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Brain Death Scintigraphy and Pathology Results
in a Rat Model
Yunus Güzel,1 Zehra Pınar Koç,1 Hüseyin Aydın Mitil,1 Mustafa Köm,2 A. Belin Özer,3
H. İbrahim Özercan,4 Tansel Ansal Balcı1
Abstract
Objectives: Brain scintigraphy with Tc-99m-labeled
diethylenetriaminopenta-acetic acid is a sensitive
diagnostic method showing loss of cerebral blood
flow that occurs after brain death. Cerebral blood
flow can be quantitatively estimated by this
method. The aim of this study was to compare
histopathologic changes occurring with the decrease
of cerebral blood flow (as shown by Tc-99m-labeled
diethylenetriaminopenta-acetic acid brain death
scintigraphy) after brain death in an experimental
model.
Materials and Methods: The study included
examination of cerebral blood flow by Tc-99mlabeled diethylenetriaminopenta-acetic acid brain
scintigraphy in the 20 rats, 1 day before brain death,
after producing brain death in 11 surviving rats.
Tc-99m-labeled diethylenetriaminopenta-acetic acid
brain scintigraphy was performed under intubation
and monitored. The Mann-Whitney U test was
performed to compare groups (scintigraphic
quantification results before and after brain death).
Results: In the time activity curves generated from
the analysis of the scintigraphies, decreases in
counts in the brain death group were obtained in
the arterial phase (P < .01). Decreases of the cerebral
blood flow between the first and the sixth minutes
were statistically significant (P < .05). Common
principal histopathologic changes of the brain death
(ie, autolysis and color loss in the nerve cells, diffuse
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edema, petechial hemorrhage in the brain tissues)
were observed in all subjects.
Conclusions: Quantitative findings of the brain
scintigraphy by Tc-99m-labeled diethylenetriaminopenta-acetic acid was related with the
histopathologic findings seen during the early brain
death, with significant decreases of the cerebral
blood flow. Quantification of Tc-99m-labeled
diethylenetriaminopenta-acetic acid brain death
scintigraphy as an easier and less-expensive
scintigraphic method of cerebral blood flow might
indicate a definite diagnosis of brain death and thus,
potential donors can be determined earlier, leading
to increased transplant rates.
Key words: Brain death, Tc-99m DTPA, Scintigraphy,
Cerebral blood flow, Histopathologic findings
Introduction
Brain death includes neurologic catastrophic injury,
without conflicting medication or medical condition,
with body temperature above 36°C.1 Determining
brain death is a critical decision that has important
aspects. Because the brain death involves a series of
unwanted effects on the vital organs of a potential
donor, the time needed to diagnose brain death must
be short to protect the organs. However, there are
some borderline patients that make the decision of
brain death significantly difficult.
Brain death diagnosis in many countries mainly
relies on clinical tests.2 However, there are many
patients whose illnesses cannot be diagnosed without
supportive information of diagnostic imaging tests.
Kim and associates have documented computed
tomography and scintigraphy results of patients with
traumatic brain injuries in a previous report in the
patients who have difficulty in diagnosing brain death
with only clinical tests.3
DOI: 10.6002/ect.2013.0026
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Brain perfusion scintigraphy has been considered
the standard test for many years, but the criterion
standard evaluation for diagnosing brain death
is cerebral angiography.4 Confirming brain death
by nuclear medicine methods includes brain
perfusion scintigraphy with brain specific agents
and analyzing the blood supply to the brain by
nonspecific agents. Brain perfusion scintigraphy with
Tc-99m hexamethylpropylene-aminoxime (HMPAO)
provides a better definition of brain death with the
absence of brain perfusion, which recently has
become the preferred method. However, because the
HMPAO is expensive and sometimes unavailable,
radiopharmaceutical agent, and this imaging
technique, have specific requirements, which are less
practical. Rapid evaluation and availability of the
method in investigating brain death is crucial
because the time required to diagnose brain death is
extremely important to salvage organs for transplant.
Additionally, to the best of our knowledge,
histopathologic confirmation of brain death has not
been performed previously when comparing
scintigraphy results. We aimed to analyze the
diagnostic efficiency of brain death scintigraphy with
a brain nonspecific agent (Tc-99m DTPA), comparing
histopathologic results in brain dead rats.
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first scintigraphy to the second scintigraphy. The
imaging was performed by a SPECT gamma
camera (General Electric, Infinia 2, Israel) equipped
with low-energy high-resolution collimator in
64 × 64 matrix in dynamic (first 10 min) and static
manner (for 5 min) after IV administration of
100 μCi Tc-99m DTPA via a venous line in the tail.
Interpretation of the scintigraphy images was
performed by an experienced nuclear medicine
physician. Additionally
quantification
was
performed from the counts in the time activity curves
that were generated from the region of interests
drawn from the brain and background (hind limb)
region (Figures 1A and 1B).
Figure 1A. Control Scintigraphy Image of a Rat and Time Activity Curves
Obtained From the Region of Interest’s in the Brain and Background (Hind
Limb) Regions

Figure 1B. Brain Death Scintigraphy of Same Subject After Brain Death With
Time Activity Curves of the Brain and Background Region

Materials and Methods
Subjects
Twenty Sprague-Dawley rats (2-to 3-mo old,
approximately 250-300 g) were included in the study.
All animal protocols were approved by Institutional
Animal Care and Use Ethic Committee. The study
was conducted according to National Institutes of
Health Guide for the Care and Use of Laboratory
Animals and Helsinki Declaration revised in 2008.
All of the animals were killed after the study.
Anesthesia
Sedation was performed by intramuscular administration of 35 mg/kg ketamine and 10 mg xylazine
before all the imaging and surgical procedures were
done.
Scintigraphy
Dynamic brain imaging was performed before and
after brain death. First, scintigraphy was performed
1 day before death production to exclude the
influence of activity that may have remained after the

Brain death
Brain death was produced by the localization of a
balloon catheter (4-F Fogarty catheter) into the
intracranial cavity via a burr hole between parietal
bones, filling the catheter with 0.5 mL saline infusion
until the maximal pupil dilatation, apnea, and loss of
reflexes were observed as previously described.5
Intubation was performed from tracheostomy
cannula, which was previously generated. The
second scintigraphy was performed under
intubation and monitored. Immediately after
scintigraphy, we killed the rats, and the brain tissue
was removed for pathologic analysis.
Pathologic analysis
Brain tissue was fixed in 10% formaldehyde solution.
After fixation, the tissue was washed with regular
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water. After dehydration and polishing, the tissue
was embedded in paraffin, and slices of 5 to 6 μm were
obtained. After deparaffinization and rehydration,
hematoxylin-eosin staining was performed. The
preparations were analyzed by light microscopy
(Olympus BX 50; Olympus Optical CO., LTD.,
Tokyo, Japan) with ×400 magnification and ×100
magnification in 10 different areas.

145

Figure 2. Marked Hydropic Degeneration (Arrow) in Neuronal Cells
(H&E ×200)

Statistical analyses
Numeric variables (counts) that were obtained from
the time activity curves of scintigraphy images were
compared by Mann-Whitney U test, and P < .05 was
considered significant.
Results
In the visual interpretation of scintigraphies, the
loss of brain vascularity was not observed. The
time activity curves obtained by brain scintigraphies
in the control and brain death groups indicated
the drop of counts in the vascular phase and in the
first 6 minutes of the study after brain death
(Figures 1A and B). The net brain counts were
extracted by subtracting the background counts
from the brain counts. Comparing the net
braincounts of 11 living rats, significant differences
were observed between the studies in arterial phase
(P < .01) and in first to 6 minutes (P < .05) (Table 1).
table 1. Mean ± Standard Deviation (SD) Values of the Counts With
Corresponding Minutes

0-60 sec
1 min
2 min
3 min
4 min
5 min
6 min
7 min
8 min
9 min
10 min

Normal
(n=20)
36.20 ± 14.15
34.20 ± 15.53
30.45 ± 10.74
30.45 ± 10.74
28.95 ± 9.85
26.70 ± 9.71
26.10 ± 9.41
24.60 ± 9.20
22.90 ± 9.59
21.85 ± 9.31
20.20 ± 8.72

Brain Death
(n=11)
23.36 ± 12.17†
24.36 ± 15.72*
23.09 ± 14.52*
22.73 ± 15.12*
20.64 ± 13.35*
20.27 ± 11.93*
19.73 ± 9.77*
19.27 ± 10.30
18.90 ± 10.81
17.73 ± 8.96
18.00 ± 10.08

*P < .05, †P < .01.

Histopathologic analysis confirmed brain death in
all of the subjects with typical marks of brain death,
including severe autolysis, hydropic degeneration in
cytoplasm, shrinkage in the nucleus, pyknosis, and
petechial hemorrhage all over the brain in pericellular
space (Figure 2).

Discussion
So far as we know, histopathologic confirmation of the
scintigraphic results in brain death have not been
performed before. The results of this study indicate
that brain death scintigraphy by means of nonspecific
brain agents is an accurate method. Although visual
analysis of the brain scintigraphy in rats by Tc-99m
DTPA did not reveal sufficient information, the time
activity curves in the first 6 minutes of the study
clearly indicates brain death with a statistically
significant difference. Our results may lead confirming
that brain death imaging by means of nonspecific
brain agents and thus, a better understanding of brain
death by this imaging method might be possible.
The diagnostic imaging methods in the brain death
include brain scintigraphy, transcranial Doppler
ultrasonography, and computed tomographic
angiography. Previous studies have indicated a high
sensitivity and specificity for transcranial Doppler
ultrasonography; however, user dependency and
specific restrictions hampers use of this method.6
Comparative studies with scintigraphy and computed
tomographic angiography have documented that
computed tomographic angiography is more sensitive
to showing minimal cerebral blood flow7; however,
clinical importance of the minimal cerebral blood flow
must be confirmed by postmortem histopathologic
analysis. These authors have recommended a 2-phase
scan, and according to their suggestions, if there is no
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flow in the first (arterial) phase of the analysis, then
there is no need for further analyses. Additionally,
they observed no renal failure related to the contrast
medium exposure. However, the renal impairment
caused by contrast medium in computed tomographic
angiography studies might be a problem that may not
be quantified by means of routine analysis. Computed
tomographic angiography has been considered as a
preferable method because it is easier, more available
and is less expensive compared with scintigraphy;
however, it is also a newer technique and it has
additional risks associated with contrast medium.8
There have been some reports about the role of
ancillary testing in determining brain death.9,10 These
reports strongly suggest using brain blood flow
analyses as a routine part of brain death investigation.
However, there are false positive and negative results
and discrepancies between different tests.11,12 The
most important contribution of an additional imaging
procedure is to reduce the time used in diagnosing
brain death.1 Additionally, imaging a perfused brain
provides confidence for the decision of brain death.
Brain-dead patients have a wide spectrum of causes
that lead to brain damage. The important contribution
of brain perfusion imaging and computed
tomographic angiography in patients with traumatic
brain injury have been summarized previously.3,13
The role of brain perfusion scintigraphy in
determining brain death is well documented. Brain
perfusion scintigraphy is considered a specific
method, in case the optimal imaging procedure is
completed, which includes anteroposterior and lateral
imaging.14 In the previous large series, the sensitivity
of the technique has been documented as being
98.5%.15 A comparative study with clinical tests also
has confirmed the role of Tc-99m HMPAO brain
perfusion imaging in determining brain death.16
Additionally, SPECT imaging may contribute in the
discrimination of activity only in the scalp, parotid,
and neck muscle uptake according to a detailed
review.17
Despite clinical tests and angiography results
confirming brain death, in previous studies, it has
been indicated in some patients that there might be
some brain activity (regular vasopressin secretion or
maintained pituitary gland or hypothalamus).18,19
Additionally, in a previous neuropathology study, in
patients with brain death who received the diagnosis
with only clinical tests, approximately two-thirds of
the patients had moderate-to-severe ischemia in the
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cortical tissues and less than half in the brainstem.20
Thus, there are arguments about the reliability and
pathologic confirmation of brain death.21 That is why
we planned to demonstrate pathologic confirmation
of brain death in scintigraphically positive subjects in
our study. Diagnosing brain death is critical for a
human being, and for the patients’ family; thus, a
certain diagnosis is a necessity. In another aspect, the
loss of potential organs for transplant is unwanted, so
the rapid and correct diagnosis of brain death is
crucial for estimating potential donors.
The limitation of this study was insufficient visual
interpretation opportunity. Because Tc-99m DTPA is a
nonspecific imaging agent for brain tissue, visual
interpretation of the small animals (rats) was
impossible by means of this method, and this is a
limitation. This issue warrants further investigation
into confirming brain death with specific brain agents
like Tc-99m HMPAO, and if possible, neuropathologic
studies in human brain death, with correlation of
scintigraphy would increase the confidence and
understanding of brain death pathogenesis and
diagnosis.
Tc-99m-labeled diethylenetriaminopenta-acetic
acid brain death scintigraphy with quantification
provide sufficient information regarding brain death
with histopathologic confirmation in rats. It may
serve as an easier, less-expensive, and more available
method in determining brain death and providing
faster alternative, thereby leading to increased
transplant rates.
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