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Abstract

Objective: To eliminate the “equivocal flow” group from brain death scintigraphy with Tc-99m DTPA by demonstrat-
ing that patients with equivocal cerebral flow will eventually fall in the brain death groups who have no cerebral flow.

Methods: We retrospectively reviewed 100 consecutive cerebral perfusion studies requested for confirmation of brain
death (100 patients) performed at the University of Wisconsin from October 2009 to December 2017. Two patients died
before they could obtain the cerebral perfusion study and 4 patients had duplicate medical record numbers or perfusion
studies, leaving a total of 94 evaluable patients.

Patients were categorized into 3 groups: no cerebral flow present, equivocal cerebral flow present and cerebral flow
present. Medical records were reviewed to determine if any patients with equivocal flow survived.

Results: Of the 94 evaluable patients, 70 had no cerebral flow present, 16 had equivocal cerebral flow present and 8
had cerebral flow present. Ninety-three of 94 patients in all 3 groups were clinically declared brain dead by the neuro-
intensivist team during the same hospital admission. Fifteen of 16 patients in the equivocal flow group were clinically
declared brain dead within 48 hours of the brain death scintigraphic study. One patient with equivocal flow present had
clinical care withdrawn and died prior to the completion of clinical brain death determination. There was no difference
in the final outcome among the no flow and equivocal flow groups.

Conclusions: All patients with equivocal flow died shortly after the cerebral perfusion study and thus the equivocal
flow category and clinical uncertainty associated with it may be eliminated. Furthermore, given the lack of any false
negative studies with Tc-99m DTPA, there may be no significant advantage to using the more expensive and logistically

challenging cerebral perfusion agents Tc-99m HMPAO and Tc-99m ECD.
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Introduction

Diagnosis of brain death is determined by clinical neurological exam and includes
cranial nerve function, limb responses, and apnea testing!'-*!. Confirmatory ancillary
tests such as electroencephalography (EEG) and cerebral perfusion scintigraphy
can be performed in addition to the neurological exam, especially when the clinical
exam is inconclusive. For example, cerebral perfusion scintigraphy may be used in
addition to the clinical neurological exam and EEG when patients are in barbiturate
coma. Additionally, cerebral perfusion scintigraphy can be used to help expedite
the clinical diagnosis of brain death in cases where organ donation is contemplated.

Cerebral perfusion scintigraphy can be performed using brain-specific
perfusion agents such as Tc-99m - hexamethylpropyleneamine oxime (HMPAO
or exametazime or Ceretec) and Tc-99m -ethylene L-cysteinate dimer (ECD or
Neurolite) or brain non-specific transient perfusion agents such as Tc-99m dieth-
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ylenetriaminepentaacetic acid (DTPA), Tc-99m glucoheptonate,
and Tc-99m pertechnetate*l. Some Nuclear Medicine physi-
cians prefer brain-specific agents over brain-nonspecific agents
as they are less dependent on the quality of the bolus injection,
timing, and patient positioning™'l. Additionally, brain specific
agents allow the option to obtain multiple planar views to in-
clude the posterior fossa and/or SPECT imaging which some
feel is more definitive to confirm presence or absence of cerebral
blood flow!'?. Furthermore, some believe the possibility of faint
superior sagittal sinus (SSS) uptake or possible faint blood flow
to the posterior fossa may be difficult to visualize with anterior
only images typically acquired using Tc-99m DTPA. This can
result in an equivocal flow categorization that may complicate
or delay brain death determination.

To address the first diagnostic challenge of faint superi-
or sagittal sinus uptake with Tc-99m DTPA, which can be inter-
preted as “equivocal flow,” we first describe 3 types of cerebral
perfusion patterns. They are 1) cerebral flow is present, 2) no
cerebral flow is present, and 3) equivocal flow is present. We
define equivocal flow as any visual uptake of radiotracer in the
superior sagittal sinus without uptake elsewhere or feint uptake
elsewhere in an indeterminate location or pattern not typical of
normal cerebral flow. We will prove it is feasible to eliminate
the equivocal flow group when using anterior only imaging with
Tc-99m DTPA by demonstrating patients with equivocal flow
will follow in the brain death groups who have no cerebral flow.
To address the second diagnostic challenge of posterior fossa
attenuation with anterior only imaging, we will demonstrate
that all patients without identified cerebral flow on anterior only
imaging have the same outcome of brain death. Thus, the two
primary aims of this retrospective study of cerebral perfusion
scintigraphy are to 1) determine if the “equivocal flow” category
and associated clinical uncertainty in diagnosis can be eliminat-
ed and 2) determine if any patients without cerebral flow iden-
tified survive and thus potentially have clinically relevant pos-
terior fossa blood flow not identified with anterior only imaging
with Tc-99m DTPA. A secondary aim is to re-affirm the clinical
efficacy of using brain non-specific Tc-99m DTPA with anterior
only imaging and thus potentially avoid the use of more expen-
sive and logistically demanding brain-specific agents.

Materials and Methods

Study Patients

We retrospectively reviewed a clinical database of 100 consec-
utive patients with requested brain death scintigraphy for con-
firmation of brain death in our institution from October 2009
to December 2017. This retrospective study received an exempt
status from the University of Wisconsin Institutional Review
Board and no consent from the patients or patients’ family was
required.

Of the 100 consecutive cerebral perfusion study re-
quests, 2 patients died before they could obtain the cerebral per-
fusion study, 2 patients had duplicate medical record numbers,
and 2 patients had two serial cerebral flow studies, leaving a
total of 94 evaluable patients. Out of 94 patients, 51 patients
were female, 43 patients were male and the age of those patients
ranged from 12 days old to 74 years old. All 94 patients com-
pleted the Tc-99m DTPA cerebral perfusion study. Two patients
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received a second brain death scintigraphic study with Tc-99m
DTPA and 2 different patients received an additional brain death
scintigraphic study with Tc-99m HMPAO in order to confirm
the result from the prior Tc-99m DTPA brain death scintigraphic
study.

Image Acquisition and Processing

All Tc-99m DTPA cerebral perfusion studies were obtained with
patients remaining in their critical care beds using a single head
gamma camera with low energy high resolution collimator/GE
multi purpose square detector (GE Healthcare, Waukesha, Wis-
consin, USA). The dose of Tc-99m Tc-DTPA was approximately
16-24 mCi (+/- 20%) / 592-740 Mbq (+/- 20%) for adult patients
and adjusted for weight for pediatric patients. The camera face
was aligned perpendicular to the patients’ heads. A radioactive
marker was used to outline the patients” heads and neck to verify
the entire head and carotid arteries were included in the field of
view. For the anterior projection a caudal tilt was included so
that the detector face was in line with the forehead and the tip of
the nose. Once the position of the patient’s head as well as the
detector head placement were satisfactory, the image acquisition
was started. Six seconds after initiating image acquisition, the
Tc-99m DTPA was injected as a bolus dose, preferably through
a central venous line. Data acquisition was performed as: 1-sec-
ond images for 120 seconds, followed by two 1-minute static
images obtained sequentially, with 128 x 128 matrix and zoom x
1. Images were sent to picture archiving communication system
(PACS). Adequacy of the bolus injection was verified by docu-
menting carotid artery and extra-cerebral blood flow prior to the
patient leaving the imaging suite.

Data Review

The scintigraphic imaging findings and clinical course of all
94 evaluable patients were reviewed. All patient’s clinical out-
comes were correlated with the cerebral perfusion patterns, de-
scribed as flow, no flow, or equivocal flow as detailed below
and summarized in Table 1. The amount of time taken by the
neurointensivist team to clinically declare brain death following
the cerebral flow studies was also compared between the patient
groups with no flow and equivocal flow (Table 2). Finally, the
amount of time from completion of the cerebral perfusion study
to harvesting of organs from organ donors was also measured
with attention to the no flow and equivocal flow groups (Table 3).

Categorization of Patients
Patients were categorized based on cerebral perfusion results
as “cerebral flow is present,” “no cerebral flow is present,” and
“equivocal flow is present.” Cerebral flow present indicates ra-
diotracer uptake in any of the intra-cerebral or cerebellar arteri-
al vasculature, even in cases of abnormal but present flow. No
cerebral flow present indicates no radiotracer uptake in any of
the intra-cerebral or cerebellar arterial vasculature and no radio-
tracer uptake in the superior sagittal sinus or atypical locations.
The equivocal flow group as previously defined indicates any
visual uptake of radiotracer in the superior sagittal sinus with-
out uptake elsewhere in the cerebral vasculature or faint uptake
elsewhere in an indeterminate location or pattern not typical of
normal cerebral flow.

All patients were admitted into the Neuro-Intensive
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Care Unit at the University of Wisconsin Hospital and received
care under specialized Neuro-Intensivists. The clinical determi-
nation of brain death was performed by a team of Neuro-Inten-
sivists based on the patients’ neurological exam over time and
use of an apnea test as well as other confirmatory tests as appro-
priate. Results of the cerebral perfusion studies were communi-
cated to the Neuro-Intensivists at the conclusion of the study and
these results were known at the time of brain death declaration.

Results

The brain death scintigraphic imaging findings of all 94 patients
were reviewed and categorized into one of three flow patterns:
cerebral flow present, no cerebral flow present, and equivocal
flow (Table 1). Meticulous review of cerebral blood flow studies

Thirteen of 16 patients (81%) with equivocal flow were
clinically declared brain dead within 24 hours of the brain death
scintigraphic study. Two of 16 patients (13%) with equivocal
flow were clinically declared brain dead after 12 hours of the
brain death scintigraphic study (TABLE 2). One of 16 patients
with an equivocal flow study had clinical care removed by fam-
ily request and subsequently died prior to completion of brain
death determination. This patient’s apnea test had to be terminat-
ed prematurely due to hypotensive response despite maximum
vasopressor treatment. This patient otherwise had no brainstem
reflexes and did not have self-respiratory drive during the at-
tempted apnea test.

Table 2: Time taken to clinically declare brain dead patients with
Equivocal Flow

with equivocal flow was mandatory in order to avoid inadvertent Equivocal Flow
declaration of definite flow or no flow. 16
) L Clinically Declared Brain Dead Care Withdrawn
Table 1: Number of patients with different flow patterns and number
of patients who were declared brain dead during the same hospital ad- 15 1
mission. <12 Hours >12 Hours 1
Study Groups Number | Clinically Brain 13 2
of Patients | Dead During Same
Hospital Admission
Cerebral Flow Present 8 8 Two patients with equivocal flow on Tc-99m DTPA ce-
No cerebral Flow Present 70 70 rebral perfusion studies had undergone further Tc-99m HMPAO
cerebral perfusion studies in order to confirm lack of cerebral
Equivocal 1 Flow Present | 1 *1 . :
qulvoca. Cerebral Flow Present | 16 > or posterior fossa blood flow (Table 3) (Figures 2 & 3). One
Total Patients 94 93 patient obtained the Tc-99m HMPAO cerebral perfusion study

*One patient with equivocal flow had clinical care withdrawn and sub-
sequently died before completion of brain death determination due to
irreversible anoxic brain injury.

The current study demonstrated 74.5% (70/94) patients
had no cerebral flow present (Figure 1), 17% (16/94) patients
had equivocal flow present (Figures 2 & 3), and 8.5% (8/94) pa-
tients had cerebral flow present. Ninety-three of 94 patients were
clinically declared brain dead by the Neuro-Intensivist team and
all 94/94 patients died during the same hospital admission as the
cerebral perfusion study.
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Figure 1: “No flow” study.Tc-99m DTPA cerebral perfusion study with
anterior dynamic angiographic (top 2 rows) and blood pool (bottom
row) phases. Good bilateral carotid bolus is present without any intra-
cerebral flow.

after 12 hours following the acquisition of the Tc-99m DTPA
cerebral perfusion study and a second patient obtained it after
24 hours. Both of the Tc-99m HMPAO cerebral perfusion stud-
ies were negative for any cerebral or posterior fossa blood flow.
Both patients were clinically declared brain dead within approx-
imately 4 hours following the acquisition of the second cerebral
perfusion study with Tc-99m HMPAO.
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Figure 2(A): “Equivocal flow” study. Tc-99m DTPA cerebral perfusion
study with anterior dynamic angiographic (top 2 rows) and blood pool
(bottom row) phases. Minimal tracer uptake in the left lateral cerebral
region (red arrow) likely represents scalp collateral perfusion.
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Figure 2(B): Tc-99m HMPAO cerebral perfusion study obtained after
the Tc-99m DTPA “equivocal flow” study in figure 2 (A). There is no
evidence of intracerebral radiotracer uptake on early or delayed imag-
ing. This patient was reported as having no cerebral perfusion and was
clinically declared brain dead.

12 MinuTE

Figure 3(A): “Equivocal flow” study. Tc-99m DTPA cerebral perfusion
study with anterior dynamic angiographic (top 2 rows) and blood pool
(bottom row) phases. Minimal tracer uptake in the right lateral cerebral
region (red asterisk) with trace activity in the superior sagittal sinus
(red arrow).
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Figure 3(B): 99mTc-HMPAO cerebral perfusion study obtained after
the 99mTc-DTPA “equivocal flow” study in figure 3 (A). There is no
evidence of intracerebral radiotracer uptake on early or delayed imag-
ing. This patient was reported as having no cerebral perfusion and was
clinically declared brain dead.

Table 3: Time lag to harvest organs from patients with Equivocal Flow

Time Lag to Obtain
Tc-99m HMPAO Ce-
rebral Perfusion Study

Patients with Equivocal
Flow with Tc-99m DTPA
Cerebral Perfusion Study

Time Lag to
Harvest Organs

Patient 1 > 12 hours 58
Patient 2 > 24 hours 46
Discussion

Brain Death and Brain Death Scintigraphic Study

The ability to both accurately and expeditiously provide a clinical
diagnosis of brain death is crucial in many patients, particularly
in patients whom may be organ donors. Complex and fluctuating
donor hemodynamics increase chances of compromising organ
viability for transplantation as well as the inevitable hormonal
and inflammatory cascade that can result in graft dysfunction
and increased chances of rejection. These risks increase over
timel'*1], A reliable confirmatory test such as cerebral perfusion
scintigraphy can help diminish these risks, but only if it can be
performed and interpreted rapidly and accurately.

Brain specific cerebral perfusion agents such as Tc-
99m HMPAO and Tc-99m ECD are increasing in popularity but
there is no clear evidence they are more accurate than the brain
non-specific agent Tc-99m DTPA!®. According to the Society
of Nuclear Medicine and Molecular Imaging (SNMMI) Brain
Imaging Council, although some institutions still use brain
non-specific agents such as Tc-99m DTPA, Tc-99m glucohep-
tonate, and Tc-99m pertechnetate for assessment of cerebral
perfusion, they are less common than Tc-99m HMPAO and Tc-
99m ECD!2. Some authors argue Tc-99m DTPA is not as good
as brain specific agents as the former is bolus dependent and
it does not have cerebral retention unlike brain specific agents,
therefore it lacks specificity!”l. Authors have also argued about
lack of adequate image acquisition using Tc-99m DTPA cere-
bral flow studies unlike brain specific tracers which will allow
delayed imaging as well as brain SPECT imaging!'?. However
a retrospective study carried out with direct comparison of Tc-
99m DTPA and Tc-99m HMPAO for brain death gave identical
results for these two agents!'®].

Normally, when cerebral and/or cerebellar blood flow
is present, it will be readily identified on angiographic phase im-
ages and later there will be significant venous drainage into the
SSS on blood pool images. In some cases, only feint SSS uptake
on blood pool images can be seen along with lack of cerebral
or cerebellar flow on angiographic phase images. Under normal
intracranial pressures (ICP), it is possible that an alternate ve-
nous drainage pathway can lead to SSS uptake from extracra-
nial venous drainage via emissary veins into the superior sagit-
tal sinus. Likewise in normal anatomy the posterior fossa veins
terminate as bridging veins, which collect into three groups: a
galenic group that drain into the vein of Galen; a petrosal group
that drains into the petrosal sinuses; and a tentorial group that
drains into the transverse, straight, or superior petrosal sinus!'?.
However, under conditions of high ICP, anastomosing vessels
from the scalp will follow the path of least resistance and drain
elsewhere given the very low pressure in the venous system out-
side of the cranial vault. Of concern is the possibility this feint
SSS uptake can be from feint cerebral or cerebellar blood flow
that is not readily identified on angiographic phase images. Of
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particular concern is potential feint blood flow to the posterior
fossa that may be difficult to visualize with anterior only images.
Thus, any uptake in the SSS can result in an equivocal flow cat-
egorization, which is another potential pitfall of using Tc-99m
DTPA for brain death scintigraphy. An additional diagnostic co-
nundrum with Tc-99m DTPA can occur when anterior only pla-
nar imaging is utilized. With anterior only imaging, the posterior
fossa can be significantly attenuated and obscured from view by
the bony skull base. It is possible that with absence of cerebral
blood flow, there may be blood flow in the posterior fossa that
may not be identified without additional lateral images obtained
during the angiographic phase. This blood flow could potentially
sustain brain stem function for a brief period of time and thus
complicate the clinical diagnosis of brain death. It could also be
argued that feint blood flow to the posterior fossa is not sufficient
to sustain brain stem functioning for any appreciable length of
time and thus brain death is inevitable. For example, a study
report has shown all patients with partial persistent flow in the
posterior fossa finally met the clinical criteria for brain death
including the cessation of the brain stem function!?’.

At our institution, brain death scintigraphic studies with
Tc-99m DTPA are performed directly on the patient’s bed with a
single head camera, unlike studies with Tc-99m HMPAO or Tc-
99m ECD SPECT whereby patients may need to be moved from
their beds onto the scanner bed if multiple image projections or
SPECT is anticipated. Our technique reduces risk of injury to
patients (especially head and/or spine injury patients), as well as
risk of dislodging vital tubes such as the endotracheal tube, ex-
ternal ventricular drain, central lines, etc. Another benefit is that
duration of imaging with this approach is very short, which is
important in these patients who are often very unstable and risk
organ viability for potential organ donors. Studies with Tc-99m
HMPAO and Tc-99m ECD may require delayed imaging after
injection, and if SPECT is used the imaging time is significantly
longer. Needless to say this additional time required and patient
movement imposes higher risks on patient safety and organ pro-
curement in potential organ donors. A downside to our approach
is the inability to obtain lateral images during the angiographic
phase or high quality lateral images on a delayed phase given
the distance of the patient’s head from the camera. However,
this shortcoming did not result in any change in diagnostic out-
comes.

In addition to differences in imaging times and logis-
tics, there is a significant difference in costs of the various agents
used in cerebral perfusion imaging. At our institution the costs
of Tc-99m HMPAO and Tc-99m ECD are at least 6 times and 8
times, respectively, the cost of Tc-99m DTPA, which is about
USD 560. Furthermore, maintaining the shelf life of Tc-99m
HMPAO is more challenging. If not stabilized with methylene
blue it needs to be used within half hour of reconstitution, while
addition of methylene blue will slightly increase the shelf life to
4 hours!'3l.

Significance of the Current Study

Our study shows that there is no difference in the final outcome
(clinically declared brain death) in equivocal flow and no flow
study groups in cerebral perfusion studies using Tc-99m DTPA.
This is a novel embodiment of the retrospective study to elimi-
nate the equivocal flow category from cerebral perfusion studies

: Lance T. Hall,, et al.
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that has not been reported previously. Elimination of the equiv-
ocal flow category will help streamline interpretation of brain
death scintigraphic study results with only 2 groups, viz cere-
bral flow present and no cerebral flow present. This can reduce
clinical uncertainty and help expedite brain death determination.
Additionally, despite theoretical concerns for potential miss of
subtle posterior fossa blood flow with anterior only image acqui-
sition, no patients without identified cerebral flow survived and
thus this is likely a clinically insignificant risk. We can leverage
these findings to reduce delays in diagnosis and avoid use of
more expensive and logistically demanding agents like Tc-99m
HMPAO and Tc-99m ECD, which might not be available in all
institutions on demand, especially during non-business hours.

In this study there were 2 patients with equivocal flow
with Tc-99m DTPA who subsequently obtained additional Tc-
99m HMPAO cerebral perfusion studies, which confirmed no
cerebral or posterior fossa blood flow. We argue this subsequent
use of more expensive and logistically demanding Tc-99m HM-
PAO imaging added unnecessary delays and costs and could
have been avoided had we eliminated the equivocal flow cate-
gory. Our proposal to eliminate the equivocal flow category in
Tc-99m DTPA cerebral perfusion imaging also emphasizes its
potential utility in expediting harvesting of organs from poten-
tial donors and minimizing hospital costs by providing an earlier
brain death determination and reducing costly days of intensive
care.

Limitations

The retrospective nature of this relatively small study limits
evaluation of outcomes. Additionally, the patient population in-
cluded in this study all subsequently died and this limits compar-
ison of sub-groups. Finally, although we sought to make indirect
comparisons and inferences to the use of Tc-99m HMPAO and
Tc-99m ECD, with exception of only 2 patients, we did not have
data to directly compare these agents.

Conclusions

This study has shown that there is no difference in the final out-
come (clinical brain death) in equivocal flow and no flow cate-
gories in cerebral perfusion studies using Tc-99m DTPA with
anterior only imaging in the patient’s own bed. We suggest using
only two diagnostic categories when interpreting brain death
studies: 1) cerebral flow present and 2) no cerebral flow present.
We also argue against the routine use of more expensive and
logistically demanding agents such as Tc-99m HMPAO and Tc-
99m ECD.

Disclosure
The current study is a retrospective study therefore it did not
require any financial support as well as consent from the patients
or patients’family.

The current study is adhered to the ethical guidelines
and ethical approvals.

All authors have approved the final manuscript and
hence there are no conflicts of interests.
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