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Abstract

Background.—Neuroinflammation is a well-known feature of early Alzheimer disease (AD) yet 

astrocyte activation has not been extensively evaluated with in vivo imaging in Mild Cognitive 

Impairment (MCI) due to amyloid plaque pathology. Unlike neurons, astrocytes metabolize 

acetate, which has potential as a glial biomarker in neurodegeneration in response to AD 

pathologic features. Since the medial temporal lobe (MTL) is a hotspot for AD neurodegeneration 

and inflammation, we assessed astrocyte activity in the MTL and compared to amyloid and 

cognition.

Methods.—We evaluate spatial patterns of in vivo astrocyte activation and their relationships 

to amyloid deposition and cognition in a cross-sectional pilot study of 6 participants with MCI 

and 5 cognitively normal (CN) participants. We measure 11C-acetate and 18F-florbetaben amyloid 

standardized uptake values ratios (SUVRs) and kinetic flux compared to cerebellum on positron 

emission tomography (PET), with magnetic resonance imaging and neurocognitive testing.

Results.—Medial temporal lobe (MTL) 11C-acetate SUVR was significantly elevated in MCI 

compared to CN participants (P = 0.03; Cohen d = 1.76). Moreover, MTL 11C-acetate SUVR 

displayed significant associations with global and regional amyloid burden in MCI. Greater MTL 
11C-acetate retention was significantly related with worse neurocognitive measures including the 

Montreal Cognitive Assessment (P = 0.001), Word List Recall memory (P = 0.03), Boston Naming 

Test (P = 0.04) and Trails B test (P = 0.04).

Conclusions.—While further validation is required, this exploratory pilot study suggests a 

potential role for 11C-acetate PET as a neuroinflammatory biomarker in MCI and early AD to 

provide clinical and translational insights into astrocyte activation as a pathological response to 

amyloid.
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INTRODUCTION

Neuroinflammation is a major pathological feature of Alzheimer disease (AD). Alzheimer 

and Fischer’s 1907 discoveries identified the association between activated astrocytes and 

amyloid plaques [1,2], which was subsequently confirmed [3-5]. In AD, astrocyte activation 

is observed particularly in the hippocampus within the medial temporal lobe (MTL) [6]. 

Neuroinflammation in mild cognitive impairment (MCI) and AD has been studied most 

often through microglial imaging using positron emission tomography (PET) [7]. However, 

methods to evaluate astrocyte activation with in vivo metabolite-based imaging have not 

been extensively studied in MCI and AD.

Here, we explore astrocyte activation in MCI due to AD pathology using 11C-acetate PET. 

Acetate is a metabolic substrate for astrocytes but not neurons, particularly when used 

for fatty acid synthesis and glial proliferation [8,9]. Astrocyte activation is a dynamic 

process comprising different activity states [6]. Ex vivo and in vitro findings demonstrate 

that activated astrocytes linked to AD will display intracellular accumulation of fatty acids 

and lipids [1,10,11]. These observations in AD support in vivo imaging results from other 

brain diseases showing that astrocyte proliferation and anabolism are associated with higher 
11C-acetate retention [12,13]. Since 11C-acetate PET has already been applied to evaluate 

activated astrocytes in patients with multiple sclerosis [14], alcoholism [15] and glioma [16], 

we sought to test 11C-acetate PET as a marker of astrocyte neuroinflammation in patients 

with MCI and amyloid pathology.

Guided by literature and analysis of ex vivo astrocyte markers (Supplement), we predicted 

that in vivo 11C-acetate retention is elevated in the MTL. Furthermore, we posited that 
11C-acetate retention correlated with amyloid PET burden and with worse performance on 

tests of MTL-associated memory and global cognition. We emphasize that this pilot study 

is exploratory; while this inquiry cannot definitively answer these hypotheses, it can provide 

insight into the potential applications of 11C-acetate PET in MCI and AD.

MATERIALS AND METHODS

Study Design and Participants

This cross-sectional imaging study (NIH NCT02811744) was approved by the Institutional 

Review Board of our hospital and evaluated participants over the age of 60 years old 

from 2016 to 2018. Informed consent was obtained by a physician. Participants with 

normal cognition and MCI were assessed for competence and accompanied by a study 

partner. Participants with MCI had amnestic phenotype and amyloid-positive PET, thus 

characterized as having MCI due to AD pathology. Both amyloid-positive and amyloid-

negative participants with normal cognition were recruited. Though this diverse “control 

group” reduces the power to identify group differences in MCI, this approach more 
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realistically captures the heterogeneity in amyloid levels found in cognitively normal older 

adults. Moreover, such a cognitively normal (CN) group with both amyloid-negative and 

amyloid-positive participants provides a dynamic range of subclinical cerebral amyloid 

levels to identify possible relationships between regional 11C-acetate and amyloid PET 

measures.

Magnetic Resonance Imaging

Isotropic T1 magnetization-prepared rapid gradient echo (MPRAGE; 0.8mm3) magnetic 

resonance imaging (MRI) on a 3 Tesla scanner (Magnetom Prisma or Trio model, Siemens, 

Erlangen, Germany) with a 64-channel head coil were obtained within 111±182 days of 
11C-acetate PET scan. There was no significant difference of time between 11C-acetate 

and MRI for cognitively normal and MCI groups. MRIs were used for defining regions of 

interest (ROIs) and adjusting for atrophy-related cerebrospinal fluid dilution.

11C-Acetate PET

PET was performed on an Ingenuity TF PET/computed tomography (CT) scanner (Phillips 

Healthcare, Amsterdam, Netherlands) with low dose CT for attenuation correction. 

Reconstruction used BLOB-OS-TF with trans-axial field of view of 256mm and 2mm 

isotropic voxels. 11C-Acetate was produced at our GMP cyclotron facility per established 

protocol [17]. Each subject was injected with about 20mCi (range 19-24mCi) as a rapid 

bolus with simultaneous initiation of a 60 minute, 50 frame dynamic acquisition (24x5 

seconds, 6x10 seconds, 3x20 seconds, 2x30 seconds, 5x60 seconds, 10x300 seconds). 

Venous blood samples were collected at 2, 5, 10, 20, 40, and 60 minutes post-injection 

of 11C-acetate to quantify the amount of the metabolite 11C-CO2 in blood over time. 

Whole blood samples were mixed into a basic solution of 1-part 0.9M NaHCO3, 3-parts 

isopropanol, and 1-part 0.1N NaOH and an acidic solution containing 1-part 0.9M NaHCO3, 

3-parts isopropanol, and 1-part 6N HCl. The basic solution was sealed, while the acidic 

solution was placed in a positive pressure manifold and exposed to an air current to 

release metabolized 11C-CO2. Samples were counted in Wizard2 2480 gamma counter 

(PerkinElmer, Waltham, MA, United States) to calculate percentage un-metabolized parent 

for kinetic analyses of tracer uptake.

Regional time-activity curves (TACs) were quantified using 30 ROIs determined from fused 

T1-weighted MRI in the PMOD package v3.7 (PMOD Technologies, Zurich, Switzerland) 

and the Automated Anatomical Labeling merged atlas [18]. Examples of TACs from 

the venous blood sampling and individual brain ROIs are shown in Figures S1 and S2, 

respectively. Regional TACs were quantified without and with partial volume correction 

(PVC) using geometric transfer ratio method implementation in PMOD [19]. Results are 

presented with PVC as findings without PVC are similar. Since AD and amnestic MCI 

demonstrate relatively symmetric, bilateral pathology of amyloid deposition [20-22], atrophy 

[23] and glial-mediated neuroinflammation [7], left and right ROIs were combined via 

volume-weighted average in regional analyses. Our cohort displayed right and left symmetry 

for both amyloid and 11C-acetate imaging. The Heschl gyrus ROI was excluded from study 

analyses due to small size (<1cm3) relative to our PET scanner’s spatial resolution of 5mm 

full width at half maximum [24].

Duong et al. Page 3

Nucl Med Commun. Author manuscript; available in PMC 2022 January 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



For static analysis, uptake from 40-60 minutes post-injection dynamic frames were averaged 

to generate standardized uptake value (SUV) parametric images. This timeframe was 

selected to preferentially capture 11C-acetate trapped in biosynthetic pathways in activated 

astrocytes, rather than what was catabolized to 11C-CO2 [9,14,16,25]. SUV was normalized 

to cerebellar gray matter (GM) as a physiological comparator region to calculate SUV 

ratio (SUVR) [14,16]. Until late stages of AD (well beyond early stages in our sample), 

cerebellar GM is mostly free of amyloid deposition [7,26-28] and glial activation [7,29-31]. 

Unlike cerebellar white matter, the GM contains more abundant astrocytes, the cell type of 

interest. Thus, cerebellar GM astrocytes in MCI are not exposed to local amyloid-related 

neuropathologic changes so this region can serve as a comparator for astrocyte metabolism 

in the absence of Alzheimer pathology [29-31].

For kinetic modeling, image-derived arterial input functions were calculated per previously 

published methods [32] and were scaled using individual venous blood data from 10-60 

minutes post-injection. Kinetic parameters of regional brain 11C-acetate uptake were 

modeled in PMOD. TACs were fitted using Patlak graphical methods [33,34]. The model 

inputs included individual blood input functions and the population average 11C-acetate 

parent fractions (Figure S1B). Plasma 11C-acetate concentrations were assumed to be equal 

to whole blood concentrations. Brain blood volume fractions were fixed at 5%. Patlak linear 

analyses were performed to derive kinetic flux (Ki). Due to anticipated errors in kinetic 

modeling for 11C-acetate from lack of invasive cannulated arterial input function, inherent 

limitations of image-derived input functions [35] and potential variability in biodistribution 

of the 11C-CO2 metabolite, we evaluated a flux ratio (KiR) based on nuclear medicine 

literature [36-40] with cerebellar GM as comparator region, similar to astrocyte imaging 

studies with 11C-deuterium-L-deprenyl [29-31]. Kinetic flux was compared to cerebellar 

GM to normalize for variability in 11C-acetate delivery, washout and background due to 

metabolism to 11C-CO2 in a region of baseline astrocyte activity without the presence of 

amyloid. Time stability curves of regional distribution volumes (VT) were created with 

the Logan method [41] with PMOD. Dynamic PET scans were visualized on MIM (MIM 

Software Inc, Cleveland, OH, United States).

18F-Florbetaben PET

Amyloid PET was performed as 20-minute scans after 8.1mCi 18F-florbetaben intravenous 

injection as per standard clinical protocol within 176±108 days prior to 11C-acetate 

PET scan. SUV analyses were performed similar to methods described above. The 

SUVR reference region was the cerebellum, as described in literature [26,27]. A trained 

neuroradiologist interpreted amyloid scans as amyloid-positive or amyloid-negative per 

established qualitative guidelines [27]. There was no significant difference in the time 

between 11C-acetate and 18F-florbetaben PET scans for cognitively normal and MCI 

groups. One cognitively normal participant had 18F-florbetapir PET and was excluded from 

comparisons of regional amyloid 18F-florbetaben vs. 11C-acetate but was included for other 

analyses.
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Cognitive Evaluation

Cognitive testing was performed the day of 11C-acetate PET and included the Word List 

Recall memory (10 word test) [42], Montreal Cognitive Assessment (MoCA) [43], Boston 

Naming Test (BNT) [44], Trail Making B Test [45] and Rey Auditory-Verbal Learning Test 

[46] per NIH AD Research Center (ADRC) guidelines.

Statistical Analysis

Descriptive statistics show mean and standard deviation unless otherwise specified. Analysis 

was performed with 2-sample independent means t-tests with 2-tailed P values. Effect size 

was computed with the Cohen d statistic. Due to the exploratory nature of these pilot study 

investigations, P values were not corrected for multiple comparisons and a threshold of P 
< 0.05 was considered statistically significant. With the goal of 0.80 power and 0.05 type 

I error, we predicted the sample size would be sufficient to detect mean SUVR difference 

of 0.1. Regressions for cognition and 11C-acetate measures were evaluated with Spearman 

correlations. To evaluate amyloid and 11C-acetate relationships across the 30 brain ROIs 

sampled within subjects, linear mixed-effects regression model analyses were performed 

using the nlme package in R v4.0.2 [47]. Fixed effects included regional 11C-acetate 

measures and amyloid SUVR for each ROI in each participant. The participants served 

as random effects to account for the regional variation between individuals. Differences 

in correlations were determined by 2-tailed Fisher R-to-Z transformation. Differences in 

regressions were compared by 2-sample t-tests between slopes. Given the sample size, 

leave-one-participant-out analysis was performed to assess if individual participants were 

disproportionately influencing correlations; this did not change the results.

RESULTS

There were 6 participants with MCI (mean age 72±6 years) compared to 5 CN participants 

(74±10 years, 3 amyloid-positive, 2 amyloid-negative). As expected, patients with MCI had 

significantly worse scores on the Montreal Cognitive Assessment (MoCA) (P = 0.02) and 

Word List Recall memory test (P = 0.04), as well as lower bilateral MTL volume (P < 0.05) 

compared to CN participants (Table 1).

Elevated MTL 11C-Acetate in MCI

Despite these distinctions, there was no significant global difference in 11C-acetate SUVR 

between MCI and CN groups (P = 0.50). However, lack of global 11C-acetate elevation does 

not preclude a localized astrocyte response to amyloid. Ex vivo glial activation has been 

noted in the hippocampus, a critical memory node within the medial temporal lobe (MTL) 

[6]. Indeed, post-mortem biomarker expression analysis revealed elevations of astrocyte 

and acetate metabolism markers in the hippocampi of patients with AD relative to CN 

participants (Figure S3). See Supplementary Methods for additional information.

Thus, we hypothesized that MTL 11C-acetate retention is elevated in MCI participants with 

amyloid pathology. We found that participants with MCI had significantly higher mean 
11C-acetate SUVR in the MTL (0.99±0.06) compared to CN participants (0.91±0.02; Cohen 

d = 1.76; P = 0.03) (Table 1, Figure 1). The magnitude of this observation is consistent 
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with effect sizes of other glial activation radiotracers; indeed, Cohen d effect sizes of 

regional 11C-PBR28 activity range from 0.8-1.7 [48]. Additionally, limbic structures, such 

as cingulate and fusiform gyri, trended towards modest 11C-acetate elevation in MCI (Figure 

2, Table S1). These findings were replicated with KiR data (Table S2). The time stability 

curve (Figure S4) further depicts relatively stable VT from 40-60 minutes consistent with 

non-accumulation of labelled metabolites, such that activity uptake and washout is likely due 

to the parent radiotracer.

Association of 11C-Acetate and Amyloid PET

Our cohort was also tested for amyloid plaque levels by in vivo PET (Figure S5). Since 

overall neocortical amyloid deposition is associated with localized MTL neurodegeneration 

and neuroinflammation [49], we further examined the relationships between 11C-acetate in 

the MTL and global amyloid burden in the supratentorial gray matter. MTL 11C-acetate was 

positively correlated with global amyloid burden in the MCI group (R = 0.83; P = 0.04) but 

not in the normal cognition group (Figure 3A,B). These results were consistent with KiR 

data (Figure 3C,D). The differences in correlations of the CN and MCI groups by Fisher 

R-to-Z transformation were statistically significant (P values < 0.05), thereby supporting a 

potential association between local astrocyte activity and amyloid burden in MCI.

Activated astrocytes co-localize with amyloid plaques in several neuropathological studies 

[3,4,49], so we hypothesized that we would find greater 11C-acetate retention in regions 

with greater amyloid burden. Since amyloid deposition varies between and within subjects, 

we studied regional association of astrocyte activation and amyloid across participants 

and regions with 11C-acetate and 18F-florbetaben amyloid PET, respectively, as a mixed 

linear effects model (Figure S6A,B). Intriguingly, for cognitively normal (CN) participants, 

regional 11C-acetate retention revealed a significant negative association with regional 

amyloid deposition (R = −0.36; P < 0.001). For MCI, regional 11C-acetate positively 

associated with regional amyloid (R = 0.33; P < 0.001). Between CN and MCI cohorts, 

significant group differences were noted for comparisons of both correlations and slopes 

(P values < 0.01). Furthermore, these amyloid correlation findings were replicated with 
11C-acetate kinetic data (Figure S6C-F). With the 11C-acetate flux measures, differences 

between both correlations and slopes for CN and MCI were also significant (P values < 

0.01).

Association of MTL 11C-Acetate and Cognition

Next, we determined how MTL 11C-acetate varied with cognition, including tests sensitive 

to episodic memory (Figure 4). Across all participants, elevated MTL 11C-acetate SUVR 

was significantly associated with worse cognitive performance on tests such as the MoCA 

(R = −0.84; P = 0.001), Word List Recall memory (R = −0.67; P = 0.03), BNT (R = −0.61; P 
= 0.04) and Trails B Test (R = 0.66; P = 0.04).

After excluding CN participants from the regression analysis, associations between 11C-

acetate and cognition in participants with MCI remained significant for the MoCA (P 
= 0.02) and trended towards significance with Word List Recall (P = 0.05; Figure S7). 

The KiR flux replicated significant associations between 11C-acetate and cognition for the 
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MoCA, BNT and Trails B Test (P values < 0.05), with a trend for Word List Recall (P = 

0.08) (Figure S8).

DISCUSSION

This exploratory pilot study assessed 11C-acetate PET as a biomarker in MCI with 

amyloid pathology. Astrocyte activation is seen on post-mortem assessments in early 

AD [1-4], however in vivo imaging of astrocyte metabolism biomarkers has not been 

surveyed extensively. Acetate uptake characterizes proliferating astrocytes [8,9,12-16] and 

may measure astrocyte activation in MCI. Overall, our findings depict regional correlation 

between amyloid and 11C-acetate retention. Activation in the MTL also correlates with a 

global pattern of amyloid.

The MTL has been shown to be a hotspot of neuroinflammation in cognitive impairment 

and neurodegeneration [3-6,23,49,50]; this is concordant with our post-mortem expression 

analysis and in vivo 11C-acetate imaging study. In addition to the significant group 

difference in the MTL, there is a general though modest elevation of 11C-acetate retention 

across additional limbic brain regions, though this observation is limited by the exploratory 

nature of the pilot study. Notably, similar effect sizes are seen with other radiotracers of 

glial activity such as 11C-PBR28 [7,29,30,48]. Limbic regions were shown in one study 

to have higher amyloid load and microglial inflammation in AD [7]; here, they displayed 

modest trends towards 11C-acetate elevation in MCI. Consistent with other inflammation 

radiotracers [7,29,30], this trend may represent a relatively wider increase of astrocyte 

activity associated with diffuse cerebral amyloid pathology. However, the MTL might have 

the most discernible effect size for participants with MCI and early AD. Our pilot study 

was only sufficiently powered to detect an average 11C-acetate SUVR difference of about 

0.1. Based off prior 11C-acetate neuroimaging studies, such a difference is consistent with 

disease-associated astrocyte activation [14,16].

The associations of 11C-acetate, amyloid and clinical status are intricate. Significant 

elevation of MTL 11C-acetate was found in participants with MCI; this effect is 

opposite of the well-known AD-related neuronal metabolic reductions measured with 18F-

fluorodeoxyglucose PET but compatible with prior literature on acetate as a biomarker of 

astrocyte activation [12-16]. Previous gene-expression studies have isolated distinct subtypes 

of reactive astrocytes, including pro-inflammatory, neurotoxic astrocytes enriched in AD 

and homeostatic astrocytes found in cognitively normal subjects [5,6]. While 11C-acetate 

imaging may not be able to distinguish between distinct types of astrocyte activation, 

our observed associations of 11C-acetate and amyloid retention are consistent with amyloid-

induced, astrocyte-mediated inflammation [3-5]. Indeed, greater regional and global amyloid 

uptake were associated with higher regional 11C-acetate in MCI, a correlation not mirrored 

in amyloid-positive, cognitively normal adults. Though additional studies are required, this 

directional difference raises the possibility that 11C-acetate elevation is an astrocyte marker 

for the evolution of a proliferative inflammatory response and perhaps an amyloid-related 

neurodegenerative process in early AD that is not found in amyloid-positive, cognitively 

normal subjects. To this point, elevated MTL 11C-acetate correlated with worse cognition, 

suggesting that 11C-acetate is a marker of disease severity. Together, these in vivo imaging 
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and post-mortem expression findings indicate 11C-acetate is a potential neuroinflammation 

marker of early astrocyte changes in early AD.

Our study has limitations. First, this exploratory pilot study had small sample size, limiting 

the power to detect changes in 11C-acetate and perhaps increasing potential for sampling-

related bias. Power in MCI vs. CN group comparisons was likely further reduced by 

the inclusion of amyloid-positive and amyloid-negative participants in the CN group. 

Nevertheless, this heterogeneous CN group more faithfully represents the variability of 

amyloid levels in cognitively unimpaired older adults and allows the evaluation of astrocyte 

activity in response to amyloid plaques at a dynamic range of subclinical amyloid burden. 

Next, the lack of detection of regional differences between MCI and CN groups outside the 

MTL may be due to sample size. Since this between-group effect size was modest, it is not 

clear that 11C-acetate PET would be useful in all individual cases, at least in the absence of 

a separate amyloid PET study. Tau status was not known, and variability in pathological tau 

aggregates could potentially affect localization and extent of astrocyte activation [3,49,50]. 

Though it is possible that additional non-neuronal cells may contribute to 11C-acetate 

uptake, much of the literature has focused on acetate uptake as an astrocyte marker 

[8,9,13]. Moreover, acetate metabolism is associated with reduced microglial activation [51], 

compared to greater astrocyte activity [8,9].

Additionally, PET signal was assessed using SUVR, kinetic flux and flux compared to 

cerebellum, which may correct for variability in tracer delivery, washout and background 

due to 11C-acetate metabolism to 11C-CO2 [14,16]. Time-activity curves stabilized after 

20 minutes (Figure S2 and S4) and we measured SUVR from 40-60 minutes, consistent 

with previous studies [9,14]. At this later time point after 11C-acetate injection, most of 

the signal was likely attributed to 11C radionuclide from the parent tracer incorporated 

into macromolecules and thus represents a measure of astrocyte anabolic function 

and proliferative activity rather than a marker of just astrocyte energy catabolism or 

accumulation of radiometabolite alone. This is consistent with prior in vivo PET studies of 

homeostatic and proliferative astrocytes in healthy brains and patients with glioma [52,53]. 

Utilizing radiotracers that produce 11C-CO2 metabolites (such as 11C-thymidine), these 

studies have demonstrated a relatively ubiquitous 11C-CO2 uptake with minimal tissue 

trapping similar to the results seen here. We had predicted that the lack of arterial input may 

impact the quality of the data used in the kinetic flux analysis, which was confirmed by our 

observation of inter-subject variability in Ki measurements (Figure S6). Thus, we utilized a 

flux measure [36-40] compared to cerebellar GM [29-31] to address such biases. In addition 

to quality of the data used, another limitation may pertain to the analytical approach. These 

findings suggest that the assumption of the Patlak method, that the radiotracer irreversibly 

binds to the specific target (k4 = 0) from injection until the end of the imaging session, may 

not be entirely appropriate here, and may be related to the reversible exchange and lack 

of tissue trapping of the metabolite 11C-CO2. Hence, the flux ratio was utilized to reduce 

potential biases related to data and model limitations when comparing between participants 

and further work will compare the flux ratio to methods that do not require irreversible 

binding using 11C-acetate PET data acquired with arterial blood sampling and metabolite 

analysis.
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Future directions include the validation of these pilot study results with a larger cohort of 

study participants and longitudinal study design. Given the differences in dynamic ranges 

and spatial localization of 11C-acetate and 18F-florbetaben uptake, additional studies may 

acquire multiple scans to evaluate test-retest variability and changes over time to further 

illuminate the dynamic pathophysiological processes in early AD. Correlation of astrocyte 

activation through 11C-acetate PET with additional molecular imaging markers (such as tau 

PET) and post-mortem neuropathological assessment can also strengthen these findings.

CONCLUSIONS

This exploratory pilot imaging study in patients with amnestic MCI due to Alzheimer 

pathology suggests that astrocyte activation is associated with amyloid burden and can 

be detected with 11C-acetate PET. We observed relationships between regional amyloid 

deposition with 11C-acetate retention across the brain as well as associations between global 

amyloid burden with 11C-acetate in the medial temporal lobe. Further, medial temporal lobe 
11C-acetate was significantly higher in participants with MCI and correlated with cognition. 

This study was limited by small sample size and larger trials with follow-up analyses 

and additional testing modalities are warranted. Together, 11C-acetate imaging may be a 

biomarker of early astrocyte activation in neurodegeneration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Example 11C-acetate SUVR maps in representative amyloid-positive (A+) participants with 

(A) mild cognitive impairment (MCI) or (B) normal cognition (CN). Arrowheads depict the 

hippocampus in the right medial temporal lobe.
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FIGURE 2. 
11C-Acetate SUVR in limbic brain ROIs of participants with MCI (blue) and normal 

cognition (CN, gray). P values < 0.05 are shown.
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FIGURE 3. 
Comparison of MTL 11C-acetate SUVR vs. global amyloid SUVR in (A) 4 CN and (B) 

6 MCI participants. Comparison of MTL 11C-acetate Patlak flux ratio (KiR) vs. global 

amyloid SUVR in (C) 4 CN and (D) 6 MCI participants. Linear regressions, Spearman 

correlations and P values are shown.

Duong et al. Page 15

Nucl Med Commun. Author manuscript; available in PMC 2022 January 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 4. 
Comparison across all participants of MTL 11C-acetate SUVR vs. cognitive tests of (A) 

Montreal Cognitive Assessment (MoCA), (B) Word List Recall (a test of hippocampal 

memory), (C) Boston Naming Test (BNT) and (D) Trails B time (in seconds). Linear 

regressions, Spearman correlations and P values are shown.
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TABLE 1.

Study participant characteristics. Abbreviations: standard deviation (SD), Montreal Cognitive Assessment 

(MoCA), Boston Naming Test (BNT), medial temporal lobe (MTL). P values are from 2-sample independent 

t-tests.

Study Characteristic Cognitively
Normal MCI P

value

Total participants 5 6

Female (%) 2 (40%) 4 (67%)

Age, mean (SD) [range], years 74 (10) [61-85] 72 (6) [65-84] 0.75

Amyloid PET positive (%) 3 (60%) 6 (100%)

MoCA, mean (SD) [range] 29 (2) [25-30] 24 (2) [21-27] 0.02

Word List Recall, mean (SD) [range] 8 (2) [6-10] 5 (2) [2-7] 0.04

BNT, mean (SD) [range] 28 (1) [27-30] 26 (4) [21-30] 0.20

Trails Time, mean (SD) [range], seconds 63 (19) [34-88] 135 (76) [68-260] 0.07

MTL Volume, mean (SD), cm3 16.1 (1.9) 13.5 (1.9) <0.05
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