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Learning Objectives 

1. Analysis and review of common nuclear medicine 
techniques used in emergent situations. 
  
2. Appraise relative and absolute indications for nuclear 
and non-nuclear medicine imaging techniques in trauma 
and emergencies.  
 
3. Selection of appropriate studies and interventions in 
the emergent nuclear medicine setting. 
  

 



Introduction 

• Emergency and Trauma in Nuclear Medicine  
– Under-appreciated aspect of specialty 
– Commonly used for problem solving 
– Can be first line of imaging 

• Brain perfusion 
• Ventriculo-peritoneal shunt and other CSF studies 
• Myocardial perfusion 
• V/Q 
• Cholescintigraphy 
• Renography 
• GI Bleed 
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Cerebral Brain Perfusion 



Brain Perfusion 

• Important questions 
– Is this study needed right now? 
– Transplant candidate? 
– Clinical diagnosis? 

• Criteria for death 
– Depends on state 

• VA: Specialist in neurology, neurosurgery, or with 
EEG verification 

• AK or GA: RN can declare 
• KY: 2 licensed physicians 



Brain Perfusion 

• Determination of Death Act Summary 
– Uniform Law Commissioners (ULC) created 

the Uniform Brain Death Act in 1978  
– Traditional criteria—cessation of respiration 

and circulation—no longer sufficient 
– Detection of loss of brain function is a 

product of very modern technology 
– "irreversible cessation of all functioning of 

the brain, including the brain stem" is death 



Brain Perfusion 

• Determination of Death Act Summary 
– ULC corrected the situation in 1980 by 

replacing the act with the Uniform 
Determination of Death Act (UDDA) 

– Adds "irreversible cessation of circulatory and 
respiratory functions" as an alternative 
standard for determining death 

– "reasonable medical standards" has also been 
changed to "acceptable medical standards" 



Brain Perfusion 

• Determination of Death Act Summary 
– Intentionally not “the Definition of Death Act” 
– Purpose of the UDDA is a minimum standard 
– Does not authorize euthanasia or "death with 

dignity," does not enact any sort of living will 
– UDDA attempts to relieve one relatively small 

problem in law and medicine, before it 
becomes a larger one… 



TITLE 8. DEATH AND DISPOSITION OF THE BODY 
SUBTITLE A. DEATH CHAPTER 671. 

DETERMINATION OF DEATH AND AUTOPSY REPORTS SUBCHAPTER A.  
DETERMINATION OF DEATH § 671.001. 

Standard Used in Determining Death (a) A person is dead when, according to 
ordinary standards of medical practice, there is irreversible cessation of the 
person's spontaneous respiratory and circulatory functions. (b) If artificial 
means of support preclude a determination that a person's spontaneous 
respiratory and circulatory functions have ceased, the person is dead when, in 
the announced opinion of a physician, according to ordinary standards of 
medical practice, there is irreversible cessation of all spontaneous brain 
function. Death occurs when the relevant functions cease. (c) Death must be 
pronounced before artificial means of supporting a person's respiratory and 
circulatory functions are terminated. (d) A registered nurse or physician 
assistant may determine and pronounce a person dead in situations other than 
those described by Subsection (b) if permitted by written policies of a licensed 
health care facility, institution, or entity providing services to that person. 
Those policies must include physician assistants who are credentialed or 
otherwise permitted to practice at the facility, institution, or entity. If the 
facility, institution, or entity has an organized nursing staff and an organized 
medical staff or medical consultant, the nursing staff and medical staff or 
consultant shall jointly develop and approve those policies. The board shall 
adopt rules to govern policies for facilities, institutions, or entities that do not 
have organized nursing staffs and organized medical staffs or medical 
consultants.  
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Prerequisites (all must be checked) 
¨ Coma, irreversible and cause known. 
¨ Neuroimaging explains coma. 
¨ CNS depressant drug effect absent (if indicated toxicology screen). 
¨ No evidence of residual paralytics (electrical stimulation if paralytics used). 
¨ Absence of severe acid-base, electrolyte, endocrine abnormality. 
¨ Normothermia or mild hypothermia (core temperature >36°C). 
¨ Systolic blood pressure ≥100 mm Hg. 
¨  No spontaneous respirations. 

 
Examination (all must be checked) 
¨ Pupils nonreactive to bright light. 
¨ Corneal reflex absent. 
¨ Oculocephalic reflex absent (tested only if C-spine integrity ensured). 
¨ Oculovestibular reflex absent. 
¨ No facial movement to noxious stimuli at supraorbital nerve, TMJ. 
¨ Gag reflex absent. 
¨ Cough reflex absent to tracheal suctioning. 
¨   Absence of motor response to noxious stimuli in all four limbs (spinally mediated 
 reflexes are permissible). 

 
Apnea testing (all must be checked) 
¨ Patient is hemodynamically stable. 
¨ Ventilator adjusted to provide normocarbia (PaCO2 35–45 mm Hg). 



 
¨ Patient preoxygenated with 100% FiO2 for >10 minutes to PaO2 >200 mm Hg. 
¨ Patient well-oxygenated with a PEEP of 5 cm of water. 
¨ Provide oxygen via a suction catheter to the level of the carina at 6 L/min or attach 
 T-piece with continuous positive airway pressure (CPAP) at 10 cm H2O. 
¨ Disconnect ventilator. 
¨ Spontaneous respirations absent. 
¨ Arterial blood gas drawn at 8–10 minutes, patient reconnected to ventilator. 
¨ PCO2 ≥60 mm Hg, or 20 mm Hg rise from normal baseline value. 
OR: 
¨Apnea test aborted. 

 
Ancillary testing (only one needs to be performed) (to be ordered 
only if clinical examination cannot be fully performed due to 
patient factors, or if apnea testing inconclusive or aborted) 
¨ Cerebral angiogram 
¨ HMPAO SPECT 
¨ EEG 
¨  TCD 

 
Time of death (DD/MM/YY) ________/ _______/ ________ 
Name of physician and signature 
______________________________________________________ 
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Katherine E. Eder et al. Neurology 2012;79:e79 

Copyright © 2012 by AAN Enterprises, Inc. 



Confirmatory Tests 

• American Academy of Neurology 
– Conventional contrast angiography 
– EEG 
– Transcranial Doppler 
– Tc99m HMPAO Scan 

• Static images 

– Somatosensory evoked potentials 



Confirmatory Tests 

• ACR 
– “to determine if there is cerebral blood flow” 

 
• SNMMI 

–“to assess brain blood flow” 
– Includes Tc99m pertechnetate, DTPA, 

GH, HMPAO, ECD 



Brain Perfusion 

• Almost any agent but commonly 
 

– Tc99m DTPA IV 
• Does not cross blood-brain barrier 
• Clears rapidly, glomerular filtration 

 
– Tc99m HMPAO IV 

• Lipophilic, crosses blood brain barrier 
• Big advantage for delayed images 





 



 



Brain Death 

• 4 main patterns of uptake 
 
– Flow to the cerebrum and cerebellum 
– No flow to the cerebrum and cerebellum 
– No flow to the cerebrum but flow to the 

cerebellum 
– No flow to the cerebellum but flow to the 

cerebrum 



Brain Death 
• Decreased arterial flow seen on dynamic 

imaging as well as absence of venous activity on 
static imaging 
 

• Hot Nose in 52% 
 

• Clinical criteria MUST be established: 
– No spontaneous breathing, brain stem reflexes and 

reversible causes excluded 
– Mechanism established: trauma, stroke, etc 
– Hypothermia or drugs have no effect 



Brain Death 



Brain Death 
• Hot Nose? 

 
– 35 positive brain death exams were 

investigated 
– Anterior and lateral views 
– Lateral flow images showed the area of 

greatest counts to be much more posterior to 
the nose, corresponding to the location of the 
brainstem/cervical spinal cord 

 
Appelt, Eric A., Won S. Song, William T. Phillips, Darlene F. Metter, 
Umber A. Salman, and Ralph Blumhardt. "The “Hot Nose” Sign on 
Brain Death Nuclear Scintigraphy: Where Does the Flow Really Go?." 
Clinical nuclear medicine 33, no. 1 (2008): 55-57. 



Morning MVA 







V/Q 



V/Q Case 1 

• 32 year old female with pulmonary 
hypertension presents to the emergency 
department with shortness of breath 
 

• Negative D-dimer 
• Well’s score 6  

– Less than 2 is low probability (4-15%), score of 2 
to 6 is intermediate probability (29-30%), and 
greater than 6 is high probability (59-68%) 

 



Wells Score for PE 

Clinical Features Score 

Clinical Signs and Symptoms of DVT 3.0 

Heart Rate > 100 bpm 3.0 

Immobilization or Surgery 3.0 

Prior PE or DVT 1.5 

Cancer 1.5 

PE more likely than alternative diagnosis 3.0 

Less than 2 is low probabilily (4-15%), score of 2 to 6 is intermediate 
probability (29-30%),  and greater than 6 is high probability (59-68%). 
Data is from Wells et al. 







Next day, she is brought back by for 
additional imaging...  

What’s going on? 
What do you do now? 



 
Re-inject with 2.5 mCi 99mTc MAA  

 
 

Reduced particles (100 to 200K) 
 



Shunt: 11 % 



V/Q Case 2 

• 36 year old female with tachypnea, 
palpitations, anxiety, on oral contraceptive 
 

• Positive D-dimer 
• Well’s score 6  

– Less than 2 is low probability (4-15%), score of 2 
to 6 is intermediate probability (29-30%), and 
greater than 6 is high probability (59-68%) 

 



Unable to cooperate with ventilation 
exam due to anxiety 







V/Q Case 3 

• 22 year old male with chronic shortness of 
breath for several years, now on active duty 
and difficulty with PT test 
 

• Negative D-dimer 
• Well’s score 3  

– Less than 2 is low probability (4-15%), score of 2 
to 6 is intermediate probability (29-30%), and 
greater than 6 is high probability (59-68%) 

 











Gestalt Interpretation 

• The experienced nuclear medicine physician 
may be able to provide a more accurate 
interpretation of the ventilation-perfusion 
study than is provided by the criteria alone; 
however, his/her opinion is usually informed 
by detailed knowledge of the various lung 
image interpretive criteria 



Other indications 

• Chronic PE 
• Quantitative lung evaluation 
• Transplant evaluation 

– Pre and post 

 
 



Boards Favorites 

• Mismatched entire lung perfusion defect 
– Saddle embolus, tumor compressing pulmonary 

artery, inquire about prior surgeries 
 

• Mismatched entire lung ventilation defect 
– Mucus plug (perfusion may also be decreased due 

to reflex vasoconstriction) 
 

• Alpha-1-antitrypsin deficiency 
– Matched defects in bilateral lower lobes 
– Air trapping in lower lobes 



Boards Favorites 
• RàL shunt 

– If renal uptake, image over the brain (usually no bladder 
activity) 

– Rule out free Tc O4 (thyroid, stomach, renal, bladder) 
– May quantify shunt  
– Etiologies of shunt = intracardiac or intrapulmonary 

 
• Pulmonary HTN 

– Redistribution of perfusion (upper>lower lobe) 
 

• Segmental contouring 
– Etiology includes vasculitis, tumor emboli, lymphangitic 

carcinomatosis 



Hepatobiliary Imaging 



Technique 

• NPO the midnight prior 
– Intermittent filling may give false-positive  
– 65% who have eaten 2-5 hours before the study will 

not have gallbladder filling in the first 60 minutes 
– 50% who eat within 1 hour of study will have 

gallbladder non-visualization 
– 3-4 hours fasting has become the standard 

 
 



Acute Cholecystitis 

• Up to 60% of patients with abdominal pain 
have gallstones/sludge on ultrasound or CT 
 

• Most gallstones remain asymptomatic 
 

• Fewer than 50% of patients with gallstones 
will have acute cholecystitis 



Necrosis 

Increased Intraluminal  
Pressure 

Cystic Duct Obstruction 

Acute Cholecystitis 
Pathophysiology of biliary colic 

Gangrene/Perforation 





Acute Cholecystitis 

• “Sonographic Murphy’s sign” 
– Reported accuracy as high as 88% 
– Considerable intraobserver variation 
– Needs to be analgesia free 

 

• US accuracy is 80-85% at best 
 

Cholescintigraphy is single best test 



Acute Cholecystitis 

False-Positive False-Negative 
Recent Meal Acalculous Cholecystitis 

TPN Duodenal Diverticulum 

Alcoholism Accessory Cystic Duct 

Pancreatitis Biliary Duplication Cyst 

Chronic Cholecystitis 

Hepatocellular Dysfunction 

Cholangiocarcinoma 

Prolonged Fasting 

Severe Illness 



Chronic Cholecystitis 

• Scintigraphic patterns that correlate 
– Delayed biliary to bowel transit time 
– Poor visualization of the gallbladder 
– Filling defects 
– Less-than-optimal contractile response 

 

• None correlates as well as 
delayed visualization 
 

 



Postsurgical Biliary Scan 

• Bile leaks 
– Right paracolic gutter 
– Gallbladder fossa biloma may mimic 

gallbladder filling 
– “Reappearing liver sign” 

• Tracks superiorly in the perihepatic space  
• Altered liver shape 
 

 















Gastrointestinal Bleeding 
Imaging 



Planar RBC Scintigraphy 

• Advantages: 
 
– Sensitivity for active bleeding of greater 

than 90% 
– Detection of bleeding rates as low as 0.04 

mL/min, compared with angiography and 
endoscopy which require rates of up to 0.5 - 
1.0 mL/min  



Planar RBC Scintigraphy 

• Disadvantages: 
 
– Incorrect site in 10-25% 
– With delayed imaging, there may be 

uncertainty with respect to the site of origin 
 





SNMMI/EANM Guidelines 

• 2014 revision of the GI bleeding scintigraphy 
guidelines identifies SPECT and SPECT/CT as 
requiring further clarification: 

 
– SPECT/CT may prove particularly helpful in 

situations where improved contrast resolution 
impacts clinical management 

– Especially in slow or atypical GI bleeds in which 
time is required for a ‘bowel conforming’ pattern 
to emerge on planar imaging 

 









Dynamic SPECT CT 

• Murrey et al recently reported the use of RBC 
scintigraphy fused with dynamically acquired SPECT 
CT in the diagnosis of intermittent GI bleeding: 
– Negative endoscopy and colonoscopy following initial 

positive planar scan 
– Repeat planar scan again positive 
– 6 sequential SPECT datasets and single CT acquisition 

obtained immediately 
– Each SPECT series fused with same CT to create dynamic 

fused series 
– Terminal ileum bleed localized, confirmed via surgery 



• 79 year old female with 
recent retroperitoneal 
hemorrhage AND 
known left pectoral 
hematoma… 
 
 

• Drop in Hematocrit… 
 
 

• Which is bleeding?  



• RBC scan requested for 
suspected slow versus 
intermittent bleeding 
 
 
 

• Radiotracer focus within 
the pectoral hematoma  

 



• 77 year old female with 
remote history of  multiple 
surgeries including partial 
small bowel resection and 
hysterectomy  
 
 
 

• Very large ventral wall 
hernia with mass and acute 
on chronic anemia of 
unknown etiology  



• Blush of activity at 
the mid-abdomen 
on planar view  
corresponds to 
mesenteric 
vasculature  
 
 
 

• No bleeding in the 
suspected source 
of blood loss 



• No radiotracer 
accumulation 
within the fluid 
collection 
 

• No acute 
bleeding 
 

• Potential to 
rescan within 
24 hours if 
necessary 



RBC Scintigraphy 

• Obscure bleeding may be due to: 
– Unexpected / difficult to localize source 
– Anatomic detail of CT can help 
– Consider CT with contrast and/or CT angiography 

 
• Intermittent nature 

– Patient may be re-scanned if bleeding recurs 
– Dynamic SPECT may be fused with initial CT 

 



RBC Scintigraphy 

• 2005: Yama et. al reported localization of 
small intestinal bleeding using manually fused 
Tc-99m RBC SPECT and CT scan 
– Scopolamine to suppress bowel motility and 

minimize misregistration 
– Early and investigative use of integrated SPECT/CT 

technology 

• Subsequent case reports and a small 
prospective study describe the use of 
SPECT/CT in workup of bleeding 
 





RBC Scintigraphy 

• Our experience, as well as an increasing body 
of literature, supports the use of SPECT/CT 
imaging to complement planar imaging in Tc-
99m RBC scintigraphy 

• Large, prospective trials are required to 
validate this approach and provide updated 
quantitative data on the sensitivity and 
specificity of RBC scintigraphy utilizing this 
advanced SPECT/CT technique  
 



SAM #1 

What is an advantage of 99mTc-HMPAO compared to 
99mTc-DTPA for evaluation of brain death? 

A. 99mTc-HMPAO is less expensive than 99mTc-
DTPA 

B. 99mTc-HMPAO is hydrophilic and does not cross 
the blood brain barrier 

C. 99mTc-HMPAO is lipophilic and crosses the 
blood brain barrier 

D. 99mTc-HMPAO is more commonly used in renal 
scintigraphy 

 



SAM #1 

What is an advantage of 99mTc-HMPAO compared to 
99mTc-DTPA for evaluation of brain death? 

 
99mTc-HMPAO is lipophilic and crosses the blood 
brain barrier 

 
Conrad, G.R. and Sinha, P. Scintigraphy as a 
confirmatory test of brain death. Semin Nucl Med. 
2003; 33: 312–323. 

 



SAM #2 

• Which of the following is an acceptable 
interpretation of this image? 
 



SAM #2 

• Which of the following is an acceptable 
interpretation of this image? 
A. No evidence of brain perfusion 
B. Demonstrates brain death 
C. Brain perfusion is present 
D. Equivocal exam  

 

 



SAM #2 

• Which of the following is an acceptable 
interpretation of this image? 
A. No evidence of brain perfusion 
B. Demonstrates brain death 
C. Brain perfusion is present 
D. Equivocal exam  

• Donohoe, K.J., Agrawal, G., Frey, K.A. et al. SNM 
practice guideline for brain death scintigraphy 2.0. J 
Nucl Med Technol. 2012; 40: 198–203. 



SAM #3 

• A Wells criterion for probability of pulmonary 
embolism is which of the following? 
A. Size and number of segmental perfusion defects 
B. D-dimer 
C. Clinical history of prior PE 
D. Positive CT pulmonary angiogram 

 



SAM #3 

• A Wells criterion for probability of pulmonary 
embolism is which of the following? 
A. Size and number of segmental perfusion defects 
B. D-dimer 
C. Clinical history of prior PE 
D. Positive CT pulmonary angiogram 

• Raja, Ali S., et al. "Evaluation of patients with 
suspected acute pulmonary embolism: best practice 
advice from the clinical guidelines committee of the 
American College of Physicians." Annals of internal 
medicine 163.9 (2015): 701-711. 
 



SAM #4 

• An advantage of 133Xe ventilation imaging is: 
A. Single-breath, wash-in or equilibrium, and 

washout images can be obtained 
B. SPECT  images can be obtained 
C. The biological half-life of 133Xe is 6 hours, and 

the physical half-life of 133Xe is 12 hours 
D. 81mKrypton can always be obtained if the patient 

is unable to cooperate with the ventilation 
portion of the exam 

 



SAM #4 

• An advantage of 133Xe ventilation imaging is: 
 
 Single-breath, wash-in or equilibrium, and 
 washout images can be obtained 

 
• Parker, J.A., Coleman, R.E., Grady, E. et al. SNM 

practice guideline for lung scintigraphy. J Nucl Med 
Technol. 2012; 40: 57–65. 
 



SAM #5 

• What is a major limitation of gastrointestinal 
bleeding scintigraphy in comparison to 
angiography? 
A. Poor sensitivity 
B. Increased radiation dose 
C. Low specificity 
D. Limited anatomic accuracy 

 



SAM #5 

• What is a major limitation of gastrointestinal 
bleeding scintigraphy in comparison to angiography? 
A. Poor sensitivity 
B. Increased radiation dose 
C. Low specificity 
D. Limited anatomic accuracy 

• Grady, Erin E. "Gastrointestinal Bleeding Scintigraphy 
in the Early 21st Century." Journal of Nuclear 
Medicine (2015): jnumed-115. 
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