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Abstract

Background: Patients with cognitive impairment or dementias of uncertain etiology are 

frequently referred to a memory disorders specialty clinic. The impact of and role for amyloid 

PET imaging (Aβ-PET) may be most appropriate in this clinical setting.

Objective: The primary objective of this study was to perform a systematic review and meta-

analysis of the impact of Aβ-PET on etiological diagnosis and clinical management in the memory 

clinic setting.

Methods: A search of the literature on the impact of Aβ-PET in the memory clinic setting 

between 1 January 2004 and 12 February 2018 was conducted. Meta-analysis using a random 

effects model was performed to determine the pooled estimate of the impact of Aβ-PET in the 

changes of diagnoses and changes in management plan.

Results: After rigorous review, results from 13 studies were extracted, involving 1,489 patients. 

Meta-analysis revealed a pooled effect of change in diagnoses of 35.2% (95% CI 24.6–47.5). Sub-

analyses showed that the pooled effect in change in diagnoses if Aβ-PET was used under the 

appropriate use criteria (AUC) or non-AUC criteria were 47.8% (95% CI 25.9–70.5) and 29.6% 

(95% CI: 21.5–39.3), respectively. The pooled effect of a change of diagnosis from Alzheimer’s 

disease (AD) to non-AD and from non-AD to AD were 22.7% (95% CI: 17.1–29.5) and 25.6% 
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(95% CI: 17.6–35.8), respectively. The pooled effect leading to a change of management was 

59.6% (95% CI 39.4–77.0).

Conclusions: Aβ-PET has a highly significant impact on both changes in diagnosis and 

management among patients being seen at a specialty memory clinic.
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INTRODUCTION

Alzheimer’s disease (AD) is the most common cause of dementia, accounting for 60% of 

alldementia cases [1]. In the past, the gold standard in diagnosis was by postmortem 

histopathological examination of the brain. These examinations revealed some major 

limitations in accuracy of the clinical diagnosis of AD; compared with postmortem 

examination, a clinical diagnosis of probable AD had sensitivity and specificity of 70.9% 

and 70.8%, respectively [2]. In patients with a clinical diagnosis of non-AD dementia, 39% 

were found to have AD pathologies on postmortem examination. In addition, up to 25% of 

patients with probable AD had limited amyloid pathology on postmortem examination 

[3].Currently, with the use of amyloid positron emission tomography (PET) imaging (Aβ-

PET) or measurement of cerebrospinal fluid (CSF) concentrations of amyloid-β(Aβ) 42, in 
vivo status of amyloid deposition can be determined prior to autopsy [4]. However, lumbar 

puncture to obtain CSF for Aβ42 measurement is invasive and Aβ-PET is more widely 

acceptable to patients. Current PET amyloid tracers in clinical use include: 11C-Pittsburgh 

Compound B (PiB) and various 18F-labelled ligands, including the 18F-florbetaben 

(NeuraCeq, Piramal), 18F-florbetapir (Amyvid, Eli Lilly), and 18F-flutametamol (Vizamyl, 

GE Healthcare) [5].

18F-labeled tracers have a 110-min half-life allowing incorporation of PET into routine 

clinical practice [5]. Studies on histopathology-to-PET correlation have been published for 

these 18F-labelled ligands [6–12]. Clinicians in memory clinics often see patients with 

complicated histories, atypical clinical courses, rapid cognitive decline, or inconclusive 

investigational results. Aβ-PET has a role in these clinical situations. Appropriate use 

criteria (AUC) were published in 2013 to guide and optimize the utility of Aβ-PET [5]. 

Memory clinics, managed by dementia specialists, remain the best place to initially test the 

clinical impact of Aβ-PET in a real-world setting. Despite the absence of effective disease 

modifying therapies, an accurate diagnosis of dementia subtypes can lead to starting of 

necessary treatments, stopping of unnecessary treatments, avoiding unnecessary or 

inappropriate investigations, clarifying the queries of primary caregivers, and educating 

patients and/or caregivers to plan for the future, so as to ensure a better quality of life for all 

concerned. The prognostic information of a positive Aβ-PET in patients with mild cognitive 

impairment (MCI), indicating likely progression to AD, can influence future treatment 

decisions, including consideration of experimental therapies [5]. To our understanding, there 

have been no published systematic reviews or meta-analyses examining the overall impact of 

Aβ-PET on changes in diagnosis and management. Our primary objective was to perform a 
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systematic review and meta-analysis of the impact of Aβ-PET on the diagnosis, 

management, and level of confidence in the etiologic diagnosis of the cognitive impairment 

in the memory clinic setting.

METHODS

Literature search and selection

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

guidelines [13]. A search of literature published between 1 January 2004 and 13 February 

2018 was performed using the PubMed and MEDLINE databases. The search terms were 

‘Pittsburgh Compound B’ AND ‘memory clinic’, ‘PiB’ AND ‘memory clinic’, ‘florbetapir’ 

AND ‘memory clinic’, ‘florbetaben’ AND ‘memory clinic’, and ‘flutemetamol’ AND 

‘memory clinic’. The search was limited to human studies in English. We then reviewed the 

references from the retrieved articles for further relevant studies. We also searched through 

the program book of the latest Human Amyloid Imaging (HAI) 2018 (http://

www.worldeventsforum.com/hai/2018-handbook/) to identify further potential studies. To be 

included, studies had to meet the following criteria: 1) an original research paper with a 

prospective or retrospective design or case series; 2) involved patients seen in a specialty 

memory clinic setting; 3) provided sufficient information to allow the calculation of crude 

percentage change in either diagnosis, management, or diagnostic confidence as study 

measures for the impact of Aβ-PET; and 4) published in English. Prospective studies were 

defined as those in which a group of patients with cognitive impairment attending memory 

clinics were followed up over time, with Aβ-PET performed during the follow-up period. 

Retrospective studies were defined as those that identified a group of cognitively impaired 

patients attending memory clinics with Aβ-PET already performed and used existing records 

to review the impact of Aβ-PET. Exclusion criteria were as follows: 1) articles in languages 

other than English; 2) review or systematic review articles; and 3) unpublished doctoral 

theses. Two investigators searched through the articles and reviewed all retrieved studies 

independently. If the two investigators disagreed about the eligibility of an article, it was 

resolved by consensus.

Data extraction

The following data were extracted from each study: 1) the name of the first author; 2) the 

publication year; 3) study design (prospective, retrospective, or case series); 4) ligands used 

(i.e., 11C-PiB or 18F-tracers); 5) the age range or mean age of subjects; 6) the setting of the 

study, including whether the Aβ-PET was used according to AUC [5] or any other pre-

defined restrictive criteria; 7) the characteristics of the subjects; 8) crude percentage change 

in diagnoses; 9) crude percentage change in management; 10) crude percentage change in 

diagnostic confidence; 11) other relevant data if applicable. If data from the same population 

had been published more than once, the most recent and complete studies were chosen. The 

main quality criterion in evaluating these studies was the involvement of dementia specialists 

(neurologists, geriatricians, or psychiatrists) seeing the patients in the memory clinic and 

reporting of the amyloid positivity of the Aβ-PET by professionals (i.e., radiologists or 

clinicians) who had completed appropriate training and qualified for reporting on Aβ-PET 

[5].
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Statistical analysis for the meta-analysis

We computed the percentage of change in diagnoses and management for each study. Pooled 

estimates of the percentage change in diagnoses and management were calculated using 

random-effects meta-analyses, as the included studies involved different memory clinics and 

different populations. Sub-analyses were performed on the percentage change in diagnoses 

when Aβ-PET was used according to AUC or not; changes in diagnosis, specifically from 

AD to non-AD and from non-AD to AD, were also calculated. Analyses of the heterogeneity 

of the percentage change in diagnosis and management were performed with I2 statistic [14].

Publication bias was evaluated by inspection of the funnel plot that related the standard 

errors of studies to their event rates. If inspection of the funnel plot suggested the possibility 

of publication bias, the pooled percentage change in diagnosis or management corrected for 

publication bias were calculated (trim-and-fill method) [15]. Egger’s test was also performed 

[16].

Meta-regression was used to estimate the extent to which measured covariates (study design, 

i.e., prospective or retrospective design; ligands, i.e., PiB versus 18F-ligands, usage of Aβ-

PET under AUC or not), mean age of subjects and prevalence of amyloid positivity in the 

studies could explain the observed variance between the studies. For all tests, p < 0.05 was 

deemed significant. All analyses were performed using Comprehensive Meta-Analysis 

version 3 (https://www.meta-analysis.com/index.php) (Biostat; Englewood, NJ, USA). 

Descriptive statistics were used for outcomes that were not suitable for meta-analyses.

RESULTS

Literature review: Identification and description of studies

The literature search yielded a total of 63 citations (Fig. 1): 49 from PubMed, 13 from 

MEDLINE, and 1 from HAI. An additional 9 citations were identified from the reference 

lists. We removed 13 duplicates. After an initial screen of the titles and abstracts, another 42 

were removed. Seventeen studies met the criteria for full-text review [3, 17–32]. However, 

two were excluded as only abstracts were available (one full-text article was in German) [31, 

32], one was excluded because data from the same population has been published [28] and 

one study did not study the impact of Aβ-PET on diagnosis or management [29] 

(Supplementary Table 1). Ultimately, 13 studies were included in the qualitative synthesis 

and meta-analysis (Table 1) [3, 17–27, 30]. Thirteen studies [3, 17–27, 30] had reported on 

the change in diagnoses; five reported data with Aβ-PET performed under AUC, and ten 

reported data with Aβ-PET not performing according to AUC (Table 1). Thirteen studies had 

extractable data on the change in diagnoses from AD to non-AD [3, 17–21, 23, 24, 27, 30], 

and ten studies had extractable data on the change in diagnosis from non-AD to AD 

(Supplementary Table 2) [17, 20, 21, 23, 24, 27, 30]. Eight studies reported the data on the 

change in management (Table 1) [3, 17–19, 21–24]. Two corresponding authors of the 

articles were contacted for data concerning the change of diagnosis from AD to non-AD and 

from non-AD to AD [22, 25]. No previous systematic review or meta-analysis was 

identified.
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Meta-analysis on the percentage change in diagnosis

A total of 1,489 patients were reported in the 13 studies. The percentage change in diagnoses 

after the availability of Aβ-PET in the memory clinic ranged from 9–68.8%. The overall 

pooled percentage change in diagnoses was 35.2% (95% CI: 24.6–47.5; Supplementary 

Table 3), and there was substantial heterogeneity (I2 94.34%, p < 0.0001; Fig. 2A). The 

funnel plot was asymmetrical (Fig. 3A), showing a possible publication bias, but the Egger’s 

test indicated there was no publication bias (t = 0.67, p = 0.51). The trim-and-fill method did 

not alter the estimated percentage change (35.2%, 95% CI: 24.6–47.5).Sub-analyses showed 

that the pooled percentage change in diagnoses if Aβ-PET was used according to AUC (five 

studies involving 608 subjects) and not according to AUC (10 studies involving 881 

subjects) were 47.8% (95% CI 25.9–70.5) (Fig. 4A) and 29.6% (95% CI: 21.5–39.3), 

respectively (Fig. 4B; Supplementary Table 3). While the pooled percentage of diagnosis 

change from AD to non-AD (13 studies involving 872 subjects) and change from non-AD to 

AD diagnosis (10 studies involving 349 subjects) were 22.7% (95% CI: 17.1–29.5) (Fig. 4C) 

and 25.6% (95% CI: 17.6–35.8) (Fig. 4D), respectively (Supplementary Table 3). Meta-

regression for the overall change in diagnoses, using covariates including study design (i.e., 

prospective or retrospective design); ligands used (i.e., 11C-PiB versus 18F-ligands); whether 

Aβ-PET was performed according to AUC; mean age of subjects; and prevalence of amyloid 

positivity did not find that any of these factors could account for the variance between the 

various studies (Supplementary Table 4).

Meta-analysis on the percentage change in management

A total of 611 patients were reported among the eight studies. The percentage change in 

management after the availability of Aβ-PET in the memory clinic ranged from 25.4–81.3%. 

The overall pooled percentage in management was 59.6% (95% CI 39.4–77.0%), and there 

was substantial heterogeneity (I2: 96.866, p < 0.0001). The funnel plot was asymmetrical 

(Fig. 3B), and the trim-and-fill method showed an estimated pooled percentage change in 

management of 49.86% (95% CI 30.6–69.2%), showing a possible publication bias. 

However, the Egger’s test indicated there was no publication bias (t = 0.81, p = 0.44). Meta-

regression for the overall change in diagnoses, using covariates including study design (i.e., 

prospective or retrospective design), ligands (i.e., 11C-PiB versus 18F-ligands) used, whether 

Aβ-PET usage was under AUC, mean age of subjects, and prevalence of amyloid positivity, 

did not reveal that any of these factors could account for the variance between the various 

studies (Supplementary Table 5).

Change in confidence in the diagnoses

For studies that have reported a numerical measure in the change in diagnostic confidence, 

there was an overall increase in confidence in diagnosis that ranged from 16 to 44% (Table 

1) [3, 17, 23, 27, 28]. For studies that reported on the change in confidence as categories, 

there were improvements in the category of confidence in 25–49.1% of patients (Table 1) 

[18, 30]. One study reported that the confidence in diagnosis of AD increased by 15.2% if 

the Aβ-PET was amyloid positive and decreased by 29.9% if amyloid negative (Table 1) [3].
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Other measures on impact of Aβ-PET on management of dementia

Carswell et al. reported that the numbers of diagnostic investigations per patient decreased 

from around 3 pre-Aβ-PET to 2 after Aβ-PET was available (p < 0.017) (Table 1) [19]. 

Grundman et al. reported,inagroupof119subjects,thattheavailability of Aβ-PET resulted in a 

net decrease in intended structural imaging, neuropsychological testing, lumbar puncture, 

and 18F-fluorodeoxyglucose (FDG) PET scan by 24.4%, 32.8%, 94.7%, and 91.3%, 

respectively [28]. Bensaidane et al. reported that among the relatives of 28 patients, Aβ-PET 

findings improved caregivers’ outcomes in terms of anxiety, depression, disease perception, 

future anticipation, and quality of life [23].

DISCUSSION

The overall impacts of Aβ-PET from the reported literature are a change of diagnosis and 

management in 35.2% and 59.6%, respectively. Our meta-analysis suggests that 

performance of Aβ-PET under AUC yields a higher change in percentage in diagnosis than 

when Aβ-PET is not ordered according to AUC (47.8% versus 29.6%), although meta-

regression did not show AUC accounting for variance of findings across the studies 

(Supplementary Table 4). Results were further collected on a change in diagnosis from AD 

to non-AD and from non-AD to AD (i.e., 22.7% and 25.6%, respectively) as these were the 

situations expected to have the greatest change in AD-specific medications usage. However, 

there were many other potential benefits that could not be analyzed and considered from our 

analyses, including reduction in unnecessary investigations, unnecessary treatments, relief of 

distress of caregivers, and potential involvement in clinical trials.

The largest ongoing study on the impact of Aβ-PET, the Imaging Dementia – Evidence for 

Amyloid Scanning (IDEAS) study, had the goal of recruiting over 18,000 participants to 

study the impact of Aβ-PET on patients meeting AUC criteria and its impact on hospital 

admissions and emergency visits [33]. Interim results released in July 2017 involved 3,979 

participants, with median age 75 (range 65–95); 64.4% carried a diagnosis of MCI and 

35.6% suffered from dementia [33]. Changes in medical management were seen in 65.9–

67.8% of the participants (including 48% with a change in AD drugs, 32.2–36% with a 

change in other drugs, and 15.3–23.9% who had changes in counseling). These percentages 

are higher than the 59.6% from our meta-analysis [33]. Although direct comparison in 

changes in diagnoses could not be made, the interim results of IDEAS noted an increase in 

the percentage of AD diagnoses from 78% to 95% in the amyloid positive group and a 

decline from 73% to 15% of AD in the amyloid negative group [33]. Aβ-PET may have an 

even bigger impact when the full results from IDEAS are released [33].

There were several limitations associated with this meta-analysis. First, the patients involved 

in these studies were heterogeneous in a number of dimensions: patient diagnoses ranged 

from subjective cognitive impairment to dementia. For the ordering of Aβ-PET, some 

followed the AUC and others did not, and for the change in diagnosis, some included a 

category of “indeterminate,” resulting in our inability to pool some of the data. Changes in 

management included changes in medications (AD-specific and psychiatric medications), 

changes in investigations, different family and patient advice based on the findings, and in 

some cases entry into clinical trials. However, in a “real-world” situation, heterogeneous 

Shea et al. Page 6

J Alzheimers Dis. Author manuscript; available in PMC 2019 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



groups of patients will be encountered as well. Six out of 13 studies were retrospective in 

nature [18–20, 24, 25]. There was a possibility of publication bias according to our analyses, 

in that positive rather than negative findings tend to be reported in the literature. The vast 

majority of studies included in the meta-analysis were from academic centers and represent 

a very biased sample of both patients and clinicians and our results are not generalizable to 

the whole population and might differ from IDEAS. Fortunately, the results of IDEAS will 

aid in addressing many if not most of these limitations. In the future, it will be increasingly 

important to address the impact of amyloid imaging on the temporal sequence of structural 

imaging, functional imaging, and metabolic imaging to optimize the impact on diagnosis 

and management in the memory clinic.

In conclusion, Aβ-PET has demonstrable and significant impacts on the changes in 

diagnoses and management among patients attending specialty memory clinic. The final 

results of IDEAS are eagerly awaited, and the expectation is that such beneficial changes, 

increased diagnostic accuracy, and aid on assuring patients and families will extend to 

general practice as well.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flowchart for the systematic review of literature.
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Fig. 2. 
(A) The forest plot for the overall percentage change in diagnosis. (B) The forest plot for the 

overall change in management.
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Fig. 3. 
(A) The funnel plot for the overall percentage change in diagnosis. (B) The funnel plot for 

the overall change in management.
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Fig. 4. 
(A) The forest plot for change in diagnosis if Aβ-PET is ordered according to AUC. (B) The 

forest plot for change in diagnosis if Aβ-PET is not ordered according to AUC. (C) The 

forest plot for change in diagnosis from AD to non-AD. D) The forest plot for change in 

diagnosis from non-AD to AD.
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