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HIGH RESOLUTION BRAIN SPECT IMAGING

An Objective Standard for Establishing the Presence or Absence of Mild and Moderate Traumatic Brain Injury

I. INTRODUCTION
Mild to moderate traumatic brain injury (M/MTBI) is a common neurologic disorder and a common cause of neurocognitive deficits.  The Centers for Disease Control and Prevention, in its 2003 Report to Congress on Mild Traumatic Brain Injury in the United States: Steps to Prevent a Serious Public Health Problem, noted that M/MTBI is frequently referred to as “the silent epidemic.” It also reported that about 75% of all of the estimated 1.5 million traumatic brain injury cases in the U.S. each year are M/MTBI cases. In the report, they list SPECT as one of “a variety of radiological and laboratory techniques … used to diagnose TBI”
 (emphasis added).  
Although most patients recover fully from M/MTBI, up to 33% of patients have persistent neurocognitive problems, and as many as 15% have reported disabling symptoms a year later. 
,
  Although an organic origin is considered, traditional brain imaging modalities such as Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) have provided little support for this causal  assumption.  As a result the inability to effectively identify the presence or absence of M/MTBI is a key contributor to misdiagnosis and fraudulent claims in the insurance arena. 

The information that follows is intended to show that brain SPECT imaging effectively and reliably provides objective evidence of M/MBTI. By utilizing brain SPECT imaging in M/MTBI cases, it is possible to:

· Identify with a high degree of certainty the presence/absence of M/MTBI
· Support and validate neuropsychological diagnoses

· Obtain effective outcome prognosis for M/MTBI

· Measure treatment progress in M/MTBI cases

· Discern effective from ineffective M/MTBI rehabilitation regimens 

· Curtail utilization of other less effective imaging modalities

· Deter fraud and malingering M/MTBI claims

· Assists in the identification of depression that may slow recovery

· Establish evidence-based support for M/MTBI claims decisions

· Set baselines in high-incidence M/MTBI industries

CereScan Corporation’s functional brain SPECT imaging process provides an advanced high resolution brain function imaging for M/MTBI cases with features that no other system in the world offers today:

· CereScan Corporation’s industry leading SPECT cameras provide spatial resolution at least comparable to other modalities 
· We process images using two different, complementary software systems to provide highly accurate statistical parametric analysis of perfusion deviation

· Findings are compared with specialized normative databases
· Findings are correlated to the Brodmann’s areas of the brain that correspond to neuropsychiatric functioning
· SPECT images can be fused with other modalities such as MRI, CT, PET and Magnetoencephalography (MEG)
II. BENEFITS
Physicians and neuropsychologists now have access to an advanced, evidence-based functional brain imaging modality for M/MTBI cases. With SPECT, it is possible to eliminate many of the vagaries that traditionally surround M/MTBI claims. Thus, physicians and neuropsychologists can properly identify M/MTBI, monitor the progress of treatment, determine appropriate treatment options, identify ineffective treatment regimens, curtail use of ineffective diagnostic modalities, and thus help reduce fraud and malingering claims.  

A. Highly Effective for Determination of Absence of M/MTBI
Brain SPECT imaging has a proven high degree (97%) of negative predictive value.
,16 Thus, a negative initial SPECT study is a reliable indicator of a favorable clinical outcome. This capability can provide an initial screening tool for all M/MTBI cases, giving a high level of confidence in making decisions about M/MTBI cases with negative SPECT findings.  

B. Highly Effective Outcome Prognosis
Brain SPECT imaging has proven to be highly sensitive for detecting regional cerebral blood flow disturbances in patients with M/MTBI.
  SPECT has been found to have high sensitivity and predictive value at 3, 6 and 12 months post injury of 90%, 100% and 100%, respectively.4 Thus it is clear that patients with persistent clinical symptoms continue to have abnormal follow-up SPECT findings. The ability to better determine progress over time is vital information with regard to making future treatment decisions; further same-course rehabilitation in the face of continued positive SPECT findings may yield little continued improvement. 

Lesion location has also been shown to be related to prognosis. For example, frontal localizations and more extended lesions appear to indicate a poor prognosis, as do lesions in the temporal lobes and basal ganglia. 4,
  The ability to detect lesions using SPECT provides greater information for predicting outcome and enables planning for treatment and return to work accordingly.4, 7-13 As the need for the rehabilitation of patients with M/MTBI becomes more important, the role of brain SPECT imaging to help evaluate patients throughout their clinical course cannot be overemphasized.14    

C.  Less Effective Imaging Modalities
 In multiple cases, SPECT has been shown to detect the presence of M/MTBI when MRI and CT did not.5,8,9,11,15-27 In the cases where MRI and CT do detect M/MTBI, SPECT has been shown to detect  M/MTBI earlier than either modality.11,12  Earlier detection leads to more effective treatment for patients and reduced long-term costs.

D. Identification of Co-Existing Psychiatric Conditions That Slow Recovery
Brain SPECT imaging aids in the identification of co-existing psychiatric conditions such as depression, a frequently occurring complication of M/MTBI that often hinders recovery.  Services can then be directed to early treatment of these conditions, shortening the recovery period.28,29  

E.  Support for Claims Decisions/Litigation Deterrent/Judicial Acceptance 
Insurers can establish strong, evidence-based support for claims decisions and decrease potential litigation in M/MTBI cases using brain SPECT imaging.  As technology and scientific knowledge have evolved at an ever increasing pace, courts throughout the country have struggled with the formidable task of separating scientific fact from fiction. With brain imaging, the initial battle concerning the admissibility of images occurred with PET scans, which are administered in a manner very similar to SPECT scans. Utilizing the Frye Rule (Frye v. United States, 293 F. 1013 (1923)), courts traditionally allowed opinion testimony where the evidence was outside the realm of common knowledge and the evidence was based on the testimony of a witness qualified as and expert by virtue of training, knowledge, skill or experience in the pertinent subject area.  The first significant change in the manner in which at least the federal courts viewed expert testimony occurred in 1993 when the U.S. Supreme Court released an opinion in Daubert  in which the Court ruled that Rule 702 of the Federal Rules of Evidence superseded Frye as the appropriate standard for determining admissibility of expert testimony. Thus, a two part test was established: (1) Does the expert’s opinion relate to a matter of scientific, technical or specialized knowledge and (2) Will the expert’s testimony be helpful to the trier of fact in determining a fact at issue in the case?  Factors identified by the Court to determine whether such evidence is admissible include whether the evidence is based on a testable theory or technique; whether the theory or technique has been subjected to peer review and publication; the known or potential error rate of the theory or technique; and general acceptance of the theory or technique within the scientific community. It is important to note that nothing in the text of the Rule establishes “general acceptance” as an absolute prerequisite to admissibility, and the Court supported that determination.  The drafting history makes no mention of Frye, and rigid “general acceptance” requirement would be at odds with the “liberal thrust” of the Federal Rules and their general approach of relaxing the traditional barriers to opinion testimony.  

More recent US Supreme Court decisions (Kumbo Tire v. Carmichael, 119 S.Ct. 1167 (1999)) announced what appears to be a rather sweeping dismissal of Daubert, saying that Daubert’s four factors were meant to be helpful, not definitive, and they should only be considered in those cases where the trial court determines that they are reasonable measures of the reliability of expert testimony.  Kumbo Tire gave the trial court great discretion. Other factors courts now consider include the expert’s professional background, independent research conducted by the expert, the use of established techniques and explanatory testimony (i.e. visual aids).

PET scans are now typically allowed as probative for the diagnosis of brain injury Hose v. Chicago Northwestern Transportation Co. 70 F.3d 968 (1995); Penney v. Prazair, 116 F.3d 330 (1997); People v. Weinstien, 156 Misc. 2d 34,; U.S. v. Mezvinsky, 206 F. Supp 2d 661 (2002; U.S. v. Gigante, 982 F.Supp. 194 (1998); Jackson v. Calderon, Warden of “California State Prison at San Quentin, 1997 WL 855516 (D.D.Cal.); Barnes v.. Secretary, Department of Health and Human Services, 1997 WL 620115; Timothy McCollum and Lee Ann McCollum as Parents and Natural Guardians of Grant F. McCollum, 1998 WL 338237.   Similarly, Brain SPECT imaging has been accepted into evidence in multiple litigation settings.34   Among the many cases accepting SPECT imaging evidence include Rhilinger v. Jancsics, 1998 WL 1182058 (Mass.Super. 1998) “…Evidence of SPECT imaging is admissible where it was one of a constellation of diagnostic tools in support of a diagnosis.”  In this case the court included a thorough discussion of SPECT scans, and noted that the medical community had used SPECT technology for at least 15 years prior.  The court concluded that there was no dispute that SPECT scans show abnormalities in brain function.  In  Guilbeau v. W.W. Henry Co., 85 F.3d 1149 (1996),  a chronic toxic encephalopathy case resulting for a short-term exposure to chemicals contained in a carpet adhesive, Judge Reynado Garzo expressed his belief that the plaintiff carried his burden in proving causation through the use of SPECT scan evidence despite a rigorous cross-examination regarding the lack of foundation for whether SPECT was reliable.  In the case of Baxter v. Ohio Department of Transportation, 2002 WL 318505 (Ohio.App. 2002), the  “…Court determined that the testimony and opinions by expert witness who testified that SPECT scans provided objective evidence of accident victim’s diminished brain activity should not have been disregarded because it confirmed the expert’s opinion that the victim suffered from significant memory and attention deficits and depression, and that those problems stemmed from the accident”.  In Smith v. Mullin, 379 F.3d 919 (2004) , the “…Court actually found that defendant was prejudiced by his counsel’s failure to present evidence of his mental retardation and brain damage as a defense to the murders and the court noted in the opinion that evidence of his brain damage was shown in SPECT scans.” And in In re Air Crash at Little Rock Arkansas, 291 F.3d 503 (2002), the  Court indicated that expert testimony would have been admitted if “…the expert cited to “a positron emission tomography (PET) scan or a single positron emission computed tomography (SPECT) scan.” Finally in  Fini v. General Motors Corp. 2003 WL 1861025, a Michigan case, the court concluded that the use of SPECT may have important implications for classification and management of patients with mild head trauma, and concluded that the evidence demonstrated that SPECT scans were generally accepted within the scientific community as having an ability to show abnormalities in brain functioning. More recently (March, 2008)  in the U.S. District Court for the State of Montana (Missoula Division),  the court, in Chilcote v. Fireman’s Insurance Co. (Cause No. CV-06-47-M_DVM), while responding to a Daubert challenge,  allowed the submission of SPECT evidence, and the testimony of plaintiff’s expert, saying the evidence is “…not inherently unreliable”.  
In Colorado, the Colorado Rules of Evidence provide the modern guidelines for the admissibility of expert testimony; People v. Shreck, 22 P.3d 68 (2001).  Under the Colorado Rules of Evidence (CRE 402), all relevant evidence is admissible, except as provided by constitution, rule, or statute, and irrelevant evidence is not admissible. Evidence is relevant if it has any tendency to make the existence of any fact that is of consequence to the determination of the action more probable or less probable than it would be without the evidence. CRE 401 and 402 reflect liberal admission of evidence, while CRE 702 and 403 temper that broad admissibility by giving courts discretion to exclude expert testimony if it is unreliable, irrelevant or “its probative value is substantially outweighed by the danger of unfair prejudice.”  Under Shreck, the Supreme Court held that scientific evidence is admissible if the testimony is reliable and relevant. 

To determine reliability, courts consider whether the scientific principles underlying the testimony are reasonably reliable, and whether the expert is qualified to opine on such matters (People v. Martinez, 74 P.3d 316 (2003)). The Colorado Supreme Court, in People v. Ramirez, Case No. 06SC71, on March 26, 2007, opined that only speculative testimony that would be unreliable and therefore inadmissible under CRE 702 is such opinion testimony that has no analytically sound basis. The Court stated that “admissible expert testimony must be grounded in the methods and procedures of science rather than subjective belief or unsupported speculation.” However, the Court stated that the proponent 
need not prove that the expert is indisputably correct or that the expert’s theory is generally accepted in the scientific community.  Instead, the proponent must show only that the method employed by the expert in reaching the conclusion is scientifically sound and that the opinion is based on facts which satisfy Rule 702 reliability requirements.

When determining relevance, the Court in the Ramirez case stated that the court must determine whether the proffered evidence is useful to the fact finder, or if it has any tendency to make the existence of a fact that is of consequence to the determination of the action more probable or less probable than it would be without the evidence. Such factors as elements of the particular claim, the nature and extent of other evidence in the case, the expertise of the proposed expert witness, the sufficiency and extent of the foundational evidence upon which the expert witness’ ultimate opinion is to be based, and the scope and content of the opinion itself are relevant to such a determination. In the Ramirez case, even the statement of “mere possibilities” was considered by the court as relevant to the fact finder in deciding the outcome. The mere fact that the expert in the Ramirez case used the term “suspicious” in her findings was not so speculative as to make such testimony unreliable.

Colorado cases have regularly allowed the admission of SPECT testimony.  Senior Judge Zita L. Weinshienk of the US District Court for the District of Colorado allowed Brain Matters Imaging Centers (predecessor to CereScan Corporation) expert testimony (in response to a Daubert challenge) in the case of Searcy v. Hamburger (2005) in the United State District Court for the District of Colorado.  In a non-Brain Matters/CereScan Corporation case dealing with SPECT, Judge Chris Melonakis, of the Adams County District Court, in the case of Campbell v. T.R. Transportation, also accepted expert testimony concerning SPECT.  More recently,  Chief Justice Charles M. Barton of the Chaffee County District Court, in allowing the testimony of Dr. Theodore Henderson as an expert and the admissibility of evidence concerning SPECT scans in the case of Vittoria Ernst v. Kayleen Fraley (May, 2007), Case Number 05CV207), found (i) that “Evidence of a SPECT scan …is admissible”; (ii) “(Evidence of a SPECT scan) is also relevant as scientific evidence”; (iii) “The  theory and technique (SPECT) can and has been tested and has been subjected to peer review and publication”; (iv) The scientific technique’s known or potential rate of error is acceptable; (v) “The existence and ,and maintenance of standards controlling the technique’s (SPECT) operation is well documented;”  (vi)The technique (SPECT) has been generally accepted; (vii) “The relationship of the proffered technique (SPECT) to more established modes of scientific analysis is established”; (viii) “The existence of specialized literature dealing with the technique (SPECT) is demonstrated”; (ix) “The non-judicial uses to which the technique (SPECT) are put…demonstrate that this technology and analysis are used in the course of non-forensic medical treatment“; (x) The evidence has been offered and accepted in previous cases to support or dispute the merits of a particular scientific procedure and (xi) “the probative value of the proposed scientific evidence is not substantially outweighed by the danger of unfair prejudice, confusion of issues, or misleading the jury, and will not result in undue delay, waste of time or needless presentation of cumulative evidence.”  

In all of these Daubert-related challenges, the focus is typically on old reports concerning the applicability of SPECT scans to mild TBI cases. You will find frequent reference to the report of the Technology Assessment Subcommittee of the American Academy of Neurology (TTASAAN) published in 1996, describing SPECT as “investigational” in evaluating mild TBI.  It is well known that the leading radiopharmaceutical for brain SPECT research--HMPAO—was not stabilized for clinical application until 1993.  Although the TTASAAN report was published in January, 1996, it was approved for publication in early October 1994. As such, only a very limited number (6) of clinical brain SPECT studies using HMPAO was available to TTASAAN during the 1996 report’s research and writing process.  In addition, the Society of Nuclear Medicine Brain Imaging Council (SNMBIC) in its 1998 report establishing procedural guidelines for SPECT noted that “multiple-detector or other dedicated SPECT cameras 
generally produce results superior to single detector general purpose units.”  In fact, both the TTASAAN report and the SNMBIC report endorse the use of SPECT in moderate to severe TBI. The SNMBIC report states that “…the use of SPECT… in the management of patients with moderate-to-severe trauma is now well recognized.”  Similarly, the TTASAAN report was conservative in its assessment of SPECT only as to diagnosis of mild TBI.  It is also significant to note that the majority of studies reviewed in both the 1996 TTASAAN report and the 1998 SNMBIC report were severely limited not only by the limited number of cases, but also by the use of single-head cameras. 
Additional support for the use of brain SPECT imaging in M/MTBI cases comes from the fact SPECT is now accepted by most major third- party payor reimbursement practices, including Medicare, for application to traumatic brain injury cases.  SPECT has also been determined as non-investigational by  The Centers for Medicare and Medicaid Services’ Program Integrity Manual which governs Medicare reimbursement decisions and the issuance of Local Coverage Determinations and Local Medical Review Policies by contracted intermediaries.  This Program Integrity Manual states in Section 3.2.2.1(F) that “for a service to be reimbursable it must be determined that the service is safe and effective; not experimental or investigational; appropriate; accepted standard of medical practice.” SPECT has been judged reimbursable by Medicare after satisfying these standards.

F. Set Baselines for High Incidence M/MTBI Industries
By promoting the use of brain SPECT imaging to establish baselines in high M/MTBI incidence industries, it is possible to deter future fraud and malingering claims. 

III. EVIDENTIARY ADVANTAGES OF HIGH RESOLUTION BRAIN SPECT IMAGING TECHNOLOGY

CereScan Corporation utilizes an integrated system for providing high definition SPECT brain scans. Our system includes SPECT camera from leading manufacturers, state-of-the-art brain image registration and reconstruction software, certified technologists and highly trained and experienced reading physicians, including board-certified nuclear medicine physicians. This allows CereScan Corporation to provide high-resolution tomograms and 3-D images of cortical and sub-cortical brain structures that have not been seen with such clarity previously with any other functional brain imaging modality.  In addition, CereScan Corporation has access to two different normative databases allowing us to compare the patients’ individual brain studies, with age and sex delineated normal populations to provide statistically precise quantitative data that was previously unavailable.  
A. High Spatial Resolution
Spatial resolution is an all important aspect of any imaging modality.  This is especially true with regard to imaging of the brain and its tiny sub-cortical structures.  MRI and CT offer only morphological evidence and are of little use in imaging physiological events that are involved in M/MTBI.11  
With its unique system, CereScan Corporation can provide a spatial resolution of 6 to 8 mm as standard for all scans.  This is possible due to the fact that our cameras utilize auto-contouring to get as close as possible to the patient’s cranium, a key element of the technological protocol for brain SPECT imaging.  CereScan Corporation also uses the recommended low energy, high resolution LEHR) and low energy, ultra high resolution (LEUHR) collimators and Butterworth filtration with Chang spatial correction.5  Accordingly, CereScan Corporation detects functional abnormalities not previously detected, giving physicians access to the most accurate information about M/MTBI.    

B. Comparison to Normative Database and Brodmann’s Areas
CeeScan Corporation has the ability to compare patient brain imaging data to two different normative databases that are sex and age delineated.  These are formative, evidence-based tools that provide unprecedented quantitative data of brain SPECT images measured in standard deviations representing normal and abnormal cerebral blood perfusion bench marks. The use of two-different databases provides highly verifiable and quantitative comparisons specifically configured for the patients age and sex classification. 
CereScan Corporation also evaluates its patient data by Brodmann areas of the brain.  The 47 different Brodmann areas of the brain correlate to the known functions that each area of the brain 
controls.  Thus, CereScan Corporation can determine which brain functions are being affected by abnormal blood perfusion in each Brodmann area.  This is very helpful in directing treatment for M/MTBI cases. 
C. Fusion Capabilities
CereScan Corporation has the ability to fuse its brain SPECT images with MRI, CT, PET, MEG and other imaging modalities.  The fusion of MRI and SPECT findings is a highly effective tool to provide important information regarding posttraumatic brain damage.  The synthesis of morphologic and functional data is of considerable prognostic value in accurately assessing posttraumatic brain damage and providing better estimation of patients’ outcome.13 Physicians and neuropsychologists have the advantage of the most advanced, clinically helpful information to help predict patient outcome and more effectively direct patient treatment.

IV. PUBLISHED PROFESSIONAL ASSOCIATION REPORTS ON SPECT AND M/MTBI

 In 1996, both the Society for Nuclear Medicine Brain Imaging Council (SNMBIC) and the Technology Assessment Subcommittee of the American Academy of Neurology (TTASAAN) issued reports regarding the use of SPECT in functional brain imaging.30,31  Most recently the European Association of Nuclear Medicine (EANM), citing both of these earlier reports, issued an updated report in 2002.32  To better understand these reports, their historical context is explained below. 

A. Historical Context
i) Limited Availability of HMPAO Pre-1996.  The leading radiopharmaceutical for brain SPECT perfusion studies, Hexamethylpropyleneamine Oxime (HMPAO), was originally approved by the FDA in 1988 but was not truly stabilized for clinical application until 1993.  The introduction of HMPAO was a major milestone in the development of brain SPECT studies.  Although the TTASAAN report was published in January 1996, it was approved for publication in October of 1994.  The SNMBIC report has no approval date, but was submitted for publication in March of 1996 and published in July of 1996.   Consequently, the brain SPECT studies relied upon by both of these reports that pre-date the introduction of HMPAO or did not utilize HMPAO are severely limited by the instability of the available tracers at that time.

ii) Inadequate Technology Pre-1996.  The vast majority of brain SPECT perfusion studies pre-1996 was performed on low resolution, single-head gamma cameras.  The SNMBIC in its 1998 report establishing procedure guidelines for brain perfusion SPECT notes that “multiple-detector or other dedicated SPECT cameras generally produce results superior to single-detector general-purpose units.”33 Current studies strongly suggest that brain SPECT perfusion studies for TBI not be performed on single-detector equipment.5  Accordingly, the majority of the studies reviewed in both 1996 reports are severely limited by the use of single head cameras.
iii)
Limited Scientific Literature Available Pre-1996.  The 1996 reports based their recommendations of the application of SPECT in traumatic brain injury (TBI) cases on the limited number of reported scientific literature reports available at that time.30,31 For example, the SNMBIC report only cites one clinical study involving TBI and the TTASAAN report cites only six clinical studies involving TBI.  Since 1996 there have been over 100 additional scientific literature reports concerning SPECT and M/MTBI.  Most of these studies utilized HMPAO and many of them utilized multiple-detector cameras.  Accordingly, they are of greater value than most of the pre-1996 reported studies.    
B.  SNMBIC Report
The 1996 SNMBIC report begins by stating that “[t]he use of SPECT and PET in the management of patients with . . . moderate to severe head trauma is now well recognized” (emphasis added). Accordingly, the SNMBIC’s primary area of focus in relation to traumatic brain injury in this report is with mild traumatic brain injury particularly as it relates to SPECT’s prognostic value in this area.  

The SNMBIC recognizes that “SPECT and PET can clearly be used to delineate functional abnormalities of the brain regardless of the cause.”  The report then notes “[W]hile research SPECT and PET studies in patients with mild traumatic brain injury ...  show promise, there is not, as of this writing, adequate evidence to support the use of SPECT or PET in these instances to establish cause-and-effect relationships.” [emphasis added] 

However, as the plethora of post-1996 literature cited in this paper shows, there is now ample evidence to support the use of SPECT in mild traumatic brain injury cases.  The 2002 report of the European Association of Nuclear Medicine, citing both of the 1996 reports, now clearly considers “Evaluation of traumatic brain injury” as a “common indication” for the utilization of brain SPECT imaging. The report states, “SPECT has shown perfusion abnormalities in traumatic brain injury despite normal morphology and results are considered to have prognostic value”32 (emphasis added). The EANM took into consideration a larger body of literature evidence in 2002 than was available to the SNMBIC or TTASAAN in 1996.  
C.   TTASAAN Report
The 1996 TTASAAN assessment paper is the result of a “review of the current literature.”  The major problem with the TTASAAN report in 1996 was that, as has been noted above, the then current literature consisted of “several small clinical studies.”  Consequently, based solely on an evaluation of the paucity of the then current literature, the TTASAAN classified SPECT as “investigational” for traumatic brain injury.    

D. EANM Procedure Guideline-2002.

The 2002 EANM procedure entitled “Procedure Guideline for Brain Perfusion SPE[C]T using 99mTc-Labelled Radiopharmaceuticals” clearly considers “evaluation of traumatic brain injury” as a “common indication” for the utilization of brain SPECT imaging.  The report states “SPE[C]T has shown perfusion abnormalities in traumatic brain injury despite normal morphology and results are considered to have prognostic value”32 (emphasis added). As the plethora of post-1996 literature cited in this paper shows, there is now ample literature support for the use of SPECT in traumatic brain injury cases and that SPECT brain function imaging is now considered a common indication in the evaluation of all forms of traumatic brain injury.
E. CDC Report-2003.

The 2003 Centers for Disease Control and Prevention (CDC)  report entitled “Report to Congress on Mild Traumatic Brain Injury in the United States: Steps to Prevent a Serious Public Health Problem” notes that “A variety of radiological and laboratory techniques have been used to diagnose TBI, including X-rays of the skull, computed tomography of the brain, MRI (magnetic resonance imaging), and SPECT (single photon emission computed tomography)” (emphasis added).  
F. ACR-2003 Procedure Guideline.

The American College of Radiology is the principle organization of radiologists, radiation oncologists and clinical medical physicists in the United States. In 2003 the ACR published the “ACR Procedure Guideline for the Performance of Single-Photon Emission Computed Tomography (SPECT) Brain Perfusion Imaging.  In Section III entitled “Indications,” sub-section A.7 states that “Evaluating symptomatic traumatic brain injury, especially in the absence of CT and MRI  findings” is an indication for the utilization of SPECT imaging. 

V. VALIDATION OF NEUROPSYCHOLOGICAL DIAGNOSES
 
The current trend in neuropsychological assessment has been away from attempts to specifically define neurobiological causation for traumatic brain injury and toward the profiling of functional performance for the identification of the presence of traumatic brain injury. Although SPECT has made major advancements since 1996 and is now considered diagnostic for mild, moderate and severe traumatic brain injury (as supported by the published literature, medical organizations and insurance industry), neuropsychological assessment has not followed this course.  The field is still hampered by the use of many tests that are antiquated, excessively long, or of dubious psychometric quality. Neuropsychological assessment can consist of any number of a multitude of neuropsychological assessment tests.  There are over 100 separate neuropsychological assessment tests that are frequently used in traumatic brain injury cases. It has been established that individual neuropsychological assessment tests have not typically been found to be very sensitive for traumatic brain injury; therefore they are generally used in batteries.  However, there is a general lack of consensus about which of these tests is appropriate for assessing traumatic brain injury. Accordingly, the determination of which of these tests to use is in the subjective hands of the individual neuropsychologist charged with making the assessment.  
In addition, variance between the way individual neuropsychologists administer the tests, interpret the results, apply failure criteria and whether and how to test for effort are just a few of the subjective issues that lead to disagreement between neuropsychologists about the validity of neuropsychological test results.. Such phenomenon as pain, anxiety, depression, sleep disturbance, medication and alcohol use can interfere with cognitive performance and confound the interpretation of neuropsychological test results.  Such effects can be pronounced, obscuring the effects associated with mild or even much more significant brain injury.  A number of problems also exist with the validity of many neuropsychological assessment tests based on the norms, decision rules, false positives, false negatives, hit rates and cross-validation of each test. These individual test issues are compounded when multiple tests are used, as is common in neuropsychological assessment batteries. 
To assist neuropsychologists, CT and MRI have been the traditional tools for attempting to objectively demonstrate TBI. CT and MRI remain  vital first step in the assessment of any traumatic brain injury due to its superior capacity to visualize hemorrhage and skull fracture. .  However, SPECT has been repeatedly demonstrated to be superior to CT and MRI in localizing functional cerebral damage in traumatic brain injury.  In addition, SPECT has been shown to be superior to MRI in demonstrating other types of brain injury in a wide variety of conditions, including toxic encephalopathy, systemic lupus erythematosis, Lyme disease and seizure disorders. Although CT and MRI certainly have application in the evaluation of traumatic brain injuries (especially severe injuries), it is now universally accepted that brain SPECT imaging is more sensitive in traumatic brain injury than both CT and MRI in the identification and localization of brain lesions. 

Of further important to neuropsychologists,  SPECT has been correlated with several individual neuropsychological assessment tests such as The Wisconsin Card Sort, The Stroop Colored Word Test, The Tower of London Test, The Clock Drawing Test, The Test of Verbal Fluency, The Auditory Verbal Learning Test and with extensive neuropsychological batteries standard to particular pathology. SPECT perfusion patterns have also been found to correlate with the predicted localization of neurological damage, based on the current understanding of neuropsychological battery testing, in a number of conditions including Lyme disease, Sjorgren’s syndrome, Klein-Levin syndrome, obsessive compulsive disorder, migraine headaches, paraneoplastic encephalitis, cerebral microvascular disease, chronic alcoholism, Alzheimer’s disease and other dementias, suicidal ideation in depression and neurological impairment following coronary artery bypass grafting..   
VI.  CONCLUSION
High resolution brain SPECT imaging is the most effective diagnostic tool available for all forms of traumatic brain injury, particularly for M/MBTI.  Brain SPECT imaging provides the validation tool to support physician and neuropsychological diagnoses of the presence or absence of M/MBTI. 
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