A pictorial essay on brain perfusion SPECT in various neuro-psychiatric
disorders and intoxication: Though practical, it is not very commonly used
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ABSTRACT

Brain single-photon emission computerized tomography (SPECT), in particular, with perfusion agents or with neuroreceptor
imaging radiopharmaceuticals, is rapidly becoming a clinical tool in many neurologic and psychiatric conditions. This imaging
modality has been used for diagnosis, prognosis assessment, evaluation of response to therapy, risk stratification, detection of
benign vs. malignant viable tissue, and the choice of medical or surgical therapy. We will present our institutional experience in this
area, formatting a pictorial review of brain perfusion SPECT on more than 20 types of different neurologic and psychiatric diseases,
such as dementia, epilepsy, cerebral palsy, head injury, brain tumor, herpes encephalitis, hypoxic brain damage, vacuities,
depression, carbon monoxide (CO) poisoning, and cocaine abuse. This is a demanding procedure as far as the need for trained and
experienced physicians and personnel as well as advanced equipment are concerned. However, extraordinary useful clinical
information achieved by this technology outweighs the existing challenge. More routine use of this procedure which is
unfortunately underutilized in many countries including ours should be encouraged.
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INTRODUCTION

Structural and functional images of the brain are
powerful adjuncts in the management of an
increasing number of neurologic and psychiatric
diseases [1]. Brain SPECT, in particular, with
perfusion agents or with neuroreceptor imaging
radiopharmaceuticals, is rapidly becoming a clinical
tool in many clinical situations [1]. For many
neurologic and psychiatric conditions, this imaging
modality has been used in diagnosis, prognosis
assessment, the evaluation of response to therapy,
risk stratification, the detection of benign or
malignant viable tissue, and the choice of medical or
surgical therapy. The radionuclide imaging is a useful
technique for evaluation of neurologic and psychiatry
diseases such as cerebrovascular disease, dementia,
epilepsy, head injury, obsessive-compulsive disorder,
Gilles de la Tourette syndrome, schizophrenia,
depression, panic disorder, and drug abuse [1].

We review the usage of brain SPECT in different
neurologic and psychiatric disorders.

Stroke

Brain SPECT has been used in acute ischemia,
transient ischemic attacks (TIAs), stroke, the
assessment of late ischemic injuries, the monitoring
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of medical or surgical therapy, the assessment of
cerebral blood flow (CBF) reserve, the estimation of
prognosis, and the assessment of interventional
sequelae (e.g., in arterial occlusion). Therefore, this
imaging modality can be wuseful for rapidly
diagnosing ischemia in order to prevent irreversible
brain damage, identify viable tissue at risk, and
screen patients who may benefit from medical and
surgical interventions [1, 2].

The brain perfusion imaging agents *"Tc-HMPAO
and ®"Tc-ECD are sensitive indicators of regional
cerebral blood flow (rCBF) changes and can detect a
reduction in blood flow immediately after an acute
event [1].

The cerebral hemodynamic status can be determined
by measuring CBF before and after vasodilatory
challenge, which can be done using either
hypercapnia or acetazolamide. In acute occlusions
resulting in cerebral ischemia, areas of hypoperfusion
can be detected within minutes on SPECT scans. In
the subacute phase of cerebral infarction,
hypoperfusion may continue, although luxury
perfusion may result in hyperperfusion. Chronic
infarction is seen as a hypoperfused area on SPECT
brain scans [2]. Resting CBF was not correlated with
the degree of ICA stenosis; however, CVR was
moderately correlated with the degree of ICA
stenosis (Figure 1) [3].

Brain Tomo [Reoriented] Transverse
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Fig 1. Brain perfusion *"Tc-ECD SPECT image of a 47-year-old man with a vascular insult demonstrated severe hypoperfusion of the left
posterior cortex extending to the visual cortex on the left side. In addition, severe hypoperfusion is found in the posterior, temporal, and
occipital regions and in the cerebellum bilaterally, suggesting a vascular insult involving the territory of the basilar arteries and left middle

cerebral artery.
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Fig 2. Brain perfusion "Tc-ECD SPECT image of an 11-year-old patient with complex partial seizures showed diffuse cortical
hypoperfusion especially in the parietal and temporal lobes bilaterally. Marked cortical thinning and central zone widening is representing

enlarged lateral ventricles and cortical atrophic changes.

Epilepsy

Ictal perfusion SPECT imaging with %°™Tc-ethyl
cysteinate dimer (ECD) or 9mT(-
hexamethylpropyleneamine oxime (HMPAO)
enables one to detect the seizure onset zone in a
majority of cases, especially in patients with temporal
lobe epilepsy. Interictal SPECT imaging, which is
more widely available, is unreliable for determining
the ictal onset zone and is typically used only for
comparison with ictal SPECT images [4].

Ictal SPECT has a poor time resolution. After
injection of the tracer, it takes about 30s to reach the
brain, and about 70% of the radioligand is taken up
during the first pass. An ictal perfusion SPECT image
displays both the ictal onset zone and seizure
propagation pathways. The region with the largest
and most intense hyperperfusion is considered the
ictal onset zone. It has been shown that these regions
may also represent ictal propagation focus. The
rationale for interictal SPECT imaging is to serve as a
baseline reference study for the interpretation of ictal
SPECT images [1].

However, in approximately 50% of patients with
epilepsy, the findings in the interictal period are
normal (Figure 2) [1, 5].

Dementia

SPECT can play an important role in the initial
diagnosis of dementia and in the differential

diagnosis of the specific dementing disorder. It is also
helpful in distinguishing Alzheimer's dementia (AD)
from age-matched controls, from frontal lobe
dementia (FTD) and vascular dementia (VD), and
even from Lewy body dementia [LBD] [6].

Lewy body dementia (LBD)

Dementia with Lewy bodies (DLB), or Lewy body
disease, is a neurodegenerative disease associated to
the Parkinson's disease (PD) [6]. It accounts as the
second most frequent type of neurodegenerative
dementia following Alzheimer’s disease (AD), about
15-20% of cases at autopsy [6]. Typically presenting
with a frontal-type dementia with a bit in the way of
memory deficits early in the course of the disease.
The main features include fluctuating cognitive
destruction particularly in executive function,
attention and alertness; visuospatial destruction such
as visual hallucinations ; simultaneous parkinsonian
symptoms may exist, but is less frequent, more seen
years after the onset of dementia. In delayed phases,
quadriplegia and/or apallic syndrome may be seen
[7].

Functional neuroimaging with the use of CBF
SPECT may contribute to the clinical diagnosis of
DLB. In four cases, rCBF SPECT images showed
bilateral hypoperfusion of the temporal, parietal, and
occipital lobes. In two other cases, parietal deficits
were observed (Figure 3) [7].
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Fig 3. Brain perfusion ®“"Tc-ECD SPECT image of a 58-year-old man with LBD depicted decreased radiotracer uptake in both hemispheres.
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Fig 4. Brain perfusion *"Tc-ECD SPECT image of a 54-year-old man with MCI showed hypoperfusion in the bilateral parietal lobes.

Mild cognitive impairment (MCI)

MCI is a condition referring to people with
significant memory impairment, often accompanied
by functional deficits in the attention, language,
visuospatial, and psychomotor domains, who do not
fulfill the criteria for dementia. Individuals with MCI
are at an increased risk of developing dementia,
classified as amnestic MCI (aMCI) and non-amnestic
MCI [naMCI] [8].

In the naMCI group, reduced volumetric regions of
interest (VROI) values were found in the bilateral
temporal cortex and right frontal cortex. In the
comparison between aMCI and naMCI, the former

had lower values in the left parietal cortex as well as
precuneus (Figure 4) [9].

Alzheimer's dementia (AD)

Alzheimer disease is the most frequent type of
dementia, and accounts for two thirds of patients of
dementia in individuals aged 60-70 vyears. Its
prevalence is highly associated to age, with >1% of
60-64 year old cases being diagnosed with the
disease, compared to 20-40% of people over 85-90
years of age . The patients with Alzheimer disease
typically present initially with antegrade episodic
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memory impairments. Over time the disease develops
with eventual involvement of attentional and
executive functions, semantic memory, praxis and
visuoperceptual capibilites [10].This is at least partly
consistent with previous studies, which showed
parietotemporal deficits to be characteristic findings
of AD. Significantly decreased rCBF was found in
the frontal, parietal, and temporal regions in the
patient group, more marked in those patients with
severe dementia. Bilateral parietotemporal deficits of

CBF, along with a definite decrease in blood flow in
the frontal region, were established in patients with
Alzheimer’s disease compared with normal controls
(Figure 5) [10].

Frontal lobe dementia (FTD)
SPECT demonstrated frontal and temporal

hypoperfusion with relative sparing of parietal and
occipital blood flow (Figure 6) [11].

Fig 5. Brain perfusion ™Tc-ECD brain perfusion SPECT image of a 70-year-old woman with AD showed the bilateral parietal and

temporal lobes.
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Fig 6.
hypoperfusion.

Brain perfusion *"Tc-ECD SPECT image of a 75-year-old woman with AD with FTD showed bilateral frontal temporal
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Fig 7. Brain perfusion *™Tc-ECD SPECT image of a 70-year-old woman with VD showed moderate to severe hypoperfusion parietal and

temporal lobes.

Row A- Brain Tomo2 [Reoriented]

Fig 8. Brain perfusion *™Tc-ECD SPECT image of a 58-year-old woman with secondary progressive MS since 14 years ago and EDSS 5

moderate decrease perfusion on the right temporal cortex.

Vascular dementia (VD)

Brain SPECT in these patients showed multiple focal
areas of hypoperfusion randomly distributed. Again,
correlation with anatomic images such as those from
CT or magnetic resonance imaging (MRI) is
important: Cortical or subcortical infarcts are usually
found on CT, and this finding increases the likelihood
of the disease. Subcortical infarcts alone, without
cortical lesions on CT, can explain nearby cortical
perfusion defects via disconnection between cortical
and subcortical neurons [1].

The Binswanger type of dementia, a rare variant of
VD, is a gradually progressive syndrome caused by
diffuse or patchy ischemic events affecting the deep
white matter. In neuroimaging studies, in mild type,
subcortical leuco-araiosis was localized at the frontal
region but scattered diffusely in the severe types.

These results suggest that patients with VDBT have
early frontal lobe involvement with posterior
progression. Patients with mild VDBT are more
likely to show a reduction of frontal CBF, while
those with severe VDBT are more likely to have
diffuse cerebral hypoperfusion (Figure 7) [12].

Inflammatory cerebral disease
Multiple sclerosis (MS)

Lycke et al. evaluated CBF of an MS patient via
brain SPECT and showed CBF to be significantly
reduced, particularly in progressive type [13].

In two studies, cerebral perfusion in early stage of
MS disease without or with mild disability was
normal while in patients with more advanced stage of
the disease was abnormal (Figure 8) [14, 15].
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Fig 9. Brain perfusion ®“"Tc-ECD SPECT image of a 35-year-old woman with SLE showed hypoperfusion in both hemispheres.

Fig 10. Brain perfusion *"Tc-ECD SPECT image of a 5-year-old girl with ADHD demonstrated moderate frontal hypo perfusion and

bilateral inferior temporal hypoperfusion.

Vasculitis

Several studies have revealed a hypoperfusion area in
brain SPECT of connective tissue disease with
neurologic manifestation, such as systemic lupus
erythematous, Behcet disease, Sjogren syndrome, and
antiphospholipid syndrome [14].

Brain SPECT abnormality was detected in 91% of
systemic lupus erythematosus patients, while MRI
was abnormal in only 26%. Lass et al. showed the
diffuse hypoperfusion of both frontal lobes when
compared to HMPAO cerebellar uptake and healthy
control subject indices in 30% of systemic lupus
erythematosus, 50% of Sjoegren’s syndrome, and
none of the diffuse scleroderma patients (Figure 9)
[16].

Acute disseminated encephalomyelitis (ADEM)

SPECT brain perfusion in an ADEM case showed
scattered areas of increased and decreased activity in

different areas of the white matter. The increased
uptake of HMPAO may represent blood-brain barrier
damage and the presence of inflammatory cells and
hyperemia. Decreased flow, particularly in the
cortical regions, may also reflect cortical deactivation
secondary to disconnection from subcortical
structures [17].

Attention deficit hyperactivity disorder (ADHD)

Langleben et al. evaluated patients with ADHD who
had been free of other comorbid conditions. Their
research showed reduced right dorsolateral prefrontal
cortical (DLPFC) perfusion and increased left
DLPFC perfusion in patients with severe and
moderate ADHD (Figure 10) [18].

Depression

Frontal lobe hypometabolism is emerging as a
common final pathway for most types of primary and
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secondary depression, regardless of the original
cause. The severity of depression is often related to
the degree of frontal hypometabolism, and
preliminary studies indicate that the hypometabolism
normalizes after treatment in concert with the
patient's improved mood [19]. Our study suggests
that adolescent patients with major depressive
disorder may have asymmetric regional CBF deficits
in frontal regions compared with normal subjects
(Figure 11) [20].

Obsessive compulsive disorder (OCD)

Quantitative evaluation of regional CBF revealed that
the right thalamus, left frontotemporal cortex, and
bilateral orbitofrontal cortex showed significant
hyperperfusion in patients with OCD compared with
controls. Results of this cross-cultural study may
support orbitofrontal and thalamic dysfunction in
OCD in a sample of Turkish patients [21].

Carbon monoxide (CO) poisoning

®mTc-HMPAQO SPECT imaging is a useful tool for
detecting functional brain injury in acute CO
poisoning. Basal ganglia is predominant anatomical
site involved, followed by the temporal lobe, parietal
lobe, frontal lobe, occipital lobe, and thalamus [22].

A good correlation seems to exist between the
findings of brain SPECT and the outcome of delayed
CO sequelae, and brain perfusion scan may be a
useful test for evaluating the clinical outcome of
delayed neurologic sequelae after CO poisoning.
After the acute phase of CO poisoning, brain SPECT
in patients suffering from neurologic sequel showed
diffuse patchy hypoperfusion throughout the cerebral
cortex, which in the following SPECT study, showed
increased cerebral perfusion, concomitant with
clinical improvement (Figure 12) [23].

Fig 11. Brain perfusion ®"Tc-ECD SPECT image of a 23-year-old woman with major depression disorder demonstrated bilateral frontal

hypoperfusion.

Fig 12. Brain perfusion *"Tc-ECD SPECT image of a 3-year-old boy with CO poisoning showed bilateral occipital hypoperfusion in the
acute phase of CO exposure; follow-up scan showed normal perfusion after three months.
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Fig 13. Brain perfusion ®"Tc-ECD SPECT image of a 26-year-old man with acute confusion following cocaine inhalation demonstrated

diffusely decreased cerebral blood flow of frontal lobes bilaterally.

Fig 14. Brain perfusion ®*"Tc-ECD SPECT image of a 54-year-old man with a known case of PTSD following blast injury showed

hypoperfusion in the left inferior temporal region.

Cocaine addiction

Brain SPECT, similar to positron emission
tomography (PET), has shown disseminated CBF
defects in abusers of cocaine, crack, and alcohol. The
disappearance or improvement of the lesions after a
period of abstinence has been described, suggesting
that arterial spasms may cause the defects [1].

Adinoff et al. in 2003 showed decreased CBF in the
left dorsolateral prefrontal cortex in the cocaine-
dependent subjects compared to the comparison
subjects [24].

Holman et al. reported that 16 of 18 patients with
cocaine-dependent and poly-drug addiction had
abnormal perfusion characterized primarily as small
focal defects involving the inferoparietal, temporal,

and anterofrontal cortices and basal ganglia (Figure
13) [25].

Posttraumatic stress disorder (PTSD)

Peskind et al. evaluated 12 lIraq war veterans, who
suffered from blast head injury and met the American
College of Rehabilitation Medicine criteria for mild
traumatic brain injury (mTBI) and post-concussion
syndrome (PCS), and 12 cognitively normal
community volunteers. They were evaluated via brain
fluorodeoxyglucose positron emission tomography
(FDG-PET), and compared to the controls, the
veterans with mTBI (with or without PTSD) showed
consistent  regional  hypometabolism in  the
infratentorial (cerebellum, vermis, and pons) and
medial temporal brain regions (Figure 14) [26].
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Cerebral palsy (CP)

Denays et al. studied brain SPECT in children with
cerebral palsy and reported normal findings in the
children with mild diplegic CP; bilateral
hypoperfusion of the superior motor cortex in
children with moderately severe diplegia or
tetraplegia; and bilateral reduction of the perfusion of
the superior motor, inferior motor, prefrontal, and
parietal cortices in children with moderately severe
diplegia or tetraplegia. They used the cerebellum as a

reference structure (Figure 15) [27]. Decreased
cerebral perfusion in different types of CP patients
was also seen in our prior study [28].

Herpes encephalitis

Rieck et al. showed increased uptake of %M™Tc-
HMPAO in the affected temporal lobes and adjacent
paramedian structures in patients with acute herpes
encephalitis (Figure 16) [29, 30].

|

Fig 15. Brain perfusion *™Tc-ECD SPECT image of a 27-year-old man with a mild spastic quadriplegia type of cerebral palsy following
perinatal asphyxia demonstrated moderate decrease perfusion of the right visual cortex with extension to the subcortical structure and

moderate bilateral subcortical hypoperfusion.
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Fig 16. Brain perfusion mTc-ECD SPECT image of an 8-year-old boy with behavioral disorder following herpes encephalitis of the right
temporal lobe demonstrated severe decrease right temporal lobe perfusion with extension to the visual cortex, parietal, and putamen.
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Row B - Brain with Migi [Fused]

Brain Tomo [Fused]
Row C - Brain with Migi [Fused]
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Fig 17. Brain perfusion 9mTc-ECD SPECT image of a 48-year-old man with brain tumor showed moderately hypoperfusion in the left
temporal lobe without any evidence of 99mTc-MIBI uptake. Mild hypoperfusion in the right cerebellum is suggestive of crossed cerebellar
diaschisis (CCD). The upper row indicates 99mTc-ECD, the middle row indicates 99mTc-MIBI, and the lower row is a fusion of both of the

above agents.

Brain tumor

Brain SPECT is useful in the differentiation of tumor
recurrence from radiation necrosis, in the non-
invasive assessment of glioma and meningioma
aggressiveness, in differentiating neoplastic from
non-neoplastic  intracerebral  hemorrhage, in
monitoring therapy response, and in the evaluation of
other types of brain tumors [31].

D1Tallium, *™Tc-sestamibi, and *™Tc-tetrofosmin
are the radiopharmaceuticals used for the functional
imaging of brain tumors with a gamma camera [32].
Functional imaging methods can differentiate glioma
tissue from brain tissue based on the higher metabolic

activity of glioma cells. Radiopharmaceutical
technetium-99m-methoxyisobutylisonitrile  (®*™Tc-
MIBI) passively diffuses through the cell membrane,
and its highest proportion is found in mitochondria.
Brain SPECT was shown to be effective in
differentiating viable glioma tissue from radiation
necrosis and the surrounding edema. Moreover,
higher tracer uptake on a SPECT scan was shown to
be associated with higher-grade gliomas, decreased
survival, and worse response to chemotherapy. The
comparison of perfusion study using *™"Tc-HMPAO
or ¥™T¢-ECD with ®™Tc-MIBI uptake is helpful in
brain tumor assessment (Figure 17) [33].
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Trauma

Brain damage inflicted by head trauma may not be
visible on CT or MRI. This is true not only for mild
head trauma but also for moderate and severe head
trauma. Perfusion imaging with SPECT has proved to
be more sensitive than either CT or MRI in detecting
brain abnormalities in patients with head trauma [34].

Additionally, cerebral perfusion abnormalities can
persist even in the chronic stages of TBI. On the basis
of these results, some investigators suggest that these
functional imaging techniques may explain or predict
post-injury neuropsychologic and cognitive deficits

that are not explained by anatomic abnormalities
detected by MRI or CT. Furthermore, focal lesions
demonstrated by SPECT offer objective evidence of
organic injury in patients whose neuroimaging
studies are otherwise normal (Figure 18) [35-37].

Hypoxic brain damage

SPECT study with perfusion agents appears to be a
helpful adjunct for the evaluation and clinical
diagnosis of such patients (Figure 19) [38].

Fig 18. Brain perfusion ®“"Tc-ECD SPECT image of a 47-year-old man with head trauma demonstrated diffusely decrease bilateral frontal,

parietal, occipital, and temporal cortical and subcortical perfusion.

Brain Tomo 3 [Reoriented]

Fig 19. Brain perfusion *"Tc-ECD SPECT image of a 56-year-old man following cardiac arrest demonstrated hypoperfusion in both

hemispheres.
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CONCLUSION

Brain perfusion SPECT increased diagnostic yields
for diagnosis of various neuro-psychiatric disorders.
Challenges such as need for practitioner training,
learning curve influenced by a specific patient-subset,
relatively long procedure (60-90 min) and post-
processing time, logistics of sharing SPECT images
with MRI, poor initial acceptance by Colleagues in
neuropsychiatry and neurosurgery, and also financial
issues especially in resource-limited, developing
nation environments are evidently exist. It is
necessary to encourage programs in which brain
SPECT to become an important component of the
routine clinical assessment of patients with
neurological and psychiatric diseases especially in
developing nations should be admired and supported
as a distinct discipline.
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