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Abstract

BACKGROUND—The utility flourodeoxyglucose PET (FDG-PET) imaging in Alzheimer’s

Disease (AD) diagnosis is well established. Recently, measurement of cerebral blood flow using

arterial spin labeling MRI (ASL-MRI) has shown diagnostic potential in AD, though it has never

been directly compared to FDG-PET.

METHODS—We employed a novel imaging protocol to obtain FDG-PET and ASL-MRI images

concurrently in 17 AD patients and 19 age-matched controls. Paired FDG-PET and ASL-MRI

images from 19 controls and 15 AD patients were included for qualitative analysis, while paired

images 18 controls and 13 AD patients were suitable for quantitative analyses.

RESULTS—The combined imaging protocol was well tolerated. Both modalities revealed very

similar regional abnormalities in AD, as well as comparable sensitivity and specificity for the

detection of AD following visual review by two expert readers. Interobserver agreement was

better for FDG-PET (kappa 0.75, SE 0.12) than ASL-MRI (kappa 0.51, SE 0.15), intermodality

agreement was moderate to strong (kappa 0.45-0.61), and readers were more confident of FDG-

PET reads. Simple quantitative analysis of global cerebral FDG uptake (FDG-PET) or whole brain

cerebral blood flow (ASL-MRI) showed excellent diagnostic accuracy for both modalities, with

area under ROC curves of 0.90 for FDG-PET (95% CI 0.79-0.99) and 0.91 for ASL-MRI (95% CI

0.80-1.00).

CONCLUSIONS—Our results demonstrate that FDG-PET and ASL-MRI identify similar

regional abnormalities and have comparable diagnostic accuracy in a small population of AD

patients, and support the further study of ASL-MRI in dementia diagnosis.
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1. INTRODUCTION

Considerable effort over the past 20 years has been targeted at the improved diagnosis of

Alzheimer Disease (AD). Regional hypometabolism on positron emission tomographic

imaging with [18F]-fluorodeoxyglucose (FDG-PET) has been well established as a marker

of AD (1-4). However, enthusiasm for FDG-PET in AD diagnosis and monitoring has been

mitigated by limited availability, radiation exposure, and expense.

Arterial spin labeling perfusion MRI (ASL-MRI) uses magnetically labeled arterial blood

water as a tracer (5), and has emerged as a noninvasive and reliable modality for quantitative

measurement of regional cerebral blood flow (CBF) (6). Since regional CBF and glucose

metabolism are generally tightly coupled (7), regional ASL-MRI measures of CBF are

expected to closely parallel metabolic changes seen with FDG-PET. Indeed, several groups

have demonstrated that ASL-MRI can differentiate AD or mild cognitive impairment

patients from controls (8-14). ASL-MRI can be performed alongside structural MRI

sequences during the routine dementia workup and requires no exogenous contrast or

radiation exposure. Thus, ASL represents a potentially appealing functional imaging

modality for AD diagnosis and monitoring. To date, however, no studies have directly

compared ASL-MRI to FDG-PET in AD patients. Herein, we compare FDG-PET and ASL-

MRI imaging in a cohort of AD patients and controls. To eliminate physiological variability

between FDG-PET and ASL-MRI scans, we employed a novel methodological approach in

which FDG is administered during the acquisition of ASL-MRI (15), providing concurrent

measurements of regional CBF and metabolism.

2. METHODS

2.1. Subjects

17 subjects with clinically-diagnosed AD and 19 cognitively normal controls were recruited

from the cohort of the Penn Memory Center/ Alzheimer’s Disease Center. Ultimately, paired

ASL-MRI and FDG-PET images from all 19 controls and 15 AD patients were included for

qualitative analysis (expert reader diagnosis, sensitivity, specificity, kappa, and ischemic

burden analyses), and paired images from 18 controls and 13 AD patients were included for

quantitative analyses (FDG SUV ratio, ASL CBF, ROC curve analysis). Control and AD

patients were matched for age and years of education (Table 1). All patients underwent full

neurocognitive assessment, including all elements of the National Alzheimer’s Coordinating

Center’s Uniform Data Set that is conducted by all National Institute of Aging-sponsored

Alzheimer Disease Centers (16). All controls had a Clinical Dementia Rating (CDR) of 0

and a mini mental status score (MMSE) > 27, and all clinically diagnosed AD patients

included in the study had a CDR of 0.5 or more, and an MMSE less than 25 (Table 1). The

mean CDR for AD patients was 1.04±0.72. Exclusion criteria included age <50 or >80,

history of stroke or other known intracranial abnormality, clinically relevant abnormalities

on routine bloodwork including glucose > 200, contraindication to MRI or PET, and history

of Axis I psychiatric disease or substance abuse. All scans were performed between

December 2008 and November 2009, and current MMSE testing was performed on all

patients during that interval.
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2.2. Imaging Protocol

In order to most closely correlate ASL-MRI findings with FDG-PET, a unique imaging

protocol was employed. At the initiation on the ASL-MRI scan, while in the scanner, 5mCi

of FDG was injected via intravenous catheter, such that FDG uptake and ASL imaging

occurred simultaneously. PET imaging was then performed 40 minutes later.

2.3. MRI Imaging

3T high resolution T1-weighted images were acquired using MPRAGE (17). ASL images

were acquired with pseudo-continuous labeling (mean Gz=0.6mT/m, 1640 Hanning

window-shaped radiofrequency (RF) pulses for a total labeling duration =1.8s, RF

duration=500μs, RF gap=360μs, postlabeling delay=1.5s) and gradient-echo echo-planar

imaging . Imaging parameters for ASL include TE/TR=17ms/4s, image

resolution=3.4×3.4×6mm3, 18 axial slices with 1mm gap prescribed to cover the entire

brain. An ascending acquisition order was used, and ramp sampling was used employed with

a readout bandwidth was 3004Hz/voxel. All 18 slices were acquired during the same

acquisition sesion. Each ASL scan consisted of 59 pairs of interleaved control and tag

images, and three ASL scans were concatenated to improve signal-to-noise ratio.

ASL and structural images were coregistered using SPM5 (The Wellcome Department of

Imaging Neuroscience, London, UK). Pairwise subtraction images were generated and

averaged using in-house developed Matlab (The Mathworks Inc., Natick, MA, USA) script.

These were converted to quantitative CBF maps in units of ml/100g/min based on a single

compartment ASL model (18), then spatially normalized to Montreal Neurological Institute

(MNI) space with 2mm isotropic resolution and smoothed with an isotropic kernel of 8mm

to facilitate comparison with the similarly normalized PET images. CBF measurements

represent whole-brain CBF values with no partial volume correction or grey matter

coregistration.

2.4. FDG-PET Imaging

PET imaging was carried out based on the ADNI PET imaging protocol (19). At the

initiation of the ASL scan, patients were injected with FDG. PET imaging was initiated 40

minutes after the administration of FDG, and was conducted in a darkened, quiet room.

Images were obtained on an Allegro scanner (Philips). Images were reconstructed in the

transaxial plane using iterative reconstruction and 137Cesium transmission scan for

attenuation correction.

The whole brain standardized uptake value ratio was determined by defining an automated

volume of interest encompassing the entire brain parenchyma with an intensity >25% of the

maximal voxel intensity. The mean SUV for the whole brain was determined automatically,

and divided by the mean SUV of a volume of interest encompassing one cerebellar

hemisphere.

2.5. Qualitative Analysis

Each ASL-MRI and FDG-PET image was independently reviewed in a blinded manner by

two expert nuclear medicine physicians with >10 years experience reading functional brain

images. The readers did not see the structural MRI images. The readers then reread the

image set several months later, again in a blinded fashion. The readers made a forced-

decision diagnosis (AD or control) for each patient with each modality, and also evaluated

14 regions (frontal, temporal, parietal, occipital lobes, basal ganglia, thalamus, and

cerebellum; right and left) and scored them from 1-4, with the following scoring criteria: 4-

normal, 3 -mildly decreased, 2-moderately decreased, 1-severely decreased. These criteria
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and the regions of interest were defined during a short instructional session with the readers,

after which several trial images were evaluated using the criteria.

2.6. Quantification of White Matter Ischemic Burden

Axial FLAIR MRI images, obtained during the ASL imaging session, were visually assessed

and scored for white matter ischemic burden by a separate blinded reader based on the

criteria of Erkinjuntti et al. (20). The scorer was a physician with experience in MRI

interpretation and was blinded to diagnosis. Scoring was based on the appearance of the

subcortical and deep white matter, and images were scored on a 0-4 scale, with 0=no

ischemic changes, 1= < 5 small (<5mm diameter in largest dimension) and < 2 large (>2cm

in diameter in largest dimension) FLAIR-positive lesions, 2= 5-12 small lesion or 2-4 large,

3= >12 small or >4 large or focal areas of confluent white matter injury, and

4=predominantly confluent white matter injury.

2.7. Statistical Analysis

Receiver-Operator curve (ROC) analysis, t-tests, and sensitivity/specificity analysis were

performed using GraphPad Prizm version 4.00 for Windows (GraphPad Software, San

Diego California). Mean values of FDG SUV ratio and ASL CBF were compared between

controls and AD patients by unpaired two-tailed T-test. Variances were not significantly

different between controls and AD patients (F(17,12)=1.289, p=0.33). Area under the curve

(AUC) and the standard error and statistical significance of each ROC curve was determined

automatically by the software using a method based on the non-parametric Mann-Whitney U

statistic as described previously (21). The AUCs of FDG-PET ratio and ASL-MRI were

compared statistically using MedCalc version 11.3.6 (MedCalc software, Mariakerke,

Belgium), which employs the method described by Hanley and McNeil (22). Cohen’s kappa

statistics were also calculated using MedCalc. An additional analysis to calculate the

confidence interval surrounding the difference between AUC measures was performed using

the method described by DeLong et al. (23).

3. RESULTS

3.1. Tolerability of Concurrent ASL-MRI/FDG-PET Imaging Protocol

The concurrent FDG-PET and ASL-MRI protocol was well tolerated, and produced

interpretable images for both modalities. There were 36 patients who were enrolled in the

study and underwent imaging (19 control, 17 AD). There were 2 subjects (both AD patients)

that had to be excluded from both qualitative analyses (calculation of sensitivity, specificity,

kappa, ischemic burden), subject #11 (FDG PET not usable due to movement artifact) and

#16 (patient could not tolerate ASL MRI image acquisition). Thus, qualitative reads were

performed on all controls (19), and all but 2 AD patients (15), and each patient had both

ASL and FDG data. For quantitative analysis (calculation of FDG SUV ratio, ASL CBF,

ROC curves) subjects #11 and 16 were again excluded (for lack of paired FDG and ASL

data), as were 3 more patients with incomplete FDG data (#1,2, and 33) who had FDG PET

images which could not be used to calculate SUVs. Thus, 18 control and 13 AD patients, all

with paired FDG and ASL data, were included in these analyses.

3.2. Qualitative Comparison of ASL-MRI and FDG-PET images

As demonstrated in Fig. 1, images obtained from AD patients using ASL-MRI very closely

approximated those obtained with FDG-PET. On visual inspection, the pattern of

hypoperfusion on ASL-MRI was generally similar to that of hypometabolism on FDG-PET,

with classically affected regions such as the temporal and parietal lobes showing deficits

with both modalities. These abnormalities did not appear to be related to structural
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abnormalities on T1 MRI or to FLAIR hyperintensities. Regional image intensity was

quantified by two expert readers, and was significantly decreased for both modalities in the

temporal and parietal lobes in AD patients (Fig. 2). On average, significant frontal lobe

hypometabolism was seen using FDG-PET, but this did not reach statistical significance on

ASL-MRI. This is in contrast to recent work by Raji et al., which showed prominent frontal

hypoperfusion on ASL-MRI in AD (14). However, by visual inspection, there was striking

similarity between concurrent FDG-PET and ASL-MRI images in both AD patients and

controls.

In our small sample, qualitative expert scoring demonstrated quite similar sensitivity and

specificity between the two modalities. According to reader 1, ASL-MRI was slightly more

sensitive than FDG-PET (73.3% for FDG (95% CI 44.9-92.2) vs. 80.0% for ASL (95% CI

51.9-95.7)), while FDG was slightly more specific (94.7% for FDG (95% CI 74.0-99.9) vs.

89.4% (95% CI 66.9-98.7) for ASL). Reader 2 had a lower sensitivity (60.0% for FDG (95%

CI 32.3-83.7) vs. 46.7% for ASL (95% CI 21.3-73.4), but had very high specificities for

both modalities (100% for FDG (95% CI 66.4-100) vs. 94.7% for ASL (95% CI 73.9-99.9),

with a modest advantage of FDG in both cases. While the readers varied in their personal

thresholds for detection, the performance of FDG-PET and ASL-MRI was quite similar,

with substantial overlap of all confidence intervals. When comparing between ASL and

PET, Reader 1 demonstrated 73.5% agreement, while Reader 2 had 85.3% agreement. When

comparing between readers for a given modality, there was 86.7% agreement for FDG-PET,

and 76.5% agreement for ASL-MRI. Cohen’s Kappa statistics were calculated to determine

interobserver reliability and agreement between modalities for a given observer. The

interobserver kappa for FDG-PET was 0.74 (SE 0.12, 95% CI 0.501 to 0.970, moderate-

strong agreement), while the interobserver kappa for ASL-MRI was 0.48 (SE 0.15, 95% CI

0.194 to 0.768, moderate agreement). The intermodality kappa for reader 1 was 0.45 (SE

0.16, 95% CI 0.141 to 0.754, moderate agreement) and 0.61 for reader 2 (SE 0.16, 95% CI

0.299 to 0.917, moderate-strong agreement). These statistics suggest that the agreement

between observers was slightly better for FDG-PET than ASL-MRI, and the agreement

between modalities is only moderate. The readers then examined the images in a consensus

fashion, and were asked to denote uncertainty about each diagnosis. The readers marked

4/35 (11.4%) reads as uncertain for FDG-PET, and 11/35 (31.4%) for ASL-MRI. Thus,

reads of ASL-MRI images were slightly less consistent over time, and the readers were less

confident in the reads of ASL-MRI images. Finally, the same readers examined each study

again in a blinded fashion several months later. The intraobserver reliability between

sessions was 91.4% for FDG-PET and 82.9% for ASL-MRI.

3.3. Quantitative Comparison

Previous work has shown that global decreases in cerebral FDG uptake can distinguish

between AD and normal controls (24). We thus examined the potential clinical value of

whole-brain ASL CBF measurement, and compared this to FDG whole brain SUV ratio,

which provides a rough estimate of whole brain metabolism. As shown in Fig. 3a, mean

ASL-MRI whole brain CBF values were 30.1% lower in AD than control (35.9 vs. 24.5,

t(29)=4.95, p<0.001 by unpaired two-tailed t-test). FDG-SUV ratio was also significantly

lower in AD than controls (Fig. 3b), though the magnitude of difference was smaller (16%

difference, 0.912 control vs. 0.785 AD, t(29)=4.40, p<0.001 by unpaired two tailed t-test).

As shown in Fig. 3c and d, the areas under the ROC curves for the two modalities were 0.91

(standard error 0.050, p<0.001, 95% confidence interval 0.80-1.00) for ASL-MRI CBF, and

0.90 (standard error 0.055, p<0.001, 95% confidence interval 0.79-0.99) for FDG-PET SUV

ratio. The two AUCs were not significantly different (z=0.141, p=0.89). The lower bound on

the 2 standard deviation confidence interval surrounding the difference between AUC

measures from ASL and FDG is −0.104 (a small advantage for FDG), the upper bound was
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0.138 (a small advantage for ASL). These results suggest that a given AD patient will have a

91% (for ASL) or a 90% (for FDG) chance of having a lower test value than a given control

patient. We selected optimal ASL-MRI CBF cutoff point for AD discrimination by

examining a table of potential cutoff points and selected that with the highest calculated

likelihood ratio. For ASL-MRI, a cutoff of <31.9 yielded a sensitivity of 77.8% and a

specificity of 92.3% with a likelihood ratio of 10.1. For the FDG-PET SUV ratio analysis

we chose an optimal cutoff value of <0.86, with a likelihood ratio of 9.1. Using this

criterion, FDG-PET SUV ratio had a sensitivity of 72.2% and a specificity of 92.3%. Thus,

both quantitative measures performed well in distinguishing AD from control, with neither

ASL-MRI nor FDG-PET demonstrating a clear advantage.

3.4. Quantification of Ischemic Burden

In order to evaluate whether differences in white matter ischemic burden differed between

groups and might act as a confound, we scored the FLAIR MRI images from each patient

for white matter (WM) ischemic injury based on the criteria of Erkinjuntti et al. 20). There

was no significant difference between groups in the WM ischemic burden score (1.17±1.20

for controls, 1.36±1.28 for AD patients, t(29)=0.45, p=0.66 by two-tailed unpaired t-test).

Furthermore, visual comparison of the FLAIR, FDG, and ASL images demonstrated that

areas of hypoperfusion and hypometabolism did not overlap consistently with FLAIR-

positive lesions (see Fig. 1). We concluded that chronic ischemic disease did not likely

represent a substantial confound in this cohort.

4. DISCUSSION

Herein we describe an exploratory study aimed at obtaining concurrent ASL-MRI and FDG-

PET images using a novel protocol in a small group of patients with AD and age- matched

controls, as these modalities have never been directly compared. The concurrent imaging

protocol was well tolerated. The most striking finding was the similarity upon visual

inspection of the patterns of CBF on ASL-MRI and metabolism on FDG-PET, as depicted in

Figure 1. The finding that perfusion and metabolism images resemble one another so closely

suggests that these processes remain at least grossly coupled in the brain of Alzheimer’s

patients. We have characterized this similarity further through qualitative expert analysis

and simple whole-brain quantification. Qualitative analysis yielded similar sensitivity and

specificity for AD detection for both ASL-MRI and FDG-PET in this small sample, though

there was only moderate to good interobserver and intermodality agreement. Quantitative

measurement of CBF and FDG SUVs generated ROC curves with AUCs of approximately

90% for both modalities. The 2 standard deviation confidence interval surrounding the

difference between the two methods (calculated using the method of (23)) included only

small advantages in either direction -- at most a 10.4% accuracy advantage for FDG or a

13.8% advantage for ASL. Thus, this pilot study provides initial data suggesting

considerable qualitative and quantitative similarity between ASL-MRI and FDG-PET in

AD.

The qualitative similarity of the regional distribution of decreased CBF and diminished FDG

uptake in images obtained concurrently in our study suggests that CBF closely parallels

glucose metabolism in AD brain. However, the intermodality agreement (kappa statistic)

was in the moderate range for both readers, suggesting that while there is considerable

similarity between the two modalities, they can produce some diagnostic disparities. This is

emphasized by the fact that significant frontal lobe hypoperfusion was noted on FDG-PET,

but not on ASL-MRI, a finding which conflicts with a previous report (14). The fact that

both readers had extensive experience with FDG-PET but not with ASL-MRI images may

explain why the intraobserver reliability and diagnostic confidence was lower for ASL-MRI,

but the quantitative analysis was nearly identical. Readers may apply pattern recognition
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derived from years of FDG-PET analysis to ASL-MRI images, which are not identical.

Further research and clinical experience will be needed to more formally define the patterns

of change on ASL-MRI that associate with AD, and to determine the etiology of the

heterogeneity that exists between ASL-MRI and FDG-PET.

Discrepancies between ASL-MRI and FDG-PET images could have two potential sources:

image artifact, or true perfusion-metabolism mismatch. Perfusion imaging modalities such

as ASL-MRI are susceptible to artifact in the setting of vascular compromise, such as

arterial stenosis. We found no difference between groups in white matter ischemic changes

and focal infarcts on the FLAIR MRI images, but this method is not perfect, and fixed

perfusional deficits which did not lead to FLAIR-positive lesions might explain some of

these discrepant diagnoses. The readers reported difficulty interpreting several ASL-MRI

images due to small areas of hypoperfusion in the parieto-occipital junction, which could be

confused with biparietal hypometabolism (Fig. 4). This may be due to decreased perfusion

in the watershed zone between anterior and posterior arterial circulations. They also felt that

it was more difficult to thoroughly examine the inferior temporal lobes, possibly due to

diminished image quality from temporal bone artifact. Despite these issues, regional scoring

of temporal lobe image intensity was similar between ASL and FDG, suggesting that these

artifacts had minimal impact on diagnosis. It appears likely that these and perhaps other

limitations of ASL-MRI images will need to be considered by expert readers, and that

accurate diagnosis of AD in larger populations will require diagnostic criteria that are

specific to ASL-MRI, and not simply adopted from FDG-PET. The qualitative similarity

between ASL-MRI and FDG-PET images suggest that perfusion and metabolism are

matched to some degree in AD, but no quantitative measures of regional perfusion or

metabolism were made in this study to examine this definitively. Such efforts are in

progress. A mismatch between oxygen uptake and glucose metabolism has been recently

described in AD-susceptible brain regions in both normal controls and AD patients, and has

been attributed to increased aerobic glycolysis in these vulnerable areas (25, 26). It remains

to be seen if regional discrepancies between ASL-MRI and FDG-PET are due to this

phenomenon.

For the purposes of this report, we chose to focus on image analysis methods that might be

accessible to the real-world radiologist, such as visual interpretations and basic whole-brain

CBF quantification, as the primary advantages of ASL-MRI over FDG-PET center around

convenience, cost, and clinical accessibility. Only a few groups have examined global CBG

as a predictor of AD. Asllani et al. showed a 40% decrease in global grey matter-corrected

CBF in AD patients (10), while Yoshiura et al showed a 24% decrease without segmentation

(13). Our study showed a 31.8% decrease in whole brain CBF (without grey matter

correction) in AD, suggesting that our simple, clinically-applicable method is sufficiently

sensitive to capture global hypoperfusion in AD. Future work should also compare regional

CBF and FDG uptake at the voxel level.

This study has several limitations. It was an exploratory study intended to evaluate a novel

imaging method for the concurrent acquisition of FDG-PET and ASL-MRI data, and to

determine if FDG-PET and ASL-MRI produce comparable images when performed

concurrently in AD patients. The study was not prospectively powered to provide definitive

sensitivity and specificity data for these modalities in AD, nor to determine statistical

superiority of one modality (or equivalence, although we note that the confidence interval

surrounding the AUC difference is fairly narrow). Extrapolating from our sample, if we

wanted to narrow this confidence interval down to a worst case of a 5% advantage for FDG,

a future study would need to increase our sample size by a factor of 3.11 (40 controls and 56

AD patients). ASL-MRI imaging of approximately 250 patients including patients with AD,

MCI, and controls will occur as part of the second phase of the Alzheimer’s Disease
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Neuroimaging Initiative (ADNI). These data will allow more rigorous statistical appraisal of

the diagnostic efficacy of this modality (27). The current work provides further motivation

for such rigorous comparison of FDG PET with ASL MRI.

The diagnosis of AD, used as the gold standard in this study, was made on clinical grounds,

and can thus not be definitively confirmed without autopsy data, though ASL-MRI data in

autopsy confirmed AD has recently been reported (28). Conversely, some recent studies

suggest that changes in cerebral metabolism in cognitively normal patients may precede the

clinical appearance of cognitive deficits (29, 30), therefore some control subjects could also

have had presymptomatic AD. Finally, the sample contained only AD patients and controls,

and the results thus cannot be directly applied to the clinical setting, in which a mix of

neurodegenerative and dementing illnesses are present.

In summary, we have compared FDG-PET and ASL-MRI images in a population of AD

patients and cognitively normal controls using a concurrent protocol to ensure optimal head

to head comparison. Our findings suggest that in this small but well-defined population,

ASL-MRI yields very similar image patterns and comparable diagnostic accuracy as FDG-

PET. While analysis of ASL-MRI images was slightly less consistent than that of FDG-PET,

quantitative analysis for both modalities was nearly identical. Considering the many

potential advantages of ASL-MRI, our results further bolster the potential utility of this

image modality for the diagnosis of AD, and reinforce the need for further efforts to

standardize and validate ASL-MRI methods in larger populations of mixed

neurodegenerative conditions.
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Figure 1.

Comparison of ASL and FDG images. Representative images from control (A&B) and AD

patients (C&D) comparing structural MRI images (T1 and FLAIR), ASL-MRI, and FDG-

PET. All four patients were diagnosed correctly by both readers using both modalities.

White arrows highlight areas of concordant hypometabolism on FDG-PET and

hypoperfusion on ASL-MRI.
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Figure 2.

Qualitative assessment of brain regional image intensity. Each image was scored from 1-4 (1

= severe hypointensity, 4 = normal). The pooled average of right and left for both readers is

shown. Grey bars are control, black bars are AD. *p<0.01 vs. regional control by one-way

ANOVA. FL: frontal lobe, TL: temporal lobe, PL: parietal lobe, OL: occipital lobe, BG:

basal ganglia, CBL: cerebellum.
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Figure 3.

Quantitative measures of global cerebral perfusion and metabolism. The ASL CBF (A) and

FDG SUV ratio (B) data for AD patients (black triangles) and controls (grey circles) are

compared. In both cases, AD was significantly different than control (*p<0.001 by unpaired

2-tailed t-test). ROC curves were constructed for ASL CBF (C) and FDG SUV ratio (D)

data. The cutoff points for sensitivity/sensitivity calculation are marked with an “x”. The

area under the curve (AUC) values were 0.91 for ASL (standard error 0.053, p<0.001) and

0.90 for FDG (standard error 0.055, p<0.001).
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Figure 4.

Parieto-occipital hypoperfusion artifact on ASL-MRI. ASL-MRI images (left) from patient 9

(control) show areas of hypoperfusion in the parietal-occipital junction (arrows) that were

not present on FDG-PET images (right). These were present in 4 control patients and are a

potential source of diagnostic error.
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