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What currently affects 5 million Americans and is estimated to affect 11-16 million by 2050?  What costs Americans three times more than chronic lung disease, but kills only half as many? (Grady)  The answer is Alzheimer’s disease, a brain disorder named after Alois Alzheimer, a German physician who first described the disease in 1906. (Alzheimer's Association)  Until recently, this devastating disease has disrupted many families with only a relatively small amount of understanding as to how it develops.  In this ever-changing world of medical technology it should be no surprise when issues with, and discussions about, new techniques arise.  Among the popular topics in the last several years has been the use of functional magnetic resonance imaging (fMRI) in the detection of early stages of Alzheimer’s disease (AD).  While it is a relatively new, noninvasive method for viewing and studying the inner workings of the human brain, many professionals and researchers believe the future for this technique is very promising.  The following information will review Alzheimer’s, including its diagnosis, the course of the disease and why early detection is important.  It will also review more about functional MRI and how it can be used to detect early stages of Alzheimer’s, and some concerns and criticisms surrounding it.


Affecting 10% of the population older than age 65, and 25-40% of the population older than 85, Alzheimer’s disease is the most common cause of dementia. (Blazer, Steffens and Busse)  The disease is a result of two abnormal structures known as plaques and tangles that somehow are responsible for the death of nerve cells.  Plaques, which contain beta-amyloid, a protein fragment, build up between the cells.  The true significance of this protein is still unclear to researchers.  Tangles are twisted fibers of a protein called Tau that builds up within dying cells.  Tau can normally be part of a nutrient system within a cell but if damaged, eventually that cell will die.  An increase in tangles to some degree is normal with aging, however, the amount of tangles in AD patients tends to be excessive and appears in predictable patterns.  It was these very plaques and tangles, along with a shrunken cortex, that were seen during the autopsy of Auguste D., the patient Alois Alzheimer first described. (Alzheimer's Association)                                             


Early stages of Alzheimer’s disease are easily confused with loss of memory function due to normal aging and the two can be indistinguishable during a simple clinical evaluation. The diagnosis of Alzheimer’s is “a combined clinical and neuropathological diagnosis that can be made definitively only when a patient meeting antemortem clinical criteria for the disease is found at postmortem to have histopathological changes of AD.”  Another method is diagnosis by elimination of other criteria such as brain disease or history of brain injury. There are two processes, The Folstein Mini Mental State Examination (MMSE) and the Short Portable Mental Status Questionnaire (SPMSQ) that are used in cases of different ethnicity that will not allow cultural differences or language barriers to be disguised as cognitive impairment.  Because multiple studies have confirmed that dementias with insidious onset with a progressive course are usually AD, often times before death a patient is considered to have “probable” AD. (Mouton and Esparza)
 According to The Textbook of Geriatric Psychiatry, the course of the disease begins with subtle loss of recent memory followed by personality changes such as a loss of interest in friends and activities.  This behavior is then typically followed by more evident memory deterioration.  Eventually the patient will experience deficits in functioning and visual-spatial skills, aphasia, irritability, and disrupted sleep-wake cycles.  The duration of the disease is rarely less than 5 years and can easily continue for more than 15 years. (Blazer, Steffens and Busse)

Early detection of this disease can be beneficial in several ways.  Many times a diagnosis made only when symptoms become apparent is already too late to stop brain damage before it becomes extensive. (Grady)  An early detection can also give the patient the opportunity to be involved in choosing members of their medical team and planning for their future.  Patients with an early diagnosis are able to educate themselves to know what signs to look for when they may need more assistance as well as more advanced access to existing medications and programs.  Currently the medications available will not cure the disease, but can slow the progression if caught early on.  With a rate of Alzheimer’s development of a new patient every 72 seconds, direct and indirect costs of AD and other dementias amount to more than $148 million annually.  For the welfare of patients with Alzheimer’s disease, as well as to bring down health care costs, it is essential for researchers to learn more about the disease including ways to make an early accurate diagnosis. (Alzheimer's Association)  Among their recent finds is the use of functional MRI scans to expose potential victims of AD.


The more traditional structural MRI detects changes in brain anatomy such as mass lesions, encephalomalacia (cerebral softening), and vascular changes.  Functional MRI indirectly measures neuronal activity based on changes in blood properties. (Lee, Mintun and Buckner)  This technique has been able to show technical abnormalities in certain regions with mild cognitive impairment (MCI), which often times is the earliest clinical phase in Alzheimer’s disease. (Dickerson)

The signals used in fMRI are determined by hemodynamics, which refers to the changes in blood flow and blood oxygenation in the brain which are related to the activity of neurons.  These signals from blood can be slightly different depending on the level of oxygenation.  Hemoglobin in red blood cells is diamagnetic when oxygenated and paramagnetic when deoxygenated.  When nerve cells are active, they consume oxygen from the hemoglobin in the red blood cells of the capillaries.  Consequently, an increase in neural activity results in an increase of blood flow to that area. (Wikipedia the Free Encylclopedia)  Simply put, changes in neuronal activity results in changes in blood flow which in turn result in changes in oxygen content in the blood.  The signal that oxygenated blood sends is constant while the deoxygenated signal is not.  The signal loss contributed by deoxygenated blood is less pronounced and appears brighter.  “The resulting signal loss can be detected when an imaging sequence with the right parameters is used.” (Lee, Mintun and Buckner)

When cognitive tasks are performed, functional activity is shown by an increase in blood flow resulting in a surplus of oxygenation.  This common form of measurement used in fMRI is termed the blood oxygen level dependent method, or BOLD.  Three approaches to study AD using functional MRI have come about.  The first focuses on studying tasks that are known to be compromised in Alzheimer’s patients such as plugging new information into the memory.  In studies, a reduced signal was shown in medial temporal and frontal regions in patients with suspected early stage AD.  This gives hope that these kinds of changes could serve as an early marker for the disease.  The second examines patterns that are the outcome of tasks finished successfully but tend to be more challenging in Alzheimer’s patients.  This is thought to show neural activity which, in people with the early stages of this disease, would be increased in order to complete a task when compared to a control.  The third is one that images tasks that “yield downstream markers of medial temporal function.” (Lee, Mintun and Buckner)

In studies, Alzheimer’s patients’ memories during task performance shows decreased activation in hippocampal and para-hippocampal regions when compared to control subjects.  During performances of visual attention, abnormal parietal activation was seen with increased prefrontal activation that researchers feel could be compensatory.  In these task performance studies, it is important to engage specific brain channels in order to see functional abnormalities in patients. (Lee, Mintun and Buckner)

As with any subject that has yet to be fully discovered, fMRI has some skeptics.  Functional imaging of the brain seems to be more sensitive than structural imaging.  Brain and body states such as arousal or sleep deprivation or differences among individuals such as genetics, intelligence, or medication can all produce inconsistent and inaccurate results. (Dickerson)  This makes a group of control subjects for a study difficult to assemble.  Task and rest functions need to be repeated several times in order to obtain reliable results due to the difficulty in deciphering between the different signals.  However, a positive response to this is because it is noninvasive and does not require contrast injection; therefore it is reasonable to repeat the exam several times.  This could be helpful when studying the course of an illness.  On the other hand, the exams tend to be lengthy and this can be uncomfortable and unfeasible for sick or elderly patients.  However, there are some scans that are as short as a few minutes that can still provide valuable images of brain function. (Lee, Mintun and Buckner)  Another issue with sick or elderly patients is that motion in excess of 3 millimeters will produce unusable data.  Some negative reinforcement strategies can be attempted but there is hope for a new design in the future to overcome this. While fMRI gives good spatial resolution, the temporal resolution remains of poor quality.  For this reason often times it must be combined with electroencephalography (EEG) or magnetoencephalography (MEG).  Some in favor of fMRI will respond that the temporal resolution is slower because fMRI is measuring blood activity which has a longer response time than to EEG, which measures a faster neural activity.  Due to the newness of the technique, many who have used it in studies have been unsuccessful because they are not familiar with it.  This problem however does not lie within the method; rather it is a problem in the amount of training received.  A last concern lies in the fact that the relationship between neural signal and BOLD method in still under active research. (Wikipedia the Free Encylclopedia)

The devastating effect of Alzheimer’s disease has perplexed people for over a hundred years.  It seems we have learned a great deal about this condition since the days of Alois Alzheimer, yet we are still left with many unanswered questions.  Also advances in technology have brought medical imaging from basic pictures to the more complex techniques and images being provided by the use of functional MRI.  I would not disagree that this practice is too new to rely on solely for the diagnosis of any condition.  However, I agree with those who believe in a promising future for this discovery.  There do appear to be some aspects of fMRI used in detecting AD that could benefit and gain credibility through continuing studies and trials.  In the meantime, introducing this method in conjunction with presently used techniques is appropriate.  An improvement in early diagnosis could lead to a better understanding of the disease which possibly could help in discovering either a cure or preventative measures to put in place.  Aging members of our society should be able to look forward to their golden years, rather than being stripped away from them and their families because of this degenerative condition that we have so much more to learn about.
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