovich AJ, Koch TK, Ferriero DM :
Cerebral palsy ' MR findings in 40 patients.
AJNR 1992,67-78
10) Rademaker RP, van der Knapp MS, Verbeeten B
Jr, Barth PG, Valk ]: Central cortico-subcortical
involvement . A distinctive pattern of brain da-
mage caused by perinatal and postnatal asphyxia
in term infants. J Comput Assist Tomogr 1995;
256-263
11) Sobel DF, Gallen CC, et al.: Locating the central
sulcus : comparison of MR anatomic and magne-
toencephalographic  functional methods. AJNR
1993,915-925
12) Rutherford MA, Pennock JM, et al.: Athetoid
cerebral palsy with cysts in the putamen dfter
hypoxic-ischaemic encephalopathy. Arch Dis Chi-
ldhood 1992,846-850
13) Menkes JH, Curran J: Clinical and MR correlates
-in children with extrapyramidal cerebral palsy.
AJNR 1994;451-457

14) Volpe JJ.: Current concepts of brain injury in the
premature infant. AJR 1989,243-251

15) Krageloh-Mann 1, Hagberg B, et al.: Bilateral
spastic cerebral palsy-pathogenetic aspects from
MRI. Neuropediatrics 1992,46-48

16) Kragoloh-Mann I, Petersen D, et al.: Bilateral
spastic cerebral palsy-MRI pathology and origin.
Analysis from a representative series of 56
cases. Dev Med Child Neurol 1995,379-397

17) Barkovich AJ, Kjos BO, et al.: Normal maturation
of the neonatal and infant brain: MR imaging at
15T, Radiology 1988,173-180

18) Yakoklev Pl: Morphological criteria of growth
and maturation of the nervous system in man.

_.7__



— AEEEEEE F3E F 1 BE F619% 1997 —

Res Publ Ass Res Nerv Ment Dis 1962,3-46

19) Brody Ba, Kinney HC, Kloman AS, Gilles FH:
Sequence of central nervous system myelination
in infancy, I:an autopsy study of myelination. J
Neuropath Exp Neurol 1987,283-301

20) Azzarelli B, Meade P, Muller J: Hypoxic lesions
in areas of primary myelination. A distinct pat-
tern of in cerebral palsy. Childs Brain 1980;132-45

21) Chugani HT, Phleps ME, Mazziotta JC : Positron
emission tomography study of human brain fun-
ctional development. Ann Neurol 1987;487-497

22) Taudorf K, Vorstrup S: Cerebral blood flow ab-
normalities in cerebral palsied children with a
normal CT scan. Neuropediatrics 1989;33-40

23) Denays R, Van Pachterbeke T, Tondeur M, et al.:
Brain single photon emission computed tomogra-

phy in neonates. J Nucl Med 1959;1337-1341

24) Denays R, Tondeur M, Toppet V, et al.: Cerebral
palsy : Initial experience with Tc-99m HMPAQ
SPECT of the brain. Radiology 1990,111-116

25) Kerrigan JF, Chugani HT, Phleps ME : Regional
cerebral glucose metabolism in clinical subtypes
of cerebral palsy. Ped Neurol 1991,415-425

26) Denays ‘R, van Pachterbeke T, Toppet V, et al.:
Prediction of cerebral palsy in high-risk neona-
tes. A technetium-99m~-HMPAQO SPECT study.
J Nucl Med 1993;1223~1227

27) Volpe JJ, Herscovitch PH, Perlman JM, et al.:
Positron emission tomography in the asphyxiated
term newborn : parasagittal impairment of cerebral
blood flow. Ann Neurol 1985;287-296




