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Introduction

Single Photon Emission Computed
Tomography (SPECT) was introduced in the
early 1980s as an instrument for the evaluation
of Regional Cerebral Perfusion (RCP) and

receptor density studies. For the performance
of SPECT, a flow tracer or a receptor -
binding substance is tagged with rationuclide

and injected intravenously into the patient.
The radiotracer is assumed to accumulate in

different areas of the brain, proportionately
to the rate of delivery of nutrients to that

volume of brain tissue. Using a
gamma-camera and the techniques of CT, a
three-dimensional image of the distribution
of a radionuclide in the brain is obtained.

Initial images usually performed with
Xenon-133 (I 33xe), provided less than
adequate anatomic resolution. This situation

has been corrected in the past few years
with the advent of improved cameras and
radiotracers. Perftision studies are now

being used for the study of cerebrovascular
disease and to aid in the differentiation of

epileptic and nonepileptic seizure, the
study of focal epi lepsy and presurgical
evaluation, in the differentiation of glioma
from radiation necrosis, the diagnosis of

Alzheimer's disease and Huntington's
chorea, and the determination of brain death.
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Receptor-binding agents for SPECT are
becoming increasingly avaiiable. One of the

Major reasons for the growing interest in
SPECT is that it representats a less expensi ve
functional reuroiniaging technique, without
any radiation hazard.

Material and methods

SPECT is a technique that combines the

advantages of gamma-scintigraphy with

COll1puted tomography and give three
dimensional (30) presentation of a functional

image. In conventional SPECT, a rotating
camera head moves slowly around the
patient's head and the images are acquired as
a number of views which, upon computer
reconstruction, can be representated in 3D or
in 20 along the axis of the third dimension.

Using TC 99m HMPAO (hexamethyl

propylenamineoxime) functional study and

blood flow seen. The brain perfusion is
proportional to blood flow and higher blood
flow is shown in higher concentration of
tracer (hot area) and decreased blood flow on
the otherhand results in decreased

concentration (cold area) in brain.

The patient should be kept in acalm and qUIte
room for half an hour before doing SPECr
study. A dose of 10-15 mci of TC 99M
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HMP AO should be given intravenously and
image will be acquired 10mints later. A total
number of 64 views should be taken with 30
secs interval.

A total 40-45 mints require to complete a
study. The images acquired and processed in
computer system. All the slices should be
reconstructed in coronal, sagittal and
transverse plane by filtered back Projection
method.

Availability

Gamma cameras and SPECT cameras are

widely found in nuclear medicine, X-ray

and medical physics departments. In

Bangladesh, it is only available at the Institute

of Nuclear Medicine. They are relatively

inexpensive to use and have been used in
neurological disorders in combination with
ceretec since 1997.

Ceretec

Ceretec is a unique opportunity to visualize

brain function. Ceretec is provided as a
freezedried preparation which, after a simple
reconstitution step with pertechnetate, gives

a ready to-inject technetium (99mTc)-
labelled radiopharmaceuticals. 99mTc is the

radioisotope most ideally suited to gamma
cameras and SPECT imaging. The injection
contains 99mTclabelled Ceretec which is

lipophilic, neutral molecule. Following
intravenous injection, Ceretec crosses the
blood-brain barrier and distributes in relation

to the blood flow within the cerebral cortex.

Once inside the cerebral cortex, Ceretec is

converted to a less lipophilic, molecule which
is unable to diffuse back.
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Ceretec will give a clear picture of the
distribution of blood flow in the brain. In

normal functioning tissue, cerebral blood
flow and metabolism are coupled since a
demand for more oxygen or glucose is
suppliedbyacorresponding increase inblood

flow. A Ceretec scan highlights ,areas of
relatively high and low blood flow. This is
obviously of importance in epilepsy,
cardiovascular diseases and the dementias.
Cortical and subcortical structures are

well-delineated,theinformationcomplement
obtained corresponds to brain function.
Functional imaging using Ceretec is an
important complement to the structural and
anatomical information obtained from CT
and MRI.

CERETEC VS PET (Positron Emission
Tomography)

PET is available at a few centres in the

world (not available in Bangladesh), which
have access to positron emitting isotopes.
Positron emitters like 2-15 have very short
half-lives (2 minutes) and need to be
generated in a cyclotron close to the nuclear
medicine department. Because they tend to
be based on atoms that are found in the

body (CO), they are usually incorporated
into substances metabolized in the body
(e.g. glucose), thus giving information on
metabolism. PET is similar to SPECT in the

representation of the images. Resolution of
the images in latest generation PET is in the
order of 4-5mm, whilst with dedicated brain
SPECT, the resolution is around 6-1 Omm.

Functional imaging of the brain

The radionuclide tracer method is unique
amongst all other imaging methodologies in
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its ability to trace organ or tissue function
and metabolism. It derives this advantage
from the nature of the signal used for image
generation and its single interaction with the
organ or system under examination.

Present tracer development
Progress in nuclear medicine is significantly
dependent, and a function of, new tracers
being made available for investigation of
human pathology. Brain scanning, as
performed with 99'Tc in the form of
pertechnetate (99Tc-'04) is an image of part
nuclear medicine brain scintigraphy. Now
a whole series of tracers capable of
traversing the intact human bloodbrain
barrier (BBB) has been synthesized. The
radiotracer is assumed to accumulate in

different areas of the brain proportionally
to the rate of delivery of nutrients to that
volume of brain tissue and is described in

mllmin per 100g.

Studies in animals and humans have

demonstrated that underproperly controlled
conditions, SPECT data obtained with

perfusing agents, approximates perfusion
closely enough to be meaningful in clinical
and research studies. Furthermore, most

routine clinical applications of brain

perfusion SPECT do not requirequantitation
of rCBF and rely exclusively on the

generation of images that reflect tracer

uptake and retention only. Thus areas of
abnormal activity are said to be hyper or
hypo-perfusion on compared to a reference
set, which is often the average cerebellar
activity or the average cortical activity inthe
same anatomic slice.
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The approved brain perfusion
radiopharmaceutical agents for clinical use
are:

a) lodine-123 (1231) N-isopropyl-p-
iodoamphetamine (IMP, spectamine)
distributes proportionately to rCBF over
a wide range of flows but may be
decreased with low plasma PH as in
cerebral ischaemia or acidosis. Brain

activity remains relatively constant from
20 to at least 60 minutes after injection.

b) 99mTc hexamethyl -prophylenamine
oxime(HMPAO,Ceretec),a lipidsoluble,
macrocyclic avine isavailable for routine
clinical use. Brain uptake is rapid and
reaches its maximum within 10 minutes.
Radiotracerdistribution remainsconstant

for many hous after injection.

123I-labelled ligands have been developed
for imaging the muscarinic benzodiazepine,
scrotonergic and dopaminergic receptor
systems. These radiotracers have not yet
reached the stage of routine clinical practice.

Safety

Brain perfusion SPECT is a safe procedure.
The whole body effective dose equivalent
(EDE) received from the administration, of
99mTc -HMPAO is 0.7 rem per 20m cidosr.
This EDE value is similar to that received

during a radionuclide bone scan is 1.5 times
that received from aCT scan of the abdomen

and pelvis and is 43 percent of the average
annual backgraund radiation in the United
States. Patients must remain still during the
course of the study, which usually lasts 20 to
30 minutes. Most state-of-the-art imaging
systems are designed to reduce head motion
and patient discomfort.
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Use ofspect in the brain disorder

SPECT perfusion studies can be used in
various reneurological problem, e.g. stroke.
SPECT is a sensitive indicator of perfusion,
it supplements the anatomic information
from CT and MRI in the evaluation of

cerebrovascular disease. Abnormal patterns
of blood flow are recognized either as areas
of hypoactivity (focal or diffuse) or
hyperactivity (hyperemia).

Acute stroke

CT and MRI scans provide information only

on anatomic changes, and for this reason,
remain normal for sometime after the onset

of symptoms. Eight hours after an infarction,

approximately 20 percent of CT scan will be
positive, nearly 90 percent of SPECT scans

will be positive.2

Several hours must pass before changes can
be detected by conventional MRI.

Two large prospective, blinded studies
examined the ability of brain SPECT to
localize ischaemic stroke. Sensitivity of 61
to 74% (about 85% for nonlacunar strokes)

and specificities of 88 to 98% were reported.3

Prognosis/recovery from stroke

In a study of very early SPECT «6 hours
after stroke), early severe decrease in CBF

were highly predictive (92%) of poor
neurologic outcome.4 Based on several
clinical studies, SPECT should be considered

an investigational tool for the assessment of
prognosis after stroke.

Stroke subtypes

The limitations and difficulties inclassifying
stroke subtypes on clinical grounds and
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anatomic imaging (angiography, CT scan)
are well-described. Consideration of stroke

subtypeisimportantfortreatment,recurrence,
recoveryand mortality.5For instance,patients
with cortical stroke are more likely to need
anticoagulation than those with lacunar
stroke.

The need to rapidly and accurately
differentiate stroke subtypes is becoming
increasingly important as more specific
stroke therapies are being evaluated.
Although the haemodynamic status, as
determined by PET in patients with greater
than 75 percent carotid stenosis, did not
predict stroke reoccurrence after one year
the ability to identify patients with low flow
states due to asymptomatic carotid disease
might permit appropriate selection of cases
for eudarterectomy.

Similarly, demonstration of haemodyna-
mically significant carotid stenosis in the
setting of anacute infarctmay prompt the use
of revascularization as opposed to
anticoagulation or thrombolytic therapy.
Patterns for distal field infarction, similar to
those described for CT and MRI, can be seen
earlier after stroke on SPECT scanS.7

Similarly, a wedge-shaped defect is often
seen with embolic infarction. A normal

SPECT with a lacunar syndrome may be
strongly predictive of small vessel disease.
In a study of 106 patients with hemispheric
stroke (Iacu nar in 28), a negati ve SPECT was

considered to imply lacunar disease. Using
this premise, SPECT was 68% sensitive
and 100% specific for lacunar stroke.7os
Based on several clinical studies, SPECT

should be considered a promising tool for the
determinationof stroketype.
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Data from several well-designed clinical
studies indicate that the detection of acute

ischaemia is an established application of
SPECT. In ischaemic stroke, SPECT is
helpful to differentiate lacunar from
cortical disease early in the course of the
disorder, when CT and MRI may still be
nonna!. Decreased cortical perfusion is
more likely to be related to embolic disease
that may require cardiac workup and
anticoagulation.

Transient ischaemic attacks

The efficacy of SPECT in the evaluation of
transient ischaemic attacks ( liAs) is highly
timedependent. Studies of CBF suggest that
up to 60 percent of patients with TIM will
have abnormalities if examined on the day
of admission, 40 percent by second day,
and the number continues to fall during
the first week after the event.8 The

sensitivity of SPECT imaging inTIM can be
improved with the addition of reactivity
testing with acetazolamide, which may also
provide information on the mechanism of
ischaemia.9A persistent reduction in CBF of
greater than 30 percent inthe days after aTIA
may be associated with a high risk of
subsequentinfractionin the firstweek after
the TIA.IO

Suharachnoid haemorrage

Regional hypoperfusion seen on SPECT
correlates with the presence and severity of
delayed neurologic defects '0'. SPECT
facilitates the early diagnosis of cerebral
hypoperfusion due to vasospasm and may
help in differentiating hypoperfusion from
other causes of deterioration after

subarachnoid haemorrage. SPECT has been
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used to evaluate steal in arteriovenous

malformations. The presence of severe
steal has promted staging of the surgical
resection and encouraged embolization as
a preliminarytreatmentII. Basedonseveral
well -controlled clinical studies, detection
of ischaemia due to vasospasm after SAH
seems a promising application for SPECT.

Nepolasms

Tracers labelled with thalliun-201 (201 n)

have been used to quantitate the malignancy

grades of gliomas and to differentiate
radiation necrosis from tumour recurrence.

Higher malignancy tumours have a grater

radionuclide uptakel2.

Aids encephalopathy

SPECT in HIV encephalopathy shows
decreased coritical uptake with or without
focaldefects, multifocaldefects inthe central

gray nuclei and decreased uptake in the white
matter of the hemispheres 13. SPECT is
particularly useful in instances of psychosis
or mild attentional impairment ordepression
in HIV-positive patients with a normal CT
or MRI.

Alzheimer's disease

In Alzheimer's disease (AD), SPECT shows

decreased perfusion in the association cortex

of the parietal lobe and the posterior temporal

regions. Frontal association cortex is

predominantly affected in some cases. The

occipital lobes are less involved. Controlled
studies of SPECT in AD have shown the

sensitivity of this procedure to vary from 50

to 95 percent. 14
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Huntington's chorea

On SPECT, the caudate nuclei appear
hypoperfused, even in the early stages,when
thre is no structural evidence of caudate

atrophy on CT or MRL15 This finding is
particularly useful in patients with
questionable clinical findings, such as very
mild rigidity or chorea.

Diagnosis of brain death

Cerebral perfusion imaging with SPECT

agents, particularly 99mTc compounds is

superior to the conventional radionuclides

used for the diagnosis of brain death.Absent

cerebralactivity isclearly shownonSPECT.16

Early SPECT reveals more extensive

perfusion abnormalities than anatnc charges

seen on CT early after trauma.

Spect in the diagnosis afseizures and epileptic

syndromes

Single photon emission computed
tomography is a well established functional
imagingtechniqueinepilepsythataidsprecise
non invasive localization of the seizures.

Electroencephalography (EEG) with video

monitoring of seizures precedes more

invasi ve evaluation, such as cortical or depth
electrodes. Positron emission tornoigraphy
(PET) studies in temporal lobe epilepsy are

moderately sensitive, demonstrating

ipsilatateral hypometabolism. Ictal SPECT
studies in temporal lobe epilepsy demons-
trates transient intense hyperemia in the
anterior lobe structures. Perictal images show
persisting mesial temporal hyperperfusion

with lateral hypoperfusion developing over
the next 2-5 minutes to be replaced by
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significant hypoperfusion in the postictal
phase. New HMPAO in SPECT imaging

agents hold promise in localizing the seizure
focus (focally reduced uptake) in interictal
period. I? lnterictal spect of rCBF is clinical

utility inthepreoperativeevaluation of partial
epilesy. Fifty-eight patients with drug-
resistant partial epilepsy were s,tudied by
interictal rCBF measurements using

99mTc-HMPAO, and 95 percent of the

patients were considered abnormal in one
part of the brain, of whom 27 percent were

abnormal on CT, 45 percent on MRI and 98

percent on scalp EEG.18

Interictal99mTc-HMP AO SPECT in a series

of seven- children with developmental
disorders of the neocortex, each of them

representing a prototype of cerebral
dysgenesis,polymicogyria, nodularheteropia
andbandheteropiawerestudied.The patients
were selected among 22 epilepic patients
withneuronal migrational disorders (NMDs).

lnterictalv SPECT hypoperfusion was
observed in the area homologous to MRI
findings in all examined children 19.They
infer-redthat interictalbrainperfusionstudies
may play an important role in detecting
anatomic substrate in developmental
disordersof theneocortex.

SPECT is a valuable tool in the assessment of

epileptic patients. Radio-tracers that distribute

according to regional cerebral blood flow

permit the identification of altered perfusion
to an epileptogenic zone, both ictally and

interictally. This technique has proven

especially usefully useful in temporal lobe

epilepsy.2°
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SPECT study was done in 5 I cases of
intractable epilepsy, of which 36 were male
and 15female, with a mean age of 21 years.
They all were verified through CT/MRI,
among which, 17wereproved tohave lesions
on the brain, and 34 to haveno lesion.Before

operation, all the patients were identified by
SPECT and during operation, they were
monitored under subdural strip electrode
ECoG forthe localization of corticoepilepto-
genic focus. The results showed that the
sensitivity rate of localization with spect for
corticoepileptogenic focus location was
98.87%.21

Interictal-HMPAO SPECT has proven value
inchildhood epilepsy. No side-effectsduring
or after tracer administration was noticed.

They showed that overall 80 percent patients
had hypoperfusion interictally. There was no
false lateralization.22

Others: NIND Waragai at a}23reported that
SPECT can be used to diagnose amyotrophic
lateral sclerosis (hypoperfusion confined to
motor cortex).

Encephalitis: Launes at al24studied SPECT

on acute encephalities. Their report showed
that focal unilateral hyperperfusion is an
indicator of severe inflammation of the brain

tissue and predicts a poor outcome.

Antiphospholipidsyndrome:KatoandMorita
advised that brain SPECT should be

performed in patientswith anti-phospholipid
antibodies25Hypoperfusion areas might be
caused by micro arterial thrombosis,
microvenous thrombosis or vascularspasms.
Early detection of cerebral abnormalities
allows steps to be taken to protect against
irreversible progress of cerebral blood flow.
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Psedoseizurs:DeLaon26at al reported on the
advantages of brain SPECT in differential
diagnosis of true epileptic seizures and
nonepileptic seizures.

Parkinsons disease: Kohira27observed that
in Parkinson's disease, both MRI and

SPECT are usually normal. In striatonigral
degenaration and olivopontocerebellar
atrophy presenting as Parkinsonism, SPECT
shows hypoperfusion in frontal lobe, basal
ganglia and cerebellum, whereas MRI
shows putaminal atrophy. In progressive
supranuclear palsy, MRI shows tegmental
atrophy and SPECT shows hypoperfusion in
the frontal lobe.

Conclusion

Brain SPECT is beginning to emerge as a
helpful tool in the evaluation of a variety of
Neurologic disorders. CT and MRI are more
expensivethanSPECT.MRI has somecontra
indication but SPECT has none and its

sensitivity and specificity is also high.
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