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Imaging slide notes

Slide #

1. Name and title

2. Red highlights depict the enlarged ventricular system, typically found in AD. This type of change is found with all degenerative diseases and is a non-specific finding reflecting the loss of brain tissue. Some studies have pointed to temporal horn enlargements as most informative in AD as it may reflect the local damage to the medial temporal lobe. Recent studies suggest that knowledge of the magnitude of the brain CSF volume is of interest in correcting for the dilution of spinal fluid concentrations of proteins such as tau or hyperphosphorylated tau. These proteins are experimentally used in diagnostic testing for AD.

de Leon, M.J., George, A.E., Reisberg, B., Ferris, S.H., Kluger, A., Stylopoulos, L.A., Miller, J.D., La Regina, M.E., Chen, C. & Cohen, J. (1989). Longitudinal CT studies of ventricular change in Alzheimer's disease. American Journal of Neuroradiology, 10, 371-376.

Holodny AI, George AE, Golomb J, de Leon MJ (1996) Neurodegenerative disorders. In: Clinical Magnetic Resonance Imaging. Edited by RR Edelman, JR Hesselink, MB Zlatkin. Philadelphia: W.B. Saunders Company. 911‑927. With Permission from Elsevier.

de Leon MJ, Segal CY, Tarshish CY, De Santi S, Zinkowski R, Mehta PD, Convit A, Caraos C, Rusinek H, Tsui W, Saint-Louis LA, DeBernardis J, Kerkman D, Qadri F, Gary A, Lesbre P, Wisniewski H, Poirier J, Davies P (2002) Longitudinal CSF tau load increases in mild cognitive impairment. Neuroscience Letters 333, 183-186.

3. Positron Emission Tomography (PET) studies of glucose metabolism are sensitive to the damages caused by AD. In clinically recognized AD, metabolic reductions in the temporo-parietal and posterior cingulate gyrus areas are useful indicators of disease. In less advanced cases the damage may be more restricted to the medial temporal lobe. In the figure, widespread damage to the medial and lateral temporal lobe can be seen in the patient with AD on the right relative to control.

Ferris, S.H., de Leon, M.J., Wolf, A.P., Farkas, T., Christman, D.R., Reisberg, B., Fowler, J.S., MacGregor, R., Goldman, A., George, A.E. & Rampal, S. (1980). Positron emission tomography in the study of aging and senile dementia. Neurobiology of Aging, 1, 127‑131.  

De Santi, S., de Leon,M.J., Rusinek,H., Convit,A., Tarshish,C.Y., Boppana,M., Tsui,W.H., Daisley,K., Wang,G.J., and Schlyer,D. (2001) Hippocampal formation glucose metabolism and volume losses in MCI and AD. Neurobiology of Aging, 22, 529-539.

de Leon,M.J., Convit,A., Wolf,O.T., Tarshish,C.Y., De Santi,S., Rusinek,H., Tsui,W., Kandil,E., Scherer,A.J., Roche,A., Imossi,A., Thorn,E., Bobinski,M., Caraos,C., Lesbre,P., Schlyer,D., Poirier,J., Reisberg,B., and Fowler,J. (2001) Prediction of cognitive decline in normal elderly subjects with 2-[18F]fluoro-2-deoxy-D-glucose/positron-emission tomography (FDG/PET), Proc. Natl. Acad. Sci. USA, 98, 10966-10971.

4. The horse race illustration represents the problem of trying to determine the first horse out of the proverbial barn. In this case the horses are brain areas and the challenge is to identify which region is first involved in AD. Such knowledge would be most valuable for early diagnosis. The slide depicts the hypothesized entorhinal cortex as the first horse to leave and cross the threshold of MCI.

Mosconi,L.; De Santi,S.; Rusinek,H.; Convit,A.; de Leon,M.J. Magnetic resonance and PET studies in the early diagnosis of Alzheimer's disease.  Expert Review of Neurotherapeutics, 2004(5): 831-849.

5. Some years ago Braak and Braak presented a model of AD brain involvement based on the frequency and location of the deposition of neurofibrillary tangles. This has led to the simplified hypothesis testable with in vivo imaging that the entorhinal cortex as mentioned in slide #4 is the first involved area followed by the hippocampus and then the neocortical temporal cortex.

M. J. de Leon (Ed). An Atlas of Alzheimer's Disease, New York: Parthenon Publishing, 1999.

6. This rendering of an MRI scan depicts the size and spatial relationships between the whole brain and the hippocampus, in red, and the entorhinal cortex, in yellow. To create this view the anatomy was drawn on about 50 thin (1mm) MRI slices and then reformatted to create this 3-D view.

M. J. de Leon, M. Bobinski, A. Convit, and S. De Santi. Neuropathological and neuroimaging studies of the hippocampus in normal aging and in Alzheimer's Disease. In: Neurobiology of Mental Illness, edited by D. S. Charney, E. J. Nestler, and B. S. Bunney, New York:Oxford University Press, 1999, p. 698-714.
7. This photo of the inferior aspect of the brain shows several landmarks that are useful in defining the boundaries of the entorhinal cortex using MRI.  Yellow is the anterior rhinal sulcus, and blue is the posterior collateral sulcus. The red arrows point to the medial boundary of the entorhinal cortex tissue.

8. This axial MRI image of the inferior aspect of the brain shows landmarks that are useful in defining the boundaries of the entorhinal cortex. Yellow is the anterior rhinal sulcus, and blue is the posterior collateral sulcus. The red arrows show the medial boundary of the tissue. Note that the photographed anatomy depicted in slide #7 is from another patient.

9. The surface area of the entorhinal cortex in red from a post mortem specimen.

10.  MRI scans at baseline and after 3 years showing’ in red’ the reduction in size of the entorhinal surface in a patient that deteriorated from normal to MCI. Note that the determination of a brain effect requires that many more slices be used depicting the full anterior-posterior extent of the entorhinal cortex.

11.  PET scans at baseline and after 3 years in a normal individual who remained within normal limits. The arrows highlight the unchanged region of the entorhinal cortex.

12.  PET scans at baseline and after 3 years in a normal individual who declined to MCI. The arrows highlight the region of the entorhinal cortex. Note the metabolism reductions from the normal case. Also note that other regions appear affected. However, in a published study only the entorhinal cortex glucose metabolism reductions reached significance. It is possible that with a larger sample other regions would also reach significance. This example points out that brain changes predicting clinical decline can occur many years prior to the clinical changes.

de Leon,M.J., Convit,A., Wolf,O.T., Tarshish,C.Y., De Santi,S., Rusinek,H., Tsui,W., Kandil,E., Scherer,A.J., Roche,A., Imossi,A., Thorn,E., Bobinski,M., Caraos,C., Lesbre,P., Schlyer,D., Poirier,J., Reisberg,B., and Fowler,J. (2001) Prediction of cognitive decline in normal elderly subjects with 2-[18F]fluoro-2-deoxy-D-glucose/positron-emission tomography (FDG/PET), Proc. Natl. Acad. Sci. USA, 98, 10966-10971.

13.  MRI depicting the atrophy of the hippocampus in several clinical stages. Note how this anatomy decreases in size with increasing levels of disease (MCI to AD-mild to AD-moderate). It is of interest that this anatomy can also be studied with MRI systems dedicated to the small volume of the mouse brain. In the human with AD, hippocampal volume loss is a strong correlate of neuronal atrophy. The presence of hippocampal atrophy in patients with MCI is a strong predictor of future decline (within 3 years) to clinically recognized AD.

de Leon, M.J., George, A.E., Stylopoulos, L.A., Smith, G. & Miller, D.C. (1989). Early marker for Alzheimer's disease: The atrophic hippocampus. Lancet, Sept. 16, 672‑673.

de Leon, M.J., Golomb, J., George, A.E., Convit, A., Tarshish, C.Y., McRae, T., de Santi, S., Smith, G. & Ferris, S.H. (1993). The radiologic prediction of Alzheimer's disease: The atrophic hippocampal formation. American Journal of Neuroradiology  14: 897-906.  

Bobinski,M., de Leon,M.J., Wegiel,J., De Santi,S., Convit,A., and Wisniewski,H.M. (2000) The histologic validation of MRI hippocampal volume measurements in Alzheimer disease. Neuroscience, 95, 721-725.

Helpern J, Falangola MF, Dyankin V, Lee SP, Bogart A, Estok K, Ardekani B, Duff K, Branch C, Wisniewski T, de Leon MJ, Wolf M, O’Shea J, Wegiel J, Nixon RA. (2004). Magnetic resonance imaging assessment of 

neuropathology in transgenic mouse model of Alzheimer’s disease. Magn.Resonance in Med. 51(4),794-798.

14.  The frequency of detected (clinically read) hippocampal atrophy increases as a function of age. As such nearly 50% of individuals at age 80 show evidence for atrophy. For individuals with the clinical diagnosis of MCI or AD the presence of atrophy is not age-dependent. In other words, the disease effect is greater than the age effect.

de Leon MJ, George AE, Golomb J, Tarshish C, Convit A, Kluger A, De Santi S, McRae T, Ferris SH, Reisberg B, Ince C, Rusinek H, Bobinski M, Quinn B, Miller DC, Wisniewski HM (1997) Frequency of hippocampus atrophy in normal elderly and Alzheimer's disease patients. Neurobiology of Aging. 18: 1‑11.

15.  The frequency of cases with hippocampal atrophy increases as a function of disease severity.

de Leon MJ, George AE, Golomb J, Tarshish C, Convit A, Kluger A, De Santi S, McRae T, Ferris SH, Reisberg B, Ince C, Rusinek H, Bobinski M, Quinn B, Miller DC, Wisniewski HM (1997) Frequency of hippocampus atrophy in normal elderly and Alzheimer's disease patients. Neurobiology of Aging. 18: 1‑11.

16.  A large region including the hippocampus studied with MRI in 1995 in a normal subject. 

17.  The same subject 2 years later (1997) after decline to MCI. Images #16 and  #17 are coregistered.

18.  Using the regional boundary shift method, the computer identified the red areas as having changed from a brain to CSF intensity. The regions in red were identified as having become atrophic over the study interval.

Rusinek H, De Santi S, Frid D, Tsui W, Tarshish C, Convit A, de Leon MJ (2003) Serial MRI as a predictor of cognitive decline: a six year longitudinal study of normal aging. Radiology, 229, 3, 691-696.

19.  Conclusions
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