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We present a case illustrating how cerebral perfusion scintigraphy
can be used to assist in crucial medical decision making in the
intensive care setting for patients who are maintained on life
support but are clinically suspected to have brain death. Cerebral
perfusion scintigraphy can confirm brain death but cannot be
used to diagnose it. 99mTc-HMPAO and 99mTc-ethylcysteinate
dimer are the preferred imaging agents since they cross the
blood–brain barrier.
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This case report illustrates how cerebral perfusion scin-
tigraphy can be used to assist in crucial medical decision
making in the intensive care setting for patients who are
maintained on life support but are clinically suspected to
have brain death. The choice of radiotracers, imaging find-
ings, and appropriate-use criteria will be discussed. The
residents’ familiarity with interpretation criteria is critical, as
these studies may have to be performed at any time of the day
or night, and usually in an emotionally stressful situation.

CASE REPORT

A 3-y-old girl with a history of congenital adrenal hy-
perplasia presented with status epilepticus, hypoglycemia,
and acute respiratory failure requiring mechanical ventila-
tion after she had been found unresponsive by her parents.
CT scanning on admission (Fig. 1) showed diffuse cerebral
edema and loss of gray matter–white matter differentiation.
Subsequent brain MR perfusion imaging (Fig. 2) demon-
strated decreased perfusion in the thalami and basal gan-
glia and diffusely decreased perfusion in the cerebral
cortex. MR spectroscopy demonstrated diffusely decreased
N-acetylaspartic acid, indicating decreased neuronal activ-

ity; elevation of choline, indicating increased cell turnover;
and the presence of lactate, indicating hypoxia (1). These
findings were compatible with hypoxic brain injury. Fol-
low-up CT performed 2 d later demonstrated impending
transtentorial herniation (Fig. 3). Despite several interven-
tions, the patient eventually showed no brain stem reflexes
and had an isoelectric electroencephalogram. A scintigraphic
cerebral perfusion study was ordered to confirm brain death
before preparing for organ donation and discontinuation of
life support. SPECT images of the head were obtained 20 min
after intravenous injection of 407 MBq (11 mCi) of 99mTc-
hexamethylpropyleneamine oxime (HMPAO). The images
did not demonstrate any evidence of cerebral perfusion,
whereas radiotracer activity was seen in the scalp, lacrimal
glands, and salivary glands (Fig. 4). The patient was subse-
quently declared deceased.

DISCUSSION

Cerebral perfusion scintigraphy is a simple, noninvasive
method to confirm, but not diagnose, brain death (2). Be-
fore proceeding with the study, the patient should meet the
criteria for the clinical diagnosis of brain death, which are
as follows (3):

• The patient must be in a deep coma with total absence
of brain stem reflexes and spontaneous respiration.

• Potentially reversible causes (drug intoxication, meta-
bolic derangement, hypothermia) must be excluded.

• The cause of the brain dysfunction must be diag-
nosed.

• Clinical findings of brain death must be present for
a defined period of observation (usually 6–24 h).

Radionuclide techniques do not require the withdrawal
of medical therapy and are especially useful in the settings
of hypothermia, drug overdose, shock, or an inconclusive
physical examination (2,4). This study is often a critical
and decisive step for the patient’s family to give their
consent to withdraw care and harvest organs.

The increased intracranial pressure caused by necrosis,
edema, and autolysis of the brain tissue impedes intracra-
nial perfusion (4), thus making the brain death scan highly
specific. For a study to be considered positive, there must
be no perfusion to the brain. Expected activity can be
seen in the scalp or projecting over the nose (known as
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the hot-nose sign) due to shunting of carotid blood flow to
the maxillary branches (4,5).

99mTc-diethylenetriminepentaacetic acid (DTPA) in
a dose of 370–740 MBq (10–20 mCi) can be used as an
alternative radiopharmaceutical, but its use makes the study
much more technically challenging because the flow
images are the only diagnostic part of the study (4,5). Since
99mTc-DTPA is water-soluble and thus does not cross the
intact blood–brain barrier, interpretation is solely depen-
dent on seeing flow within the internal carotid artery, ante-
rior cerebral artery, and middle cerebral artery on the

anterior views of the radionuclide angiogram. Static images
cannot differentiate between a normal brain and a dead brain,
as there will be no intracranial activity in either. If acquisition
of the radionuclide angiogram is unsuccessful, a repeated
study becomes necessary. Fortunately, imaging can be re-
peated at a short interval because of rapid renal excretion
of 99mTc-DTPA.

In most institutions, brain-specific agents such as 99mTc-
HMPAO or 99mTc-ethylcysteinate dimer are preferred, as
they are lipid-soluble and thus cross the blood–brain barrier
and enter normally perfused cerebral tissue. Thus, use of
these radiopharmaceuticals makes dynamic imaging a
noncritical step in image acquisition (2,4,5). Addition-
ally, they allow for imaging with suboptimal patient
positioning, which is often the case because of the pres-
ence of life support equipment. The use of SPECT, when
feasible, makes image interpretation even more straight-
forward.

CONCLUSION

Cerebral perfusion scintigraphy can be used to confirm,
but not diagnose, clinically suspected brain death. 99mTc-
HMPAO and 99mTc-ethylcysteinate dimer are the preferred
imaging agents since they cross the blood–brain barrier.
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FIGURE 1. Non–contrast-
enhanced CT scan showing
diffuse cerebral edema,
bilateral sulcal effacement,
and loss of gray matter–
white matter differentiation.
Occipital lobe is spared.

FIGURE 2. (A) Regional cerebral blood flow MR perfusion study
showing diffusely decreased perfusion to basal ganglia and thalami
and mild reduction in cerebral cortex. (B) Cerebral perfusion study
with normal findings is shown for comparison. (Courtesy of
Department of MR Physics, Lund University, Lund, Sweden.)

FIGURE 3. Follow-up CT
scan showing progressive
diffuse cerebral edema and
interval development of
basal cistern effacement.
These findings were com-
patible with impending trans-
tentorial herniation.

FIGURE 4. SPECT images
after 99mTc-HMPAO admin-
istration displayed as volume-
rendered maximum-intensity
projection (MIP) and tomo-
graphic slices in 3 planes.
Images demonstrate activity
in scalp, lacrimal glands, and
salivary glands but absence
of cerebral perfusion.
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