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Issue:
Admissibility

of SPECT
Does SPECT imaging meet “relevance” and “reliability” requirements?

Focus of Rule 702 inquiry “…whether the scientific evidence proffered is both reliable and relevant.”  Court to consider (1) whether scientific principles reasonably reliable; and (2) whether witness is qualified to opine.   Inquiry fact specific.
Typical Arguments
Against 

Admissibility
· SPECT is not indicated for TBI
RESPONSE: Brain SPECT imaging is recognized as a highly effective diagnostic tool for evaluating functional deficits from mild and moderate head trauma that are often missed by anatomical imaging studies such as MRI and CT.1-4  Brain SPECT imaging has been proven to have high sensitivity in traumatic brain injury cases (91% < 3 months after injury and 100% thereafter).5  Thus, the persistence or the healing of brain lesions that are identified by brain SPECT imaging can be effectively measured over time. Multiple case series have demonstrated that SPECT is superior to MRI in identifying acute cerebral injury10,11 regardless of its etiology across the age range from infants12 to geriatrics.13 Dr. Erin Bigler has been a leading voice in the evaluation of TBI. He stated in 1999 that “Success in the areas of functional brain imaging will undoubtedly change the face of neuropsychological assessment. The successful implementation of neurobehavioral probes on line with neuroimaging will likely replace many of the current methods of neuropsychological assessment.”14   In fact, SPECT is ideally suited for the imaging of patients in the typical setting of neuropsychological assessment.15 Recall that SPECT imaging is actually capturing the image of perfusion at the time of radiopharmaceutical injection; not at the time of the scanning. Hence, it is possible to duplicate the “optimal” setting to get “optimal” performance which is the standard of practice in neuropsychological testing. As such, SPECT can provide ecological validity15 to the findings not possible in the bore of an MRI. 
In addition to Dr. Bigler, a number of authors have recognized the importance of integrating data from a number of modalities, including SPECT, in the evaluation of brain pathology. Lampl and colleagues stated, “a combination of both methods [neuropsychological assessment and SPECT] should be employed by the general practitioner for the evaluation of dementia.”16 This multimodal approach is advocated by several authors in the longitudinal monitoring and treatment planning of TBI. SPECT has been demonstrated in a large number of studies to accurately characterize areas of cerebral dysfunction regardless of the cause. Persistent post-concussive syndrome was best demonstrated with SPECT at a delayed evaluation.34 SPECT at 1 and 50 weeks was more predictive of functional impairment and yielded more prognostic information compared with MRI at 1 and 50 weeks in a study of TBI.24 Laatsch and colleagues demonstrated that SPECT and neuropsychological assessment were strongly correlated and both showed continued improvement beyond two years in TBI. Thus, SPECT can provide critical information to shape a patient’s rehabilitation strategy.8
SPECT correlated with neuropsychological testing results and provided additional prognostic information in subtle TBI associated with “late whiplash syndrome.”18 In evaluating mild TBI, Bonne and colleagues call for a multimodal integration of clinical evaluation, neuropsychological assessment, and cerebral perfusion studies.25 Possibly, the missing piece has been a normative database to which neuroimaging data can be compared. Such a quantitative comparison is now available with SPECT imaging using a database developed by Dr. Ismael Mena.19-23 

Brain SPECT imaging offers advantages in treatment management due to its ability to effectively track long-term rehabilitation results.7-9 Brain SPECT imaging has proven to have a very high negative predictive value (97% <6 months after injury; 100% >6 months after injury).5 Thus, a negative initial SPECT study is a reliable indicator of a favorable clinical outcome.  It can therefore be effectively utilized to rule out the presence of traumatic brain injury early in the injury process.  Brain SPECT imaging has been proven to have high sensitivity, high specificity, high negative predictive value and high positive predictive value in traumatic brain injury cases at 12 months after injury (100%, 85%, 100% and 83%, respectively).9  Thus, rehabilitation and fitness decisions can be made more effectively and with a greater degree of certainty than is currently available.

The Society of Nuclear Medicine Brain Injury Counsel, the Centers for Disease Control and Prevention and the European Association of Nuclear Medicine all consider brain SPECT imaging to be diagnostic for many aspects of traumatic brain injury.26-28  The majority of medical literature supports this position.2,3,5, 11,18,24,29-36 With the advances of SPECT in the traumatic brain injury area over the past several years, we know of many health insurers such as United Healthcare, Humana, Chubb, Blue Cross of California, GEICO, Trustmark, Aetna, Shelter, Fortis, Farmers, Zurich, Connecticut General, Amica, and State Farm which now reimburse for SPECT in traumatic brain injury cases.37 This also includes many workers compensation insurers such as the states of Washington, North Dakota, West Virginia, Minnesota and Texas.  Of course, acceptance by insurers is a key element of medical acceptance.  

The 2003 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].27
Upon reviewing the studies that have determined either a high correlation or a low correlation between neuropsychological assessment batteries and brain SPECT imaging, it becomes evident that most have approached the analysis from the previously noted outdated idea that neuropsychological assessment can determine the brain lesion location. SPECT has been highly correlated with neuropsychological assessment batteries8,18 and both modalities have demonstrated continued improvement beyond two years post-injury.8 From the other perspective, neuropsychologists have tried to assess the neurological basis of individual neuropsychological tests utilizing SPECT as a reference.  For example, a particularly challenging area of the brain to assess is the frontal lobes.  Two tests, the Wisconsin Card Sort and the Stroop Colored Word Test are excellent tools for evaluating frontal lobe function.  Both are been extensively correlated with SPECT neuroimaging.  SPECT has not always been found to correlate well with selected neuropsychological assessment batteries in traumatic brain injury 38,39 yet, even these authors do not dismiss SPECT.  Instead, they advocate for a combination of neuropsychological assessment and SPECT neuroimaging in the evaluation of these complicated traumatic brain injury cases.   

In summary, many experts would agree with the statements of Bonne and colleagues calling for a multimodal integration of clinical evaluation, neuropsychological assessment, and cerebral perfusion studies in the evaluation of mild traumatic brain injury.25 This multimodal approach is advocated by several authors in the longitudinal monitoring and treatment planning of traumatic brain injury.  Persistent post-concussive syndrome was best demonstrated with SPECT at a delayed evaluation.7 SPECT at 1 and 50 weeks was more predictive of functional impairment and yielded more prognostic information compared with MRI at 1 and 50 weeks in a study of traumatic brain injury.24 Laatsch and colleagues demonstrated that SPECT and neuropsychological assessment were strongly correlated and both showed continued improvement beyond two years in traumatic brain injury.8  SPECT functional brain imaging is indicated for both the initial evaluation of traumatic brain injury and the longitudinal monitoring of treatment.
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· Opinions and SPECT scans not reasonably reliable.   SPECT imaging for psychiatric conditions not yet considered an exact 
         science.  Since investigational, court should exclude.

RESPONSE:  Evidence relevant if it has any tendency to make the existence of any fact that is of consequence to the determination of the action more or less probable than it would be without the evidence. National Center for Injury Prevention and Control, in its Report to Congress on Mild Traumatic Brain Injury (2003), indicates 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 and SPECT.”  In addition, multitude of peer reviewed articles published which support SPECT application to TBI cases (see excerpts attached). 
· Use of SPECT technology to diagnose TBI not generally accepted by the American Academy of Neurology (TTSAAN report) or the Society of Nuclear Medicine Brain Imaging Council (SNMBIC report) based on 1996 reports.  Official opinion of both is that SPECT is only investigational and “cutting edge” and should be excluded.  Cite 2005 report of the Subcommittee of the American Academy of Neurology (Dr. J.F.R. Fleming) in support.
RESPONSE:  The Society of Nuclear Medicine, the Centers for Disease Control and Prevention, the European Association of Nuclear Medicine and the American College of Radiology all consider brain SPECT imaging to be diagnostic for TBI.  The majority of medical literature also supports this position. 

Referenced articles rely on 1993 and prior information, and rely only on single-head cameras. Abundance of articles identifying the use of SPECT scans as a useful tool in diagnosing injury.  In fact, both of the referenced articles condition themselves specifically on “current literature” (pre-1993 as both reports were written in early 1994). The American College of Radiology, in 2002, determined that “clinical indications for SPECT brain perfusion studies include…evaluating symptomatic TBI.”  In addition, the European Association of Nuclear Medicine identifies SPECT as commonly indicated for the diagnoses of several conditions including evaluation of TBI.  Since 1996, more than 150  peer-reviewed scientific studies concerning SPECT in mild-to-moderate TBI cases (See attached list of articles)  In recognition, the European Association of Nuclear Medicine, citing both the TTASAAN and SNMBIC reports, considers the evaluation of TBI as a common indication for the utilization of brain SPECT imaging. In fact, the SNMBIC report actually recognizes that “SPECT…can clearly be used to delineate functional abnormalities of the brain regardless of the cause.”
· No standard method of quantifying cerebral brain SPECT scans for most clinical applications.

RESPONSE:  It is a scientific fact that SPECT measures regional cerebral blood flow which is a measurement of cerebral brain function that correlates directly with cerebral metabolism.  It is also a fact that regional cerebral blood flow has an extraordinarily high correlation with metabolism not only in many neurological disorders but also in other settings. SPECT is a procedure providing an indirect measure of brain metabolism by measuring cerebral blood flow. Patterns of regional cerebral blood flow generally match the metabolic requirements of the brain, and thus will provide information regarding the functional status of the brain tissue (Kant R. Smith-Seemiller L. et al.  Brain Inju. 1997 Feb: 11(2), pp. 115-116).  Significant findings can include (1) fixed bilateral anterior temporal lobe areas of hype-perfusion consistent with TBI; (2) diffused decreased patchy cortical activity consistent with toxic/anoxic exposure; (3) increased activity in the basal ganglia associated with anxiety related disorders; (4) decreased perfusion in the overall cortical activity and in increased symmetrical limbic activity consistent with mood disorder or depression; (5) decreased activity in the cerebellum, orbital frontal, prefrontal, and  anterior temporal lobes and medial temporal lobes  associated with ADHD-like processes. None of the over 150 published articles regarding the utilization of SPECT in TBI cases regard the fact that SPECT cannot directly measure metabolism as a deficit that would preclude SPECT from being utilized as diagnostic for TBI.. 
· Weight of peer reviewed literature and medical opinion maintains that SPECT scans cannot be reliable used to diagnose TBI (Citing publication by Dr. Mark Spitz, Professor of Neurology t the University of Colorado School of Medicine. In 2005).

RESPONSE:  Abundance of articles identifying the use of SPECT scans as useful in diagnosing injury.  Attached articles indicate SPECT brain perfusion imaging is highly sensitive for detecting regional cerebral perfusion flow disturbances in patients with TBI…SPECT brain perfusion imaging has detected more lesions after major head injuries than x-ray, CT or MRI…In mild head injuries, SPECT brain perfusion imaging is more sensitive than other morphologic modalities…SPECT has show perfusion abnormalities in TBI despite normal morphology results and are considered to have prognostic value.  In addition, in the Report of Congress on Mild Traumatic Brain Injury in the US: Steps to Prevent a Serious Public health Problem,  Dr. Bigler, among others, describes SPECT  as “diagnostic” in TBI cases.  Further, in his chapter the Handbook of Forensic Neuropsychology (2003), regarding the role of neuroSPECT in TBI cases, Dr. Bigler states “…the more revealing findings come with single photon emission computed tomography (SPECT) which demonstrated levels of perfusion in regions that exceed the boundaries defined by the single abnormalities in the temporal area. …Although structural imaging with MRI did indicate some structural damage, SPECT clearly demonstrated a large left frontal defect.  What was important to Dr. Bigler was that SPECT showed considerable functional impairment in what otherwise looked (from an MRI scan) to be normal appearing tissue. 
· Small sampling of Doctors who can interpret SPECT scans raises serious questions about the amount of objective peer review given to SPECT scans as required by Shreck.
RESPONSE:  The number of Doctors who interpret SPECT is growing, but in any event should not be the measure of the validity of the process.  The amount of peer review is significant as discussed earlier, and correlation with other tests has been documented.  The validity of the value of SPECT as a diagnostic tool has been further confirmed by its acceptance by Medicare and other insurance companies.

· Society of Nuclear Medicine, the premier international organization in the field of nuclear medicine including brain imaging, accepts only 3 diagnostic uses for SPECT—stroke, dementia and epilepsy.
RESPONSE:  Interesting that the very article that is often cited as labeling SPECT “investigational” actually characterizes SPECT as a valid diagnostic tool for various applications. Recall that these articles are based on pre-1993 information and that there are more than 150 peer reviewed articles that have since validated an expansion of the uses of SPECT to TBI and other applications. 

· Low correlation of SPECT with other measures such as neuropsychological test findings and functional outcome.

RESPONSE:  This argument does not stand up to published literature. SPECT has been repeatedly demonstrated in published literature to be superior to CT in localizing functional cerebral damage in TBI cases.  Numerous studies have documented the superior sensitivity of SPECT functional neuroimaging for the detection of traumatic brain injury compared to anatomical MRI or CT scans. The superiority of SPECT functional neuroimaging over CT and MRI was reviewed in the authoritative article by Ronald L. Van Heertum and colleagues in the Radiologic Clinics of North America (Volume 39, 2001). Dr. Van Heertum states, “SPECT and PET brain imaging have been found to be better than CT or MRI imaging as a prognostic indicator”. The superiority of SPECT over CT was first studied in a large sample of patients by Abdel-Dayem, but numerous other studies have described the poor sensitivity of CT compared to SPECT. Gray and colleagues found 60% of patient with mild head trauma had positive SPECT findings, while only 25% demonstrated findings on CT. Similar high rates of abnormal SPECT scans in the presence of normal CT scans in several other studies involving large samples of patients.
These differences become more dramatic in the chronic post-TBI cases. Here, persistent SPECT findings have a high prognostic ability. For example, Ichise and colleagues found that patients suffering chronic post-TBI symptoms demonstrated TBI findings on SPECT, while the CT or MRI was often negative. Overall, 66% of patients had + SPECT scans, while only 45% had positive MRI scans and only 34% had positive CT scans. Kant and colleagues looked exclusively at mild TBI cases and found that 53% had abnormal SPECT scans, while on 9% of the MRI studies and 4.6% of the CT scans were abnormal. Newton and colleagues found SPECT revealed many more functional lesions than were seen with CT or MRI. Indeed, Philippe Azouvi  states, “although MRI is more sensitive than CT in the identification of diffuse axonal injury, most MRI studies have failed to identify consistent relationships between the pattern of neuropsychological impairments and the site of focal structural lesions…functional neuroimaging reveal[s] areas of cerebral dysfunction in regions that look structurally intact on MRI”. Several studies have shown the significant correlation of SPECT findings and neuropsychological testing results. The strong correlation also has prognostic value. Indeed, Jacobs and colleagues in a study of 136 patients with mild TBI found a positive SPECT, in the presence of a negative CT scan, to have a 100% sensitivity and an 85% specificity for persistent chronic symptoms of mild TBI.

While it may be true there is a lack of correlation between the two imaging modalities, this reflects the inferiority of CT, not SPECT. As stated above, SPECT has also been repeatedly demonstrated in published literature to be superior to MRI in localizing functional cerebral damage in TBI and in demonstrating other types of brain injury in a wide variety of conditions.   Indeed, new MRI applications such as diffusion-weighted MRI and flow MRI have utilized SPECT as the “gold standard” against which to measure results.  Published literature also supports the conclusions that SPECT has been proven to correlate with other measures such as Pattern-Reversal Visual Evoked Potential Latency and Scalp EEG, as well as several 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 and The Auditory Verbal Learning Test.  
Therefore, SPECT 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 quality4.  The focus of neuropsychological assessment has significantly changed over the past several years in light of contemporary neuroimaging findings such as SPECT.  Therefore, it can be easily argued that neuroimaging such as SPECT is now being utilized as a measurement against which neuropsychological assessment is being measured, and not visa versa. 

· Non-existent probative value of SPECT.  SPECT scans are “bright, colorful films and scientists have warned that admission at trial can lead to unsupportable conclusions if introduced as objective evidence linking neuropsychological parameters to traumatically caused injury.
RESPONSE:  SPECT is highly probative, and its mode of publication actually facilitates more effective diagnoses. SPECT has been determined to have extremely high negative predictive value (97% in less than 3 months; 100% thereafter).  Therefore, a negative SPECT study is highly prognostic of a positive functional outcome.   SPECT has also been proven to have high sensitivity in mild TBI cases (91% less than 3 months post-injury; 100% thereafter) which facilitates the measurement of the persistence or healing of brain lesions that are identified by SPECT.  SPECT also has been proven to have high sensitivity, specificity, negative predictive value and positive predictive value in TBI cases at 12 months after injury (100%; 85%; 100% and 83%, respectively) which are the measurements associated with functional outcome.   Thus, SPECT is extremely useful in evaluating long-term effects of treatment and rehabilitation in TBI cases. 

In the acute phase of a TBI injury (1-5 days post injury), published literature indicates that the elevation in cerebral blood flow is considered to be a necessary condition for achieving functional recover. Accordingly, SPECT can at a very early stage provide significant information about the possible functional outcome. 
Thus, the probative value of SPECT is significant at all levels of a TBI case. 

· Davalos and Bennett article in 2002 concluded that until certain research recommendations posited by the Society for Nuclear Imaging and the AAN are followed, SPECT and the information SPECT scans provide will continue to be considered investigational.
RESPONSE:  Since the Davolos article, significant number of studies  (150+ peer reviewed articles) concerning SPECT in mild-to-moderate TBI cases  support SPECT when using advance multiple-detector gamma cameras.   Davolos’ article relied on information obtained only prior to 1993. In fact, in the article cited, despite the limited information relied upon, nevertheless concluded that “…SPECT may be a useful took in the detection of MTBI and in treatment planning.” 
· Neuro-quad camera is unique and therefore information generated therefrom should be excluded because the technique fails both the peer review and testability Shreck factors.
RESPONSE:  As stated above, Dr. Bigler has bee a leading advocate of the multiple modality approach to the evaluation of TBI cases.  SPECT is ideally suited for the imaging of patients in the typical setting of neuropsychological assessment.  SPECT imaging is actually capturing the image of perfusion at the time of radiopharmaceutical injection; not at the time of the scanning.  Hence, it is possible to duplicate the “optimal” setting to get “optimal” performance which is the standard of practice in neuron psychological testing.  As such, SPECT can provide ecological validity for the neuropsychological findings not possible with CT or MRI.  A number of authors have recognized the importance of integrating data from a number of modalities, including SPECT, in the evaluation of brain pathology.  Literature also supports SPECT use in the evaluation of dementia, evaluation of Sjogren’s syndrome, prognostic information in subtle TBI associated with “late whiplash syndrome” in evaluating mild TBI, etc. 
· Too great an analytical gap exists between the studies that have been done with respect to SPECT and the Doctor’s opinion.  Hollander v. Sandoz Pharms. Corp.; 289 F.3d 1193, 1208 (10th Cir. 2002).

RESPONSE:  This case did not have anything to do with SPECT, and occurred in the 1990s, well before SPECT technology has advanced with the use of multiple head cameras. 
· California Ct of Appeals held that SPECT scans are inadmissible for the purposes of showing TBI or post traumatic stress disorder because the technique is unreliable.  People v. Yum, 111 Cal.  Appl 4th 635, 3 Ca.. Rptr. 3d 855 (2003) (unpublished opinion.).  Ct. said for SPECT to be admissible, defendant had to demonstrate that the use of SPECT scan imaging to diagnose brain trauma was generally accepted in the field of brain imaging and neurology.

RESPONSE:  No Colorado case has rejected SPECT.   In addressing the above arguments, Judge Zita Weinshienk specifically denied a defendant’s motion to exclude SPECT (Searcy v. Hamburger, Civil Action #02-cv-2260-ZLW-MJW.  In addition, Judge Melonakis in the Adams County District Court similarly denied a defense motion to exclude SPECT (Campbell v. T.R. Transportation, et al., Case no. 00 CV 373).  The argument that SPECT is not generally accepted in the field of brain imaging is simply no longer valid.  And even more recently, Chief Justice Charles M. Barton of the Chaffee County District Court, in the case of Vittoria Ernst v. Kayleen Fraley (Case No.: 05CV207, May 10, 2007), in addressing the Shreck criteria,  made the following determinations concerning SPECT:
1. Evidence of a SPECT scan is relevant evidence;

2. (Evidence of a SPECT scan) is relevant as scientific evidence;

3. (SPECT) has been tested in mild traumatic brain injury (cases) without loss of consciousness and normal computed tomography;

4. (SPECT) has been subjected to peer review and publication;

5. The existence and maintenance of standards controlling (SPECT) operation is well documented;

6. The (SPECT) technique has been generally accepted … by the American College of Radiology, European Association of Nuclear Medicine, and the Society of Nuclear Medicine guidelines and procedures;

7. The relations of the (SPECT) technique to more established modes of scientific analysis (i.e. MRI) is established; 

8. The existence of specialized literature dealing with the technique is demonstrated;

9. The non-judicial uses to which SPECT is put demonstrate that t (SPECT) is used on the course of non-forensic medical treatment;

10. (SPECT) evidence has been offered in previous cases;
11. The probative value of (SPECT) is not substantially outweighed by the danger of unfair prejudice, confusion of issues, or misleading the jury and (SPECT) will not result in undue delay, waste of time, or needless presentation of cumulative evidence;

12. The proposed (SPECT) evidence can be properly tested in the crucible of cross examination and rebuttal

In addition, Medicare contract guidelines indicate SPECT is “…safe and effective; not experimental or investigational.” Numbers of third party payers accept SPECT for TBI, including Medicare, United Healthcare, Humana, CHUBB, GEICO, Farmers, Zurich, Amica, Blue Cross, Connecticut General, State Farm, Shelter, Fortis, Trustmark and Aetna.   SPECT nuclear Imaging is now a Designated Health Service under Medicare guidelines. Many workers compensation insurers, such as the States of Washington, North Dakota, West Virginia, Minnesota and Texas also accept SPECT as a valid and accepted diagnostic tool. 
· MRI and CT scans are better methods  for screening  TBI
RESPONSE: Numerous studies have documented the superior sensitivity of SPECT functional neuroimaging for the detection of traumatic brain injury compared to anatomical MRI or CT scans. The superiority of SPECT functional neuroimaging over CT and MRI was reviewed in the authoritative article by Ronald L. Van Heertum1 and colleagues in the Radiologic Clinics of North America (Volume 39, 2001). Dr. Van Heertum states, “SPECT and PET brain imaging have been found to be better than CT or MRI imaging as a prognostic indicator”. The superiority of SPECT over CT was first studied in a large sample of patients by Abdel-Dayem2, but numerous other studies have described the poor sensitivity of CT compared to SPECT. Gray and colleagues3 found 60% of patient with mild head trauma had positive SPECT findings, while only 25% demonstrated findings on CT. Similar high rates of abnormal SPECT scans in the presence of normal CT scans in several other studies involving large samples of patients4,5,6,7.
These differences become more dramatic in the chronic post-TBI cases. Here, persistent SPECT findings have a high prognostic ability. For example, Ichise and colleagues8 found that patients suffering chronic post-TBI symptoms demonstrated TBI findings on SPECT, while the CT or MRI was often negative. Overall, 66% of patients had positive SPECT scans, while only 45% had positive MRI scans and only 34% had positive CT scans. Kant and colleagues9 looked exclusively at mild TBI cases and found that 53% had abnormal SPECT scans, while on 9% of the MRI studies and 4.6% of the CT scans were abnormal. Newton and colleagues found SPECT revealed many more functional lesions than were seen with CT or MRI. Indeed, Philippe Azouvi10  states, “although MRI is more sensitive than CT in the identification of diffuse axonal injury, most MRI studies have failed to identify consistent relationships between the pattern of neuropsychological impairments and the site of focal structural lesions…functional neuroimaging reveal[s] areas of cerebral dysfunction in regions that look structurally intact on MRI.” Several studies have shown the significant correlation of SPECT findings and neuropsychological testing results11-13. The strong correlation also has prognostic value. Indeed, Jacobs and colleagues14,15 in a study of 136 patients with mild TBI found a positive SPECT, in the presence of a negative CT scan, to have a 100% sensitivity and an 85% specificity for persistent chronic symptoms of mild TBI.
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· QEEG is better indicated for screening of TBI
RESPONSE: A small number of studies have examined the use of EEG with Fourier transformation, commonly referred to as quantitative EEG, in the evaluation of TBI. Usually EEG is used in cases of severe TBI for evaluation of injury severity, depth of unconsciousness, and patient survival. qEEG has been tested as a diagnostic tool in post-concussive syndrome and some studies of “neurotherapy” – a novel and largely unproven technique dependent upon qEEG for tracking changes – have shown potential benefit in TBI. Overall, qEEG is not practical for use in long-term patient monitoring or as a sophisticated prognostic tool. A review of the advantages, disadvantages, and future directions of QEEG in TBI was published in 2001.1 

· Resolution of the camera is not an important consideration in the evaluation of TBI.
RESPONSE: Identification of large areas of cerebral injury can be accomplished with even a single-headed SPECT camera; however, small lesions or lesions of the deep brain structures will often be missed. Higher-resolution SPECT cameras allow visualization of small lesions of the cortex that may involve only one or two Brodmann areas (functionally distinct areas of the cortex which regulate unique functions). This allows for the visualization of functional defects as small as 6 mm in diameter which may have significant impact on the patient’s function if they involve key functional areas. High resolution, brain-dedicated SPECT cameras also allow visualization of damage to deep brain structures that regulate emotional control, anxiety, motor control, and other key functions. 
· PET is a better indicator for screening TBI
RESPONSE: Certainly PET can be used as a diagnostic tool and correlated with Glascow coma score.1 Unfortunately, PET scanners are very expensive to install and operate. There is no FDA-approved radiopharmaceutical for PET. The exposure to radiation is higher for a PET study then it is for a SPECT study. 

Software for SPECT provides not only brain lesion identification, but also a breadth of quantitative information. The most advanced software of this kind was developed by Dr. Ismael Mena, Professor Emeritus UCLA Medical School. This software allows the statistical comparison of an individual’s SPECT scan to a normative database and expressed quantitatively and in spatially defined Brodmann’s areas, vascular territories, or brain structures.2  This type of quantitative data is generally not available with PET.    
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2. Segami Corporations NeuroGam brain imaging software
· fMRI is a better indicator for screening TBI.
RESPONSE:  At this point, fMRI is largely used to research changes associated with TBI. It is ill-suited for the diagnosis of TBI, because it is generally able to visualize changes in brain perfusion (function) that occur in response to a task. In other words, fMRI measures changes from some baseline state, which is first visualized inside the MRI machine, compared to perfusion (activity) state occurring during some cognitive task that can be performed inside the MRI machine. Without knowing the area of the brain involved at the outset, it would be difficult to know what area of the brain to select for analysis. Furthermore, fMRI can only analyze small areas of the brain during a given scan. This adds an additional limitation to the application of fMRI to the diagnostic evaluation of TBI. The entire brain would need to be screened to rule out TBI. fMRI would not be capable of this task. Most researchers would agree that fMRI is not a diagnostic tool for TBI.

