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Abstract 
Objective: Review of dementia screening case profiles that included brain blood flow imaging to 
determine contribution to diagnosis. 
Design: retrospective medical case audit.  
Setting: rural NSW. 
Participants: 88 rural patients who underwent investigations for dementia diagnosis. 
Main outcome measure: contribution of brain blood flow imaging (SPECT) to the dementia screening 
regime.  
Results: The age range of those referred was 21 to 88 years, the average being 70 years. There were 
44 men and 44 women. Vascular causes of dementia accounted for 27% of all those referred for brain 
blood imaging. Senile Dementia of the Alzheimer’s Type (SDAT) accounted for 40% of all referrals. 
The occurrence of mixed disease was 6%. Matching neuropsychological reports and computer 
tomography (CT) were available for 18 of the blood flow studies. Of these, 65% were in agreement or 
semi-agreement for the diagnostic outcome. Only five studies failed to reach consensus.  General 
practitioners were responsible for 31% of the imaging referrals, the remaining referrals were from the 
regions two gerontologists, three physicians and two neurologists. 
Conclusions: Brain blood flow imaging did contribute to the final diagnosis of dementia type for these 
patients influencing patient management. 
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What is already known on this subject: 

• Rural circumstances result in diagnostic disadvantage for determination of dementia and 
specifically dementia type; 

• Neuroimaging in the form of SPECT, when combined with neuropsychological testing is 
capable of assisting in providing a differential diagnosis in dementia. 

 
What this study adds: 

• SPECT is available in many rural areas of Australia and can be successfully utilised to aid in 
dementia diagnosis potentially lessening the rural disadvantage, particularly in the absence of 
neuropsychological testing. 

• The MMSE, despite being discriminate for cognitive decline in large statistical studies for 
cognitive decline, does not necessarily demonstrate such patterns in individuals. 

 
 
Introduction 
 
In 1999, NSW Health undertook a major survey of those aged 65 years or more that determined 3% of 
the aged community had or were likely to have dementia.1 Based upon the local government area 
population statistics this translates potentially into 50 persons for each GP residing in the rural area of 
this study.2 In 1998 the ABS listed presenile conditions as the eighth leading cause of death.  The 
dementia sufferer has a higher risk of morbidity due to the nature of the cognitive impairments that 
result in an inability to report symptoms.3 By 2041 it is expected that 22% of the Australian population 
will be aged 65 years or more.4 
 
An accurate sole diagnostic test of dementia type remains problematic and diagnosis remains largely by 
exclusion of other causes. There are more than 20 different causes of dementia. 5, 6 Pharmacological 
interventions to mediate progression are increasing however, effective prescribing requires a semblance 
of accurate diagnosis. There remains no clear boundary between cognitive decline and dementia 
diagnosis. It is known that only some of these patients will progress to dementia. Identification of 
prodromal stages for instigation of therapy has the potential to assist these patients. The Lidcombe 
Hospital Memory Clinic, NSW, found 11% of 100 reviewed records of those deemed with cognitive 
disorders had potentially reversible causes.7 Misdiagnosis has been recorded as high as 25%.8 It is also 
worth noting that fronto-temporal dementia (FTD) has an onset up to 10 years earlier than SDAT and 
has been documented in people as young as 21 years.9 Earlier diagnosis results in earlier treatment and 
better social and medical management. However, a study in rural Texas found that limited access to 
specialists and educational resources were major impediments to dementia diagnosis for primary care 
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providers and another determined that less than half of dementia cases are diagnosed by physicians. 10, 

11 
 
Developed clinical pathways, including the DSM IV criteria, do not, as yet, include neuroimaging as 
discriminating components.  Anatomical lesions as causation are excluded using CT when indicated. 
Blood flow imaging indicates blood flow distribution to the brain regions for cell metabolism. Imaging 
has steadily improved in resolution and many imaging agents have been developed, the optimal 
equipment being a positron emission tomography (PET) camera and associated  radiopharmaceuticals.  
Although these facilities are increasing in numbers in Australia where they now exist in some capital 
cities, they by no means approach the levels of availability in the USA where the Food and  Drug 
Administration (FDA) has recognised PET imaging as a worthwhile diagnostic test for differential 
diagnosis of Alzhiemer’s disease.12  Single Photon Emission Tomography (SPECT) is available in 
regional Australia and although lacking the resolution of PET,  (SPECT is approximately 7mm whereas 
PET is approximately 4mm)13 it does provide good quality blood flow images that mirror the patterns 
displayed on PET studies. As a sole diagnostic test, SPECT correctly identified 83% of persons with 
dementia (200 dementia cases, 143 with autopsy results and 119 age matched controls) and when 
combined with neuropsychological testing increased this value to 86%.14 Neuropsychological testing to 
determine SDAT is reported as having 86% accuracy as a baseline tool relative to neuropathology, 
which improves to 91.4% when follow-up studies are condiucted over 5 years (Becker et al, 1994). A 
systematic review published in 2004 indicated that although clinical criteria may have better sensitivity 
than SPECT for SDAT, this form of imaging had a higher specificity against other dementia types than 
clinical criteria (91% versus 70%) when compared to pathology results.15  An Australian study in 2005 
evaluated SPECT in light of newer protocols with 18 patients finding that the technique does have 
potential to assist in diagnosis.16  It has been demonstrated that rCBF SPECT can identify pre-clinical 
SDAT with a sensitivity and specificity of 77.8%.17  Combining SPECT and Neuropsychological 
testing at intial presentation might results in achieving more accurate results earlier. A negative test 
result in a SPECT or MRI gives a high specificity of 93 to 98%. 18 
 
Full neuropsychological testing can take between two and four hours to complete. Tests assess 
functions of attention and concentration, orientation, general insight, learning and memory, abstraction, 
multi-tasking and behavioural flexibility to name a few. These test results may be influenced by 
cultural diversity: available research into their appropriateness for Indigenous populations is limited. 
The Mini Mental State Exam (MMSE) developed by Folstein,  Folstein and McHugh (1975) continues 
to be used as an indicator of dementia despite the development of other screening tools and is usually 
included as part of a neuropsychological assessment.19 The MMSE contains 19 items that provide a 
maximum score of 30 for normal cognition and can be delivered in five minutes. In large statistical 
studies it has been shown to be an effective method of determining cognitive decline although 
corrections for education and socio-economic status may be necessary and persons with FTD can 
achieve a high normal MMSE score.20, 21 The sensitivity and specificity have been recorded as high as 
87% for a score of 24 or less and 96% respectively.22, 3  To accommodate higher education levels it has 
been recommend that the discriminate score should be 27.3  Depression has also been shown to hinder 
patients achieving ‘true’ scores for their cognitive status.23  The MMSE has been tested specifically for 
its use in general practice finding little difference: 65% sensitivity and 93% specificity and for rural 
versus urban differences finding the greatest variance in sensitivity – 83% versus 73% respectively.20, 21  
Specificity was 74% versus 78% and accuracy 75% versus 77%.24, 25,  Ethnic diversity may also 
influence MMSE scores and may not reliably indicate cognitive decline, therefore, in Indigenous 
people whose population are a significant component of rural areas, the MMSE may not be an 
appropriate tool.22   
 
 
Method 
 
The method used for this study was a retrospective medical audit.  All information in the medical 
records is textual in nature and interpretation dependant on the reader. Hence, the framework for this 
study was that of a hermeneutical circle, where credibility is conferred by reiteration whilst 
acknowledging that understanding is due to the inheritance of language and non-conscious processes of 
discipline socialisation. 26  The first author of this paper does not claim expertise in all the disciplines 
for which medical reports were available.  To minimise this limitation, a general and specialist 
physician, with extensive experience in blood flow imaging, provided necessary insights. 
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The regional population was approximately 172,000 within a geographical region of 59,835 sq. km. 
and the specialists servicing this region also support the population of the neighbouring 116,720 sq. 
km.27  SPECT brain perfusion imaging referrals numbered 88 over a two year period. For each SPECT 
report clinical histories were constructed from records held at the Base Hospital and Extended Care 
Facility. They included: reasons for Aged Care Assessment Team (ACAT) referral, previous medical 
history, medication lists, blood pathology results, CT,  neurology and neuropsychology reports 
including MMSE; occupational therapy reports, hospital discharge summaries and letters between 
medical specialists. Diagnostic test results were reviewed and compared.  
 
 
Results 
 
Equal numbers of males and females records were retrieved. No reversible causes of dementia were 
identified. Of the SPECT referrals only two were for conditions other than suspected dementia. One 
study had an indeterminate result due to patient movement causing imaging artefacts. A repeat study 
was not found. 
 
SDAT was diagnosed for 40% of those referred, vascular causes were determined for a further 27% 
and 6% demonstrated mixed disease patterns. Where a final diagnosis was given, MMSE were 
available for 27 matched for the time of diagnosis. These are given in Table 1. No particular pattern in 
scores is suggestive for any diagnostic category.  
 
Matching neuropsychological reports and CTs were available for 17 patients that had undergone 
SPECT. These are reported in Table 2. For those studies (coded D1 – 6 in Table 2) where consensus for 
a diagnosis was not reached a follow-up study was recommended, the results for which were not 
evident. Depression can demonstrate as decreased blood perfusion on PET which may be confounding 
these SPECT results.28, 29  The low numbers of neuropsychology reports reflects the availability of the 
service in this regional area.  No known MRIs were performed.  Those studies coded A1 – 7 in Table 2 
demonstrate the agreement in diagnosis based upon the wording of the reports. Those coded B1 – 4 
demonstrate some level of agreement but not entirely matched diagnostic report text.  A paired t-test 
was calculated (the wording reduced to numerical codes) indicating that there was no significant 
difference between the neuropsychological reports and the SPECT reports (0.05). No matching brain 
biopsy or pathology at autopsy were found. 
 
Matching CT results were available for 37 of the SPECT studies.  The low number of CTs may have 
been due to the need to travel away for the study prior the time the data was retrieved. The CT result 
concurred with a diagnosis of ischaemia in only five of the ten cases identified by SPECT. Four of 
these cases were determined by SPECT to also have SDAT. The CT reports indicated a further five 
patients as having ischaemia whose SPECT demonstrated normal cerebral blood perfusion.  
 
It is of interest that 31% of the referrals for SPECT for dementia screening were requested by general 
practitioners.  The remaining 69% of referrals came from the regions three physicians, two neurologists 
and two (one full-time and one part-time) gerontologists. 
 
Discussion 
 
Differentiating dementia, depression and delirium have always been a major concern for aged care 
health workers. Not all cases of cognitive impairment progress to dementia and this can further 
confound diagnosis.  Post-mortem pathology has identified that as many as 34% of those with a 
dementia diagnosis have no pathological signs beyond the normal aging process.30  Given the 
increasing treatment options to improve the quality of life for those with dementia it behoves the 
medical profession to better diagnose the condition so that these can be tailored for maximum 
effectiveness.   
 
Rural circumstances result in many disadvantages including less variability in medical resources. The 
existing resources must be used for their maximum benefit.  Large overseas studies have demonstrated 
the advantages of using neuropsychological testing in concert with neuroimaging for diagnosing and 
differentiating dementia types. This has been recognised by the US FDA by the provision of funding 
for PET studies for SDAT. Although this study is a small and retrospective it has indicated that SPECT 
imaging can assist in rural areas. The consensus reached for patients A1-7 provides a measure of 
confidence that tailored treatment regimes are appropriate.  In patients B1-4, where the report 
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narratives overlap but not agree in entirety, then the alternate diagnosis may prove helpful or follow-up 
studies may prove beneficial.  When reviewing patients D1-6 the difficulty of confounding issues 
become evident.  Depression is proposed as a possibility for dementing behaviours in half these studies.  
Best practice evidenced by the literature indicates no one test is entirely reliable but a consensus of test 
results is helpful. If SPECT is available in the absence of neuropsychological testing services then 
some level of diagnostic accuracy is possible when there remains no ‘gold standards’, to enable 
potential tailored treatment plans to be commenced.  However, this study can only be interpreted in the 
context of the available literature for accuracy, sensitivity and specificity of SPECT and 
neuropsychological testing given that no pathology results are available regarding these patients. 
 
This medical record audit also provided MMSE scores from the medical reports that when matched 
against the resultant diagnosis raise the question whether, despite its promise determined by large 
statistical studies, it is useful in differentiating dementia. Other tools have been developed for use by 
general practitioners such as the GPCOG.31 The large number of referring GPs reflects the nature of 
rural practice and the burden of diagnosis that resides with them. Specialists have an opportunity to 
provide further education via their diagnostic reports and the development of updated diagnostic 
pathways to assist GPs may be of benefit. 
 
Conclusion and Recommendations 
 
The literature review material and this small retrospective medical record audit has indicated that 
SPECT can be of assistance in rural areas for the diagnosis of dementia and differentiating dementia 
type. In light of the current literature an information paper concerning clinical considerations for the 
referral for SPECTwould be timely.  
 
Acknowledgements and Author Contributions. 
 
Patricia Logan-Sinclair is the main author and chief investigator for this study which was completed as 
a component of a larger project examined for the MAppSc(MedRad)(Res) at the University of Sydney. 
The Chief Supervisor was Dr. Alastair Davison, ProDean, Faculty of Health Studies, University of 
Sydney who has also edited the final version.    Ethics approval was granted by the Mid Western AHS 
Ethics Committee. Dr. Robert Greenough and Dr. Sharon Pussell gave permission for access to the 
original Nuclear Medicine files held within their practice. No funding was received for the project. 
 
2340 words without including those in the Tables. 
 
References 
1. NSW Health. New South Wales Older Peoples’ Health Survey 1999. NSW Public Health Bulletin 
Supplement  2000; 11(S-2). 
2. ABS 2901.0 1996 Census of Population and Housing Basic Community Profile Statistical Local 
Area –Carbonne (A). 2000. http://www.abs.gov.au  
3. Kukull, W, Larson, E, Bowen, T, McCormick, W, Pfanschmidt, M. The mini-mental state 
examination score and the clinical diagnosis of dementia. Journal of Clinical Epidemiology 1994; 
47:1061-1067. 
4. Drachman, DA, Freidland, RP, Larson, EB, Willaims, ME. Making sure it’s really Alzheimer’s. 
Patient Care 1991: 13-43 
5. Fauci, AS, Braunwald, E, Isselbacher, K, Wilson, JD, Martin, JB, KAspar, DL, Hauser, SL, Longo, 
DL (Eds). Harrison’s Principles of Internal Medicine 14th Edition. New York: McGraw-Hill 
6. Leeder, SR. Healthy Medicine: Challenges facing Australia’s health services. St. Leonards: Allen & 
Unwin, 1999. 
7. Chan, D, Eleaazar, J, Williams, S, et al. The Lidcombe Hospital Memory (Cognitive Disorders) 
Clinic: Review of Clinical Experience. Australian Journal of Aging 1998;17: 71-75 
8. Creasey, H, Waite, L. Investigation of the patient with dementia. Modern Medicine 1994; 37:128-
131. 
9. Grossman, M. Frontotemporal dementia: a review. Journal of International Neuropsychological 
Society. 2002; 8:566-583. 
10. Teel, CS,. Rural practitioner’s experiences in dementia diagnosis and treatment. Aging and Mental 
Health  2004; 8:422-9 (Sep). 
11. Boise, L, Camicioli, R, Morgan, DL, Rose, JH, Congleton, L. Diagnosing dementia: perspectives of 
primary care physicians. Gerontologist  1999; 39:457-464. 

CSU Research Output. www.csu.edu.au 

http://www.abs.gov.au/


12. HFMA.  Medicare Coverage Expanded for Alzheimer’s Disease PET Scans Healthcare Financial 
Management Association  Express News - September 24, 2004 
http://www.hfma.org/publications/express+news+archives/2004/Sep_24_2004.htm  
13. DeCarli, C. The role of neuroimaging in dementia. Clinics in Geriatric Medicine. 2001; 4(1):255-
279. 
14. Jobst, KA, Barneston, LP, Shepstone, BJ. Accurate prediction of histologically confirmed 
Alzheimer’s disease and the differential diagnosis of dementia: the use of NINCDS-ADRDA and 
DMS-III-R criteria, SPECT, X-ray CT, and Apo E4 in medial temporal lobe dementias. Oxford Project 
to investigate memory and aging. International Psychogeriatrics 1998; 10:271-302. 
15. Dougall, NJ, Bruggink, S, Ebmeier, KP. Systematic review of the diagnostic accuracy of 99mTc-
HMPAO-SPECT in dementia. American Journal of Geriatric Psychiatry  2004; 12:554-70. 
16. Troller, JN, Sachdev, PS, Haindl, W, Brodaty, H, Wen, W, Walker, B. Regional cerebral blood 
flow deficits in mild Alzheimer’s disease using high resolution single photon emission computerized 
tomography. Psychiatry & Clincial Neuroscience. 2005; 59:280-90 (Jun). 
17. Borroni, B, Anchisi, D, Paghera, B, et al.  Combined 99mTc-ECD SPECT and neuropyshological 
studies in MCI for the assessment of conversion to AD. Neurobiology of Aging  2006; 27:24-31 (Jan). 
18. Scheltens, P, Laurer, LJ, Barkhof, F, Weinstein, HC, Jonker, C. The diagnostic value of magnetic 
resonance imaging and technetium 99m-HMPAO single photon emission computed tomography for the 
diagnosis of Alzheimer disease in a community-dwelling elderley population. Alzhiemer Disease & 
Associated Disorders. 1997; 11(2): 63-70. 
19. Folstein, MF, Folstein, SE, McHugh, PR. “Mini Mental State” A practical method for grading the 
cognitive state of patients for the clinician. Journal of Psychiatric Research  1975; 12:189-198. 
20. Leopold, NA, Borson, A J. An alphabetical 'WORLD'. A new version of an old test. Neurology 
1997; 49: 1521-1524. 
21. Coen, RF, O'Mahony, D, Bruce, I, Lawler, BA, Walsh, JB, Coakley, D. Differential diagnosis of 
dementia: A prospective evaluation of the DAT Inventory. JAGS  1994; 42:16-20. 
22. Welsh-Bohmer, K. A., & Morgenlander, J. C. Determining the cause of memory loss in the elderly. 
Postgraduate Medicine  1999; 106. 
23. Nadler, JD,  Relkin, NR, Cohen, MS, Hodder, RA, Reingold, J, Plum, F.. Mental status testing in 
the elderly nursing home population. Journal of Geriatric Psychiatry & Neurology 1995; 8:177-183. 
24. Wind, A, Schellevis, F, Van Staveren, G, Scholten, R, Jonker, C, Van Eijk, J. Limitations of the 
Mini-Mental State Examination in diagnosing dementia in general practice. International Journal of 
Geriatric Psychiatry 1997; 12:101-108. 
25. Morales, J M, Bermejo, F, Romero, M, Del-Ser, T. Screening of dementia in community-dwelling 
elderly through informant report. International Journal of Geriatric Psychiatry 1997; 12(8): 808-816. 
26. Spence, D. Hermeneutic notions illuminate cross-cultural nursing experiences. Journal of Advanced 
Nursing. 2001; 35(4): 624-630. 
27. NSW Health. Mid Western AHS Profile. 2000. 
http://www.health.nsw.gov.au/areas/mwahs/profile.htm  
28. Velakoulis, D, Lloyd, JH.  The role of SPECT scanning in a neuropsychiatry unit. Australian and 
New Zealand Journal of Psychiatry 1998; 32:511-522. 
29. Galynker, I, Cai, J, Ongseng, F, Finestone, H, Dutta, E, Serseni, D. Hypofrontality and negative 
symptoms in major depressive disorder. JNM 1998; 39: 608-612. 
30. Kitwood, T. Dementia Reconsidered  Buckingham: Open University Press. 1998 
31. Brodaty, H, Kemp, NM, Low, LF. Charateristics of the GPCOG, a screening tool for cognitive 
impairment. International Journal of Geriatric Psychiatry 2004; 19: 870-4. 

CSU Research Output. www.csu.edu.au 

http://www.hfma.org/publications/express+news+archives/2004/Sep_24_2004.htm
http://www.health.nsw.gov.au/areas/mwahs/profile.htm


Table 1. 
MMSE scores corresponding to dementia diagnosis. 

 
Final diagnostic result  MMSE score 

Vascular dementia 21, 16, 27, 19, 23 

SDAT 27, 15, 16, 18, 20, 25, 17, 25, 23, 30, 22, 29, 19 

? Pick’s disease 20, 22 

Depression 27, 25, 24, 28, 20 

NAD 24, 30 
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Table 2.  
Matched results for neuropsychological, CT and SPECT reports.  

No significant difference was found between test results (P - 0.05); (NAD – no abnormality detected). 
 

Code SPECT result Neuropsychology report CT report 

A1 NAD Non dementing process NAD 

A2 Early SDAT Early SDAT NAD for age 

A3 SDAT SDAT NAD 

A4 SDAT and depression Early SDAT NAD 

A5 NAD Anterograde memory 

disorder, probably not SDAT 

? TIA in left carotid 

artery, otherwise 

NAD for age 

A6 Ischaemia left cerebral artery involving 

left fronto-temporal lobe 

Subcortical pathology, not 

SDAT 

Opacity Right 

temporal region, 

cerebral aneurysm 

A7 Vascular disease Subcortical pathology, not 

SDAT 

NAD for age 

B1 Frontal lobe SDAT or Pick’s disease Frontal lobe SDAT and ? 

depression 

NAD 

B2 Atypical for SDAT but consistent with 

dementia (hypoperfusion right fronto-

parietal, left tempo-parietal lobes). 

Early frontal lobe dementia 

or depression 

Old infarct right 

side of pons, else 

NAD for age 

B3 Possible depression, otherwise frontal 

lobe disease should be considered 

Very early frontal lobe 

variant of SDAT, no 

depression. 

NAD 

B4 ? Pick’s disease Suggestive of SDAT NAD 

D1 SDAT Impairment consistent with a 

number of disorders, ? 

depression 

NAD for age 

D2 NAD ? depression NAD 

D3 NAD depression NAD for age 

D4 NAD ? early SDAT  NAD 

D5 Subtle hypoperfusion right parietal 

occipital lobe, else NAD 

Probable SDAT NAD 

D6 Indeterminate due to severe movement 

in study 

Early middle dementing 

process probably SDAT 

NAD for age 
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