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Abstract: Background: Reduced cerebrovascular function and accumulation of tau pathology are
key components of cognitive decline in Alzheimer’s disease (AD). Recent multimodal neuroimag-
ing studies show a correlation between cortical tau accumulation and reduced cerebral perfusion.
However, animal models predict that tau exerts capillary-level changes that may not be fully cap-
tured by standard imaging protocols.

Objective: Using newly-developed magnetic resonance imaging (MRI) technology to measure cap-
illary-specific perfusion parameters, we examined a series of mild cognitive impairment (MCI) and
AD patients with tau positron emission tomography (PET) to observe whole-brain capillary perfu-
sion alterations and their association with tau deposition.

Methods: Seven subjects with MCI or AD received Flortaucipir PET to measure tau deposition
and spin-echo dynamic susceptibility contrast (SE-DSC) MRI to measure microvascular perfusion

(<10pm radius vessels). Gradient-echo (GE) DSC and pseudocontinuous arterial spin labeling (P-
Received: April 13, 2021 CASL) MRI were also acquired to assess macrovascular perfusion. Tau PET, microvascular perfu-
Accepted: August 28, 2021 sion, and cortical thickness maps were visually inspected in volumetric slices and on cortical sur-
face projections.
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* " Results: High tau PET signal was generally observed in the lateral temporal and parietal cortices,

with uptake in the occipital cortex in one subject. Global blood flow measured by PCASL was re-
duced with increasing tau burden, which was consistent with previous studies. Tau accumulation
@ CrossMark was spatially associated with variable patterns of microvascular cerebral blood flow (CBF) and oxy-
gen extraction fraction (OEF) in the cortex and with increased capillary transit heterogeneity (C-
TH) in adjacent periventricular white matter, independent of amyloid-f status.
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by /4.0/legalcode with either tau pathology or cortical atrophy. This work highlights the heterogeneity of AD-related
brain changes and the challenges of implementing therapeutic interventions to improve cerebrovas-
cular function.

Keywords: Alzheimer's disease, tau pathology, microvascular perfusion, multimodal neuroimaging, positron emission tomog-
raphy, dynamic susceptibility contrast magnetic resonance imaging, cerebrovascular function.

1. INTRODUCTION before the onset of frank neurodegeneration or detectable
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(NFT) formation are key contributors to the Alzheimer’s dis- positron emission tomography ( ) L o 1 W e m vivo
ease (AD) neuropathological cascade. Broadly, reduced cere- tau pathology correlates well with cognitive decline [4-9],

bral perfusion is known to occur early in the disease course, the functional relationship between pathological tau deposi-
tion and diminished vascular function in the human cortex re-

mains uncertain. Recent preclinical findings in transgenic
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phenocopy of those reported in the human traumatic brain in-
jury literature [12, 13], and they may reflect cortical capil-
lary transit heterogeneity (CTH) previously described in hu-
man AD [14-16].

Human neuroimaging studies have demonstrated local-
ized inverse correlations between increased tau burden and
reduced macrovascular cerebral blood flow (CBF) in vivo
across the cognitive spectrum [17-20]. However, both tau
pathology [21, 22] and vascular function [23] exhibit pro-
nounced spatiotemporal variability in vivo, suggesting the ex-
istence of distinct tau and vascular pathology subtypes. Ex-
amining whole-brain tau and cerebrovascular function distri-
butions could elucidate important regional associations at
the individual level. Moreover, while CBF is an integral
component of functional neurovascular coupling, changes in
CTH and oxygen extraction fraction (OEF) levels can reflect
microvascular dysfunction even with supra-ischemic CBF
levels [16]. Indeed, Jespersen and @stergaard [24] propose
that the combined effects of CBF, CTH, and OEF better cap-
ture cerebral hemodynamics than those of CBF alone. It is
thus relevant to examine tau-related CBF in the context of th-
ese other microvascular biomarkers, which reflect capillary
dysfunction and are associated with cognitive decline and
neurodegeneration in AD [14, 15, 25].

Based on mounting preclinical and clinical evidence, we
hypothesized that a high regional tau burden would spatially
colocalize with low microvascular CBF and high microvas-
cular CTH in the cortex. Here, we sought to characterize mi-
crovascular perfusion using spin-echo dynamic susceptibili-
ty contrast (SE-DSC) magnetic resonance imaging (MRI),
which is particularly sensitive to susceptibility contrast sig-
nal in small vessels such as capillaries (radius < 10 pm) [26,
27] and from which CBF, CTH, and OEF parametric maps
can be derived. Microvascular perfusion maps are visualized
along with tau PET imaging in seven cognitively impaired
subjects to examine qualitative spatial associations. To com-
pare our data with previously published studies [17-20], we
also acquired gradient echo DSC (GE-DSC) MRI and pseu-
docontinuous arterial spin labeling (PCASL), which mea-
sure perfusion signals from vessels of all sizes, from capil-
laries to large arteries.

2. MATERIALS AND METHODS

2.1. Subjects

This study was approved by the Institutional Review
Board of Mass General Brigham and was HIPAA compliant.
Seven subjects previously diagnosed with MCI (n=6) or AD
(n=1) and with prior amyloid-f and tau PET scans were re-
cruited to undergo SE-DSC, GE-DSC, and PCASL MRI at
the Massachusetts General Hospital (MGH). In addition, cog-
nitive status was assessed using the Mini-Mental State Exam-
ination (MMSE) [28], Clinical Dementia Rating (CDR)
Global score [29], Sum of Boxes (SoB) [30], and the Montre-
al Cognitive Assessment (MoCA) [31].
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2.2. Image Acquisition and Processing

Anatomical MRI was acquired with Imm isotropic T1-
weighted magnetization-prepared rapid acquisition with gra-
dient echo (MPRAGE) and T2-weighted fluid-attenuated in-
version recovery (FLAIR). Amyloid-f plaque deposition
was measured using Pittsburgh Compound-B (PiB) PET and
tau NFT burden was measured using Flortaucipir (['*F]-
AV-1451) PET, with standardized uptake value (SUV) maps
generated as previously described [32]. A novel dual-echo
SE-DSC and GE-DSC MRI sequence [33] was acquired
with intravenous injection of 0.1 mmol/kg gadolinium-based
contrast agent using the following parameters: 2.4mm in--
plane resolution, 33 3mm-thick slices, 15% slice gap; repeti-
tion time (TR) 1500ms, echo time (TE) 90ms; 244 time se-
ries with temporal resolution 1.5s. SE-DSC and GE-DSC
time-series data were processed using pgui (PGUI Perfusion
Analysis Software; Center of Functionally Integrative Neuro-
science, Aarhus University Hospital Norrebrogade, Den-
mark; https://cfin.au.dk/software/pgui/) to yield parametric
maps, including CBF, CTH, and oxygen extraction fraction
(OEF).

Multi-band PCASL [34] was acquired using a 3T MRI
scanner (Magnetom Prisma, Siemens, Munich, Germany)
and a Siemens 32-channel head coil. Labeled and control im-
ages were collected at the following post-label delay inter-
vals: 0.2s (n=12 measurements), 0.7s (n=12 measurements),
1.2s (n=12 measurements), 1.7s (n=20 measurements), 2.2s
(n=30 measurements). At each post-label delay, 60 2.27m-
m-thick slices were acquired with TR 8000ms and TE 40ms.
Motion correction was performed using 3dvolreg from Anal-
ysis of Functional Neurolmages (AFNI) [35], using the me-
dian frame in the time-series as the template volume for co-
registration. Perfusion was quantified using the oxford as/
script from the Bayesian Inference for Arterial Spin Label-
ing MRI (BASIL) toolbox [36].

Image registration and segmentation were performed us-
ing FreeSurfer 7.1.1 (https://surfer.nmr.mgh.harvard.edu/).
The PET SUV and perfusion parametric maps were regis-
tered to anatomical MRI and normalized to the mean cerebel-
lum cortex and sensorimotor cortex, respectively, yielding
relative maps (denoted with, e.g., “SUVR” or “rCBF”). The
sensorimotor cortex was selected as a perfusion reference re-
gion given its relative sparing in AD pathology and previous
usage for perfusion quantification in the AD brain [37-43].
Additionally, the PiB PET distribution volume ratio (DVR)
was calculated for a large cortical ROI encompassing fron-
tal, lateral temporal, and retrosplenial cortices (FLR) follow-
ing partial volume correction as described previously [32].
Amyloid-f positivity was defined as an FLR PiB DVR of
1.3 or greater [44-46]. All co-registered functional maps
were brain-masked and spatially smoothed with a 6mm
Gaussian kernel using FreeSurfer. To complement visualiza-
tion in subject space, each subject’s structural and functional
volumes were registered to a group-averaged template using
combined volumetric and surface registration [47, 48]. Volu-
metric data were additionally projected onto the template
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cortical surface with even sampling between the white and
pial surfaces using FreeSurfer.

2.3. Image Visualization and Analysis

Volumetric slice and functional overlay visualizations
were generated using the oro.nifti and neurobase packages
in R. The inflated template cortical surface was flattened by
first introducing relaxation cuts (see https://surfer.nmr.
mgh.harvard.edu/fswiki/FreeSurferOccipitalFlattenedPatch)
and using FreeSurfer’s surface flattening tool. Functional da-
ta projected onto the surface were visualized on the template
cortical flatmap using pycortex [49] in python (v3.8).

2.4. Statistical

Vertex-wise cortical surface summary statistics were cal-
culated for cortical thickness, SE rCBF, GE rCBF, PCASL
rCBF, and tau SUVR for each subject using the fireesurfer-
formats package in R (v4.0.2). Pearson’s product moment
correlation coefficient (r) and p-values were calculated using
the cor.test() function from the stats package in R.

3. RESULTS

3.1. Subject Information

Seven subjects (6 MCI/1 AD, mean age 76.7 + 6.7) un-
derwent PET and MRI, with an average of 2.7 + 1.2 years in
between PET and perfusion MRI scans. Subject demograph-
ics, cognitive scores, amyloid-p status, and APOE genotypes
are shown in Table 1. All subjects met National Institute on
Aging-Alzheimer’s Association criteria for cognitive impair-
ment, with n=6 MCI (CDR global score of 0.5) [50] and n=1
AD (CDR global score of 1) [51]. Additionally, based on
CDR SoB scores, these subjects exhibited either question-
able cognitive impairment (n=5), very mild dementia (n=1),
or mild dementia (n=1) [30].

Table 2 shows the whole-cortex tau SUVR mean and
standard deviation for each subject, with a mean cortical tau
SUVR of 1.22 + 0.31 across the seven subjects. Five sub-
jects exhibited PiB FLR DVR > 1.3 and were therefore clas-
sified as amyloid-p positive (Table 1). The two amyloid-$
negative subjects (Sub06 and Sub07) exhibited relatively
low cortical tau SUVR compared to other subjects (Fig. 1),
with cortical accumulation limited to the medial temporal re-
gion. This pattern of medial temporal tau deposition, cou-
pled with mild cognitive impairment, suggests primary age-
related tauopathy (PART) [52], though other neuropatholo-
gies such as Lewy body disease and major depressive disor-
der cannot be ruled out. Three subjects had at least one
APOE &4 allele (Sub01, Sub03, Sub05), two subjects had
€3/€3 (Sub06, Sub07), and two subjects did not have APOE
genotype data available (Sub02, Sub04).

3.2. PCASL-Measured Blood Flow Reflects Whole-Cor-
tex Tau Deposition

Previous studies indicate that global cortical CBF is re-
duced in AD [53-57]. To compare these subjects with previ-
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ous work, we first obtained values for whole-cortex cerebral
blood flow as measured by each of the three rCBF se-
quences: SE, GE, and PCASL (Table 2). PCASL-derived
rCBF exhibited a significant negative correlation with tau
SUVR at the whole-cortex level (r = -0.790, p = 0.035),
which is in line with previous studies showing negative asso-
ciations at the regional level [17, 18, 20]. Neither SE-rCBF
nor GE-rCBF correlated with tau SUVR at the whole-cortex
level. Average cortical thickness was also comparable
across subjects and did not correlate with tau, although the
one AD subject (Sub01) did have the second-greatest corti-
cal tau SUVR (1.40) and the lowest average cortical thick-
ness (1.99 mm).

3.3. Tau Deposition and Microvascular Perfusion Exhib-
it Intra-Subject Spatial Variability

To provide an overview of tau NFT distribution through-
out the cortex and subcortical structures in these seven sub-
jects, representative coronal slices are shown in group-aver-
age template space in Fig. (1). Individual patterns of tau de-
position varied by subject and did not clearly adhere to strict
Braak staging schemes [58, 59]. Consistent with AD-sus-
ceptible brain areas, the highest cortical tau SUVR was gen-
erally observed in the middle and inferior temporal regions,
though Sub01 showed high occipital cortex uptake and Sub-
03 showed high frontal, parietal, and cingulate uptake. Of
note, most subjects also exhibited clear asymmetries, with
one hemisphere showing greater overall tau burden.

Next, we examined the microvascular (SE-DSC) perfu-
sion maps from these subjects to see if local areas of altered
capillary rCBF matched areas of high tau deposition. Repre-
sentative structural FLAIR, tau-PET, and SE-DSC paramet-
ric maps are shown in volumetric slices in Fig. (2). We com-
pared areas of asymmetric tau uptake (circled) to the con-
tralateral hemisphere and surrounding parenchyma and ex-
amined the relationships with rCBF, rCTH, and rOEF.
Among the amyloid-positive subjects (Sub01, Sub02, Sub-
03, Sub04, Sub05), most had at least one high-tau region
that overlapped with reduced rCBF, though there were
notable exceptions in which the relationship between tau up-
take and rCBF was more heterogeneous. For example, Sub-
03 (Fig. 2C; 66F, CDR SoB 2) exhibited higher tau burden
throughout the right parietal, temporal, and cingulate cor-
tices compared with the left hemisphere, with many areas of
elevated tau uptake corresponding to relatively higher rCBF
and lower rOEF. By contrast, the amyloid-negative subjects
- Sub06 (Fig. 2F; 82M, CDR SoB 3) and Sub07 (Fig. 2G;
79F, CDR SoB 1) - exhibited lower rCBF within areas of ele-
vated tau but higher rCBF in the surrounding brain parenchy-
ma.

High rCTH was also observed in cortical regions and, un-
expectedly, in periventricular white matter adjacent to areas
of elevated tau uptake. For example, Sub04 (Fig. 2D; 70M,
CDR SoB 2.5) had a focus of elevated tau uptake in the right
inferior parietal cortex, with high rCTH in the subjacent
periventricular white matter. Sub06 (Fig. 2F) showed mild
tau deposition in the right entorhinal cortex, which also
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Fig. (1). Tau SUVR overlaid on the group-average template structural MRI slices at coronal levels that demonstrate tracer distribution in
each case. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Table 1. Demographic and cognitive information for the subjects in this case series study. Amyloid-p positivity is defined as a partial
volume corrected FLR (frontal, lateral temporal, and retrosplenial cortex) distribution volume ratio (DVR) of 1.3 or greater. Sum-
mary statistics in the final row are presented as mean (standard deviation).

Subject| Diagnosis |Age at Tau Scan| Sex | MMSE |CDR SoB CDR Global Ye;;su?]\eﬁlv: en APOE Amyloid-p
Sub01 AD 74 F 21 1 2.9 e3/ed +
Sub02 MCI 82 M 26 0.5 2.9 NA +
Sub03 MCI 62 F 22 0.5 3.8 ed/ed +
Sub04 MCI 70 M 24 2.5 0.5 0.5 NA +
Sub05 MCI 78 M 29 2 0.5 1.7 e3/e4 +
Sub06 MCI 79 M 22 3 0.5 32 e3/e3 -
Sub07 MCI 75 F 30 1 0.5 4.1 e3/e3 -

n=7 |6 MCI, 1 AD 74.3 (6.7) 4M, 3F|24.9 (3.6)[ 2.6 (1.6) | 6 CDR,;, 1 CDR, 2.7(1.2) 3ed’,2e4,2NA 5+, 2-

Table 2. Summary statistics from functional data projected onto the cortical surface in individual subject space. Values are present-
ed as the mean (standard deviation) across all cortical surface vertices per subject. In the bottom row, results from Pearson’s correla-

tion test are shown for each column compared with Tau SUVR across the seven subjects.

a.u. = arbitrary units.

Subject Cortical Thickness (mm) SE rCBF (a.u.) GE rCBF (a.u.) PCASL rCBF (a.u.) Tau SUVR (a.u.)
Sub01 2.19 (0.59) 0.82 (0.33) 0.67 (0.35) 0.62 (0.35) 1.38 (0.41)
Sub02 2.17(0.57) 0.79 (0.33) 0.71 (0.43) 0.81 (0.38) 1.13 (0.28)
Sub03 2.26 (0.49) 0.74 (0.43) 0.82 (0.61) 0.67 (0.22) 1.43 (0.40)
Sub04 2.38(0.48) 0.71 (0.27) 0.80 (0.66) 0.64 (0.20) 1.24 (0.25)
Sub05 2.25(0.53) 0.61 (0.23) 0.69 (0.57) 0.78 (0.33) 1.14 (0.26)
Sub06 2.29 (0.47) 0.91 (0.34) 0.82 (0.53) 0.78 (0.30) 1.10 (0.20)
Sub07 2.38(0.56) 0.88 (0.37) 0.77 (0.65) 0.70 (0.22) 1.15 (0.20)
Correlation with Tau SUVR ;861883 ;‘8:71 g;’ ;ggg ;80752 -
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Fig. (2). Representative slices showing FLAIR, tau-PET SUVR, rCBF, rCTH, and rOEF parametric maps for each subject. All volumes are
presented in individual subject space. White ovals highlight regions with high tau-PET signal and/or noteworthy SE-DSC microvascular pat-
terns. a.u. = arbitrary units. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

exhibited high rCTH and low rCBF. Sub05 (Figs. 2E; 79M,
CDR SoB 2) showed asymmetrically high tau deposition in
the left middle temporal cortex and amygdala, which collec-
tively exhibited diminished rCBF compared with the right
hemispheric counterparts and markedly higher rCTH and
rOEF in the adjacent periventricular white matter. While all
subjects exhibit variably increased rCTH in the periventricu-
lar white matter (notably Figs. 2C, D, E, and G), such in-
creased rCTH only coincided with FLAIR signal hyperinten-
sity in Sub02 (Fig. 2B), with no FLAIR signal abnormalities
detected in the other subjects.

3.4. Tau Deposition and Microvascular Function Exhibit
Heterogeneity on the Cortical Surface

To assess the relationship between tau uptake and micro-
vascular perfusion parameters across subjects, maps of tau
uptake, perfusion parameters, and cortical thickness were

projected onto a group-averaged cortical surface flatmap
(Fig. 3). This enabled the investigation of spatial associa-
tions between cortical tau pathology, microvascular func-
tion, and atrophy within the same group-averaged space. A
flatmap atlas is included in Fig. (S1) for guidance. Despite
relatively consistent spatial patterns in cortical thickness, the
tau SUVR and rCBF maps differed markedly across sub-
jects. For example, Sub01 and Sub03 had the most cortical
tau deposition among all subjects, yet rCBF in Sub01 was
uniformly diminished in areas of elevated tau uptake, while
rCBF in Sub03 was preserved to elevated in areas of in-
creased tau and adjacent regions. Sub02 and Sub06 showed
marked asymmetry between cerebral hemispheres in tau de-
position, with areas of lower rCBF corresponding to areas of
greater tau uptake. In other subjects, the relationship be-
tween tau uptake and rCBF was more complex. For exam-
ple, Sub03 and Sub07 showed fairly symmetric tau burden
between cerebral hemispheres and asymmetric patterns of
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Fig. (3). Tau-PET SUVR, rCBF, rCTH, rOEF, and cortical thickness surface data projected onto the flattened group-average template sur-
face. Left and right hemispheres are indicated with L and R, respectively. a.u. = arbitrary units. (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

rCBF, including higher rCBF in the right cerebral hemi-
sphere in Sub03 that appeared to correspond to slightly
greater tau uptake in the same hemisphere. While greater
rCBF in one hemisphere often showed asymmetrically lower
rOEF and/or rCTH in the same hemisphere, as exemplified
in Sub06, this trend was not universal, with Sub05 showing
symmetric rCTH and rOEF maps despite focally elevated
rCBF in the right cerebral hemisphere.

4. DISCUSSION

Based on the growing literature documenting associa-
tions between high tau burden and reduced blood flow in the
cortex, we hypothesized that tau deposition would be spatial-
ly associated with low rCBF in these seven cognitively im-
paired subjects. We additionally hypothesized that tau bur-
den would be associated with high tCTH, given evidence of
tau-driven capillary flow heterogeneity in the murine cortex
[11]. While we observed a negative association between tau
burden and PCASL CBF at the whole-cortex level, the visu-
alizations provided herein indicate that the relationship be-
tween tau pathology is more nuanced. Given the relative con-
sistency of cortical thickness distribution across these seven
subjects, it is not likely that such microvascular heterogenei-

ty is driven by cortical atrophy alone but rather by complex
underlying physiology.

Spatiotemporal variability in tau pathology is increasing-
ly recognized as the norm rather than the exception [21, 22,
60], underscoring the need to examine whole-brain tau and
vascular dynamics at the individual patient level. The micro-
vascular heterogeneity observed in our cohort may be driven
in part by variability in individual tau pathology trajectory,
though future longitudinal analysis is needed to clarify such
a mechanism. The observed microvascular asymmetry be-
tween hemispheres also warrants further study, as it may re-
late to “misery perfusion”, a phenomenon in which reduced
CBF in one hemisphere induces elevated OEF compared
with the contralateral hemisphere. Misery perfusion has
been reported in various cerebrovascular pathologies [61,
62] as well as in AD [63].

In addition to a variable pattern of cortical perfusion, we
also observed high rCTH in the periventricular white matter
in several subjects. Several areas of elevated rCTH appeared
in the periventricular white matter subjacent to areas of ele-
vated tau uptake, suggesting the alteration of microvascular
dynamics in white matter in association with cortical tau
pathology. Such areas of elevated rCTH were primarily ob-
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served in the absence of white matter lesions on FLAIR
imaging, which are the expected hallmark of cerebrovascu-
lar damage in small vessel disease [64, 65]. However,
periventricular white matter hyperintense signal did overlap
with relatively increased rCTH in one subject (Sub02, see
Fig. 2B), potentially indicating an association between these
two markers as has been previously reported [66]. Given
that cortical tau pathology can contribute to white matter da-
mage independent of frank FLAIR hyperintense lesions
[67], further studies are needed to clarify such associations
and the potential role of tau NFT clearance via white matter
vasculature.

Moreover, vascular dynamics likely fluctuate throughout
the disease course as the cerebral vasculature struggles to
maintain oxygen for metabolism with increasing capillary
dysfunction. To that end, a longitudinal study in asympto-
matic APOE &4 allele carriers showed an inverted U-shape
in CBF, with CBF initially increasing to meet the brain’s
metabolic needs but subsequently decreasing to maximize
oxygen availability [68]. Another study showed positive re-
gional correlations between amyloid-p burden and CBF in
cognitively normal adults, suggesting a compensatory vascu-
lar mechanism early in the disease process [69]. While we
provided the amyloid-f status and APOE genotype of our co-
hort subjects when available, we did not examine either fac-
tor in the scope of this study. Both amyloid- oligomers [70]
and the APOE ¢4 allele [71] can disrupt microvascular flow
via impaired capillary pericyte function, and further study is
needed to disentangle their microvascular effects from those
of tau pathology. We also cannot exclude potential vascular
contributions of other common AD comorbidities such as
Lewy body disease, TDP-43 pathology, and/or small vessel
ischemic disease [72].

Strengths of this study include the noninvasive mapping
of tau pathology and perfusion arising from the microvascu-
lature in the whole brain using tau-PET and SE-DSC MRI.
However, the conclusions of this qualitative study are limit-
ed by the small sample size and variable elapsed time be-
tween tau-PET and DSC-MRI. Longitudinal studies using
Flortaucipir PET suggest that amyloid-negative subjects ex-
hibit minimal cortical tau SUVR change (0-3% increase per
year) while amyloid-positive subjects exhibit more pro-
nounced annual tau deposition (3-8% increase per year)
[73-76]. Therefore, we cannot exclude the possibility that
tau pathology spread to new regions between the Flortau-
cipir scans and subsequent perfusion MRI in these subjects,
particularly those with amyloid-B pathology. Given the
cross-sectional nature of this study, the temporal and/or
causal relationship(s) between tau accumulation and micro-
vascular function could not be evaluated. Moving forward,
longitudinal imaging in a larger subject cohort with cogni-
tively normal controls could better elucidate the specific rela-
tionship between tau deposition and microvascular function.

CONCLUSION

In this small case series, complex relationships were ob-
served between tau lesions and microvascular perfusion,
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with elevated tau uptake associated with variable degrees of
CBF reduction and, in some individuals, paradoxically in-
creased CBF. Collectively, the findings present a previously
underappreciated heterogeneous relationship between tau
and microvascular function that has larger implications for
how to monitor therapeutic efficacy in AD. Further study is
warranted to better elucidate their interaction in AD pathoge-
nesis and progression.
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