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SPECT Scans Identify ABI: The Reliable Evidentiary 
Foundation

INTRODUCTION:  



List of Cases Referencing SPECT and ABI 

- List of decisions admitting SPECT in web profile
Publications list with links to cases



Evidentiary Reliability

Admissible Expert evidence opinions are based on 
scientific knowledge derived from scientific validity and 
methodology:

- Who is the best and most reliable source of the 
scientific knowledge and expert evidence?

- Who has derived the scientific validity and 
methodology?



Evidentiary Reliability

“the relevant scientific community” 
Credentialled Specialists in Nuclear Medicine
- Nuclear medicine recognized by Royal College of Physicians  in 
1973
- Provides standards, education, training and credentialling of 

physicians practicing nuclear medicine
- Admission to Specialization in Nuclear Medicine is dependent upon 

5 year mandatory core residency program in nuclear medicine and 
passing written and oral exams

- Has developed 4 sets of Guidelines for nuclear medicine  for  
medical conditions 



Evidentiary Reliability

“the relevant scientific community” 

Canadian Association of Nuclear Medicine Guidelines for Brain 
Perfusion SPECT, adopted and published 2021, provides 
standards addressing the indications for, assessment of, 
processing of, interpretation of and reporting of brain perfusion 
SPECT



Is a Voir Dire Required? 

Onus on defence to establish SPECT discerning ABI in presence of 
comorbid conditions is NOVEL

“Novel” = new, not resembling something known or used, 
experimental

SPECT’s use in determining presence of ABI and ABI in the presence of 
other comorbid conditions is not new, is not novel, is based on multiple 
studies, thousands of subjects, years of consideration by nuclear 
medicine specialists, and is an indicated use in National and International 
Guidelines on the use of SPECT

-



Evidentiary Reliability: Applying Daubert Criteria

As nuclear medicine has studied thousands of SPECT scans 
showing ABI in patients with and without comorbid conditions 
and it:
1. is a subject that has been tested, 
2. peer reviewed, 
3. published upon,
4. has a known error rate and 
5. Is generally accepted by “the relevant scientific community,”  
Expert opinions by nuclear medicine specialists that a SPECT 
brain scan identifies ABI for a patient who also suffers anxiety or 
depression, is indicated by CANM Guidelines, is reliable, 
probative and satisfies all admission criteria.  
.



Evidentiary Reliability: Applying Daubert Criteria

“The relevant scientific community” 
Is not equal to “any” relevant scientific community:
= it is the scientific community that:
- Holds a specialization in using the technology
- Nuclear medicine / SPECT with radioactive tracers
- Develops standards of practice to use the technology 



BRAIN SPECT is the province of nuclear medicine, used to 
determine presence of ABI and aid clinicians treating ABI survivors 
to best diagnose and treat brain injuries 
− Nuclear medicine specialists with experience using SPECT to identify 

ABI, publishing on SPECT and following the Guidelines on SPECT 
usage are properly qualified experts.

− Nuclear med specialists who use SPECT commonly to identify ABI are 
properly qualified. Nuc med specialists are The appropriate and 
Relevant Scientific Community who can comment on SPECT and 
its validity and reliability in identifying TBI.

Evidence on SPECT:  
Properly Qualified Experts and “The Relevant Scientific Community”



− Clinicians whose practice is based primarily on treating brain injured 
survivors and who request SPECT scans to inform their diagnosis, 
identify comorbid conditions, and assist them in treating brain injury 
survivors are properly qualified and are part of the relevant scientific 
community 

Evidence on SPECT:  
Properly qualified expert and “The Relevant Scientific Community”



− Clinicians or medico legal assessors whose practice is NOT primarily 
based on treating brain injury survivors and who are not nuclear 
medicine specialists and/or do NOT perform or request SPECT scans to 
inform their diagnosis of brain injury or comorbid conditions are NOT 
properly qualified and are NOT part of the relevant scientific 
community

− If they propose to opine upon a matter not within the scope of their 
expertise, they are in breach of the Rules of Court and their 
evidence is not admissible….

Evidence on SPECT:  
Properly qualified expert and “The Relevant Scientific Community”



− If there is a breach:

− Move to exclude evidence by proposed defence expert:
− Who lacks professional experience and/ or is not practicing within the relevant 

scientific community
− Whose report and/or viva voce testimony:
− Exhibits bias, makes findings of fact, opines beyond the scope of her qualification

− Is breaching rule 53.03:

− Fails to provide a summary of the range of opinions and the reasons for her own 
opinion

− Fails to provide a description of the factual assumptions on which the opinion is 
based

− Fails to provide a description of any research conducted by the expert that leads 
her to her opinion

− Fails to list every document/study if any relied on by the expert in forming the 
opinion

Parliament v Conley  ONCA 261 and Rule 53.03 of the Rules 
of Court



− Dr.Philip Cohen and Dr.  Robert Tarzwell
− nuclear medicine specialists
− Dr. Tarzwell is also a psychiatrist
− Both use SPECT to discern TBI alone or in the presence of comorbid 

conditions including anxiety disorders, PTSD and/ or depression
− Have published in and reviewed the applicable scientific literature, 
− Co-authored Guidelines for indicated uses of SPECT, adopted by CANM 

and CMA and other Associations of Nuclear Medicine
− Indications for use of SPECT include identifying TBI in presence of 

comorbid conditions such as ptsd/anxiety or depression

Evidence on SPECT and ABI:  
Properly qualified expert and The relevant scientific community:



− Dr. Manu Mehdiratta
− neurology, practice primarily based on treating brain injured survivors in 

hospital and clinical practice
− Co-authored the SPECT CANM Guidelines
− Publishes studies concerning SPECT identifying patients with ABI
− obtains SPECT scans  to aid in diagnosis and treatment of ABI 

survivors, some of whom have comorbid conditions

Evidence on SPECT and ABI:  
Properly qualified expert and The relevant scientific community:



Dr. Robert Tarzwell, MD FRCP(C) nuclear medicine specialist and 
psychiatrist, Clinical Assistant Prof – Dept of Psychiatry Cross Appointment 
– Department of Radiology, UBC

Dr. Manu Mehdiratta, MD FRCP(C) neurologist Trillium Health Partners, 
University of Toronto, practice treating ABI survivors

Dr. Philip Cohen, MD FRCP(C) ABNM, nuclear medicine specialist, 
Clinical Professor Radiology UBC and with Dept of Nuclear Medicine at 
Lions Gate Hospital

Faculty:  Leading Experts on SPECT and TBI: 



SPECT
and 

Daubert
Dr. Robert Tarzwell MD, FRCPC 

Nuclear Medicine, Psychiatry
Clinical Assistant Professor

University of British Columbia
Medical Director 

INITIO Medical Group
initiomedical.ca



Why should I bother with this speaker?

Nuclear medicine specialist since 2012, psychiatrist since 2006

Multiple publications in brain perfusion SPECT in TBI

2014 systematic review on use of SPECT in diagnosis of TBI

2015 paper on discriminating TBI vs PTSD with SPECT largest functional brain imaging study at 
time of publication

Coauthor of 2021 Canadian Brain SPECT Guidelines

158 Medicolegal opinions involving TBI for plaintiff and defence

16 trial appearances in BC and Ontario (plaintiff ON, defence and plaintiff BC)

Clinical Assistant Professor, Faculty of Medicine, UBC

Use and teach brain SPECT and PET to medical students and residents



Meade v Hussein Voir Dire re: SPECT Admissibility



Key issue

“The position advanced by the defendant is that Dr’s use of the brain SPECT to 
diagnose TBI constitutes “novel science” which does not meet the “reliable 
foundation” test” [3]



The evidence before the court in brief - plaintiff

Plaintiff alleged TBI and psychological trauma [4]

“Dr. summarized his findings:

● Perfusion abnormalities in the anterior temporal lobes and the inferior frontal 
lobes…represent previous TBI

● Increased perfusion to the basal ganglia has been described with anxiety 
disorders. Increased perfusion to the thalamus has been described with 
depression…there may be a superimposed psychiatric condition” [8]



The evidence before the court in brief - defence

Defence Neurologist: “About 30% of her practice involves TBI. She uses 
SPECT…exclusively as an ancillary diagnostic tool for dementia.” [10]

“SPECT in the diagnosis of TBI is currently the subject of controversy…there is no 
consensus in the medical or scientific community that SPECT is accurate…at the 
individual patient level.” [11]

“None of her colleagues support the use of SPECT to diagnose TBI.” [12]

“Overlap makes it difficult to differentiate between various conditions that affect 
the brain.” [13]



Is Brain SPECT Novel?

“The issue is whether a physician, at the individual patient level, is able to use a 
brain SPECT scan…to diagnose TBI, and distinguish it from anxiety disorders and 
depression.” [16]

“What is novel is the use of brain SPECT to prove that a patient has suffered 
TBI, particularly where it is necessary to differentiate TBI from anxiety 
disorders and depression.” [17]

“Dr. is using SPECT for a novel purpose.” [18] 



Is the Daubert “reliable foundation” test met?

1. Whether the theory or technique can be and has been tested
2. Whether the theory or technique has been subject to peer review and 

publication
3. Whether there is a known or potential rate of error or the existence of 

standards to test the theory or technique
4. Whether the theory or technique is generally accepted by the relevant 

scientific community [21]



Can or has the technique been tested?

“Dr. concedes that his methodology has not been tested but argues that by its 
nature, it is not susceptible to testing.” [23]



Has there been peer review and publication?

“Dr. concedes that…there are no peer-reviewed articles supporting his theory that 
at the individual patient level, brain SPECT can distinguish TBI from depression or 
anxiety disorders.” [24]



Is there a known error rate?

“There is no known or potential rate of error associated with Dr’s theory or 
technique.” [25]



Is there general acceptance by relevant scientific community?

“The use of SPECT to diagnose TBI is not supported by the academic 
community represented by the teaching hospitals in the GTA” [27]

“None of the articles address the issue of whether SPECT can be used to 
distinguish TBI from depression or anxiety disorders” [28]

“[Guidelines do] refer to a retrospective study that showed that SPECT can 
distinguish TBI from PTSD…Dr. conceded that the results of the study were 
subject to a 30% error rate” [30]



Is there general acceptance by relevant scientific community?

“Ontario Neurotrauma Foundation do not discuss the use of SPECT scans to 
diagnose mTBI.” [32]

“RSNA provides that at present, there is insufficient evidence supporting the 
routine clinical use of SPECT for diagnosis or prognostication of TBI at the 
individual patient level” [33]



Conclusion

“I find that Dr’s brain SPECT evidence is inadmissible as it fails to satisfy the 
reliable foundation test for novel scientific evidence” [41]

“Brain SPECT evidence will be excluded from the evidence admissible at 
trial.” [43]



So, is SPECT novel? If so, is the foundation reliable?

Let’s first step back and briefly review: 

Brain anatomy

Brain function

What TBI does to brain anatomy and function

What SPECT is and how it shows brain function in normal and abnormal states

Review the evidence for SPECT in TBI

Review the evidence for SPECT detecting TBI in comborbid states



Intracranial anatomy - the ultra quick version



A brief history of brain function

http://www.youtube.com/watch?v=B8-H4lRdGHI


Why are low energy events destructive?

http://drive.google.com/file/d/19gQrSnLFKGCdTdasSKn-tfx_4kK3ZRHU/view


mTBI and brain function

Long term behavioural, cognitive and emotional difficulties despite lack of 
evidence-based correlates: CT and MRI typically normal (unlike moderate or 
severe TBI)

Is there damage beyond the 1 mm (1000 um) resolution (about 50,000 neurons) of 
these techniques?

Yes:

● Human autopsy studies provide inferential evidence
● Animal models provide direct evidence



Lancet 1994: Axonal damage in mild head injury

● 5 cases of mild concussion (GCS = 14 or 15), <5 min unconscious
● No skull fracture or bleeding, one case with trivial skin bruising
● Death from other causes within 2 to 99 days
● 4 controls with no history of any neurological disease
● Controls showed complete absence of neuronal damage



Lancet 1994 results:



Gao et al, 2011

mTBI Results in Extensive Neuronal Degeneration in the Cerebral Cortex

Mouse study

72 mice struck with a piston at 2.8 m/s (10 km/h) or sham (no velocity)

Deformation of the cortex limited to 0.2 mm

These are widely used experimental paradigms for mTBI in mice



Why do we care about brain injured mice?

We cannot ethically give humans brain 
injuries just to research our imaging tests

There is substantial similarity between the 
physical properties of mouse brain and 
human brain

Understanding the detailed effect of mTBI 
in mice gives critical clues to what is 
happening in people

Therefore, all direct mTBI research is 
conducted in animals



What did they find?

‘Crystal violet’ stain of injured cortex

Intact - no major disruption



What does this mean for CT or MRI?

If microscopes can’t detect structural 
(anatomic) problems in mTBI, there is 
absolutely no hope that a CT or MRI 
scan can.

Therefore, a negative CT or MRI scan is 
meaningless

However, when we look at how these 
impacted neurons are functioning, 
another world is revealed.



Chemical indication of dead/dying neurons 1/5th mm scale

Fluoro-Jade B stain (green)

Reliably localizes dying neurons

Note: confined to direct impact 
zone



What about the surrounding volume (1/2 mm scale)?
Golgi staining - reveals individual neuron structure

These neurons did not accumulate Fluoro Jade B so survived the impact



Intracranial pathology at 1/200th mm scale

Control



Intracranial pathology at 1/200th mm scale

Control mTBI



Intracranial pathology at 1/50th mm scale



Intracranial pathology at 1/50th mm scale



Intracranial pathology at 1/50th mm scale



How far does this zone of intracranial pathology spread?



How far does this zone of intracranial pathology spread?

Volume of pathologically 
affected brain is 10x 
larger than the impact 
point

Thus, spread far beyond 
direct lesion itself



Summarizing

Direct neuron death after mTBI is largely confined to injury epicentre itself

But: dendrites and synapses in a volume 10x the size of the injury show 
decreased length and numbers

Only detectable structurally with microscopic sampling and special staining

CT and MRI will never see these microscopic structural changes

However, these neurons are functioning poorly over a large region of brain



Furthermore

We can detect blood flow changes in 
concussed animals

Hylin et al, 2013, Journal Neurotrauma

Mild percussion injury caused impaired 
spatial learning and memory

No visible neuronal loss

Robust inflammatory response and 
axonal injury

Reduced brain blood flow (“perfusion”)



How can we detect these tiny changes in humans?

SPECT: Single Photon Emission Computed Tomography
Measures brain perfusion - blood flow through a volume of tissue
Brain cannot store energy
Increases or decreases local blood flow to meet energy needs
Glucose → H2O + CO2
CO2 → blood vessel dilation → increased blood flow
Damaged neurons metabolize less glucose
They therefore recruit less bloodflow, which is detectable on SPECT
Allows imaging of the functional consequence of microscopic damage



How do we perform 
the test?

http://drive.google.com/file/d/1ba1PXLRi5SNGlpHcMGye3aQisvVYHr5R/view


Nuclear Medicine: Biodistribution



Goal: Measure Brain Biodistribution of Tracer



Abnormal Distribution: Diagnosis from the Pattern



Can perfusion SPECT detect mTBI?



Findings
● 71 studies of 2634 unique subjects
● Detects lesions not found on CT/MRI in 10/10
● SPECT abnormalities correlate with neurological or 

neuropsychological findings in 13/14
● Almost invariably affects frontal and temporal lobes (95%)



Key findings - one year post injury
● Cases most likely to be referred for SPECT after some 

delay
● Will SPECT still detect a TBI? Is a positive test 

meaningful?
● 100% sensitivity, meaning no cases are missed
● 100% negative predictive value, meaning a negative test 

excludes TBI absolutely
● 85% specificity, meaning the false positive rate is low
● 83% positive predictive value, meaning the frequency with 

which a positive test indicates disease truly present 



Conclusion
“[T]he current state of literature 
demonstrates both associative and 
predictive value of SPECT in the 
setting of TBI. 
“This same literature also 
demonstrates certain advantages of 
SPECT compared to structural MRI 
and CT in multiple studies, particularly 
in mild TBI. 
“SPECT can therefore be used to 
provide actionable information in the 
identification and management of TBI.”



Conclusion
“[T]he current state of literature 
demonstrates both associative and 
predictive value of SPECT in the 
setting of TBI. 
“This same literature also 
demonstrates certain advantages of 
SPECT compared to structural MRI 
and CT in multiple studies, particularly 
in mild TBI. 
“SPECT can therefore be used to 
provide actionable information in the 
identification and management of TBI.”



Quoth the Naysayers



Where is this from?



But Wintermark is not Vox Dei
Accepted by Society of Nuclear Medicine in 1999
All indications removed from 2009 update



And
Accepted by European Association of Nuclear Medicine 
since 2009
Reaffirmed in their 2020 update



And now in Canada
Published July 2021
Regarding TBI:
“SPECT has shown perfusion 
abnormalities in traumatic brain 
injury despite normal morphology, 
and results are considered to have a 
prognostic value for persistence of 
neuropsychological sequelae.”



Canadian Medical Association

CMA infobase
February 2, 2022
Repository of all 
evidence based 
guidelines for 
Canadian physicians



However: can SPECT detect mTBI 
and do so when other disorders are present?



First test: can SPECT separate TBI from healthy controls?

Group 1: 397 subjects



Results in healthy controls



Key findings for Group 1 (N=397, healthy controls)

SPECT demonstrates: 

● 100% accuracy at separating TBI from healthy control
● 89% accuracy at separating TBI from P+T (100% if quantitation used)
● 94% accuracy at separating TBI from PTSD (100% if quantitation used)

Bear in mind: PTSD is a psychiatric disorder with prominent mood and anxiety 
symptoms



What about in highly comorbid controls?

Group 2: 20,746 subjects



Key points about these experimental subjects

Number of 
Subjects

Depression Bipolar Substance 
Use

ADHD

PTSD 1077 51% 12% 5% 50%

TBI 7505 31% 7% 19% 58%

PTSD + TBI 1017 40% 13% 23% 59%

Controls 11,147 42% 8% 16% 45%



The results



Results distilled

SPECT demonstrates:

● 66% accuracy at separating TBI from highly comorbid controls with mood 
disorders, substance use disorders and ADHD

● 77% accuracy at separating TBI from PTSD using highly comorbid controls

SPECT performance improves when separating TBI from PTSD

Why? Not all disorders cause reduced metabolism like TBI. Some, like PTSD, 
cause increased metabolism





By comparison: EKG

Test of electrical conduction through the 
heart to diagnose heart attack or rhythm 
disturbance

Considered uncontroversially probative 
by the courts

69% accuracy for practicing physicians

75% for cardiologists

“Physicians at all training levels had 
deficiencies in ECG interpretation, even 
after educational interventions.”



RSNA vs the current state of the science

Let grant Wintermark’s conclusion about the “individual 
patient level” for the sake of argument 

Published February 2015: total dataset of 2634 subjects 
globally

After July 2015: 23,777 subjects

High confidence: SPECT is suitable at the individual 
patient level



The world did not overlook it

This was the largest functional brain 
imaging study ever performed

It was cited as one of the Top 100 
science stories of 2015 by Discover

Cited 32 times since publication



What is Wintermark saying these days?



Is SPECT generally accepted?
Clinical translation (CT) refers to the time it 
takes for new research to find its way into 
practice

Multiple CT studies have discovered an average 
delay of 17 years “from bench to bedside”

Basic research (Gao) 2011

Definitive SPECT study published in 2015

Accepted into expert guidelines in 2021 (CANM)

Accepted as evidence-based guidance 
considered reliable for all physicians in 2022 
(CMA)

What about the “academic community 
represented by the teaching hospitals in the 
GTA?”



Sunnybrook TBI Clinic



Sunnybrook research in SPECT for mTBI vs depression



“These results suggest that depressive 
symptoms do not affect SPECT perfusion in 
the sub-acute phase following mTBI.”



Sunnybrook research on utility of SPECT in mTBI



“SPECT perfusion analyzed via PLS is associated with 
cognitive performance in mild TBI, both in the sub-
acute and chronic stages post-accident”



“As SPECT is readily available at most hospitals, this work 
can lead to the development of semi-automated processing 
pipelines which, in concert with standard neuropsychological 
testing and other clinical data, may aid clinicians in the ability to 
predict which patients may have a poor prognosis.”

*Professors Romero, Lobaugh, Black, Ehrlich, Feinstein

*Of the “academic community represented by the teaching hospitals in the 
GTA”

How broadly should we be using SPECT in mTBI?



Usually adoption is slow

Dr. Barry Marshall

Discovered stomach ulcers are caused by an 
infection in 1981

Prevailing belief was “stress” and 
gastroenterologists were skeptical

Drank a bacteria broth in 1984, gave himself an 
ulcer, cured it with antibiotics

Not until 1994 did NIH accept antibiotic treatment 

Resistance to discovery is the norm, not the 
exception

SPECT pace of adoption (2015 → 2022)  twice as 
fast



Responding to Meade: Novel Science?

Is it novel to use SPECT to detect TBI in a patient suffering anxiety and 
depression?

● Guidelines accept SPECT in TBI since 1999
● 2014 systematic review of 20 years of data in 71 studies, 2634 subjects
● 2014 Sunnybrook study 
● 2015 study of 397 and 20,746 subjects of TBI vs PTSD vs depression vs 

bipolar vs substance use disorder vs ADHD
● Accepted in Canadian and international expert guidelines
● Now accepted in the CMA Infobase, which is considered authoritative 

guidance for all Canadian physicians
● Brain SPECT for mTBI is arguably not novel



Is there a reliable foundation?

What is the theory that perfusion SPECT proposes?

● Human autopsy and direct animal injury models demonstrate microscopic 
neuronal injury over a large area after mTBI which cannot be seen at the 
scale of CT or MRI

● Injured neurons post mTBI are alive but are metabolically impaired
● Blood flow to neurons is self-regulated based on metabolic demand
● Reduced metabolism leads to reduced blood flow (“perfusion”)
● Reduced perfusion over a large area with microscopic injury can be detected 

with brain perfusion SPECT
● SPECT perfusion findings in mTBI can be separated from other psychiatric 

disorders



Has the theory been tested

72 papers of high quality in 2634 subjects, reviewed in 2014

Simultaneous Sunnybrook studies in 2014 

397 cases in 2015 vs healthy controls

20,746 cases in 2015 vs highly comorbid controls with mood, substance, ADHD

Smaller but still highly relevant database of 1000 at Sunnybrook



Has there been peer review and publication?

SPECT for TBI has been published in multiple international guidelines in 1999, 
2009, 2020, 2021

2014 systematic review published after peer review in PLOS ONE 

The series of 397 and 20,746 cases were published in 2015, after peer review, in 
PLOS ONE

The latter study was cited as one of the Top 100 science stories of 2015 by 
Discover Magazine



Is there a known error rate?

Vs healthy controls, SPECT is able to detect TBI with 100% accuracy

SPECT detects TBI in patients with depression, bipolar disorder, substance use 
disorders, and ADHD with 66% accuracy

Accuracy rises to 77% accuracy when PTSD is added to the mix

These ‘real world’ accuracies are in line with ECG in the hands of a practicing 
physician or cardiologist (69-75%)



Is there general acceptance by the relevant scientific community?

Accepted by Society of Nuclear Medicine in 1999 

● SNM silent on all indications since 2009

Accepted by European Association of Nuclear Medicine guidelines since 
2009, 2020

Strongly advocated by Sunnybrook in 2014 - 1000 case database

Accepted in Canadian guidelines since 2021

Accepted in Canadian Medical Association INFOBASE since 2022



Discussion



Objective Measures in the Evaluation 
of Mild Traumatic Brain Injury

Manu Mehdiratta MD FRCPC
Neurologist

Trillium Health Partners
University of Toronto

iScope Concussion and Pain Clinics



● Training at McMaster, UBC/VGH and Harvard Medical 
School

● Licensed in BC, Alberta, Ontario, Nova Scotia
● On call at hospital and Assistant Professor
● Medical director /Co-Founder – iScope Concussion 

and Pain Centres of Canada - Vancouver, Surrey, 
Edmonton/Calgary, Winnipeg, Toronto, Mississauga 

● See concussion and spine injuries from the ER at 2 of 
the busiest hospitals in Canada

● Defense/Plaintiff medlegals



● Is it a a Mild TBI?

Clinical 
Problem



● alteration in mental status or within 4 hours of the 
injury any of: 

○ headache 
○ nausea, vomiting 
○ dizziness/ ↓ balance
○ fatigue, drowsiness 
○ blurred vision 
○ memory difficulty, 
○ ↓concentrating

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjzgKnRl67NAhVXT1IKHa8_CdMQjRwIBw&url=http://isaacphysio.com/concussion-facts/&psig=AFQjCNF1SXMCP2Ynkd2KD4SoB6aIYEf7ZA&ust=1466222628414098


● Depression and anxiety are mediated by the brain and 
can result from a concussion

● Easy to call it malingering or depression/anxiety not 
related to mTBI but what is the truth and can you 
differentiate so appropriate treatment can be started?

● Seek and Ye Shall Find

Clinical Problem : Post Concussion 
Syndrome



Continuum SPECT



CANM guidelines









● Fee code in all provinces for brain SPECT
● Need local expertise (just like with MS, stroke etc.) 

and clinical correlation
● Used by neurologists, neurosurgeons across the 

country under provincial health plan
● Useful to differentiate TBI, PTSD, depression, anxiety
● Endorsed by European and Canadian Guidelines and 

local publications
● Takes time for physicians to adopt guidelines

My practice and why I use SPECT



INDICATIONS AND GUIDELINES FOR 
BRAIN PERFUSION SPECT 

Philip Cohen MD FRCP(C)
Lions Gate Hospital, North Vancouver B.C.



What is S P E C T?
● Single Photon Emission Computed Tomography
● The same as CT (Computed Tomography), but a computer does the 

reconstructions on gamma x-rays detected after a radioactive injection, 
with x-rays coming out of the patient, not transmitted through the patient 
as in CT

● Due to patient exposure limits, fewer x-rays can be injected into a patient 
than transmitted, limits the detection, more noisy images, poorer 
resolution than CT 

CT – COMPUTED TOMOGRAPHY     PET – POSITRON                 SPECT – SINGLE PHOTON                



EVOLUTION OF SPECT
Mirrors the evolution of video cameras

Single-Head SPECT Camera                Dual Head SPECT Camera     SPECT-CT – SPECT with CT 

1980’s – 1990’s                                     1990’s-2010’s                   2010’s – 2020’s



85% of Nuclear Medicine Studies Use SPECT

● On most of these studies CT and MRI are either non-diagnostic or not 
sensitive enough

● Examples
Cardiac SPECT       Bone SPECT        Tumour SPECT 



BRAIN PERFUSION SPECT ALSO DEPENDS ON 
TRACER USED

● DATscan (Brain I-123 cocaine analogue) approved in Canada 3 years 
ago for Parkinson’s Syndrome

● MRI and CT can NOT see dopamine receptors



IMPORTANCE OF MEDICAL GUIDELINES
● Since the late 1980’s Western governments have 

instituted “guidelines” or “appropriate use criteria (AUC) 
to limit what treatments or diagnostic tests should be 
performed and whether they will be reimbursed.

● Guidelines are usually based on extensive reviews of the 
medical literature, with any treatment or diagnostic test 
performed outside the guidelines considered 
“inappropriate”

● Many of the guidelines originate from – often heated –
debate within medical societies. SPECT studies 
fortunately predate most guidelines and are approved for 
almost all indications.



IMPORTANCE OF MEDICAL GUIDELINES



No CADTH GUIDELINES ON TRAUMATIC BRAIN 
INJURY OR SPECT

● Mainly  because SPECT scans for all organ systems 
are reimbursed for decades in all Canadian 
provinces 

● SPECT is the Province of Nuclear Medicine, no 
other medical specialty admits expertise, including 
radiology

● SPECT scans for heart, liver, tumours, infections, 
and brain are performed daily across Canada



*Updated 2020 





CANM BRAIN SPECT GUIDELINES NOW ADOPTED BY THE CANADIAN MEDICAL ASSOCIATION



SPECT HAS 1/10 THE RESOLUTION OF 
MRI OR CT  (BLURRY) BUT HAS
1 MILLION TIMES THE CONTRAST OF CT 
AND  1 THOUSAND TIMES THE 
CONTRAST OF MRI (SENSITIVE)

ACADEMIC BASIS FOR BRAIN PERFUSION SINGLE PHOTON EMISSION COMPUTED 
TOMOGRAPHY



NORMAL BRAIN PERFUSION SPECT
TRANS-AXIAL SLICES (CT-MRI SIMILAR)                                  3D SHADED SURFACE



Normal Emission Tomogram(SPECT) versus Transmission 
Tomogram (CT)

SPECT                                                          MRI                                                          CT



HOW GOOD IS BRAIN PERFUSION SPECT COMPARED 
TO MRI OR CT?

● LET’S LOOK AT SOME REPRESENTATIVE 
REASONS FOR DOING A BRAIN SPECT STUDY 
VERSUS CT OR MRI



BRAIN DEATH
NEAR-NORMAL CT ( BRAIN 
SWELLING)

NORMAL SPECT 
AXIAL





ACUTE STROKE   - SPECT VERSUS MRI 
VERSUS CT

MRI                                           SPECT                                       CT



SPECT IN 
DEMENTIAS

NORMAL SPECT AXIAL



Alzheimer’s on SPECT with Normal MRI



Images obtained from a 23-year-old man who was involved in a car accident. 

Paul A.M. Hofman et al. AJNR Am J Neuroradiol 
2001;22:441-449

©2001 by American Society of Neuroradiology

HEAD 
TRAUMA



Images obtained from a 37-year-old bicyclist. 

Paul A.M. Hofman et al. AJNR Am J Neuroradiol 
2001;22:441-449

©2001 by American Society of Neuroradiology

HEAD 
TRAUMA





BRAIN PERFUSION SPECT CAN DISTINGUISH TRAUMATIC BRAIN INJURY FROM POST-TRAUMATIC 
STRESS DISORDER OR DEPRESSION  - GIVEN A RELATIVELY RECENT HISTORY OF TBI
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