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Aims of this lecture



nuclear medicine context



broader context



historical context



medical advances



 1968 ad hoc committee of harvard medical school
 PRACTICAL, not theological or philosophical

“There are two reasons why there is need for a definition [of brain death]:

(1) Improvements in resuscitative and supportive measures have led to increased efforts 
to save those who are desperately injured. Sometimes these efforts have only partial 
success so that the result is an individual whose heart continues to beat but whose brain 
is irreversibly damaged. The burden is great on patients who suffer permanent loss of 
intellect, on their families, and on those in need of hospital beds already occupied by 
these comatose patients. 

(2) Obsolete criteria for the definition of death can lead to controversy in obtaining 
organs for transplantation.”

reflected a shift towards neurologic and away from traditional cardiopulmonary criteria

attempts to clarify



 “uniform determination of death act” - 1980 by the 
national conference of commissioners on uniform state 
laws

An individual who has sustained either: 
(1) irreversible cessation of circulatory and respiratory functions, or 
(2)    irreversible cessation of all functions of the entire brain, including the brain stem, is 

dead. 
A determination of death must be made in accordance with accepted medical
standards.

NOTE in preamble: “This Act is silent on acceptable diagnostic tests and 

medical procedures. It sets the general legal standard for determining death, but 
not the medical criteria for doing so. The medical profession remains free to 
formulate acceptable medical practices and to utilize new biomedical 
knowledge, diagnostic tests, and equipment.”

(HOLD THIS THOUGHT!)

more clarity needed 



 “defining death” president’s commission for the study of 
ethical problems in medicine and biomedical and behavioral 
research - 1981

“Because they were easily measured, circulation and respiration were 
traditionally the basic ‘vital signs.’  But breathing and heartbeat are not life itself.  
They are simply used as signs—as one window for viewing a deeper and more 
complex reality:  a triangle of interrelated systems with the brain at its apex.  As 
the biomedical scientists who appeared before the Commission made clear, the 
traditional means of diagnosing death actually detected an irreversible cessation 
of integrated functioning among the interdependent bodily systems.  When 
artificial means of support mask this loss of integration as measured by the hold 
methods, brain-oriented criteria and tests provide a new window on the same 
phenomenon.”

federal “clarity” 



 here come the neurologists! (1994 report of the quality standards 
subcommittee of the american academy of neurology)

 summary statement “determining brain death in adults”

 responding to “need for standardization of the neurologic 
exam criteria for the diagnosis of brain death”

 same criteria for children, but a bit more strict… (requires 
confirmatory test(s) and specified interval between exams)

remember that thought? 



 absence of clinical brain function when the proximate 
cause is known and demonstrably irreversible

1) clinical or neuroimaging evidence of an acute CNS catastrophe that is 
compatible with the clinical diagnosis of brain death

2) exclusion of complicating medical conditions that may confound clinical 
assessment (no severe electrolyte, acid-base, or endocrine disturbance)

3) no drug intoxication or poisoning

4) core temperature > or = 32 C (90 F)

prerequisites 



 three cardinal findings

1) coma or unresponsiveness

2) absence of brainstem reflexes

3) apnea

requirements 



 presence or absence of motor responses to a standardized 
painful stimulus (e.g. nail bed pressure, supraorbital pressure)

coma or unresponsiveness 

picture from: Wijdicks, Eelco, F. M. The Diagnosis of Brain Death, New England Journal of  Medicine 344, no. 16 (April 19, 2001): 1215-1221.



pupils: absent pupillary response to light; mid-sized to dilated
ocular movement: no occulocephalic reflex; no deviation of eyes in response 

to 50 ml of cold water in ear
facial sensation/motor: absent corneal reflex, jaw reflex, grimace to painful 

stimuli (sucking, rooting reflexes in infants)

pharyngeal/tracheal: no gag reflex; no cough in response to suctioning

absence of brainstem reflexes

picture from: Wijdicks, Eelco, F. M. The Diagnosis of Brain Death, New England Journal of  Medicine 344, no. 16 (April 19, 2001): 1215-1221.



 disconnect ventilator and deliver 100% o2 at 6L per minute into the trachea
 defined as absence of respiratory drive at PaCO2 = 60 mm Hg (or 20 mm Hg above 

baseline)
 watch for respiration
 measure PaCO2

apnea

picture from: Wijdicks, Eelco, F. M. The Diagnosis of Brain Death, New England Journal of  Medicine 344, no. 16 (April 19, 2001): 1215-1221.



Conditions distinct from brain death



 confirmatory tests: cerebral angiography, 
electroencephalography, transcranial doppler ultrasonography, 
cerebral scintigraphy 

~ term to 2 months: 2 confirmatory tests required

~ 2 months to 1 year: 1 confirmatory test required
~ above 1 year: confirmatory tests are optional

 intervals between tests: two evaluations required
~ term to 2 months: 48 hours

~ 2 months to 1 year: 24 hours
~ above 1 but under 18 years: 12 hours
~ above 18 years: interval optional (6 hours is common practice)

but wait, there’s more!



Confirmatory tests recommended by AAN are:



Confirmatory tests in order of sensitivity



Choice of confirmatory test depends on …



Normal Electrocerebral Silence

• Electroencephalography (EEG) – No activity over at least 30mins



Normal No Intracranial Flow

Conventional contrast angiography



Transcranial Doppler ultrasound



Somatosensory evoked potentials (SEPs or SSEPs)

Normal response to arm stimulation
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Brain anatomy

Mid brain

Pons

Medulla

Cerebral 
Cortex

•Cognition
•Voluntary  
movement
•Sensation



Brain anatomy

Mid brain
CN III
• Pupillary response
• Ocular movement Pons

Medulla

CN III –
Oculomotor; 
mainly motor.



Brain anatomy

Mid brain
CN IV, V, VI
• conjugate eye 
movement
• corneal reflex

Pons

Medulla

CN IV –
Trochlear; mainly 
motor.

CN V –
Trigeminal; 
sensory and 
motor

CN VI –
Abducens; 
mainly motor



Brain anatomy

Mid brain

CNs IX, X
• Pharyngeal (Gag) 
Reflex
• Tracheal (Cough) 
Reflex

Respiration

Pons

Medulla

CN IX –
Glossopharyngeal
; Sensory and 
motor.

CN X – Vagus; 
sensory and 
motor.



Normal brain anatomy

Reticular 
Activating 
System (RAS)

•Receives 
multiple sensory 
inputs
•Mediates 
wakefulness



Pathophysiology of brain death on scintigraphy



Pathophysiology of brain death on scintigraphy



Three sets of published guidelines, similar but differ in 
details:



Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Tc-99m HMPAO
Dynamic images:
Flow present in ACA 
and MCA distribution

Static Images:
Tracer metabolism 
within cerebral 
hemispheres and 
cerebellum but 
appears decreased in 
latter

Preservation of cerebral flow and metabolism
Clinical diagnosis of brain death not confirmed

Confirmatory Tests – Radionuclide Imaging



Tc-99m HMPAO
Dynamic 
images:
No flow

Static Images
No tracer 
uptake

No cerebral flow or metabolism
Clinical diagnosis of brain death confirmed

Confirmatory Tests – Radionuclide Imaging



Tc-99m HMPAO
Dynamic images:
Flow in CCA and ECA. No 
flow in ACA and MCA 
distribution

Static Images:
No tracer within cerebral 
hemispheres and 
cerebellum.

Note sagittal, transverse, 
and sigmoid venous 
sinusesNo cerebral flow or metabolism

Clinical diagnosis of brain death confirmed

Confirmatory Tests – Radionuclide Imaging



Tc-99m HMPAO
Dynamic images:
No intracranial flow

Static Images:
No tracer metabolism in 
cerebral hemispheres; 
tracer metabolism is 
present within cerebellum.

Metabolism present within cerebellum
Clinical diagnosis of brain death not confirmed

Confirmatory Tests – Radionuclide Imaging



Tc-99m HMPAO
•Dynamic images: No intracranial flow
•Static Images: No tracer metabolism in cerebral hemispheres; tracer 
metabolism present within cerebellum
•Clinical diagnosis of brain death not confirmed

Case courtesy of Shana

Confirmatory Tests – Radionuclide Imaging



Tc-99m HMPAO
Isolated cerebellar death:
Disassociation between 
cerebral and cerebellar flow 
from cerebellar infarction. 

No tracer metabolism in cerebellum; tracer metabolism present in 
cerebral hemispheres. H/o vertebral artery dissections with occlusion.

Clinical diagnosis of brain death not confirmed

Confirmatory Tests – Radionuclide Imaging



Tc-99m HMPAO
“Hot nose sign” - in 52% of 
patients with brain death; 
also in other disorders not 
associated with brain death

Refers to increased activity 
in nasopharyngeal area in 
patients with internal
carotid artery obstruction

It’s a secondary sign that is supportive but not diagnostic of brain death

Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Confirmatory Tests – Radionuclide Imaging



Brain Death Confirmatory Tests – Radionuclide Imaging



Advantages of imaging with Tc-99m HMPAO: 



Brain Death 
Summary



Brain Death Summary



Brain Death – Standard Medical Record Documentation 
(AAN)



 context for and history of defining death

 technological advances led to shift towards neurologic criteria

 brain death is a clinical diagnosis (coma/unresponsive; absence 
of brain stem reflexes; apnea)

 confirmatory testing

conclusion



 current definition involves whole brain (including brain stem), 
but some argue for “higher brain” cerebrum only definition

 point in time vs. process…

 “It is not surprising that many people seem to think that ‘brain 
death’ is a separate type of death that occurs before ‘real’ 
death. This confusion is reinforced when hospital personnel 
state — and journalists repeat — that ‘life support’ is being 
removed from such patients.”    alexander capron

going forward
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