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KEY POINTS  Routine use of structural neuroimaging with computed tomography (CT) or MRI is recommended in the evaluation of patients with dementia.  The latest criteria for the diagnosis of AD incorporate imaging biomarkers to support a clinical diagnosis. Imaging biomarkers for AD include PET and volumetric MRI.  Florbetapir, an amyloid-binding PET tracer, was recently approved by the US Food and Drug Administration for use in the assessment of patients with cognitive impairment. Although a positive scan is nonspecific and of limited clinical usefulness, a negative scan may be clinically relevant and suggests the presence of a non-AD cause of cognitive decline.  The best conventional MRI modality for prion disorders is diffusion-weighted imaging (DWI). The hyperintense DWI signal is caused by restricted diffusion in the vacuolar (spongiform) areas. The pulvinar sign is part of the World Health Organization diagnostic criteria for variant Creutzfeldt-Jakob disease.  Cognitive deficits in multiple sclerosis (MS) can be attributed not only to visible white matter lesions but also to affected gray matter and normal-appearing brain tissue.  In MS (or any immunocompromised host), the appearance of patchy, confluent T2 hyperintense signal that extends to the subcortical U-fibers is worrisome for the development of progressive multifocal leukoencephalopathy.  Neurosarcoidosis or central nervous system (CNS) lupus may be difficult to differentiate from MS on MRI. In neurosarcoidosis, the pituitary stalk and hypothalamus may be involved. Leptomeningeal enhancement, when present, is characteristic of neurosarcoidosis. Lesions in CNS lupus tend to be subcortical, round and patchy (not linear), and spare the callosum.  MRI is the preferred imaging modality to characterize the pathologic correlates to vascular cognitive impairment, which can be caused by large-vessel infarction, lacunar infarct(s), chronic microvascular ischemia, watershed ischemia, or hemorrhage.
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INTRODUCTION



Dementia is a common cause of morbidity and mortality worldwide, particularly in the elderly population. The worldwide prevalence of dementia in 2010 was estimated to be more than 35 million, with a projected prevalence in 2050 of more than 115 million.1 In the United States, 13% of people 65 years and older, and almost 50% of those 85 years and older, have Alzheimer disease (AD).2 The prevalence of AD in the United States is expected to increase from 5.4 million in 2012 to as much as 16 million in 2050.2 Although dementia remains a clinical diagnosis, neuroimaging is an increasingly valuable clinical and research tool in the assessment of patients with cognitive symptoms. The introduction of CT in the 1970s allowed for the first time routine visualization of cerebral anatomy in vivo, to assess for structural lesions that could mimic degenerative forms of dementia. MRI, PET, and other imaging modalities allow for improved visualization of the pathophysiologic processes associated with dementia and are routinely used in clinical practice. IMAGING GUIDELINES



The indications for utilization of neuroimaging in the routine evaluation of dementia have evolved over the past several decades (Table 1). In the 1990s, guidelines published by American and Canadian organizations recommended that neuroimaging be considered in the evaluation of patients with dementia, but routine use of CT or MRI was not recommended for all patients.3,4 However, initial and subsequently revised guidelines by the European Federation of Neurological Societies, and revised guidelines by the American Academy of Neurology recommended the use of structural neuroimaging (either CT or MRI) in the routine evaluation of patients with dementia.5–7



Table 1 Evolution of guidelines for neuroimaging in patients with dementia Entity



Year



Recommendations



AANa



1994



Neuroimaging is not routinely recommended (optionb)



1999



Neuroimaging (head CT) is recommended in select clinical situations, such as age 


AANa



2001



Structural neuroimaging (noncontrast CT or MRI) is appropriate in the routine initial evaluation of patients with dementia (guidelinee)



EFNSf



2007



Structural imaging is recommended in every patients suspected of dementia:  Noncontrast CT can identify surgically treatable lesions and vascular disease (level Ag).  To increase specificity, MRI should be used (level Ag).



EFNSf



2012



Structural imaging (CT or MRI) is recommended in the routine evaluation of every patient with dementia, to exclude secondary causes of dementia (level Ag)



CCCD



a



c



American Academy of Neurology. Practice option: unclear clinical certainty (inconclusive or conflicting evidence or opinion). c Canadian Consensus Conference on Dementia. d Level B: based on fair evidence. e Practice guideline: recommendation that reflects moderate clinical certainty, usually class II evidence or strong consensus of class III evidence. f European Federation of Neurological Societies. g Level A: established as effective, based on at least 1 convincing class I study or at least 2 convincing class II studies. b



Neuroimaging of Dementia



Historically, the primary indication for neuroimaging has been to rule out reversible processes; it has been estimated that up to 5% of patients with dementia without focal signs or symptoms may have a potentially reversible lesion identifiable on routine neuroimaging.8 Although there are limited data on the subject, at least one North American reference suggests that neurologists may strongly adhere to these recommendations, reporting that 99% of the patients with dementia in a Veterans Administration practice received either a CT or MRI as part of their evaluation.9 ROUTINE IMAGING MODALITIES



In patients presenting with dementia, structural imaging modalities such as noncontrast CT or MRI can readily identify clinically significant mass lesions, such as subdural hematomas, neoplasms, and hydrocephalus, which are potentially amenable to surgical intervention (Fig. 1). CT scans are well suited to visualize soft tissue such as brain parenchyma, but bony and similar structures can also be clearly assessed using different windowing settings. In patients with dementia, most lesions amenable to surgical intervention can be identified with CT. A total CT scan time in the order of seconds is particularly valuable in the population with dementia, given potential intolerance of the prolonged immobilization required for MRI. Although traditional CT brain protocols have provided only axial images, multiplanar reconstructions including coronal and sagittal images are becoming more widely available. Limitations to CT include exposure to ionizing radiation, diminished visualization of structures within the posterior fossa, and artifact from implanted metallic devices (Fig. 2). With its superior resolution and standard multiplanar capability, MRI is the preferred imaging modality in the evaluation of patients with dementia. In contrast to standard CT protocols, MRI of the brain routinely includes sagittal, coronal, and axial sequences (Fig. 3). In addition, standard MRI protocols include sequences that are sensitive to edema (fluid-attenuated inversion recovery [FLAIR] and T2-weighted), acute ischemia (diffusion-weighted imaging [DWI]), blood products (gradient echo or susceptibilityweighted imaging [SWI]), and other pathologic processes. Limitations to MRI include



Fig. 1. A 65-year-old woman presenting with memory loss and bradyphrenia. Imaging findings are characteristic of meningioma. (A) T1-weighted sagittal, contrast-enhanced MRI and (B) fluid-attenuated inversion recovery axial MRI.
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Fig. 2. CT (A, C) and MRI (B, D) of an 85-year-old woman. Note the prominent streak artifact on CT (A) caused by coiled aneurysm with minimal degradation of the corresponding MR image (B). Both series show mild ventriculomegaly, prominent periventricular white matter disease (likely ischemic), and a right thalamic lacunar infarct (asterisk).



longer scan times, greater potential for motion artifact, and contraindications in patients with certain implanted hardware, such as most pacemakers. In appropriate clinical scenarios, in particular if neoplasm, intracranial infection, or demyelination are suspected, contrast-enhanced MRI sequences should be strongly considered. Although not universally used in clinical practice to assess patients with dementia, additional MRI techniques have shown promise in further elucidating the pathophysiology of AD and other dementias (Box 1). Nuclear medicine protocols with clinical relevance to dementia imaging include PET and single-photon emission CT (SPECT). The most commonly used PET ligand in



Neuroimaging of Dementia



Fig. 3. Select MRI sequences used in the assessment of patients with dementia. (A) Axial FLAIR, (B) sagittal T1-weighted, and (C) coronal T2-weighted images.



dementia is 2-deoxy-2-[18F]fluoro-D-glucose ([18F]FDG), which serves as a marker for regional brain metabolism (Fig. 4). [18F]FDG, a glucose analogue, is transported into the neuron proportional to the degree of cellular metabolic activity. In 2004, [18F] FDG-PET became the first nuclear medicine modality to be reimbursed by Centers for Medicare and Medicaid Services (CMS) for the evaluation of patients with dementia. Certain insurers, including CMS, generally cover [18F]FDG-PET studies only to clarify a diagnosis between AD and frontotemporal lobar dementia (FTLD), assuming that other criteria are also met. In contrast, SPECT imaging is not generally reimbursed by CMS for the assessment of dementia, and in the United States is used less commonly than PET in routine clinical assessment of patients with dementia. ALZHEIMER DISEASE



AD is the most common cause of dementia in the United States. In addition to a strong association with advancing age, risk factors associated with AD include female gender, genetic factors such as apolipoprotein E status, hypertension, and diabetes mellitus. The characteristic pathologic findings associated with AD include b-amyloid plaques, neurofibrillary tangles, and atrophy. The current consensus is that the first step in the AD cascade is the production of b-amyloid (in particular Ab-42) by b-secretase and g-secretase cleavage of the amyloid precursor protein. There is subsequent deposition of insoluble b-amyloid, with the development of neuritic plaques. Hyperphosphorylation of tau protein and development of neurofibrillary tangles follow, and atrophy and other imaging hallmarks of AD occur (Fig. 5).10 The cognitive symptoms associated with AD occur late in the AD cascade. Noninvasive confirmation of AD such as through neuroimaging will likely become increasingly important as disease-modifying agents specific to AD become available.



Box 1 Additional MRI protocols with applications for dementia evaluation Magnetic resonance spectroscopy Diffusion tensor imaging Magnetization transfer imaging Functional MRI Magnetic resonance perfusion Cerebrospinal fluid flow studies
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Fig. 4. Normal [18F]FDG-PET in the axial plane.



Recently, the diagnostic criteria for dementia of the Alzheimer type have been revised to incorporate imaging and laboratory biomarkers, factors associated with the pathophysiologic process of AD.11 There are 2 categories of AD biomarkers, those pertaining to b-amyloid deposition and others that reflect neuronal degeneration or injury. b-Amyloid neuroimaging biomarkers include amyloid binding with specific PET tracers. Neuroimaging biomarkers for neuronal degeneration include regional hypometabolism, visualized on [18F]FDG-PET, and atrophy, best visualized on MRI.



Fig. 5. Neurobiological changes in the various stages in the development of AD, illustrated by specific imaging techniques. A larger area in red indicates a greater degree of the neurobiological disorder (ie, Ab deposition or atrophy). (Adapted with permission from Lippincott Williams and Wilkins/Wolters Kluwer Health: Curr Opin Neurol, Masdeu J, et al, The neurobiology of Alzheimer disease defined by neuroimaging, 2012.)



Neuroimaging of Dementia



Many recent advances in AD imaging research have resulted from the Alzheimer’s Disease Neuroimaging Initiative (ADNI), which began enrollment in 2004 and was initially scheduled to be completed in 2009. The primary goal of ADNI was to develop clinical, imaging, genetic, and biochemical markers for the early detection and monitoring of AD. Funding for ADNI has been extended, and the active protocol in North America is known as ADNI-2, which includes MRI, [18F]FDG-PET, and amyloid PET imaging. There are also now ADNI sites in Europe, Australia, and Asia, with others under development.12 Imaging Modalities in AD



MRI is the preferred imaging modality for the routine assessment of patients with dementia of the Alzheimer type. The most common MRI finding in patients with AD is atrophy, which can be focal, multifocal, or generalized. Atrophy of the medial temporal lobe and other select regions has been reported not only in patients with dementia but also in mild cognitive impairment (MCI) and even asymptomatic individuals with genetic risk factors for AD.13–15 Patients with less common forms of AD, for example posterior cortical atrophy (Fig. 6), may show patterns of atrophy reflective of their particular subtype. Measurements of cortical thickness have been proposed as a promising MRI biomarker of atrophy, because patients with AD have been noted to have selective areas of cortical thinning. One such metric, calculated from averaging cortical thickness in multiple regions of interest, including the medial temporal lobe, has been used to predict time to development of dementia in patients with baseline normal cognitive function.16 A similar study shows a trend toward more AD-like cerebrospinal fluid (CSF) (abnormally low CSF b-amyloid) and a greater risk of cognitive and neuropsychological decline over 3 years in patients with greater baseline atrophy.17 Ventricular volume measurements, as a marker of atrophy, have also been investigated. Patients with AD have been shown to have larger ventricular volumes than patients with MCI and normal controls.18 In addition, ventricular volume measurements may predict which patients with MCI may progress to dementia compared with those who remain clinically stable.18 A fully automated and commercially available process (NeuroQuant, CorTechs Labs, La Jolla, CA) has been developed, which performs age-matched and gendermatched volumetric analysis of the hippocampi, inferior lateral ventricles, and other key structures (Fig. 7). A typical AD pattern is a significant reduction in hippocampal volume, with corresponding enlargement of the adjacent inferior portion of the lateral ventricle (Fig. 8). This process has been used to show that patients with greater hippocampal atrophy at baseline progress to dementia more rapidly than those with less baseline atrophy.19 Other tools for volumetric analysis include FreeSurfer (http:// surfer.nmr.mgh.harvard.edu) and Functional MR Imaging of the Brain Software Library (http://www.fmrib.ox.ac.uk/fsl). It is increasingly recognized that AD pathology is not restricted to cortically-based plaques and tangles; white matter derangements can also occur and can be assessed with MRI. For example, diffusion tensor imaging (DTI) can characterize white matter integrity through measurements of fractional anisotropy (FA). A meta-analysis of DTI studies20 identified widespread reduced FA in patients with AD and MCI, compared with normal controls. Neuropsychiatric symptoms including agitation and apathy have been associated with reduced FA in the anterior cingulum and other regions in patients with MCI and AD.21,22 Another advanced MRI technique with potential usefulness in AD is magnetic resonance spectroscopy (MRS). Patients with AD show a reduction in the N-acetyl
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Fig. 6. MRI of a 69-year-old woman with the posterior cortical atrophy variant of AD. (A–C) Axial T2-weighted and (D) parasagittal T1-weighted sequences. Note the sulcal prominence representing atrophy in the parietal and occipital regions (straight arrows), compared with the normal frontal (curved arrow) and temporal lobes.



aspartate (NAA)/creatine (Cr) ratio, reflecting diminished neuronal density, in regions such as the posterior cingulate gyrus (Fig. 9).23 After CT and MRI, the imaging modality most commonly used in the clinical assessment of AD is [18F]FDG-PET. Typical findings in AD are hypometabolism in the parietotemporal region and posterior cingulate cortex (Fig. 10), although abnormalities can sometimes be appreciated in the medial temporal lobes. As AD progresses, hypometabolism becomes more extensive, with involvement of the prefrontal cortex and other cortical regions. However, certain regions, including the cerebellum, primary visual cortex, and primary motor cortex, are relatively spared throughout the course of the disease.24 Primarily because reimbursement is limited to cases indeterminate between AD and FTLD, [18F]FDG-PET is only used in select clinical assessments. Recently, considerable interest has been generated regarding novel PET tracers that bind to intracerebral b-amyloid. The first such tracer to be developed was the Pittsburgh compound B (PiB),25 which has been shown to have a high affinity for amyloid. More than 90% of patients with AD, 60% of patients with MCI, and 30% of normal elderly individuals show abnormal PiB binding (Fig. 11).26 Although data suggest that amyloid deposition generally occurs before the onset of cognitive impairment



Neuroimaging of Dementia



Fig. 7. Coronal T2-weighted MRI showing cross section of the right hippocampus (straight arrow) and inferior lateral ventricle (curved arrow).



associated with AD, it remains to be determined whether or not significant amyloid deposition can represent a benign process in some elderly individuals, without the inevitable development of dementia. A significant limitation of PiB imaging is the short half-life of the PiB tracer (about 20 minutes), which essentially restricts its use to centers with immediate access to a cyclotron. More recently, amyloid-binding PET tracers with longer half-lives have been developed. One such agent, florbetapir (Amyvid, Lilly USA, Indianapolis, IN) with a half-life of almost 2 hours, was approved by the US Food and Drug Administration in 2012 (Table 2). Studies have confirmed that florbetapir-PET scans accurately



Fig. 8. Brain MRI volumetric analysis. Presented are the combined hippocampal (A) and inferior lateral ventricle volumes (B), as % of total intracranial volume (ICV). There is significant reduction in the hippocampal volume (95th percentile). This pattern suggests hippocampal atrophy, such as can be seen with AD. (Courtesy of Coltechs Labs, Inc., La Jolla, CA; with permission.)



67



68



Bertelson & Ajtai



Fig. 9. Proton MRS regional differences in control versus patient with AD. Note that although the NAA/Cr ratios in the medial occipital regions are relatively constant between the normal control and patient with AD, the NAA/Cr ratio in the posterior cingulate is significantly diminished in the patient with AD. (From Kantarci K, Jack C. Predicting progression of Alzheimer’s disease with magnetic resonance. In: Broderick PA, Rahni DN, Kolodny EH, editors. Bioimaging in neurodegeneration. Totowa (NJ): Humana Press, 2005; with kind permission of Springer Science1Business Media.)



Fig. 10. [18F]FDG-PET in a 61-year-old woman with AD. Note the profoundly diminished [18F] FDG uptake in the temporoparietal and parietal regions bilaterally (arrows), seen on (A) axial and (B) parasagittal images.



Fig. 11. PiB binding in healthy controls and patients with nonamnestic MCI, amnestic MCI, and AD. The higher cortical ratio color scale corresponds to greater PiB binding. (From Lowe VJ, Kemp BJ, Jack CR Jr, et al. Comparison of 18F-FDG and PiB PET in Cognitive Impairment. J Nucl Med 2009;50(6):883; with permission. Ó by the Society of Nuclear Medicine and Molecular Imaging, Inc.)
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Table 2 Florbetapir-PET imaging in dementia Indications for florbetapir-PET scans Patients with cognitive impairment being evaluated for AD and other causes of cognitive decline To estimate b-amyloid neuritic plaque density Adjunct to other diagnostic evaluations Positive scan



Negative scan



Indicates moderate to frequent b-amyloid neuritic plaques



Indicates sparse to no b-amyloid neuritic plaques



Does not implicate AD as the cause of cognitive decline. Although consistent with AD, a positive scan may also be present in patients with other neurologic conditions and older persons with normal cognition



Inconsistent with a diagnosis of AD and suggests an alternative cause for the cognitive decline



Data from Amyvid package insert, Eli Lilly and Company, Inc., Indianapolis, IN. 2012.



and reliably estimate b-amyloid neuritic plaque density.27 Given that b-amyloid is relatively nonspecific and is seen not only in patients with AD but also in normal elderly and various non-AD disorders (such as Lewy body disease), a positive scan is of limited clinical usefulness. However, a negative florbetapir scan has clinical value because it is inconsistent with AD and suggests the presence of a dementing disorder other than AD. As of April 2013, a decision from CMS regarding reimbursement for florbetapir-PET had not been announced. High cost and low specificity of florbetapir and other amyloid-binding PET tracers will likely limit their clinical use. For now, amyloid imaging has a valuable role in clinical trials of antiamyloid therapies.28 FRONTOTEMPORAL LOBAR DEGENERATION



The term FTLD refers to a heterogeneous group of disorders characterized by degeneration predominantly of the frontal or temporal lobes, with symptoms involving behavior, language, or motor function. An earlier term for this disease spectrum, Pick disease, is no longer routinely used, because many patients with FTLD do not show the characteristic Pick bodies on autopsy. At least three different pathologic substrates are associated with FTLD: tau, transactive response DNA-binding protein 43 (TDP-43), and fused in sarcoma (FUS).29 Behavioral variant frontotemporal lobar degeneration (bv-FTLD) is characterized by initial symptoms of prominent personality changes, which can include impulsivity, apathy, and disinhibition. The language variant of FTLD, primary progressive aphasia (PPA), is characterized by language-based symptoms at presentation. The PPA subtypes include the nonfluent/agrammatic, semantic, and logopenic forms.30 The FTLD variants and subtypes can be distinguished by their clinical, and sometimes imaging, characteristics. For example, different patterns of atrophy may be seen on routine MRI (Fig. 12). However, the sensitivity of routine structural MRI for FTLD is highly variable (10%–100%), related to the FTLD subtype, experience of the interpreting physician, and use of objective rating scales.31,32 Although not routinely used in clinical practice, MRI volumetry protocols have been used to accurately distinguish between AD and FTLD,33 and also between various FTLD subtypes.34,35 Sometimes, MRI can reveal focal frontal or temporal atrophy in presymptomatic patients (Fig. 13).
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Fig. 12. MRI of different types of FTLD. (A) Sagittal T1-weighted image of patient with bv-FTD. Note the thinning of the anterior corpus callosum (arrowhead) and relative atrophy of the midline frontal lobe (asterisk). (B) Coronal T1-weighted image of patient with semantic dementia showing left temporal atrophy (curved arrow). (C) Coronal T1-weighted image of patient with nonfluent FTD, with left insular atrophy (arrow). (From Tartaglia M, Rosen H, Miller B. Neuroimaging in Dementia. Neurotherapeutics 2011;8(1):84; with permission.)



Routine MRI imaging can occasionally be helpful in identifying findings other than atrophy in patients with FTLD, such as T2 hyperintensity in the corticospinal tracts of patients with FTLD-amyotrophic lateral sclerosis. Several additional MRI modalities have been studied in patients with FTLD, including arterial spin labeling, functional



Fig. 13. Serial MRI (A, 2005; B, 2008; C, 2013) in a patient who eventually developed PPA. The onset of dysnomia was in 2011 at 68 years of age. The initial images were obtained because of a history of headache, when language was reportedly normal. Note the progressive atrophy primarily involving the left temporal lobe (arrows). There is also evidence of a milder degree of generalized atrophy, with progressive enlargement of the right temporal horn (axial images) and body of the lateral ventricles (axial and coronal images). Incidentally noted is a prominent perivascular space medial to the left insula (asterisk).
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MRI, perfusion-weighted, diffusion-weighted, and MRS. Multimodal MRI protocols such as those that incorporate DWI, perfusion, and structural imaging36 are particularly promising. Imaging with PET is a commercially available option in the United States when structural imaging and the clinical evaluation are indeterminate in distinguishing between FTLD and AD. Characteristic [18F]FDG-PET abnormalities in FTLD include frontal, temporal, or frontotemporal hypometabolism (Fig. 14). When compared with MRI, the sensitivity and specificity of SPECT/PET for FTLD is increased from 63.5% and 70.4% to 90.5% and 74.6%, respectively.37 Other sources confirm the greater sensitivities for FTLD using combined structural (MRI) and functional (PET/SPECT) imaging compared with MRI alone.38 DIFFUSE LEWY BODY DEMENTIA



Dementia with Lewy bodies (DLB) is the second most common neurodegenerative cause of dementia after AD39 and up to 40% of patients with AD harbor comorbid Lewy body pathology as well. The pathologic hallmark of DLB is the Lewy body, an eosinophilic cytoplasmic inclusion mostly composed of a-synuclein. Lewy bodies are found in the substantia nigra, locus ceruleus, dorsal raphe, substantia innominata, dorsal motor nucleus of the vagus nerve, and neocortex. Clinical signs of DLB include visual hallucinations, extrapyramidal features, fluctuating level of alertness, and sensitivity to neuroleptics. Visuospatial and executive dysfunction are often prominent. Conventional MRI does not show specific abnormalities in Lewy body disease. Cerebral volume loss may be seen. Hippocampal atrophy can be present, but not to the same degree as in AD.40 Relatively preserved medial temporal lobe volume argues for DLB and against AD. SPECT and PET can be helpful to support the diagnosis. The most common finding with these techniques is occipital lobe hypoperfusion (SPECT) and hypometabolism (PET), involving primary visual and visual association cortices.41,42 Involvement of these regions is believed to be the basis of the visual hallucinations. Additional findings on SPECT may include frontal and striatal hyperperfusion and parietal/temporal hypoperfusion (Fig. 15). The sensitivity of SPECT in DLB is about 65%, and its specificity in distinguishing from AD and normal controls is around 87%.43–45 Occipital hypometabolism on PET has been found to distinguish DLB from AD, with a 92% sensitivity and specificity.46 Relative sparing



Fig. 14. PET in a patient with frontotemporal dementia. Note the prominent hypometabolism of the temporal lobes bilaterally (arrows) in the coronal image (A), with normalappearing frontal and parietal lobes (axial image, B).
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Fig. 15. Neurolite-SPECT scan of a patient with Lewy body dementia. (A) Frontal hyperperfusion (arrows) and parietal hypoperfusion (arrowhead). (B) Striatal hyperperfusion, right>left (arrow), posterolateral temporal hypoperfusion (arrowhead), occipital hypoperfusion (double arrowhead). (C) Posterolateral temporal hypoperfusion (arrowhead), occipital hypoperfusion (double arrowhead).



of the midsegment and posterior segment of the cingulate gyrus (lack of hypoperfusion and hypometabolism), when present on SPECT and PET, has been found to be 100% specific to DLB.47 An interesting field in SPECT imaging for DLB is dopamine transporter (DAT) imaging, using ligands that bind to the DAT. Decreased striatal DAT uptake is a suggestive imaging finding in DLB. It has been also found useful to distinguish DLB from AD and normal controls.48 The sensitivity and specificity of the technique to differentiate DLB from Parkinson disease (PD) with or without dementia is controversial.49,50 For a comprehensive review of imaging in DLB, see the summary by Tateno and coworkers.51 PROGRESSIVE SUPRANUCLEAR PALSY



Progressive supranuclear palsy (PSP) is a neurodegenerative disorder, characterized by predominantly axial rigidity, balance impairment with frequent falling, vertical gaze paresis, and, in most cases, subcortical-type dementia. Structural imaging features of PSP include thinning of the cranial midbrain tectum and a concave aspect of the third ventricular floor (Fig. 16). Atrophy may also involve the frontal and temporal lobes. Subtle T2 hyperintensity may be present in the periaqueductal area. The finding of reduced anteroposterior midbrain diameter (routinely measurable on axial images), especially if less than 14 mm, favors PSP over PD. A more complex measurement that has been proposed to differentiate PSP from PD, as well as the parkinsonian variant of multiple system atrophy (MSA-p) is the MR parkinsonism index. It is expressed by the formula: [(P/M)  (MCP/SCP)] where P/M is the ratio of the pons area to midbrain area on midsagittal images and MCP/SCP is the middle cerebellar peduncle width (on a parasagittal image) divided by that of the superior cerebellar peduncle on a coronal image. This MR parkinsonism index value was found to be significantly larger in the PSP patient group than in the PD, MSA-p, or normal control groups, without overlap. Hence, sensitivity and specificity values of 100% have been shown using this method in the pairwise differentiation of PSP from PD, MSA-p, and controls.52
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Fig. 16. Progressive supranuclear palsy. (A) Thin-slice T1-weighted images. Arrow indicates the thinning of the cranial midbrain. Dorsally, note the concave aspect of the third ventricular floor. (B) Normal control. (C) T2-weighted image showing reduced anteroposterior diameter of the midbrain (between horizontal bars).



HUNTINGTON DISEASE



The typical MRI finding in Huntington disease (HD) is atrophy of the caudate nucleus (Fig. 17). Atrophy of the putamen and frontal lobes is also frequently seen. With disease progression, diffuse cortical, thalamic, and limbic atrophy may also appear. Putaminal signal changes may be present, which can be hyperintense or hypointense on T2-weighted images. The T2 hyperintense signal change is attributed to more marked neuronal loss and gliosis. T2 hypointense signal change is less frequent and may correlate with putaminal iron deposition. MSA-P



In this neurodegenerative disorder, extrapyramidal/parkinsonian features with impaired balance (but generally no resting tremor), dysautonomia, and, at times, pyramidal signs



Fig. 17. HD. The arrows point to the significantly atrophic head of the caudate nucleus on axial (A) and coronal (B) T2-weighted images.
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are present. Cognitive testing often reveals executive dysfunction. T2 and FLAIR MRI sequences may show significant hypointensity in the posterior and lateral putamen (potentially because of the magnetic susceptibility effects of accumulated iron, manganese, neuromelanin, and hematin). A thin line of T2 hyperintense signal change along the lateral aspect of the putamen may also be present, presumably caused by neuronal loss and gliosis (Fig. 18). Another typical imaging finding, when present, is cruciform T2 hyperintense signal in the pons, referred to as the hot-cross-bun sign. In a patient with levodopa-resistant parkinsonism, these findings strongly support the diagnosis of MSA-p. NORMAL PRESSURE HYDROCEPHALUS



Normal pressure hydrocephalus (NPH) is an uncommon cause of dementia in the middle-aged and elderly, with an estimated prevalence of 0.41% to 2.94%.53 NPH can be secondary to a history of precipitating events such as intracerebral hemorrhage, meningitis, or brain trauma; other forms of NPH are considered idiopathic and may account for one-third of the total cases.54 The cause of NPH is unknown but may be related to impaired CSF absorption at the level of the arachnoid villi.



Fig. 18. Multiple system atrophy. (A) FLAIR and (B) T2-weighted images show significant brainstem and cerebellar volume loss. (C) Thin, linear T2 hyperintense signal change (arrows) along the lateral aspect of the putamen on an axial T2-weighted image, presumably caused by neuronal loss and gliosis.
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The classic clinical triad of dementia, gait apraxia, and urinary incontinence is often not present; a recently proposed diagnostic criterion for probable idiopathic NPH requires only the presence of the characteristic gait disorder, plus at least one of dementia or urinary incontinence.55 As a type of communicating hydrocephalus, requisite imaging findings for NPH include ventriculomegaly without macroscopic evidence of obstruction of CSF (Table 3). In addition, some patients with idiopathic NPH show patchy sulcal prominence, with other sulci either appearing normal or effaced (Fig. 19).54 PRION DISEASES



Prion diseases are rare causes of rapidly progressing dementia. Sporadic CreutzfeldtJakob disease (sCJD) and variant Creutzfeldt-Jakob disease (vCJD) are the most studied entities. Pathologically, the disease is characterized by neuronal loss, prion deposition, vacuolation, and some astrogliosis. The fluid-filled vacuoles, less accurately referred to as spongiform changes, are significant in causing characteristic MRI changes. The most useful conventional MRI techniques to evaluate sCJD are FLAIR and DWI sequences. With these techniques, the involved regions show hyperintense signal, which is more conspicuous on DWI. Potentially involved structures include the caudate nucleus and putamen (usually in a symmetric fashion), thalamus, or the various segments of the neocortex (cortical ribbon hyperintensity), either symmetric or asymmetric (Fig. 20). Frontotemporal, temporoparietal, lateral, and medial occipital and anterior cingulate cortical involvement can be encountered in various patterns, which can change during the disease course. A large multicenter study of sCJD suggested that a characteristic pattern of involvement may occur, depending on the molecular subtype.56 Isolated involvement of the limbic regions, without other brain regions, is not believed to happen in CJD, and involvement of the precentral gyrus is also rare. Also, the phenomenon of the hyperintensity being more prominent on DWI than on FLAIR sequence is an imaging feature highly in favor of sCJD as opposed to other rapidly progressive dementias.57 The cause for the DWI hyperintensity is believed to be restriction of diffusion.58–60 It has been suggested that the spongiform changes should rather be referred to as vacuolation and the fluid-filled vacuoles likely cause restriction of water movement.57 Table 3 Imaging findings associated with idiopathic NPH Required



Optional



1. Ventriculomegaly out of proportion to atrophy or congenital enlargement 2. No macroscopic obstruction to CSF flow 3. At least 1 of the following: a. Enlarged temporal horns out of proportion to hippocampal atrophy b. Callosal angle of 40 or more c. Periventricular signal change not attributable to chronic microvascular ischemia or other signs of abnormal brain water content d. Aqueductal or fourth ventricular flow void



1. Preclinical imaging study showing smaller ventricular size 2. Radionucleotide cisternogram showing delayed clearance of tracer over the cerebral convexities after 48–72 h 3. Cine MRI or similar study showing increased ventricular flow rate 4. Negative SPECT-acetazolamide challenge (decreased periventricular perfusion unaltered by acetazolamide)



Adapted from Relkin N, Marmarou A, Klinge P, et al. Diagnosing idiopathic normal-pressure hydrocephalus. Neurosurgery 2005;57:S2–6.
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Fig. 19. Imaging characteristics of NPH. (A) A 61-year-old man with ventriculomegaly (asterisk) and grossly patent cerebral aqueduct (curved arrow). (B) A 69-year-old man with enlarged lateral ventricles (asterisk) and multifocal sulcal dilation (straight arrows).



DWI (and FLAIR) signal abnormalities are not diagnostic by themselves and may change depending on the stage of the disease.61 Disappearance of the DWI hyperintensity in late stages has been described.62 MRI changes identical to those in sCJD have been reported in extrapontine myelinolysis, hyperglycemia, and uncontrolled seizures, and, therefore, clinical correlation is essential.57 With proton MRS, the characteristic findings in sCJD include reduced NAA levels and NAA/Cr ratios and increased myoinositol levels.63 In one study,64 the combination of thalamic DWI hyperintensity and reduced NAA/Cr ratio correctly classified 93% of the patients as having prion disease. vCJD (causally linked to bovine spongiform encephalopathy) presents with a different appearance on conventional MRI. The imaging finding, referred to as pulvinar sign (hyperintensity involving the posterior thalami (pulvinar)), in a symmetric fashion is characteristic for vCJD. Additional commonly involved regions include the dorsomedial thalamic nuclei, head of the caudate nucleus, and periaqueductal gray matter. The combination of pulvinar and dorsomedial thalamic hyperintensity is also referred to as the hockey-stick sign (Fig. 21).65 Because of its high diagnostic value, the pulvinar sign is part of the World Health Organization diagnostic criteria for vCJD.66 With



Fig. 20. sCJD. Diffusion-weighted images. (A) Hyperintense signal change involving the head of the caudate nucleus bilaterally and the left putamen (arrows). (B, C) Cortical ribbon hyperintensity involving various segments of the neocortex, in an asymmetric fashion.
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Fig. 21. vCJD. The hockey-stick sign: hyperintense signal on diffusion-weighted image, involving the pulvinar and medial thalamus bilaterally.



proton MRS studies in vCJD, the pulvinar shows significantly decreased NAA and increased myoinositol levels and the magnitude of increase suggests potential for even earlier diagnosis.67 PET scanning is not being used routinely in the evaluation of prion diseases. In a landmark study, the observed pattern of hypometabolism was different from the distribution of the lesions on MRI: hypometabolism was present predominantly in the cerebellum and the cerebral cortex (frontal, occipital, parietal) rather than the thalamus or striatum.68 Showing occipital lobe hypometabolism can be useful in identifying patients with mostly visual complaints, the so-called Heidenhain variant.69 Prion disease–related changes have been studied with SPECT scanning as well. In 1 study, 89% of the patients showed perfusion pattern change involving the cerebellum, occipital lobes, even a whole hemisphere.70 Focal hypoperfusion has been detected in the basal ganglia,71 the thalamus,72 and frontotemporal areas.73 The perfusion pattern change in prion disorders is different from other dementias, and the changes occur earlier than on MRI.73,74 MULTIPLE SCLEROSIS



Cognitive deficits and dementia are well-known sequelae of multiple sclerosis (MS).75 Studies have shown that up to 70% of patients with MS have some degree of cognitive dysfunction. Cognitive impairment can also present in as many as 53.7% of earlystage patients, with no correlation with physical disability.76 The cognitive domains
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most frequently affected include attention, executive functioning, informationprocessing speed and efficiency, and episodic and working memory. The earliest studies on MRI findings and cognitive deficits in MS focused on parameters measurable by conventional MRI techniques (T2 and T1 lesion load, ventricular/ brain ratio, third ventricle width, and size of the corpus callosum). The results regarding the correlation between T2 lesion burden and cognitive impairment are conflicting.77,78 Attempts to correlate lesion location with specific cognitive deficits also yielded mixed results. A generally accepted hypothesis holds that the main mechanism of cognitive deficits related to damage white matter is disconnection. Disruption of frontoparietal subcortical networks was found to be associated with impairment of complex attention and working memory.79 Cognitively impaired patients tend to have higher lesion frequency in commissural fiber tracts.80 DTI studies found diffusivity changes in the corpus callosum that correlated with visual and verbal memory tests.81 Although disconnection is a proven mechanism of cognitive deficits, linking a certain cognitive deficit to a precise lesion location is more challenging. Diffusion tensor MRI tractography studies helped to identify cognitively relevant white matter tracts. These tracts included the cingulum (lesion of which was found to predict global cognitive performance); the uncinate fasciculus (implicated in visual processing speed, sustained attention, and visuospatial and verbal memory); the superior cerebellar peduncle (which was predictive of global cognitive performance, visual processing speed, sustained attention, verbal learning/memory, and verbal fluency); and the middle cerebellar peduncle.82 In an earlier series,83 strong association was found between frontal lobe MS disease and executive deficits. However, this finding was not confirmed in a later study,84 in which the specific contribution of frontal lobe lesions to executive dysfunction in the setting of widespread lesions could not be ascertained. The discrepancies between white matter lesion burden and cognitive deficits can be explained by considering that MS represents a considerably more diffuse process, which also involves gray matter85–88 and otherwise normal-appearing parenchyma. Gray matter lesions are difficult to visualize by conventional T2-weighted images. FLAIR sequences visualize cortical and juxtacortical lesions better, because of the suppression of the signal from the adjacent CSF.89 A more sensitive technique for imaging cortical lesions is the double inversion recovery sequence,90 but even this detects only a small percentage of intracortical lesions.91 Using higher magnetic field strength also increases the sensitivity to detect cortical lesions. Other emerging techniques in gray matter imaging are magnetization transfer imaging (MTI) and DTI. MS lesions are associated with an altered magnetization transfer ratio (MTR) in the gray matter early in the disease.92 Cognitively impaired patients with MS have more pronounced reduction in neocortical volume and cortical MTR than cognitively intact patients.93 With DTI, correlation was found between gray matter mean diffusivity changes and cognitive impairment in patients with relapsing remitting MS.94 Normal-appearing white matter (NAWM) and normal-appearing gray matter are regions where conventional MRI techniques fail to reveal lesions, yet histopathology and advanced imaging techniques show the presence of pathologic process. In MS, the NAWM may show microscopic demyelination95 or axonal transection leading to secondary, Wallerian-like degeneration.96 MRS studies showed increased myoinositol (a glial and inflammatory marker) in the NAWM, suggestive of an inflammatory process.97 In a more recent extensive work, using MTI and DTI in correlation with pathologic studies on postmortem multiple sclerosis brains, various pathomechanisms underlying the MTR and DTI abnormalities in the NAWM were suggested, which depended on the distance from the visible white matter lesions.98 Several studies
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support the role of disease in the NAWM in cognitive deficits in MS.94,97,99–102 Changes in the NAWM included fractional isotropy changes on DTI and altered MTR, and these correlated with cognitive impairment. Proton MRS has also been performed in cognitively impaired patients. Typical findings are reduced NAA and thereby decreased NAA/Cr ratio (indicating decreased neuronal and axonal integrity and viability) and increased myoinositol level (a marker of inflammation and gliosis). Globally, lower NAA/Cr ratio was found to distinguish between cognitively impaired and intact patients with MS.103 Reduction of the regional NAA/Cr ratio in the frontal cingulate gyrus correlated with distinct memory functions.104 Another imaging tool for evaluation of cognitively impaired patients with MS is volumetric analysis. Consistent indicators of cognitive dysfunction are corpus callosum atrophy,105–107 third ventricle width,108,109 and thalamic atrophy.110 Volumetric analysis of deep gray matter structures found correlation with free recall or new learning, and mesial temporal lobe volumetric measures predicted recognition memory performance.111 Left frontal atrophy was associated with impaired performance on auditory/ verbal memory testing, and right frontal atrophy was associated with impairment in visual episodic and working memory.112 See Fig. 22 for the MRI appearance in a cognitively impaired patient with advanced MS.



Fig. 22. Advanced MS. Patient suffers from MS-related dementia. (A) FLAIR image with confluent hyperintense demyelinating lesions. Note the severe cortical atrophy as shown by sulcal enlargement (arrows). (B) T1-weighted image shows severe third ventricle enlargement (arrow), caused by thalamic atrophy. (C) T1-weighted image reveals severe thinning of the corpus callosum.
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PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY



Progressive multifocal leukoencephalopathy (PML) is an infectious demyelinating disease, affecting immunocompromised hosts. It typically involves the white matter, mostly in the frontal, parietal, and occipital lobes. The lesions are usually multifocal, and on MRI appear T1 hypointense and T2/FLAIR hyperintense. Their initially round or oval morphology may later become confluent. The tendency to involve the subcortical white matter, including the U-fibers, is characteristic (Fig. 23). In later stages, involvement of the deep gray matter, corpus callosum, and posterior fossa may be



Fig. 23. Progressive multifocal leukoencephalopathy. FLAIR images show confluent T2 hyperintense signal change (arrows) extending to the frontal (A) and frontal/parietal (B) subcortical white matter, including the U-fibers. (C) Sagittal image reveals extensive, confluent T2 hyperintense signal in the frontal deep and subcortical white matter (arrows).
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seen as well. The lesions generally do not show gadolinium enhancement, but faint enhancement may sometimes occur. With DWI sequences, restricted diffusion was described at the spreading, outer margins of the PML lesions, with low signal on the apparent diffusion coefficient map.113 HUMAN IMMUNODEFICIENCY VIRUS–ASSOCIATED COGNITIVE DISORDERS



This group of disorders develops as a result of direct involvement of the central nervous system (CNS) by the human immunodeficiency virus (HIV). The classification identifies asymptomatic neurocognitive impairment, mild neurocognitive disorder, and HIV-associated dementia, representing stages of a progressive cognitive decline. Pathologically, the primary targets are macrophages, resulting in microglial nodule formation with the presence of multinucleated giant cells. Demyelination and vacuole formation are also observed. The imaging features in HIV-associated cognitive disorders are not specific. Demyelination is seen as T2 hyperintense signal changes, best appreciated on FLAIR images. These changes usually start in the periventricular region and centrum semiovale, and later become more diffuse and confluent. The basal ganglia and thalamus may also be involved. Along with these changes, cerebral atrophy develops, with progressive enlargement of the ventricles and sulcal spaces. CNS LUPUS



Neuropsychiatric symptoms (ranging from subtle cognitive deficits to seizures, psychosis, and dementia) are potential complications of systemic lupus erythematosus (SLE). A variety of underlying diseases have been suggested.114 Given the wide array of potential pathologic processes in lupus, the neurologic consequences and imaging finding also vary. Thrombotic ischemic strokes, either caused by small-vessel or large-vessel vasculitis may be seen in the deep as well as subcortical white matter. Libman-Sacks endocarditis may lead to embolic infarcts. CNS lupus may present with small, nonspecific T2 hyperintense white matter lesions, which are difficult to distinguish from MS lesions or other vasculitides. Imaging findings suggestive of lupus include round or patchy lesions in the subcortical white matter regions (Fig. 24), often along with cortical and deep gray matter lesions. Linear periventricular lesions or corpus callosum involvement are atypical of CNS SLE and should suggest MS. Acute and subacute lesions may enhance with gadolinium in both diseases. Cortical atrophy and parenchymal calcifications are other possible findings in longstanding lupus. However, structural imaging studies in lupus may also be unremarkable; MRI has been found to be abnormal in only 50% of patients.115,116 In these instances, advanced imaging techniques may be of value. SPECT often reveals multifocal areas of frontal and parietal hypoperfusion. Dual imaging with MRI and SPECT was found to be more useful than either technique alone.117 In 1 series, 70% of patients with neuropsychiatric lupus had abnormal findings on SPECT scan, mostly parietal hypoperfusion. In patients with abnormal MRI scans, SPECT was also always abnormal.118 In a study using PET,115 100% of patients with CNS lupus showed hypometabolism in at least 1 cerebral region, whereas MRI was abnormal in only 50% of patients. Most commonly affected was the parieto-occipital region (96%). The technique was believed to be suitable for disease monitoring as well. With MRS, a consistent finding in CNS lupus has been reduction of the NAA level.119 Reduced NAA levels were found in all cases of lupus with major neuropsychiatric symptoms, irrespective of these being past or present.120 In acute-onset neuropsychiatric
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Fig. 24. CNS lupus. (A–C) Multiple, predominantly subcortical T2 hyperintense lesions are seen (arrows). More faint, confluent T2 hyperintensity is noted in the deeper white matter regions (arrowheads).



lupus, the technique is useful for the early detection of metabolic CNS changes and for follow-up after treatment.121 NEUROSARCOIDOSIS



About 5% of patients with sarcoidosis develop nervous system complications, including dementia. The granulomatous inflammation may affect the parenchyma, the cranial nerves, and the parenchymal and meningeal (pial) vasculature. In the parenchyma, T2 hyperintense lesions may be present, which are sometimes difficult to distinguish from those of MS or microvascular ischemia. Sometimes, edema
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(Fig. 25A, B) and larger enhancing lesions are noted, which may be mistaken for metastases. Other characteristically involved structures include the pituitary infundibulum and the hypothalamus. With gadolinium, leptomeningeal enhancement is noted along the penetrating blood vessels, caused by perivascular spreading of the granulomatous process (see Fig. 25C, D). The pituitary infundibulum, hypothalamus, and cranial nerves may also show enhancement. Neurosarcoidosis may also lead to cognitive deficits by causing hydrocephalus, either as a result of interference with CSF absorption or obstruction of the ventricular system.



Fig. 25. Neurosarcoidosis. Patient with severe flare-up. (A, B) FLAIR images show multiple, confluent T2 hyperintense subcortical and deep white matter lesions (arrows). (C, D) T1-weighted postcontrast images show partially nodular leptomeningeal enhancement, along the penetrating pial vessels, consistent with an aggressive granulomatous process (arrows).
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VASCULAR DEMENTIA/VASCULAR COGNITIVE IMPAIRMENT



Formerly known as vascular dementia (VaD), vascular cognitive impairment (VCI) encompasses the spectrum of cognitive syndromes secondary to vascular disease, including MCI and dementia. Superficially, the concept of VCI/VaD seems straightforward (ie, dementia or other cognitive impairment caused by vascular disease). However, in practice, it is often a challenging diagnostic construct, unless there is a clear temporal association with an infarct and cognitive decline. For example, there are numerous diagnostic criteria for VaD.122 In addition, VaD may occur in conjunction with any number of degenerative dementias; in these situations the term mixed dementia is used. As is reviewed later, there are also a variety of forms of cerebrovascular disease, which can coexist or occur in isolation. Regardless of the diagnostic criteria used, VaD is common in the West, accounting for an estimated 13% to 19% of all cases of dementia.123 Like AD, VaD is strongly age dependent, with a prevalence of 0.3% in the 65-year to 69-year range, and 5.2% in individuals older than 90 years.124 MRI is clearly the preferred imaging modality in the assessment of VaD, with greater sensitivity than CT for multiple cerebrovascular diseases, including white matter ischemia and microhemorrhage. Large-Vessel Disease



Multi-infarct dementia (MID) refers to dementia secondary to multiple large-vessel infarcts (Fig. 26), although single, strategically located infarctions can also result in dementia. Dementia more commonly occurs with dominant-hemisphere largevessel infarcts (such as those involving middle cerebral artery territories) or with bilateral strokes involving the thalami or anterior cerebral artery territories.125 There is usually significant cortical involvement in MID, in particular of the frontal, temporal, or parietal lobe association cortices. Dementia entirely caused by large-vessel infarction (in the absence of small-vessel disease or AD pathology) seems to be uncommon.124 Small-Vessel Disease



There are a variety of pathophysiologic processes that can result in dementia caused by small-vessel disease (Fig. 27), including multiple lacunar infarcts, one or more strategically located lacunes, and white matter disease (also referred to as leukoariosis, subcortical arteriosclerotic leukoencephalopathy, Binswanger disease,126 and so forth). Anatomic regions particularly prone to small-vessel disease include not only the supratentorial subcortical white matter but also the brainstem and



Fig. 26. MID. (A–C) Axial FLAIR images showing bilateral cortical/subcortical infarctions, a right frontal lacunar infarct (asterisk), and chronic white matter ischemia.
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Fig. 27. Patient with dementia and extensive small-vessel ischemic disease. (A, B) Axial FLAIR images show lacunar infarctions and confluent white matter changes consistent with chronic microvascular ischemia. Note the mild ex vacuo dilation of the frontal horn of the left lateral ventricle (asterisk).



subcortical gray matter structures. Although dementia is well known to occur with fairly extensive small-vessel disease, a recent case series127 reported multiple thalamic regions associated with dementia caused by single, strategic infarctions, presumably through disruption of the frontal-basal ganglia-thalamus network(s). The white matter changes associated with small-vessel ischemia are most commonly periventricular or subcortical isolated lesions, but with more extensive disease, they can become confluent. Standardized criteria exist to quantify the extent of white matter disease (Fig. 28).128,129



Fig. 28. Rating of white matter disease (WMD) on MRI. (A) A 21-year-old with no WMD (Fazekas and Wahlund scores of 0), (B) A 51-year-old with moderate WMD (Fazekas score of 2, Wahlund score of 8), (C) A 69-year-old with severe WMD (Fazekas score of 3, Wahlund score of 20). (From Leonards C, Ipsen N, Malzahn U, et al. White matter lesion severity in mild acute ischemic stroke patients and functional outcome after 1 year. Stroke 2012;43:3046–51; with permission.)
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Fig. 29. Cerebral amyloid angiopathy. (A, B) Axial SWI show multiple cortical and subcortical hemorrhages.



Other Vascular Diseases



There are several other vascular-spectrum processes that can result in dementia, including hemorrhage (Fig. 29), watershed infarcts, hypoxic-ischemic events, and uncommon genetic disorders, such as congenital hypercoagulable states and CADASIL (cerebral autosomal-dominant arteriopathy with subcortical infarcts and leukoencephalopathy) (Fig. 30). Additional discussion of imaging of vascular disorders can be found in the article by Nour and Liebeskind elsewhere in this issue.



Fig. 30. Axial FLAIR in a patient with CADASIL (A, B). The anterior temporal white matter hyperintensities (arrows) are suggestive of CADASIL, and are uncommonly seen in other disorders such as MS. Other findings include diffuse leukoariosis and lacunar infarcts. Many patients with CADASIL also show T2 hyperintensities in the basal ganglia and thalamus (not shown).
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SUMMARY



Significant advances have been made in neuroimaging of dementia over the past decade. MRI, PET, and other imaging technologies often allow for improved visualization of the specific pathophysiologic processes associated with dementia, enabling the clinician to diagnose the various dementing disorders with increased precision and specificity. As disease-modifying agents specific to AD and other disorders become available, amyloid imaging and other novel modalities may become routinely used in clinical practice to assist with diagnosis and monitor response to therapies. However, dementia remains a clinical diagnosis, and even the most advanced imaging techniques should not supersede clinical judgment.
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