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Abstract

Introduction: The Alzheimer’s Association convened a multidisciplinary workgroup to develop 

appropriate use criteria to guide the safe and optimal use of the lumbar puncture procedure and 

cerebrospinal fluid (CSF) testing for Alzheimer’s disease pathology detection in the diagnostic 

process.

Methods: The workgroup, experienced in the ethical use of lumbar puncture and CSF analysis, 

developed key research questions to guide the systematic review of the evidence and developed 

clinical indications commonly encountered in clinical practice based on key patient groups in 

whom the use of lumbar puncture and CSF may be considered as part of the diagnostic process. 

Based on their expertise and interpretation of the evidence from systematic review, members rated 

each indication as appropriate or inappropriate.

Results: The workgroup finalized 14 indications, rating 6 appropriate and 8 inappropriate.
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Discussion: In anticipation of the emergence of more reliable CSF analysis platforms, 

the manuscript offers important guidance to health-care practitioners and suggestions for 

implementation and future research.
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1. Introduction and scope

Mild cognitive impairment (MCI) and Alzheimer’s disease (AD) dementia are prevalent 

syndromes with multiple pathologies responsible for the clinical presentation in the patient. 

Traditionally, clinicians have diagnosed AD dementia using primarily clinical criteria [1]. 

However, due to the positive correlation of cerebrospinal fluid (CSF) biomarkers with 

pathology, their use provides an opportunity to diagnose AD with higher degrees of 

sensitivity and specificity earlier in the disease course, as compared with clinical diagnosis 

alone. The definition of AD by its underlying pathological processes that are documented in 

vivo by biomarkers or by postmortem examination is a hallmark of the NIA-AA Research 

Framework [2], and a key principle underlying the application of CSF biomarkers to AD 

diagnosis in this document.

Currently, CSF biomarker testing has the status of an in vitro diagnostic test in some 

European countries and is used in routine clinical practice. Considerable advances in the 

detection of AD pathology through the improved reliability of CSF biomarkers and cross-

platform interpretation of CSF testing for amyloid and tau proteins increase the likelihood 

of its broad clinical use internationally, including in the United States, where it is typically 

assigned to the research realm [3–5].

A group of experts (workgroup) convened by the Alzheimer’s Association developed these 

appropriate use criteria (AUC) to assist health-care practitioners with the information 

necessary on the appropriate and inappropriate use of lumbar puncture (LP) and, thus, 

optimize patient safety and care. The workgroup’s efforts to build on the AUC for amyloid 

positron emission technology (PET) [6] and CSF recommendations recently published [7,8]. 

These criteria are intended to support clinicians in consistently identifying appropriate 

patient populations for LP and CSF testing, while considering the cost-effective use of 

limited health-care resources. Thus, we hope that these AUC will be an important resource 

for policymakers and third-party payers in making preauthorization and coverage decisions.

It is noteworthy that these AUC do not provide recommendations for the research use of 

CSF biomarker testing for AD nor rule out conditions other than AD dementia or MCI-AD 

as possible causes of cognitive decline.

In developing these criteria, the workgroup evaluated the appropriateness of a wide range of 

clinical indications based on a systematic review of the current evidence, the experience of 

its members with CSF testing, and ethical standards for patient care.
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While recommendations regarding the use of specific analytes were outside the scope of 

the workgroup’s charge, when discussing the diagnostic value of biomarkers, the document 

focuses on CSF amyloid (A) β42 (sometimes normalized to a related peptide Aβ40), t-tau 

and p-tau181.

In presenting these criteria, we acknowledge the limitations of currently available medical 

interventions for AD, as researchers work toward developing disease-modifying treatments. 

However, an early and accurate diagnosis forms the foundation of excellent medical care. 

CSF confirmation of AD pathology may bring a myriad of benefits to patients and their 

families: (1) education, advanced care planning, and clinical care early in the disease 

process, including treatment with AD medications to treat symptoms, as appropriate; (2) 

necessary time to prepare for adjustments to work responsibilities, safe driving conditions, 

and financial planning; and (3) opportunities to enroll as participants in clinical trials aimed 

at delaying the disease and hopefully providing benefits to other patients and families if 

successful.

2. Background

2.1. Overview of the neuropathology underlying MCI and AD

At the microscopic level, the primary neuropathological features of AD include neuritic 

plaques and neuronal, especially synaptic, degeneration, together with other features, 

including cerebral amyloid angiopathy, neurofibrillary tangles, and neuropil threads [9,10]. 

Plaques are rounded lesions in the neuropil, primarily composed of aggregated β-amyloid 

(Aβ). The form ending at position 42 (Aβ42) is more prone to aggregation than shorter 

isoforms, of which Aβ40 is the most abundant [11,12]. Plaques exist as diffuse and neuritic 

plaques; the latter variant consists of a central core of amyloid fibrils surrounded by 

dystrophic neurites (processes filled with fibrillary tau protein), reactive astrocytes, and 

microglia [13]. Tangles are detected in the neuronal cytoplasm, in the form of paired helical 

filaments, primarily composed of hyperphosphorylated tau protein [14]. Intraneuronal 

accumulation of abnormally phosphorylated tau is believed to precede tangle formation in 

AD [15], with tau pathology spreading in a relatively consistent way from the brainstem to 

the transentorhinal region, hippocampal formation, and the neocortex [15,16].

The percentage of individuals who are cognitively unimpaired at death harboring plaques 

and tangles in their brains increases with age, particularly after the age of 65 years [17–

21]. At the same time, it has long been known that the severity of neuropathological 

changes (density of plaques and tangles) varies considerably between patients with AD, and 

the severity of the pathology overlaps with the amounts of plaques and tangles found in 

cognitively unimpaired older adult patients [17,20,22,23]. The neuropathological features 

of amnestic MCI are intermediate between the neurofibrillary changes of aging and the 

pathologic features of early AD dementia, including the presence of mixed pathologies 

[24–26]. In addition to plaques and tangles, varying degrees of α-synuclein, TDP-43, 

cerebrovascular, and other pathologies such as hippocampal sclerosis and microinfarcts are 

often seen in these patients across the AD continuum [27,28]. Thus, the frequent occurrence 

of AD pathology in cognitively unimpaired older adult patients, as well as the presence 

of non-AD pathologies, complicates proper clinical stratification of patients with cognitive 
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disturbances based on purely clinical grounds. This should be considered in clinical studies 

evaluating the diagnostic performance of biomarkers.

2.2. Use of CSF testing in the context of other available diagnostic tools

Recommendations for the appropriate use of CSF must be made in the context of the 

many other diagnostic tools in use. First, the patient’s history obtained from an informant 

who knows the patient well is paramount and focuses on changes in the patient’s memory, 

thinking, behavior, and function over time [29]. It is important to assess common, treatable 

causes of cognitive complaints such as sedating medications, mood disorders, and sleep 

disorders. A neurological examination may reveal signs of non-AD causes of dementia. 

Objective neurobehavioral tests are helpful in documenting the type and severity of cognitive 

impairment but are not by themselves diagnostic. Routine blood test including blood counts, 

blood chemistries, vitamin B12 level, and thyroid-stimulating hormone level are typically 

recommended to rule out other causes of or contributors to cognitive impairment [30]. Either 

a noncontrast head computed tomography scan or brain magnetic resonance imaging is 

usually performed to assess for cerebrovascular disease and brain atrophy.

If, after completion of this evaluation, the clinician still has significant uncertainty as to the 

etiology of the cognitive impairment, certain advanced diagnostic procedures can be helpful 

in narrowing the differential diagnosis. In some cases, fluorodeoxyglucose PET may be 

helpful in distinguishing between frontotemporal dementia (FTD) and AD dementia [31,32]. 

Amyloid PET is used to determine whether significant quantities of neuritic plaques are 

present in the brain, which may support the diagnosis of AD dementia or essentially rule out 

AD as the etiology of a cognitive complaint [33]. CSF testing is widely used throughout 

clinical neurology to diagnose numerous pathologies, ranging from neuroinflammatory 

conditions to infectious diseases. In contrast to amyloid PET, CSF studies can evaluate 

for many potential diagnoses, which is particularly helpful in complex and atypical cases 

where the differential diagnosis list can be long.

This AUC recommends the use of CSF biomarker testing for six clinical indications deemed 

as appropriate (see below). However, the decision to use CSF testing is also based on the 

clinical judgment of the provider and by the patient’s individual situation. Where diagnostic 

confidence of the physician is high, the use of advanced biomarker testing may not be 

needed.

3. Methods

3.1. Overview of AUC development process

The Alzheimer’s Association convened an international expert workgroup in February 2017 

to begin the development of these AUC, with Avalere Health providing technical and 

editorial assistance to manage the development process. The workgroup participated in 

teleconference meetings on a biweekly basis until December 2017.

In alignment with the Institute of Medicine’s Clinical Practice Guidelines We Can 

Trust recommendations on group composition, the association strived to establish a 

multidisciplinary workgroup comprising a variety of clinicians and other professionals 
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with relevant expertise [34]. Each member had published extensively on topics related to 

the key considerations around the use of LP, such as dementia research, clinical practice 

and ethics, and biomarker test validation and clinical utilities. The members included four 

neurologists, one neuroethicist, one laboratory medicine physician, and a pathology and 

laboratory medicine biomarker researcher (list of member names provided in Supplementary 

Appendix A). Five of the members were American, and two were European (Spanish and 

Swedish).

The workgroup developed the clinical indications shown in the Table 1 in Section 6 through 

a confidential and formalized process adapted from one recommended by RAND and 

University of California, Los Angeles [35].

3.2. Scope and key research questions

The process began with the workgroup defining the scope and parameters of the AUC and 

developing key research questions to guide a systematic review of the available evidence on 

LP and CSF using the PICOTS (population, interventions, comparisons, outcomes, timing, 

and settings) framework [36] (Supplementary Appendix C).

The workgroup then developed a list of 14 clinical indications that are encountered in 

clinical practice based on key patient groups in whom the use of LP and CSF may be 

considered as part of the diagnostic process.

3.3. Systematic evidence review approach and findings

In a parallel effort, the Pacific Northwest Evidence-based Practice Center at Oregon Health 

& Science University (OHSU) conducted the systematic review. The primary purpose of 

the review was to summarize and assess the strength of evidence for the safety, diagnostic 

accuracy, and effect on patient outcomes of LP and CSF in diagnosing AD and MCI, in 

cases posed in the key research questions listed in Supplementary Appendix C.

Searches for the review were conducted using Ovid MEDLINE® without revisions (1996 

to April 2017) and supplemented with review of reference lists of relevant articles and 

systematic reviews.

The database search resulted in 2147 potentially relevant articles. After reviewing abstracts 

and titles, 448 articles were selected for full-text review, of which 75 studies and 4 

systematic reviews were determined to meet inclusion criteria.

Two OHSU Evidence-based Practice Center staff reviewers independently assessed the 

quality of each study for inclusion. The strength of overall evidence was graded as 

high, moderate, low, or very low using the GRADE method (based on the quality 

of evidence, consistency, directness, precision, and reporting bias). In conjunction, the 

AMSTAR (Assessing the Methodological Quality of Systematic Reviews) method was 

used for systematic reviews, the U.S. Preventive Services Task Force criteria were applied 

to randomized trials and cohort studies, and select criteria from QUADAS-2 (Quality 

Assessment of Diagnostic Accuracy Studies-2) were used for diagnostic accuracy studies 

[37–40].
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Studies captured in the review were grouped into the following categories: (1) studies in 

which CSF biomarkers were evaluated in comparison with a reference standard, including 

autopsy neuropathological evaluation or amyloid PET imaging; (2) studies of selected 

patients who were initially seen at a clinic without an initial diagnosis, underwent a rigorous 

clinical workup, and had an expert clinical diagnosis as the reference standard against which 

CSF results were compared; and (3) systematic reviews and meta-analyses of these and other 

studies, for example, case-control studies.

3.4. Limitations of the review and the inclusion of excluded studies

In evaluating the results of the findings, the workgroup considered one possible source of 

bias: most studies on diagnostic accuracy reviewed compared CSF biomarker accuracy to 

the reference standard of clinical diagnosis instead of the more objective reference standards 

of amyloid PET or neuropathology. Yet, it is noteworthy that newer studies (the majority 

of which did not meet the study inclusion criteria) to a greater extent are able to capture 

the value of biomarkers by using these more objective reference standards in evaluating the 

diagnostic utilities of CSF Aβ42, t-tau, and p-tau. It should also be pointed out that amyloid 

PET has shown to have false negatives in autopsy studies [41].

In light of this limitation, the workgroup included additional studies as part of the evidence 

base for rating the clinical indications and developing this guidance document, as shown in 

Supplementary Appendix E.

3.5. Discussion of the evidence

Key Question 1: What are the reported adverse effects of LP procedure for individuals 

undergoing evaluation for suspected AD? What are the differences in patient subgroups?

CSF can be collected safely and reliably via LP [42]. The procedure’s safety for CSF 

collection, which has been documented in more than 7000 patients with suspected AD in 

10 studies (see Supplementary Appendix F), [43–52] is consistent with its safety record in 

a wide array of neurologic disorders, which include documentation of more than 30,000 

patients [42,53]. Recognition of patient- and LP-related risk factors is a key to maximizing 

patient safety. To minimize patient risk, it is important to evaluate the patient for potential 

contraindications, including use of medications that could interfere with coagulation, recent 

seizures, some disorders of blood clotting, intracranial lesions, impaired consciousness, and 

papilledema [42].

Additional best practices that the workgroup recommends in ensuring LP safety include 

the following: (1) the use of an atraumatic narrow bore needle (associated with less risk 

for post-LP headache [PLPH]), (2) avoidance of repeated attempts in difficult LP cases 

to reduce risk for lower back pain, and (3) avoidance of collecting more than 30 mL of 

CSF (the threshold for PLPH risk) [42,45,50,53,54]. Finally, fear of the procedure has been 

shown to be an independent risk factor that can be influenced by the attitude of the clinical 

staff and can be decreased by providing sensitive, matter-of-fact, verbal communication 

about the procedure to the individual by clinicians familiar and comfortable with LP [42,45].
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Key Question 2: In persons experiencing cognitive impairment, what is the diagnostic 

accuracy of LP and CSF in reporting CSF amyloid (Aβ42) and tau levels (t-tau, p-tau) or 

ratios of analytes as indicators of AD pathology presence or absence?

In the evaluation of the diagnostic accuracy for an index test, that is, the ability to 

discriminate between patients with and without the target condition, it is crucial to use 

an accurate reference standard. Accuracy measures of the test depend on the trueness of 

the reference standard or how well the reference standard can identify or rule out the target 

condition. For many conditions, an accurate reference is not available, in which case the 

evaluation has to depend on expert clinical diagnosis or consensus clinical diagnosis.

For AD, the accuracy of a diagnosis based on purely clinical criteria is suboptimal, with 

sensitivity and specificity figures around 80% and 70%, respectively, in patients followed 

clinically for several years at expert research centers [30]. These figures are probably 

substantially lower in patients in early disease stages. The reason for this is manifold, 

including that clinical symptoms often are vague or uncharacteristic, and overlap with 

those seen in other neurodegenerative disorders. In addition, the severity of plaques and 

tangles load overlaps with that found in cognitively unimpaired older adult patients [17,22]. 

Moreover, a substantial proportion of older adult patients with clinical AD has multiple 

pathologies, with variable severities of other proteinopathies (TDP-43 and α-synuclein), as 

well as cerebrovascular disease, except for plaques and tangles [27,28].

As the pathology progresses, increased numbers of neurons are affected in characteristic 

patterns and precede by 10–20 years or more the clinical expression of AD dementia 

[55,56]. These pathologic changes are reflected by decreased concentration of Aβ42 and 

increased p-tau CSF concentration that reflect increased amyloid plaque deposition and 

increased tangle density, respectively [57–60]. Increased CSF t-Tau concentration reflects 

the increase, intensity, and spread of neuronal injury and neurodegeneration [60–62].

For AD diagnostics, amyloid PET ligands have been developed to assess brain amyloid 

status [6]. Amyloid PET is an US Food and Drug Administration– and European Medicines 

Agency–approved technique to identify or rule out brain amyloidosis, based on validation 

against autopsy studies [6,63–67]. It may, therefore, be an ideal reference standard for 

assessing the accuracy of the CSF biomarker Aβ42, as well as the Aβ42/Aβ40 ratio. 

Because Aβ neuritic plaques are one of the defining pathological features of AD, assessing 

the accuracy of these CSF biomarkers to identify or rule out brain amyloid deposition which 

is evaluated by amyloid PET may also be used as a proxy for their diagnostic accuracy 

for detection of AD. When amyloid PET is the reference standard for detection of brain 

neuritic plaque burden in assessments of the diagnostic accuracy of CSF AD biomarkers, 

instead of clinical diagnosis alone, there is an improved diagnostic accuracy for this aspect 

of AD neuropathobiologic changes, with pooled values for sensitivity and specificity of 90% 

and 84%, respectively [68]. Studies have shown a concordance of between 85%–95% for 

CSF Aβ42, alone or combined with t-tau or p-tau, and amyloid PET [58,69–73]. For more 

detailed discussion of the characteristics of Aβ42 and the tau proteins in their respective 

hallmark AD neuropathologic misfolded states can be found [59–62].
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Therefore, we present the diagnostic accuracy (sensitivity, specificity, and binary 

discrimination power) expressed as the highest receiver operating characteristic (ROC) area 

under the curve value for all studies comparing the CSF biomarkers with amyloid PET and 

autopsy diagnosis (Supplementary Appendix E). In total, 18 publications were identified by 

the workgroup that presented sensitivity and specificity figures for 3697 individuals, using 

amyloid PET as the standard for neuritic plaque burden assessment.

Four studies were based on the same consecutive memory clinic outpatient cohort but were 

all included in the table because different analytical techniques for measurement of the 

CSF biomarkers were used (Supplementary Appendix E). These studies showed a mean 

sensitivity of 87.6% for CSF Aβ42 to identify, and a mean specificity of 86.2% to exclude 

brain amyloidosis, with a ROC area under the curve value of 0.90. The corresponding 

figures for the CSF Aβ42/Aβ40 ratio was a sensitivity of 96.0%, a specificity of 91.3%, and 

a ROC area under the curve value of 0.96.

Thirteen studies were case-control, multi-center, and other cohort studies (Supplementary 

Appendix E), showing a mean sensitivity of 93.2% for CSF Aβ42 to identify, and a mean 

specificity of 84.5% to exclude brain amyloidosis, with a ROC area under the curve of 

0.933. The corresponding figures for the CSFAβ42/Aβ40 ratio were a sensitivity of 96.0%, a 

specificity of 88.0%, and a ROC area under the curve of 0.936.

There were seven studies evaluating the ratios between t-tau or p-tau and Aβ42 in CSF 

(Supplementary Appendix E). These studies showed mean sensitivities of 91.1%–92.1% to 

identify brain amyloidosis, mean specificities of 86.3%–89.8% to exclude brain amyloidosis, 

and ROC area under the curve of 0.95–0.96, for the CSF t-Tau/Aβ42 and p-tau/Aβ42 ratios. 

Further studies are required to determine the relative merits of the ratios t-Tau/Aβ42 and 

p-tau/Aβ42 compared with the Aβ42/Aβ40 ratio in detection of plaque burden and for 

prediction of cognitive, memory, and functional decline at all stages of AD.

Potential reasons for misclassifications may include technical variability for both CSF 

analyses and amyloid PET assessments, especially close to the cutoffs; amyloid PET and 

CSF Aβ42 partly reflect different aspects of brain amyloidosis (e.g., fibrillary vs. soluble 

monomeric and oligomeric forms); the use of different PET ligands and protocols; and 

different analytical techniques for CSF measurements across studies. Nevertheless, the CSF 

biomarkers showed high accuracy to identify or rule out brain amyloidosis in studies using 

amyloid PET as the reference standard, figures being higher than those obtained when using 

clinical diagnosis alone as the reference standard.

Autopsy diagnosis is generally regarded as the “gold standard” for diagnosis of AD but 

is not as widely available as amyloid PET. Only available on death, it is not necessarily 

contemporaneous with the CSF sample time, thus is less often available for use as a 

reference standard. Diagnostic accuracy results for five studies that included 764 subjects, 

which compared the CSF biomarkers with neuropathology, are summarized in the table 

in Supplementary Appendix E, following the amyloid PET studies. The overall mean 

sensitivity value for either Aβ42 alone or in various combinations with either t-Tau or 

p-tau is 90.0%, specificity of 84.0%, and a ROC area under the curve value of 0.92. 
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In all of these studies, the AD diagnoses were based on neuropathology, but in most 

cases, the determination of normal was based on clinical evaluation, thus likely reducing 

the accuracy for controls. This limitation is likely responsible for the somewhat lower 

specificity (exclusion of AD pathology) value of 84% because the brains of approximately 

20%–40% of cognitively normal older adult patients have AD pathology [74–76] and 

therefore the specificity estimation is likely to be falsely low. Thus, these studies show, as 

also demonstrated using amyloid PET as the reference standard, the improved diagnostic 

performance of the CSF biomarkers using neuropathology as the reference standard 

compared with clinical diagnosis alone.

Key Question 3: In persons with little or no cognitive impairment, what is the diagnostic 

accuracy (sensitivity, specificity) of LP and CSF in assessing CSF amyloid (Aβ42,) and tau 

levels (t-tau, p-tau) or ratios of analytes as indicators of AD presence or absence?

The accuracy for detection of AD neuropathology in persons with little or no cognitive 

impairment is comparable with that described previously in Key Question 2, albeit in a 

smaller number of study subjects. Two studies evaluated the diagnostic accuracy of CSF 

biomarkers in cognitively unimpaired individuals for the presence of AD neuropathology 

using amyloid PET imaging as the standard of truth [77,78]. The studies included 158 

individuals with a mean Mini–Mental State Examination score of 29, 30 of whom were 

amyloid PET negative, and 128 were amyloid PET positive. The sensitivity and specificity 

values for CSF Aβ42 or the ratios Aβ42/Aβ40 and t-Tau/Aβ42 or p-tau/Aβ42 in these 

two study groups fell within the range of the values, described previously in Key Question 

2, found in the 18 reported studies that compared CSF AD biomarker results to amyloid 

PET as the measure of amyloid plaque burden or to neuropathologic evidence for AD in a 

mixture of cognitively normal, MCI, and AD individuals (see Supplementary Appendix E).

Key Question 4: What is the accuracy of CSF amyloid (Aβ42) and tau levels (t-Tau, p-Tau) 

or ratios of analytes for predicting progression from MCI to AD? Does the literature report 

rates of progression from MCI to AD (in individuals with MCI who are found to have 

amyloid and tau levels in high risk of AD ranges)?

When MCI is associated with AD pathology based on positive CSF AD biomarkers, the risk 

of progression to a clinical diagnosis of AD dementia is higher than when CSF Aβ42 and 

tau biomarkers are normal. Conversely, individuals whose CSF Aβ42 and tau biomarkers are 

nonpathologic have a high likelihood of remaining free from AD dementia over the time of 

observation, up to 10 years thus far [79–81].

The wide range of specificity values across studies that document the predictive performance 

of these CSF biomarkers likely occurs due to differences across studies in the longitudinal 

observation time period, with specificities generally improving with increased longitudinal 

observation time, anywhere from 1 to 10 1 years from the time of MCI diagnosis to the 

time limit for the study [47,75,79–81]. Other key factors such as patient age at the time of 

diagnosis and disease heterogeneity are likely to impact rates of progression in an individual 

patient [82]. Prolonged follow-up studies for at least five years, and ideally longer, are 

needed to provide robust estimates of the value of biomarkers in clinical practice, and for 
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research studies such as clinical trials. There may be value in providing estimates of the risk 

of progression to a clinical diagnosis of dementia within three years of a clinical diagnosis of 

MCI [81].

Pathological CSF AD biomarker results in MCI patients have been shown to predict 

progression to a clinical diagnosis of AD dementia within a broad time window of 5 to 

10 years. Thus, the predictive performance of CSF Aβ42 and tau biomarkers for cognitive 

decline in preclinical AD and MCI patients over a more narrowly defined period of time 

such as 2–3 years is of growing interest for potential use clinically and in research studies 

such as treatment trials [83–85]. Further studies will be required to establish universal cut 

points that can be applicable for prediction of risk for cognitive decline within a 2- to 3-year 

period and to test for the comparative performance characteristics for single biomarker tests 

versus combinations such as the ratios t-tau/Aβ42 or Aβ42/Aβ40.

Key Question 5: What are the effects of CSF testing for suspected AD on both clinical 

outcomes (diagnosis) and intermediate outcomes (e.g., management with medications)?

With respect to the question on the effects of CSF testing for suspected AD on patient 

outcomes, this is clearly an area lacking in studies because there were no study reports 

on the effects of CSF testing on clinical outcomes or the use of medications. Five studies 

[86–90] reported on change in diagnosis and confidence in diagnosis using CSF biomarkers 

in 1819 individuals whose age ranged from 51 to 74 years (Supplementary Appendix G). 

The incidence of change in diagnosis resulting from CSF testing ranged from 7% to 27%, 

with the majority being a change from MCI or non-AD to a diagnosis of AD. There were 

8.5% [88] and 10.3% [90] changed diagnoses from AD to non-AD or MCI in the two studies 

that reported this information. Confidence in diagnosis or change in confidence in diagnosis 

was reported in two studies; one used patient vignettes, and the other involved physician 

responses following receipt of CSF Aβ42, t-Tau, or p-tau181 results for their patients 

[87,88]. In the study that used patient vignettes, the clinician participants were significantly 

more confident in diagnoses with AD-consistent CSF values compared with those that were 

borderline or normal CSF values [87]. In the other study, 32% of physicians were more 

confident in their diagnoses following receipt of CSF Aβ42, t-Tau, or p-tau181 results, with 

the greatest increase in confidence reported for the AD-diagnosed patients (from 51% to 

73%). Further studies across more diverse patient populations will be required to more fully 

document the impact of CSF AD biomarker test results on diagnostic decision-making and 

to test for the effects on patient outcomes.

4. Rating of clinical indications

Using the evidence summary, their clinical experience and expertise, as well as their 

knowledge of research outside of the scope of the evidence review, the workgroup employed 

a three-step, modified Delphi approach (consisting of an online survey and two rounds of 

in-person scoring) to reach consensus ratings for each of the clinical indications. Workgroup 

members were asked to assess the benefits and risks to patients of using LP and CSF in 

diagnosis in rating each indication. In each of the three rounds, members were asked to 

assign to each indication a rating within ranges of appropriate, uncertain, or inappropriate 
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for use of LP for diagnosis of MCI or AD. A 9–1 rating scale was used in each of the three 

rounds of voting. The rating scale ranged from:

Score of 7 to 9, Appropriate:

• 9 = Highly confident that the indication is appropriate

• 8 = Moderately confident that the indication is appropriate

• 7 = Only somewhat confident that the indication is appropriate

Score of 4 to 6, Uncertain:

• 6 = Uncertain, but possibility that appropriate

• 5 = Uncertain

• 4 = Uncertain, but possibility that inappropriate

Score of 1 to 3, Inappropriate:

• 3 = Only somewhat confident that the indication is inappropriate

• 2 = Moderately confident that indication is inappropriate

• 1 = Highly confident that the indication is inappropriate

After each round of voting, results were tabulated displaying ratings given for each 

indication and reported to the workgroup. When an indication received all seven workgroup 

members’ ratings in a single category of appropriate, uncertain, or inappropriate, that 

indication was considered to have reached consensus rating and was removed from the 

next round of voting. When voting for an indication resulted in only a single vote falling into 

a category, then that vote was considered as an outlier and was removed from the ratings.

The first round of voting was an anonymous online survey, in which each member was 

asked to assign a single rating to each indication and also enter a rationale for that rating. 

Workgroup members were then brought together for a daylong forum to complete the 

Delphi process with a second and a third round of voting. The in-person forum began 

with a presentation of the first-round survey rating results and rationales. After extensive 

discussion, a second round written vote was collected and tabulated. The results were 

reported to the workgroup for further discussion. A third round, in-person vote was then 

taken. In this final round, the workgroup reached consensus on each indication, with all 

members rating the remaining indications as falling with the same category of appropriate, 

uncertain, or inappropriate.

5. Definitions

The following terms are used in these AUC:

AD refers to a progressive brain disease that is neuropathologically characterized by 

amyloid plaques, neurofibrillary tangles, and neuronal damage [91]. AD brain pathology 

accumulates over many years and eventually leads to cognitive decline. AD has three clinical 

stages: preclinical (cognitively unimpaired or only subtle or subjective cognitive decline 
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[SCD]), prodromal (characterized by MCI), and dementia (characterized by cognitive and 

functional impairment) [29,92,93].

Autosomal dominant Alzheimer’s disease (ADAD) is AD with an autosomal dominant 

pattern of inheritance that is caused by mutations in one of three different genes: amyloid 

precursor protein (APP), presenilin 1 (PSEN1), or presenilin 2 (PSEN2) [56]. In most but 

not all cases, ADAD has an early age of onset, before 65 years [94].

Dementia refers to the clinical syndrome of a decline in memory or thinking that is severe 

enough to significantly impair function in an individual’s usual daily activities. There is a 

broad spectrum of dementia severity, and there are many causes of dementia, including AD 

[29].

A dementia expert/specialist is a physician who is experienced in the assessment and 

diagnosis of dementia. Dementia experts must be skilled in applying the published, 

standardized clinical criteria for SCD, MCI, and AD. Expertise is typically acquired through 

formal training and clinical experience in neurology, psychiatry, and geriatric medicine; 

however, not all physicians in these disciplines are dementia experts [6].

SCD is defined as a self-experienced persistent decline in cognitive capacity in comparison 

with a previously normal status, not related to an acute event. Individuals experiencing SCD 

achieve normal performance on standardized neuropsychological measures [95,96].

MCI is defined by cognitive decline as observed by the patient, informant, or physician; 

mild deficits on formal cognitive testing in one or more cognitive domains; and generally 

preserved functional abilities [97].

Probable AD dementia is diagnosed when a patient with dementia has experienced an 

insidious onset and slow progression of cognitive decline in episodic memory and at least 

one other cognitive domain with impairment of activities of daily living, and other potential 

etiologies for dementia have been ruled out [29].

Possible AD dementia is diagnosed when individuals with dementia experience cognitive 

decline in episodic memory and at least one other cognitive domain with impairment 

of activities of daily living, but either (1) have a sudden onset of impairment, or there 

is insufficient history to document cognitive decline or (2) have an etiologically mixed 

presentation because of evidence of cerebrovascular disease, features of dementia with Lewy 

bodies, or some other cognitively impairing condition [29].

6. Appropriate use criteria

See Table 1 for appropriate use criteria.

Shaw et al. Page 12

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Discussion of individual indications

7.1. Preamble

The indications discussed below are general guidelines for when CSF testing might be 

appropriate, which may be modified by the patient’s specific clinical situation and/or 

the provider’s clinical judgment. For example, the age of the patient influences decision-

making in several ways. Among the oldest old, questions about the ease and feasibility of 

performing a LP may arise. The prevalence of amyloid positivity increases with age, and 

multiple brain pathology is a common finding among older patients. Therefore, interpreting 

a positive CSF amyloid biomarker as indicating AD is not straightforward. Even the 

presence of both low Aβ42 and high tau or p-tau in an older adult may be ambiguous 

because CSF tau may increase with age; nevertheless, CSF biomarkers do retain diagnostic 

value among older adult patients [98].

Co-pathology and comorbid conditions are an important consideration in using and 

interpreting CSF biomarkers. For example, in a patient with Alzheimer’s pathology and 

comorbid cerebrovascular or Lewy body pathology, or factors such as medications or 

medical conditions that may impair cognition, deciding how much of the clinical picture 

may be due to AD and how much can be explained by other conditions requires clinical 

judgment beyond simply obtaining a CSF biomarker test.

In the appropriate use of any biomarker test, such as CSF Alzheimer’s biomarkers, the 

clinician should consider the pre-test probability and the likely prevalence of disease. For 

example, if the pre-test probability of Alzheimer’s is high, adding a CSF biomarker test with 

high sensitivity and specificity will not necessarily add much to the clinical judgment.

While the workgroup did not propose an algorithm to determine at what stage of the 

diagnostic evaluation CSF biomarkers would be appropriate for use, nor consider their use 

in comparison with other diagnostic tests or biomarkers, in general, they agreed that a 

detailed clinical and cognitive evaluation should precede the use of CSF biomarkers for 

each indication. In other words, there should be an initial clinical diagnosis or differential 

diagnosis, followed by a determination of how CSF biomarkers might contribute to the 

diagnosis and to clinical decision-making.

7.2. Clinical indications

Indication 1 (inappropriate): Cognitively unimpaired and within normal range functioning 

for age as established by objective testing; no conditions suggesting high risk and no 

subjective cognitive decline or expressed concern about developing Alzheimer’s disease.

This indication refers to the use of CSF biomarker testing in a patient who lacks significant 

risk factors for Alzheimer’s disease, and in addition, neither the patient nor an informant 

reports concerns about memory or cognitive changes, and the clinical evaluation has 

included cognitive testing that is normal.

A percentage [10–25%] of asymptomatic people may have positive CSF biomarkers for 

AD, and this increases with age, particularly after 60 years [99,100]. However, it is unclear 
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whether positive CSF biomarkers can accurately predict, if or when an individual will 

develop MCI or AD dementia. Therefore, CSF biomarker testing of patients who are at low 

risk and have normal cognition is not likely to provide a useful prognostic readout and will 

not assist medical decision-making.

Testing of asymptomatic individuals with CSF biomarkers may be performed in a research 

setting, such as screening for a prevention clinical trial, but it is not recommended as part 

of clinical care. This recommendation for research use is also consistent with the AUC for 

amyloid PET.

Indication 2 (inappropriate): Cognitively unimpaired patient based on objective testing, but 

considered by patient, family informant, and/or clinician to be at risk for AD based on 

family history.

This indication refers to patients with a clinical history and cognitive assessment that are not 

consistent with symptomatic AD, but who are concerned about their risk for AD because of 

a family history of late onset AD. The rationale is similar to that discussed for Indication 1 

previously. Although a positive family history may increase the lifetime risk for AD [101], 

the extent of increased risk for an individual is uncertain. Testing would not assist in medical 

decision-making.

Indication 3 (appropriate): Patients with subjective cognitive decline (cognitively unimpaired 

based on objective testing) who are considered to be at increased risk for AD.

SCD occurs when a patient’s cognitive abilities decline as assessed by the patient, a family 

member, or a physician, but the patient’s performance on objective cognitive testing remains 

within the normal range. Clinical methods to operationalize SCD have been proposed 

[95,102]. The presence of SCD increases the risk of future cognitive decline and dementia 

[103], and it is also related to greater levels of neocortical Aβ-amyloid burden [104] and 

has been associated with AD imaging features such as lower volumes of the hippocampus 

[105,106], and other AD signature areas [107]. Because SCD is a complex syndrome that 

may be caused by multiple etiologies besides AD pathology, including other neurological 

or medical conditions, drug use, or psychological factors, the SCD-initiative has proposed 

a set of specific SCD features, under the name of SCD-plus, which are associated with an 

increased likelihood to be an expression of the preclinical stage of AD [95,102] and are 

associated with future cognitive decline [108]. The following features are associated with 

increased risk in an individual with SCD: persistent decline in memory rather than other 

cognitive domains; onset in the last 5 years; age at onset >60 years; concerns (worries) 

associated with SCD; feeling of worse performance than others of the same age group 

and confirmation of cognitive decline by an informant and presence of the apolipoprotein 

(APOE) ε4 genotype.

For patients with SCD, the decision to perform CSF biomarker testing should be 

individualized, with the strongest support for testing arising when the patient, informant, and 

clinician all are concerned that the patient has experienced cognitive decline. In addition, 

CSF testing may be helpful in this group when positive AD biomarkers might influence 

life decisions or negative AD biomarkers would lead to further testing for alternative 
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etiologies. Cognitive tests are not perfectly accurate, and some patients, especially highly 

educated individuals, may score within the normal range for the population despite having 

experienced significant cognitive decline.

In some studies, people with SCD have a higher risk of progressing to significant memory 

loss or AD, especially those who meet criteria for SCD-plus [96]. The workgroup members 

recognize that there is limited evidence related to CSF biomarkers in SCD. However, 

studies have shown an increased rate of CSF biomarkers consistent with AD pathology 

in SCD [109–111]. The workgroup strongly suggests that clinicians only offer testing in 

this population when consistent with patient goals and after a full discussion of potential 

biomarker test outcomes.

Indication 4 (inappropriate): Patients with subjective cognitive decline (cognitively 

unimpaired based on objective testing) who are not considered to be at increased risk for 

AD.

This indication refers to patients with subjective cognitive decline (SCD) who have been 

evaluated and found by a clinician to be at low risk for AD. The workgroup recognizes that 

studies of SCD did not always rate the clinician’s suspicion for AD. Nevertheless, there is 

evidence that SCD with a low index of suspicion for AD (e.g., limited or no concerns by 

an informant and by the clinician) is less likely to progress to cognitive decline, MCI, or 

AD over time [95]. Therefore, if the clinician has low suspicion for AD, the likelihood of 

positive AD biomarkers is low. Thus, CSF biomarker testing would be unlikely to help in 

clinical decision making, regardless of the results.

Indication 5 (appropriate): Mild cognitive impairment that is persistent, progressing, and 

unexplained.

MCI is a syndrome defined by cognitive decline, generally preserved functional abilities, 

and mild deficits on formal cognitive testing in one or more cognitive domains [97,112]. The 

workgroup acknowledges that CSF biomarkers would be most helpful in patients with MCI 

when symptoms are persistent and a clinical and medical workup has failed to provide a 

clear explanation for the MCI symptoms. Many studies have shown that MCI is associated 

with an increased risk of progression to dementia [113] and that different subtypes of MCI 

may have different risks; for example, amnestic MCI may have a higher risk of progression 

to AD than nonamnestic MCI [114].

The rate of AD in MCI is approximately 50%, with a 54% diagnosis rate in one large 

autopsy study [26]. There is strong and consistent evidence that MCI is associated with 

an increased risk of an AD profile of CSF biomarkers [98,111,115] and that an AD CSF 

biomarker profile is associated with an increased risk of progression to dementia [47,116]. 

Therefore, the presence of an AD biomarker profile in MCI suggests that the symptoms 

are caused by AD pathology, whereas normal or non-AD levels of CSF biomarkers make 

AD unlikely as the cause of the cognitive decline. CSF biomarkers can thus help to 

stratify patients with MCI to allow therapy or interventions to be initiated appropriately 

and to enable better prognostication. The workgroup feels that in most cases of MCI, CSF 

biomarkers would be appropriate, unless some other etiology was being strongly considered.
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Indication 6 (appropriate): Patients with symptoms that suggest possible AD.

Possible AD has been defined in research criteria as a designation that includes atypical AD 

or mixed pathology (AD plus another etiology of dementia). Atypical clinical presentations 

such as primary progressive aphasia (PPA—particularly logopenic variant)—and posterior 

cortical atrophy (PCA) [29] are most often but not always associated with AD pathology. 

Many studies have shown that CSF biomarkers indicate an AD profile in most cases of 

logopenic PPA and PCA [117–119]. CSF biomarkers can therefore provide information 

to help to confirm or exclude AD in atypical presentations. Mixed pathology (e.g., AD 

plus vascular cognitive impairment or AD plus Lewy body dementia) is often found in 

dementia in older individuals. The question of whether AD is contributing to dementia may 

be uncertain after a thorough clinical evaluation that may include structural brain imaging. 

The presence of an AD profile of CSF biomarkers increases the likelihood that AD is indeed 

contributing, while normal CSF biomarkers suggest a cause other than AD.

Indication 7 (appropriate): MCI or dementia with an onset at an early age (<65).

MCI is less common in younger age groups but still carries a risk of progression to 

dementia. Few studies have evaluated MCI in younger individuals, but many studies have 

included subjects with MCI who are younger than 65 years [98]. In these studies, CSF 

biomarkers have comparable sensitivity and specificity for AD. Even with the smaller 

evidence base for younger patients, the workgroup felt that CSF biomarkers may be used to 

evaluate whether AD pathology underlies cognitive symptoms regardless of the age at onset.

Although the onset of dementia before age 65 is relatively uncommon, it is often associated 

with atypical presentations of AD and neurodegenerative disorders such as FTD. Brain 

pathology in younger patients is more likely to consist of a single etiology rather than mixed 

pathology.

Many studies of CSF biomarkers have considered patients with younger onset of dementia, 

and the ability of CSF biomarkers to distinguish between AD dementia and FTD has been 

demonstrated in clinical and autopsy series [118,120]. In patients below age 65, many other 

disorders besides AD may cause dementia. AD biomarkers may increase confidence in an 

AD diagnosis in younger patients when there is diagnostic uncertainty. The workgroup felt 

that if the clinical presentation was that of typical AD with younger age at onset, CSF 

biomarkers might not add much more confidence to the clinician’s diagnosis.

Indication 8 (appropriate): Meeting core clinical criteria for probable Alzheimer’s disease 

with typical age of onset.

Probable AD dementia is diagnosed when a patient with dementia has experienced the 

insidious onset and slow progression of cognitive decline in episodic memory, and at least 

one other cognitive domain and other potential etiologies have been ruled out [29]. The 

clinical diagnosis of probable AD dementia is associated with a neuropathological diagnosis 

of AD in 70%–90% of cases [26,121,122]. Neurological disorders that cause similar clinical 

syndromes account for most misdiagnoses and include hippocampal sclerosis, dementia with 

Lewy bodies, and FTD [122,123].
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Given the significant rate of AD misdiagnosis, the workgroup felt that it would be 

appropriate to obtain CSF biomarkers in some cases of probable AD with a typical age 

of onset at age 65 years and older. Clinical judgment should play a major role in determining 

appropriateness. For example, if the clinician was less certain about the diagnosis of 

probable AD or considering other etiologies, CSF biomarkers may be useful. In addition, 

if the patient is basing major life decisions on their diagnosis (e.g., retiring or moving), 

confirmation of the clinical diagnosis with CSF biomarkers may ensure that the patient is 

making these decisions with the most complete information. These concerns can similarly 

influence the decision to obtain CSF biomarkers in younger onset clinically typical AD. 

However, if the clinician has high confidence in the diagnosis of probable AD, there are no 

other major diagnostic considerations, and the patient is unlikely to make major life changes 

based on their diagnosis, then CSF biomarkers may not be helpful.

Indication 9 (inappropriate): Symptoms of REM sleep behavior disorder.

REM sleep behavior disorder (RBD), in isolation, is a strong predictor of the eventual 

development of an α-synuclein-related disorder such as Parkinson’s disease, Lewy body 

dementia, or multiple system atrophy [124]. The connection, if any, between RBD and AD 

is less clear. Therefore, the workgroup thought that AD CSF biomarkers are not relevant to 

diagnostic decision-making in RBD.

Indication 10 (appropriate): Patients whose dominant symptom is a change in behavior (e.g., 

Capgras syndrome, paranoid delusions, unexplained delirium, combative symptoms, and 

depression) and where Alzheimer’s disease diagnosis is being considered.

In some patients, neuropsychiatric symptoms may be the earliest and most prominent 

symptom of dementia [125]. Especially, in cases where an older patient has no prior history 

of psychiatric illness, clinicians may suspect that a neurodegenerative illness, including 

AD, may be the etiology of these neuropsychiatric symptoms. Some patients with atypical 

presentations of AD may have paranoid delusions or more complex delusions such as 

Capgras syndrome early in the course [126]. If the neuropsychiatric symptoms do not have 

an obvious explanation and AD is a diagnostic consideration, the workgroup agreed that 

CSF biomarkers would be appropriate.

Delirium in older adult patients often has a medical explanation, such as infection, medical 

illness, or metabolic upset. In situations without a clear medical cause, clinicians may be 

concerned that the patient has underlying AD. For example, postoperative cognitive decline 

may be related to underlying AD pathology [127]. As part of a workup for persistent, 

unexplained delirium, CSF biomarkers may be considered.

Indication 11 (inappropriate): Use to determine disease severity in patients having already 

received a diagnosis of Alzheimer’s disease.

Clinical methods are used to stage and follow progression in patients with AD dementia. 

There is no evidence that CSF biomarkers can reliably stage AD dementia. Therefore, the 

workgroup did not think the use of CSF biomarkers for staging dementia was appropriate.
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Indication 12 (inappropriate): Individuals who are APOEε4 carriers with no cognitive 

impairment.

The APOEε4 allele is the most common genetic risk factor for late onset AD. The 

workgroup discussed this as a potential indication because it is possible for people to find 

out, whether deliberately through a testing service or as part of a general genetic screen, 

whether they are APOEε4 carriers or not. Although carrying an APOEε4 allele is associated 

with an increased lifetime risk of developing AD dementia, it is only one of many risk 

factors and is not a reliable indicator of whether an individual will develop AD dementia 

[128,129]. Therefore, the workgroup thought that merely carrying an APOEε4 allele was 

not adequate justification for CSF biomarker testing. CSF biomarkers could be used in 

a research setting, for example, a clinical trial, in APOEε4 carriers to help to determine 

whether preclinical AD pathology might be present or not.

Indication 13 (inappropriate): Use of LP in lieu of genotyping for suspected autosomal 

dominant mutation carriers.

In patients with a family history of ADAD, genetic testing is highly accurate in determining 

whether an individual is an ADAD mutation carrier. CSF biomarkers may be normal in 

mutation carriers before amyloid deposition [130] and therefore CSF biomarkers are not 

reliable indicators of whether an individual is a mutation carrier. The workgroup agreed that 

it was inappropriate to perform CSF biomarker testing to determine ADAD mutation status.

Indication 14 (inappropriate): Autosomal dominant mutation carriers, with or without 

symptoms.

Early in the disease, levels of CSF biomarkers are different in ADAD as compared with 

late onset AD [56], which may make interpretation of CSF biomarkers in ADAD patients 

complex. In addition, because CSF biomarkers change many years before the onset of 

dementia, abnormal CSF biomarkers in an ADAD mutation carrier may not be reliable in 

determining whether cognitive changes are related to AD brain pathology or another cause. 

Therefore, the workgroup does not recommend testing CSF biomarkers in known ADAD 

mutation carriers for clinical purposes at this time, although use for research purposes is 

supported by the workgroup.

8. Implementation of these AUC

The discussion of the appropriateness or inappropriateness of these indications is intended 

to assist dementia experts on decisions regarding testing, and primary care and other 

providers in determining when to refer to a dementia expert for more specialized testing. 

The workgroup described six clinical indications where CSF biomarker testing is believed 

to be appropriate. These recommendations are largely consistent with those proposed by the 

AUC for PET-amyloid imaging. Similar to the AUC for amyloid imaging, the workgroup 

recommends that CSF biomarker testing is appropriate for patients with progressive and 

unexplained MCI, patients with possible AD where comorbidities frequently make the 

diagnosis uncertain, and in cases with early onset (<65) of MCI and dementia. In addition, 
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we adopt the recommendation that CSF biomarker testing should be conducted by dementia 

experts.

We also describe three appropriate indications that differ from the Appropriate use criteria 

for amyloid PET: (1) patients meeting core clinical criteria for probable AD with typical 

age of onset; (2) individuals experiencing SCD but who score within the normal range on 

cognitive testing and who are considered to be at increased risk of AD; and (3) patients 

whose dominant symptom is a change in behavior and where an AD diagnosis is being 

considered [6].

To evaluate whether patients with SCD are at increased risk of AD, we recommend 

taking into account the SCD plus features defined by the SCD-I as being highly related 

to preclinical AD [96]. Some of the SCD plus features have been associated with an 

increased risk of AD dementia [104,131–135]. Other factors not currently recognized as 

SCD plus features, such as family history with an age of disease onset before 75, may also 

be associated with higher AD risk. We acknowledge that the field is rapidly evolving and 

therefore some of these criteria may need to be revisited in the future.

A dementia expert is a provider with specialized training and experience in the diagnosis and 

treatment of dementia who devotes more than 25% of their practice to dementia care. While 

there may be future circumstances where the potential professional users of CSF biomarkers 

could be broadened, the workgroup believes restricting use to dementia experts will help 

ensure accurate and appropriate clinical use of the CSF biomarkers.

When conducting CSF biomarker testing, the workgroup found that best practices would 

generally mean that the dementia expert would also: (1) determine whether CSF testing 

for AD biomarkers is appropriate for patients who meet the AUC criteria; (2) educate the 

patient and family about the benefits and risks of testing, and assess their motivation and 

psychological readiness to learn more about their risk of AD; (3) ensure the procedure is 

performed with reliable assays following established guidelines; and (4) integrate the results 

into the evaluation and treatment plan in an in-person meeting with the patient and family.

In determining whether testing is appropriate, the workgroup emphasizes the critical role of 

a careful history (including from an informant) and clinical examination before offering 

testing. Although CSF biomarker testing can provide important information about the 

presence or absence of AD pathology, it “does not substitute for a careful history and 

examination.” The history and examination provide a foundational understanding of whether 

a patient’s clinical status establishes appropriateness for biomarker testing and are “required 

to understand the clinical context to incorporate the test results into clinical decision-

making.” Dementia experts will select the most appropriate biomarker testing based on 

availability, contribution to diagnosis and treatment, cost, tolerability, and patient preference. 

For many clinicians, the decision may be based on whether to offer CSF biomarker testing 

or amyloid PET. Amyloid PET and CSF amyloid are both sensitive and specific markers 

of cerebral amyloidosis with a high rate of concordance [58,69–73]. Although CSF testing 

also includes measures of tau (total tau and phosphorylated tau), an important dimension of 

AD pathology, the workgroup does not wish to suggest a particular pathway in this AUC 
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in the absence of comparative studies between Amyloid PET and CSF AD biomarkers. 

The workgroup acknowledges that at present, there are no AD CSF biomarker tests that 

are approved by the Food and Drug Administration in the United States, and therefore, 

these tests are not commonly used in the clinic at present. In Europe, CSF biomarker 

tests are more frequently used, but the indications for prescription and also principles for 

reimbursement by health insurance vary across European countries [136].

Implementation of biomarkers as proposed in these AUCs will include consent and 

disclosure practices. Informed consent for CSF biomarker testing should include a careful 

discussion regarding the potential results and impact of these results on clinical and 

nonclinical decisions. The clinicians should verify cognitive capacity and, if needed, identify 

appropriate surrogate decision makers. The workgroup suggests that consent conversations 

reflect potential value and benefit of testing tailored to the patient’s circumstance (age, 

syndrome, goals). This will be particularly important for patients who present with MCI, 

subjective cognitive impairment, or subtle cognitive decline. These populations may face 

unique discrimination and stigma risks given a younger age and a higher likelihood of being 

employed at the time of diagnosis.

Similar precautions are suggested during the disclosure of biomarker results. The following 

are helpful practices to ensure best utility of the CSF biomarker results: in-person disclosure, 

when possible, and verification by the clinician that the patient and family want to receive 

the results; verification that the patient and family understand the goals of the test and what 

a potential result means; and disclosure of CSF biomarker in language that is understandable 

to the patient and family. Following disclosure, the patient and family should have an 

opportunity to ask questions for clarification, and the clinicians should verify that the 

patient and family have an accurate understanding of the results. This conversation may 

also address next steps for clinical care. Subsequently, the workgroup suggests providing 

an opportunity for follow-up via telephone and access to social workers and other care 

management professionals, as helpful.

9. Further research questions

The field of AD biomarkers and of CSF testing continues to evolve, and new study data 

are accumulating in multiple key areas, including improved standardization of preanalytical 

practices and new analytical platforms, both of which will further improve on center to 

center reproducibility and implementation of common cut points for these biomarkers. The 

continuation of large-scale longitudinal studies using the more optimal test platforms and 

preanalytical protocols can help to improve on the predictive performance of the CSF AD 

biomarkers for cognitive decline and disease progression in prodromal and preclinical AD 

patients, and support further studies on best practices for disclosure of CSF biomarker data. 

Further studies of new biomarkers are warranted to determine possible enhancements to 

individualize patient disease characterization and progression prediction given the presence 

of co-pathologies in many patients with AD.

The workgroup identified a number of areas where more research is needed:
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1. Studies of the “next generation” of CSF biomarker assays that have less 

variability and greater interlaboratory comparability, together with a large set 

of comparisons against pathological standards such as amyloid PET imaging 

and autopsy brain examination [137], will yield more precise estimates of 

the sensitivity and specificity of CSF biomarkers, as well as more consistent 

cut-off points and definitions of gray zones around them. Efforts to optimize 

and control preanalytical factors related to collection and processing of CSF, 

and standardizing analytical factors involved in assay measurement are well 

underway [138]. One question that will need further data is whether measuring a 

ratio of CSF Aβ42/40 yields better diagnostic performance than measuring Aβ42 

alone. Another question is how to characterize neurodegeneration using CSF 

biomarkers, and whether neurodegeneration in the absence of positive amyloid 

biomarkers predicts progression in persons with MCI [139].

2. The investigation of candidate AD biomarkers is a very active field of research 

to determine the added value on top of the diagnostic utilities of CSF Aβ42, 

t-Tau, and p-tau181. This is especially of interest for more refined prediction 

of disease progression, and also important to help deepen our understanding of 

the intricacies of AD disease progression throughout the several-decades-long 

continuum involving amyloidosis, tauopathy, and neurodegeneration [140]. Thus, 

investigators are studying new AD biomarkers that are believed to reflect at least 

one neuropathologic pathway involved in AD progression, including synapse 

degeneration and loss, glial activity and inflammation, synucleinopathy, and 

TDP-43 pathology.

3. Long-term follow-up of persons with different clinical diagnoses and positive 

or negative CSF biomarkers for Aβ42, t-Tau, and p-tau are needed, including 

the possibility of eventual autopsy validation. Comparisons against reference 

standards such as amyloid PET imaging and neuropathologic brain examination 

will yield more precise estimates of the sensitivity and specificity of CSF 

biomarkers, as well as more consistent cut-off points. In particular, obtaining 

more data on biomarkers in the oldest old will be important. Also, further 

studies of elderly people with SCD are needed to clarify the predictive value 

of CSF biomarkers. Recent studies have suggested that subtle neuropsychiatric 

symptoms such as irritability or sleep upset may be associated with an increased 

risk of developing MCI [141,142], however, there are currently no published data 

to determine whether CSF testing would be of additional value in candidates 

with such mild symptoms. Further studies of the longitudinal trajectories of 

CSF AD biomarkers in ADAD patients are warranted to further characterize the 

detailed time courses of these biomarkers.

4. These data will enable studies of the added value of CSF biomarkers in clinical 

decision-making, analogous to the way in which amyloid PET imaging is being 

evaluated in the Imaging Dementia—Evidence for Amyloid Scanning Study 

[143]. The overarching questions include whether obtaining the test alters the 

diagnostic impression; medical decision-making, subsequently; and health-care 

costs [143]. Studies have begun to look at some of these questions [87,144], 

Shaw et al. Page 21

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



but much more work is needed to document the potential impact of CSF 

AD biomarker testing on clinical outcomes in patients across the spectrum of 

AD. Comparisons between amyloid PET and CSFAD biomarkers fold into this 

framework.

5. The acceptability of LP in diverse settings and for different indications 

recommended in these criteria should be studied further to provide an idea of 

how the entire process of decision-making about obtaining CSF biomarker tests, 

interpreting and disclosing them, and using the information for medical decision-

making works in practice. Especially valuable will be such studies conducted in 

community settings.

6. In the future, more data will be needed on people who are cognitively normal 

with elevated amyloid, to estimate risks of future cognitive decline as prevention 

trials for AD are considered. These studies will need to be complemented by 

research on how to disclose results and evidence of the risk of developing 

dementia.
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Acknowledgments

The authors thank the following individuals for their expert peer review of this manuscript: Derek van Amerongen, 
MD, MS; William Hu, MD; Keith Johnson, MD; Colin Masters, MD; Elaine Peskind, MD; Ron Petersen, MD, 
PhD; and Philip Scheltens, MD, PhD.

In addition, the authors would like to thank Roger Chou and his team for their work on the systematic evidence 
review, as well as Kristi Mitchell and Michelle Bruno of Avalere Health for their input on AUC methodology. The 
development of this Appropriate Use Criteria for CSF was solely funded by the Alzheimer’s Association, Chicago, 
IL, USA.

References

[1]. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis 
of Alzheimer’s disease: report of the NINCDS-ADRDAWork Group under the auspices of 
Department of Health and Human Services Task Force on Alzheimer’s Disease. Neurology 
1984;34:939–44. [PubMed: 6610841] 

[2]. Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, Dunn B, Haeberlein SB, et al. NIA-AA 
Research Framework: Toward a biological definition of Alzheimer’s disease. Alzheimers Dement 
2018;14:535–62. [PubMed: 29653606] 

[3]. Bittner T, Zetterberg H, Teunissen CE, Ostlund RE Jr, Militello M, Andreasson U, et al. 
Technical performance of a novel, fully automated electrochemiluminescence immunoassay 
for the quantitation of β-amyloid (1–42) in human cerebrospinal fluid. Alzheimers Dement 
2016;12:517–26. [PubMed: 26555316] 

[4]. Kang JH, Korecka M, Figurski MJ, Toledo JB, Blennow K, Zetterberg H, et al. The Alzheimer’s 
Disease Neuroimaging Initiative 2 Biomarker Core: A review of progress and plans. Alzheimers 
Dement 2015;11:772–91. [PubMed: 26194312] 

[5]. Janelidze S, Pannee J, Mikulskis A, Chiao P, Zetterberg H, Blennow K, et al. Concordance 
Between Different Amyloid Immunoassays and Visual Amyloid Positron Emission Tomographic 
Assessment. JAMA Neurol 2017;74:1492–501. [PubMed: 29114726] 

[6]. Johnson KA, Minoshima S, Bohnen NI, Donohoe KJ, Foster NL, Herscovitch P, et al. Appropriate 
use criteria for amyloid PET: a report of the Amyloid Imaging Task Force, the Society of 

Shaw et al. Page 22

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Nuclear Medicine and Molecular Imaging, and the Alzheimer’s Association. Alzheimers Dement 
2013;9:e-1–16.

[7]. Simonsen AH, Herukka SK, Andreasen N, Baldeiras I, Bjerke M, Blennow K, et al. 
Recommendations for CSF AD biomarkers in the diagnostic evaluation of dementia. Alzheimers 
Dement 2016; 13:274–84. [PubMed: 28341065] 

[8]. Herukka SK, Simonsen AH, Andreasen N, Baldeiras I, Bjerke M, Blennow K, et al. 
Recommendations for cerebrospinal fluid Alzheimer’s disease biomarkers in the diagnostic 
evaluation of mild cognitive impairment. Alzheimers Dement 2016;13(3):285–95. [PubMed: 
28341066] 

[9]. Goedert M, Spillantini MG. A century of Alzheimer’s disease. Science 2006;314:777–81. 
[PubMed: 17082447] 

[10]. Serrano-Pozo A, Frosch MP, Masliah E, Hyman BT. Neuropathological alterations in Alzheimer 
disease. Cold Spring Harb Perspect Med 2011;1:a006189.

[11]. Masters CL, Simms G, Weinman NA, Multhaup G, McDonald BL, Beyreuther K. Amyloid 
plaque core protein in Alzheimer disease and Down syndrome. Proc Natl Acad Sci U S A 1985; 
82:4245–9. [PubMed: 3159021] 

[12]. Glenner GG, Wong CW, Quaranta V, Eanes ED. The amyloid deposits in Alzheimer’s disease: 
their nature and pathogenesis. Appl Pathol 1984;2:357–69. [PubMed: 6242724] 

[13]. Thal DR, Rub U, Orantes M, Braak H. Phases of A beta-deposition in the human brain and its 
relevance for the development of AD. Neurology 2002;58:1791–800. [PubMed: 12084879] 

[14]. Grundke-Iqbal I, Iqbal K, Tung YC, Quinlan M, Wisniewski HM, Binder LI. Abnormal 
phosphorylation of the microtubule-associated protein tau (tau) in Alzheimer cytoskeletal 
pathology. Proc Natl Acad Sci U S A 1986;83:4913–7. [PubMed: 3088567] 

[15]. Bancher C, Brunner C, Lassmann H, Budka H, Jellinger K, Wiche G, et al. Accumulation of 
abnormally phosphorylated tau precedes the formation of neurofibrillary tangles in Alzheimer’s 
disease. Brain Res 1989;477:90–9. [PubMed: 2495152] 

[16]. Braak H, Zetterberg H, Del Tredici K, Blennow K. Intraneuronal tau aggregation precedes diffuse 
plaque deposition, but amyloid-β changes occur before increases of tau in cerebrospinal fluid. 
Acta Neuropathol 2013;126:631–41. [PubMed: 23756600] 

[17]. Mann DM, Yates PO, Marcyniuk B. Some morphometric observations on the cerebral cortex and 
hippocampus in presenile Alzheimer’s disease, senile dementia of Alzheimer type and Down’s 
syndrome in middle age. J Neurol Sci 1985;69:139–59. [PubMed: 3162000] 

[18]. Tomlinson BE. Second Dorothy S. Russell memorial lecture. The neuropathology of Alzheimer’s 
disease–issues in need of resolution. Neuropathol Appl Neurobiol 1989;15:491–512. [PubMed: 
2693991] 

[19]. Dayan AD. Quantitative histological studies on the aged human brain. II. Senile plaques and 
neurofibrillary tangles in senile dementia (with an appendix on their occurrence in cases of 
carcinoma). Acta Neuropathol 1970;16:95–102. [PubMed: 4919693] 

[20]. Mann DM, Yates PO, Marcyniuk B. Alzheimer’s presenile dementia, senile dementia of 
Alzheimer type and Down’s syndrome in middle age form an age related continuum of 
pathological changes. Neuropathol Appl Neurobiol 1984;10:185–207. [PubMed: 6234474] 

[21]. Price JL, McKeel DW Jr, Buckles VD, Roe CM, Xiong C, Grundman M, et al. Neuropathology 
of nondemented aging: presumptive evidence for preclinical Alzheimer disease. Neurobiol Aging 
2009;30:1026–36. [PubMed: 19376612] 

[22]. Hansen LA, Deteresa R, Tobias H, Alford M, Terry RD. Neocortical morphometry and 
cholinergic neurochemistry in Pick’s disease. Am J Pathol 1988;131:507–18. [PubMed: 
3381880] 

[23]. Nelson PT, Alafuzoff I, Bigio EH, Bouras C, Braak H, Cairns NJ, et al. Correlation of Alzheimer 
disease neuropathologic changes with cognitive status: a review of the literature. J Neuropathol 
Exp Neurol 2012;71:362–81. [PubMed: 22487856] 

[24]. Jicha GA, Parisi JE, Dickson DW, Johnson K, Cha R, Ivnik RJ, et al. Neuropathologic 
outcome of mild cognitive impairment following progression to clinical dementia. Arch Neurol 
2006;63:674–81. [PubMed: 16682537] 

Shaw et al. Page 23

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[25]. Markesbery WR, Schmitt FA, Kryscio RJ, Davis DG, Smith CD, Wekstein DR. Neuropathologic 
substrate of mild cognitive impairment. Arch Neurol 2006;63:38–46. [PubMed: 16401735] 

[26]. Schneider JA, Arvanitakis Z, Leurgans SE, Bennett DA. The neuropathology of probable 
Alzheimer disease and mild cognitive impairment. Ann Neurol 2009;66:200–8. [PubMed: 
19743450] 

[27]. James BD, Wilson RS, Boyle PA, Trojanowski JQ, Bennett DA, Schneider JA. TDP-43 stage, 
mixed pathologies, and clinical Alzheimer’s-type dementia. Brain 2016;139:2983–93. [PubMed: 
27694152] 

[28]. Kovacs GG, Milenkovic I, Wohrer A, Hoftberger R, Gelpi E, Haberler C, et al. Non-Alzheimer 
neurodegenerative pathologies and their combinations are more frequent than commonly believed 
in the elderly brain: a community-based autopsy series. Acta Neuropathol 2013;126:365–84. 
[PubMed: 23900711] 

[29]. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH, et al. The 
diagnosis of dementia due to Alzheimer’s disease: recommendations from the National Institute 
on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimers Dement 2011;7:263–9. [PubMed: 21514250] 

[30]. Knopman DS, DeKosky ST, Cummings JL, Chui H, Corey-Bloom J, Relkin N, et al. Practice 
parameter: diagnosis of dementia (an evidence-based review). Report of the Quality Standards 
Subcommittee of the American Academy of Neurology. Neurology 2001; 56:1143–53. [PubMed: 
11342678] 

[31]. Foster NL, Heidebrink JL, Clark CM, Jagust WJ, Arnold SE, Barbas NR, et al. FDG-PET 
improves accuracy in distinguishing frontotemporal dementia and Alzheimer’s disease. Brain 
2007; 130:2616–35. [PubMed: 17704526] 

[32]. Mosconi L, Tsui WH, De Santi S, Li J, Rusinek H, Convit A, et al. Reduced hippocampal 
metabolism in MCI and AD: automated FDG-PET image analysis. Neurology 2005;64:1860–7. 
[PubMed: 15955934] 

[33]. Mallik A, Drzezga A, Minoshima S. Clinical Amyloid Imaging. Semin Nucl Med 2017;47:31–
43. [PubMed: 27987555] 

[34]. Institute of Medicine (US). Committee on Standards for Developing Trustworthy Clinical 
Practice Guidelines. Clinical Practice Guidelines We Can Trust 2011. Washington, DC: National 
Academies Press (US); 2011.

[35]. Fitch K, Bernstein S, Aguilar M, Burnand B, LaCalle J, Lazaro P, et al. The RAND/UCLA 
Appropriateness Method User’s Manual 2001. Santa Monica, CA: RAND Corporation; 2001.

[36]. Whitlock E, Lopez S, Chang S, Helfand M, Eder M, Floyd N. AHRQ series paper 3: identifying, 
selecting, and refining topics for comparative effectiveness systematic reviews: AHRQ and the 
effective health-care program. J Clin Epidemiol 2010;63:491–501. [PubMed: 19540721] 

[37]. Shea BJ, Bouter LM, Peterson J, Boers M, Andersson N, Ortiz Z, et al. External validation of a 
measurement tool to assess systematic reviews (AMSTAR). PLoS One 2007;2:e1350. [PubMed: 
18159233] 

[38]. Shea BJ, Hamel C, Wells GA, Bouter LM, Kristjansson E, Grimshaw J, et al. AMSTAR is a 
reliable and valid measurement tool to assess the methodological quality of systematic reviews. J 
Clin Epidemiol 2009;62:1013–20. [PubMed: 19230606] 

[39]. U.S. Preventive Services Task Force. U.S. Preventive Services Task Force Procedure Manual 
2015. Available at: https://www.uspreventiveservicestaskforce.org/Page/Name/procedure-manual. 
Accessed July 5, 2017.

[40]. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al. QUADAS-2: 
a revised tool for the quality assessment of diagnostic accuracy studies. Ann Intern Med 2011; 
155:529–36. [PubMed: 22007046] 

[41]. Cairns NJ, Ikonomovic MD, Benzinger T, Storandt M, Fagan AM, Shah A, et al. Absence of 
PIttsburgh Compound B detection of CerebralAmyloid beta in a patient with clinical, cognitive, 
and cerebrospinal fluidMarkers of Alzheimer disease. Arch Neurol 2009; 66:1557–62. [PubMed: 
20008664] 

Shaw et al. Page 24

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.uspreventiveservicestaskforce.org/Page/Name/procedure-manual


[42]. Engelborghs S, Niemantsverdriet E, Struyfs H, Blennow K, Brouns R, Comabella M, et al. 
Consensus guidelines for lumbar puncture in patients with neurological diseases. Alzheimers 
Dement (Amst) 2017;8:111–26. [PubMed: 28603768] 

[43]. Blennow K, Wallin A, Hager O. Low frequency of post-lumbar puncture headache in demented 
patients. Acta Neurol Scand 1993; 88:221–3. [PubMed: 8256560] 

[44]. Andreasen N, Gottfries J, Vanmechelen E, Vanderstichele H, Davidson P, Blennow K, et al. 
Evaluation of CSF biomarkers for axonal and neuronal degeneration, gliosis, and beta-amyloid 
metabolism in Alzheimer’s disease. J Neurol Neurosurg Psychiatry 2001;71:557–8. [PubMed: 
11561022] 

[45]. Peskind ER, Riekse R, Quinn JF, Kaye J, Clark CM, Farlow MR, et al. Safety and acceptability 
of the research lumbar puncture. Alzheimer Dis Assoc Disord 2005;19:220–5. [PubMed: 
16327349] 

[46]. Kapaki E, Paraskevas GP, Zalonis I, Zournas C. CSF tau protein and beta-amyloid (1–42) in 
Alzheimer’s disease diagnosis: discrimination from normal ageing and other dementias in the 
Greek population. Eur J Neurol 2003;10:119–28. [PubMed: 12603286] 

[47]. Hansson O, Zetterberg H, Buchhave P, Londos E, Blennow K, Minthon L. Association between 
CSF biomarkers and incipient Alzheimer’s disease in patients with mild cognitive impairment: a 
follow-up study. Lancet Neurol 2006;5:228–34. [PubMed: 16488378] 

[48]. Peskind E, Nordberg A, Darreh-Shori T, Soininen H. Safety of lumbar puncture procedures in 
patients with Alzheimer’s disease. Curr Alzheimer Res 2009;6:290–2. [PubMed: 19519311] 

[49]. Zetterberg H, Tullhog K, Hansson O, Minthon L, Londos E, Blennow K. Low incidence of 
post-lumbar puncture headache in 1,089 consecutive memory clinic patients. Eur Neurol 2010; 
63:326–30. [PubMed: 20516693] 

[50]. Vidoni ED, Morris JK, Raider K, Burns JM. Reducing post-lumbar puncture headaches with 
small bore atraumatic needles. J Clin Neurosci 2014;21:536–7. [PubMed: 24156907] 

[51]. Alcolea D, Martinez-Lage P, Izagirre A, Clerigue M, CarmonaIragui M, Alvarez RM, et al. 
Feasibility of lumbar puncture in the study of cerebrospinal fluid biomarkers for Alzheimer’s 
disease: a multicenter study in Spain. J Alzheimers Dis 2014; 39:719–26. [PubMed: 24254700] 

[52]. Duits FH, Martinez-Lage P, Paquet C, Engelborghs S, Lleo A, Hausner L, et al. Performance and 
complications of lumbar puncture in memory clinics: Results of the multicenter lumbar puncture 
feasibility study. Alzheimers Dement 2016;12:154–63. [PubMed: 26368321] 

[53]. Nath S, Koziarz A, Badhiwala JH, Alhazzani W, Jaeschke R, Sharma S, et al. Atraumatic versus 
conventional lumbar puncture needles: a systematic review and meta-analysis. Lancet 2018; 
391:1197–204. [PubMed: 29223694] 

[54]. Tourtellotte WW, Henderson WG, Tucker RP, Gilland O, Walker JE, Kokman E. A randomized, 
double-blind clinical trial comparing the 22 versus 26 gauge needle in the production of the post-
lumbar puncture syndrome in normal individuals. Headache 1972;12:73–8. [PubMed: 4262477] 

[55]. Hulette CM, Welsh-Bohmer KA, Murray MG, Saunders AM, Mash DC, McIntyre LM. 
Neuropathological and neuropsychological changes in “normal” aging: evidence for preclinical 
Alzheimer disease in cognitively normal individuals. J Neuropathol Exp Neurol 1998;57:1168–
74. [PubMed: 9862640] 

[56]. Bateman RJ, Xiong C, Benzinger TL, Fagan AM, Goate A, Fox NC, et al. Clinical and 
biomarker changes in dominantly inherited Alzheimer’s disease. N Engl J Med 2012;367:795–
804. [PubMed: 22784036] 

[57]. Strozyk D, Blennow K, White LR, Launer LJ. CSF Abeta 42 levels correlate with amyloid-
neuropathology in a population-based autopsy study. Neurology 2003;60:652–6. [PubMed: 
12601108] 

[58]. Jagust WJ, Landau SM, Shaw LM, Trojanowski JQ, Koeppe RA, Reiman EM, et al. 
Relationships between biomarkers in aging and dementia. Neurology 2009;73:1193–9. [PubMed: 
19822868] 

[59]. Buerger K, Ewers M, Pirttila T, Zinkowski R, Alafuzoff I, Teipel SJ, et al. CSF phosphorylated 
tau protein correlates with neocortical neurofibrillary pathology in Alzheimer’s disease. Brain 
2006; 129:3035–41. [PubMed: 17012293] 

Shaw et al. Page 25

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[60]. Tapiola T, Alafuzoff I, Herukka SK, Parkkinen L, Hartikainen P, Soininen H, et al. Cerebrospinal 
fluid {beta}-amyloid 42 and tau proteins as biomarkers of Alzheimer-type pathologic changes in 
the brain. Arch Neurol 2009;66:382–9. [PubMed: 19273758] 

[61]. Arai H, Terajima M, Miura M, Higuchi S, Muramatsu T, Machida N, et al. Tau in cerebrospinal 
fluid: a potential diagnostic marker in Alzheimer’s disease. Ann Neurol 1995;38:649–52. 
[PubMed: 7574462] 

[62]. Blennow K, Hampel H. CSF markers for incipient Alzheimer’s disease. Lancet Neurol 
2003;2:605–13. [PubMed: 14505582] 

[63]. Clark CM, Pontecorvo MJ, Beach TG, Bedell BJ, Coleman RE, Doraiswamy PM, et al. Cerebral 
PET with florbetapir compared with neuropathology at autopsy for detection of neuritic amyloid-
β plaques: a prospective cohort study. Lancet Neurol 2012;11:669–78. [PubMed: 22749065] 

[64]. Curtis C, Gamez JE, Singh U, Sadowsky CH, Villena T, Sabbagh MN, et al. Phase 3 trial of 
flutemetamol labeled with radio-active fluorine 18 imaging and neuritic plaque density. JAMA 
Neurol 2015;72:287–94. [PubMed: 25622185] 

[65]. Salloway S, Gamez JE, Singh U, Sadowsky CH, Villena T, Sabbagh MN, et al. Performance 
of [18F]flutemetamol amyloid imaging against the neuritic plaque component of CERAD and 
the current (2012) NIA-AA recommendations for the neuropathologic diagnosis of Alzheimer’s 
disease. Alzheimers Dement (Amst) 2017;9:25–34. [PubMed: 28795133] 

[66]. Bacskai BJ, Frosch MP, Freeman SH, Raymond SB, Augustinack JC, Johnson KA, et al. 
Molecular imaging with Pittsburgh Compound B confirmed at autopsy: a case report. Arch 
Neurol 2007;64:431–4. [PubMed: 17353389] 

[67]. Ikonomovic MD, Klunk WE, Abrahamson EE, Mathis CA, Price JC, Tsopelas ND, et al. 
Post-mortem correlates of in vivo PiB-PET amyloid imaging in a typical case of Alzheimer’s 
disease. Brain 2008; 131:1630–45. [PubMed: 18339640] 

[68]. Morris E, Chalkidou A, Hammers A, Peacock J, Summers J, Keevil S. Diagnostic accuracy of 
(18)F amyloid PET tracers for the diagnosis of Alzheimer’s disease: a systematic review and 
meta-analysis. Eur J Nucl Med Mol Imaging 2016;43:374–85. [PubMed: 26613792] 

[69]. Landau SM, Lu M, Joshi AD, Pontecorvo M, Mintun MA, Trojanowski JQ, et al. Comparing 
positron emission tomography imaging and cerebrospinal fluid measurements of β-amyloid. Ann 
Neurol 2013;74:826–36. [PubMed: 23536396] 

[70]. Zwan M, van Harten A, Ossenkoppele R, Bouwman F, Teunissen C, Adriaanse S, et al. 
Concordance between cerebrospinal fluid biomarkers and [11C]PiB PET in a memory clinic 
cohort. J Alzheimers Dis 2014;41:801–7. [PubMed: 24705549] 

[71]. Palmqvist S, Zetterberg H, Blennow K, Vestberg S, Andreasson U, Brooks DJ, et al. Accuracy 
of brain amyloid detection in clinical practice using cerebrospinal fluid β-amyloid 42: a cross-
validation study against amyloid positron emission tomography. JAMA Neurol 2014;71:1282–9. 
[PubMed: 25155658] 

[72]. Mattsson N, Insel PS, Donohue M, Landau S, Jagust WJ, Shaw LM, et al. Independent 
information from cerebrospinal fluid amyloid-β and florbetapir imaging in Alzheimer’s disease. 
Brain 2015; 138:772–83. [PubMed: 25541191] 

[73]. Palmqvist S, Mattsson N, Hansson O. Cerebrospinal fluid analysis detects cerebral amyloid-β 
accumulation earlier than positron emission tomography. Brain 2016;139:1226–36. [PubMed: 
26936941] 

[74]. Mintun MA, Larossa GN, Sheline YI, Dence CS, Lee SY, Mach RH, et al. [11C]PIB 
in a nondemented population: potential antecedent marker of Alzheimer disease. Neurology 
2006;67:446–52. [PubMed: 16894106] 

[75]. Shaw LM, Vanderstichele H, Knapik-Czajka M, Clark CM, Aisen PS, Petersen RC, et al. 
Cerebrospinal fluid biomarker signature in Alzheimer’s disease neuroimaging initiative subjects. 
Ann Neurol 2009;65:403–13. [PubMed: 19296504] 

[76]. Fleisher AS, Chen K, Liu X, Roontiva A, Thiyyagura P, Ayutyanont N, et al. Using positron 
emission tomography and florbetapir F18 to image cortical amyloid in patients with mild 
cognitive impairment or dementia due to Alzheimer disease. Arch Neurol 2011;68:1404–11. 
[PubMed: 21747008] 

Shaw et al. Page 26

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[77]. Adamczuk K, Schaeverbeke J, Vanderstichele HM, Lilja J, Nelissen N, Van Laere K, et 
al. Diagnostic value of cerebrospinal fluid Abeta ratios in preclinical Alzheimer’s disease. 
Alzheimers Res Ther 2015;7:75. [PubMed: 26677842] 

[78]. Li Y, Tsui W, Rusinek H, Butler T, Mosconi L, Pirraglia E, et al. Cortical laminar binding of PET 
amyloid and tau tracers in Alzheimer disease. J Nucl Med 2015;56:270–3. [PubMed: 25572087] 

[79]. Buchhave P, Minthon L, Zetterberg H, Wallin AK, Blennow K, Hansson O. Cerebrospinal fluid 
levels of beta-amyloid 1–42, but not of tau, are fully changed already 5 to 10 years before the 
onset of Alzheimer dementia. Arch Gen Psychiatry 2012;69:98–106. [PubMed: 22213792] 

[80]. Eckerstrom C, Olsson E, Bjerke M, Malmgren H, Edman A, Wallin A, et al. A combination 
of neuropsychological, neuroimaging, and cerebrospinal fluid markers predicts conversion from 
mild cognitive impairment to dementia. J Alzheimers Dis 2013;36:421–31. [PubMed: 23635408] 

[81]. van Maurik IS, Zwan MD, Tijms BM, Bouwman FH, Teunissen CE, Scheltens P, et al. 
Interpreting Biomarker Results in Individual Patients With Mild Cognitive Impairment in the 
Alzheimer’s Biomarkers in Daily Practice (ABIDE) Project. JAMA Neurol 2017; 74:1481–91. 
[PubMed: 29049480] 

[82]. Brenowitz WD, Hubbard RA, Keene CD, Hawes SE, Longstreth WT Jr, Woltjer RL, et al. 
Mixed neuropathologies and estimated rates of clinical progression in a large autopsy sample. 
Alzheimers Dement 2017;13:654–62. [PubMed: 27870939] 

[83]. Bernick C, Cummings J, Raman R, Sun X, Aisen P. Age and rate of cognitive decline 
in Alzheimer disease: implications for clinical trials. Arch Neurol 2012;69:901–5. [PubMed: 
22431834] 

[84]. van Harten AC, Smits LL, Teunissen CE, Visser PJ, Koene T, Blankenstein MA, et al. Preclinical 
AD predicts decline in memory and executive functions in subjective complaints. Neurology 
2013; 81:1409–16. [PubMed: 24049134] 

[85]. Samtani MN, Raghavan N, Novak G, Nandy P, Narayan VA. Disease progression model for 
Clinical Dementia Rating-Sum of Boxes in mild cognitive impairment and Alzheimer’s subjects 
from the Alzheimer’s Disease Neuroimaging Initiative. Neuropsychiatr Dis Treat 2014;10:929–
52. [PubMed: 24926196] 

[86]. Duits FH, Prins ND, Lemstra AW, Pijnenburg YA, Bouwman FH, Teunissen CE, et al. Diagnostic 
impact of CSF biomarkers for Alzheimer’s disease in a tertiary memory clinic. Alzheimers 
Dement 2015;11:523–32. [PubMed: 25156643] 

[87]. Gooblar J, Carpenter BD, Coats MA, Morris JC, Snider BJ. The influence of cerebrospinal fluid 
(CSF) biomarkers on clinical dementia evaluations. Alzheimers Dement 2015;11:533–540.e532. 
[PubMed: 25022536] 

[88]. Kester MI, Boelaarts L, Bouwman FH, Vogels RL, Groot ER, van Elk EJ, et al. Diagnostic 
impact of CSF biomarkers in a local hospital memory clinic. Dement Geriatr Cogn Disord 
2010;29:491–7. [PubMed: 20523047] 

[89]. Meijs AP, Claassen JA, Rikkert MG, Schalk BW, Meulenbroek O, Kessels RP, et al. How does 
additional diagnostic testing influence the initial diagnosis in patients with cognitive complaints 
in a memory clinic setting? Age Ageing 2015;44:72–7. [PubMed: 24847028] 

[90]. Mouton-Liger F, Wallon D, Troussiere AC, Yatimi R, Dumurgier J, Magnin E, et al. Impact of 
cerebro-spinal fluid biomarkers of Alzheimer’s disease in clinical practice: a multicentric study. J 
Neurol 2014;261:144–51. [PubMed: 24162039] 

[91]. Hyman BT, Phelps CH, Beach TG, Bigio EH, Cairns NJ, Carrillo MC, et al. National Institute 
on Aging-Alzheimer’s Association guidelines for the neuropathologic assessment of Alzheimer’s 
disease. Alzheimers Dement 2012;8:1–13. [PubMed: 22265587] 

[92]. Jessen F, Wolfsgruber S, Wiese B, Bickel H, Mosch E, Kaduszkiewicz H, et al. AD dementia 
risk in late MCI, in early MCI, and in subjective memory impairment. Alzheimers Dement 
2014;10:76–83. [PubMed: 23375567] 

[93]. Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S, Fagan AM, et al. Toward defining 
the preclinical stages of Alzheimer’s disease: recommendations from the National Institute on 
Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimers Dement 2011;7:280–92. [PubMed: 21514248] 

Shaw et al. Page 27

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[94]. Ryman DC, Acosta-Baena N, Aisen PS, Bird T, Danek A, Fox NC, et al. Symptom onset 
in autosomal dominant Alzheimer disease: a systematic review and meta-analysis. Neurology 
2014;83:253–60. [PubMed: 24928124] 

[95]. Molinuevo JL, Rabin LA, Amariglio R, Buckley R, Dubois B, Ellis KA, et al. Implementation 
of subjective cognitive decline criteria in research studies. Alzheimers Dement 2017;13:296–311. 
[PubMed: 27825022] 

[96]. Jessen F, Amariglio RE, van Boxtel M, Breteler M, Ceccaldi M, Chetelat G, et al. A conceptual 
framework for research on subjective cognitive decline in preclinical Alzheimer’s disease. 
Alzheimers Dement 2014;10:844–52. [PubMed: 24798886] 

[97]. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, et al. The 
diagnosis of mild cognitive impairment due to Alzheimer’s disease: recommendations from the 
National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for 
Alzheimer’s disease. Alzheimers Dement 2011;7:270–9. [PubMed: 21514249] 

[98]. Mattsson N, Rosen E, Hansson O, Andreasen N, Parnetti L, Jonsson M, et al. Age and diagnostic 
performance of Alzheimer disease CSF biomarkers. Neurology 2012;78:468–76. [PubMed: 
22302554] 

[99]. Peskind ER, Li G, Shofer J, Quinn JF, Kaye JA, Clark CM, et al. Age and apolipoprotein 
E*4 allele effects on cerebrospinal fluid beta-amyloid 42 in adults with normal cognition. Arch 
Neurol 2006; 63:936–9. [PubMed: 16831961] 

[100]. Toledo JB, Zetterberg H, van Harten AC, Glodzik L, Martinez-Lage P, Bocchio-Chiavetto L, et 
al. Alzheimer’s disease cerebrospinal fluid biomarker in cognitively normal subjects. Brain 2015; 
138:2701–15. [PubMed: 26220940] 

[101]. Donix M, Ercoli LM, Siddarth P, Brown JA, Martin-Harris L, Burggren AC, et al. Influence 
of Alzheimer disease family history and genetic risk on cognitive performance in healthy middle-
aged and older people. Am J Geriatr Psychiatry 2012;20:565–73. [PubMed: 21849821] 

[102]. Subjective Jessen F. and objective cognitive decline at the predementia stage of Alzheimer’s 
disease. Eur Arch Psychiatry Clin Neurosci 2014;264:S3–7. [PubMed: 25238934] 

[103]. Reisberg B, Shulman MB, Torossian C, Leng L, Zhu W. Outcome over seven years of healthy 
adults with and without subjective cognitive impairment. Alzheimers Dement 2010;6:11–24. 
[PubMed: 20129317] 

[104]. Amariglio RE, Becker JA, Carmasin J, Wadsworth LP, Lorius N, Sullivan C, et al. 
Subjective cognitive complaints and amyloid burden in cognitively normal older individuals. 
Neuropsychologia 2012; 50:2880–6. [PubMed: 22940426] 

[105]. van der Flier WM, van Buchem MA, Weverling-Rijnsburger AW, Mutsaers ER, Bollen EL, 
Admiraal-Behloul F, et al. Memory complaints in patients with normal cognition are associated 
with smaller hippocampal volumes. J Neurol 2004;251:671–5. [PubMed: 15311341] 

[106]. Perrotin A, de Flores R, Lamberton F, Poisnel G, La Joie R, de la Sayette V, et al. Hippocampal 
Subfield Volumetry and 3D Surface Mapping in Subjective Cognitive Decline. J Alzheimers Dis 
2015; 48:S141–50. [PubMed: 26402076] 

[107]. Schultz SA, Oh JM, Koscik RL, Dowling NM, Gallagher CL, Carlsson CM, et al. Subjective 
memory complaints, cortical thinning, and cognitive dysfunction in middle-aged adults at risk for 
AD. Alzheimers Dement (Amst) 2015;1:33–40. [PubMed: 25938132] 

[108]. Eckerstrom M, Gothlin M, Rolstad S, Hessen E, Eckerstrom C, Nordlund A, et al. Longitudinal 
evaluation of criteria for subjective cognitive decline and preclinical Alzheimer’s disease in a 
memory clinic sample. Alzheimers Dement (Amst) 2017;8:96–107. [PubMed: 28560310] 

[109]. Visser PJ, Verhey F, Knol DL, Scheltens P, Wahlund LO, Freund-Levi Y, et al. Prevalence and 
prognostic value of CSF markers of Alzheimer’s disease pathology in patients with subjective 
cognitive impairment or mild cognitive impairment in the DESCRIPA study: a prospective cohort 
study. Lancet Neurol 2009;8:619–27. [PubMed: 19523877] 

[110]. Vos SJ, van Rossum IA, Verhey F, Knol DL, Soininen H, Wahlund LO, et al. Prediction of 
Alzheimer disease in subjects with amnestic and nonamnestic MCI. Neurology 2013;80:1124–
32. [PubMed: 23446677] 

Shaw et al. Page 28

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[111]. Wolfsgruber S, Polcher A, Koppara A, Kleineidam L, Frolich L, Peters O, et al. Cerebrospinal 
Fluid Biomarkers and Clinical Progression in Patients with Subjective Cognitive Decline and 
Mild Cognitive Impairment. J Alzheimers Dis 2017;58:939–50. [PubMed: 28527210] 

[112]. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med 2004;256:183–94. 
[PubMed: 15324362] 

[113]. Mitchell AJ, Shiri-Feshki M. Rate of progression of mild cognitive impairment to dementia–
meta-analysis of 41 robust inception cohort studies. Acta Psychiatr Scand 2009;119:252–65. 
[PubMed: 19236314] 

[114]. Knopman DS, Beiser A, Machulda MM, Fields J, Roberts RO, Pankratz VS, et al. Spectrum 
of cognition short of dementia: Framingham Heart Study and Mayo Clinic Study of Aging. 
Neurology 2015;85:1712–21. [PubMed: 26453643] 

[115]. Duits FH, Teunissen CE, Bouwman FH, Visser PJ, Mattsson N, Zetterberg H, et al. The 
cerebrospinal fluid “Alzheimer profile”: easily said, but what does it mean? Alzheimers Dement 
2014; 10:713–723.e712. [PubMed: 24721526] 

[116]. Mattsson N, Insel PS, Landau S, Jagust W, Donohue M, Shaw LM, et al. Diagnostic accuracy of 
CSF Ab42 and florbetapir PET for Alzheimer’s disease. Ann Clin Transl Neurol 2014;1:534–43. 
[PubMed: 25356425] 

[117]. Paterson RW, Toombs J, Slattery CF, Nicholas JM, Andreasson U, Magdalinou NK, et al. 
Dissecting IWG-2 typical and atypical Alzheimer’s disease: insights from cerebrospinal fluid 
analysis. J Neurol 2015;262:2722–30. [PubMed: 26410752] 

[118]. Paterson RW, Toombs J, Slattery CF, Nicholas JM, Andreasson U, Magdalinou NK, et al. 
Cerebrospinal fluid biomarkers and cerebral atrophy in distinct clinical variants of probable 
Alzheimer’s disease. Neurobiol Aging 2015;36:2340–7. [PubMed: 25990306] 

[119]. Magnin E, Demonet JF, Wallon D, Dumurgier J, Troussiere AC, Jager A, et al. Primary 
Progressive Aphasia in the Network of French Alzheimer Plan Memory Centers. J Alzheimers 
Dis 2016; 54:1459–71. [PubMed: 27589533] 

[120]. Irwin DJ, McMillan CT, Toledo JB, Arnold SE, Shaw LM, Wang LS, et al. Comparison 
of cerebrospinal fluid levels of tau and Abeta 1–42 in Alzheimer disease and frontotemporal 
degeneration using 2 analytical platforms. Arch Neurol 2012;69:1018–25. [PubMed: 22490326] 

[121]. Brunnstrom H, Englund E. Clinicopathological concordance in dementia diagnostics. Am J 
Geriatr Psychiatry 2009;17:664–70. [PubMed: 19634210] 

[122]. Beach TG, Monsell SE, Phillips LE, Kukull W. Accuracy of the clinical diagnosis of Alzheimer 
disease at National Institute on Aging Alzheimer Disease Centers, 2005–2010. J Neuropathol 
Exp Neurol 2012;71:266–73. [PubMed: 22437338] 

[123]. Lim A, Tsuang D, Kukull W, Nochlin D, Leverenz J, McCormick W, et al. Clinico-
neuropathological correlation of Alzheimer’s disease in a community-based case series. J Am 
Geriatr Soc 1999;47:564–9. [PubMed: 10323650] 

[124]. St Louis EK, Boeve AR, Boeve BF. REM Sleep Behavior Disorder in Parkinson’s Disease and 
Other Synucleinopathies. Mov Disord 2017; 32:645–58. [PubMed: 28513079] 

[125]. Ismail Z, Smith EE, Geda Y, Sultzer D, Brodaty H, Smith G, et al. Neuropsychiatric symptoms 
as early manifestations of emergent dementia: Provisional diagnostic criteria for mild behavioral 
impairment. Alzheimers Dement 2016;12:195–202. [PubMed: 26096665] 

[126]. Josephs KA. Capgras syndrome and its relationship to neurodegenerative disease. Arch Neurol 
2007;64:1762–6. [PubMed: 18071040] 

[127]. Xie Z, McAuliffe S, Swain CA, et al. Cerebrospinal fluid abeta to tau ratio and postoperative 
cognitive change. Ann Surg 2013;258:364–9. [PubMed: 23732272] 

[128]. Farrer LA, Brin MF, Elsas L, et al. Statement on use of apolipoprotein E testing for Alzheimer 
disease. American College of Medical Genetics/American Society of Human Genetics Working 
Group on ApoE and Alzheimer disease. JAMA 1995;274:1627–9. [PubMed: 7474250] 

[129]. Vemuri P, Wiste HJ, Weigand SD, et al. Effect of apolipoprotein E on biomarkers of amyloid 
load and neuronal pathology in Alzheimer disease. Ann Neurol 2010;67:308–16. [PubMed: 
20373342] 

Shaw et al. Page 29

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[130]. Reiman EM, Quiroz YT, Fleisher AS, et al. Brain imaging and fluid biomarker analysis in 
young adults at genetic risk for autosomal dominant Alzheimer’s disease in the presenilin 1 
E280A kindred: a case-control study. Lancet Neurol 2012;11:1048–56. [PubMed: 23137948] 

[131]. Perrotin A, La Joie R, de La Sayette V, et al. Subjective cognitive decline in cognitively 
normal elders from the community or from a memory clinic: Differential affective and imaging 
correlates. Alzheimers Dement 2017;13:550–60. [PubMed: 27693187] 

[132]. Valech N, Mollica MA, Olives J, et al. Informants’ Perception of Subjective Cognitive Decline 
Helps to Discriminate Preclinical Alzheimer’s Disease from Normal Aging. J Alzheimers Dis 
2015; 48:S87–98. [PubMed: 26445275] 

[133]. Perrotin A, Mormino EC, Madison CM, Hayenga AO, Jagust WJ. Subjective cognition and 
amyloid deposition imaging: a Pittsburgh Compound B positron emission tomography study in 
normal elderly individuals. Arch Neurol 2012;69:223–9. [PubMed: 22332189] 

[134]. Wang L, van Belle G, Crane PK, et al. Subjective memory deterioration and future dementia in 
people aged 65 and older. J Am Geriatr Soc 2004;52:2045–51. [PubMed: 15571540] 

[135]. Mosconi L, De Santi S, Brys M, et al. Hypometabolism and altered cerebrospinal fluid markers 
in normal apolipoprotein E E4 carriers with subjective memory complaints. Biol Psychiatry 
2008; 63:609–18. [PubMed: 17720148] 

[136]. Frisoni GB, Boccardi M, Barkhof F, et al. Strategic roadmap for an early diagnosis of 
Alzheimer’s disease based on biomarkers. Lancet Neurol 2017;16:661–76. [PubMed: 28721928] 

[137]. Toledo JB, Brettschneider J, Grossman M, et al. CSF biomarkers cutoffs: the importance of 
coincident neuropathological diseases. Acta Neuropathol 2012;124:23–35. [PubMed: 22526019] 

[138]. Hansson O, Mikulskis A, Fagan AM, Teunissen C, Zetterberg H, Vanderstichele H, et al. The 
impact of preanalytical variables on measuring cerebrospinal fluid biomarkers for Alzheimer’s 
disease diagnosis: A review. Alzheimers Dement 2018. 10.1016/j.jalz.2018.05.008.

[139]. Petersen RC, Aisen P, Boeve BF, et al. Mild cognitive impairment due to Alzheimer disease in 
the community. Ann Neurol 2013; 74:199–208. [PubMed: 23686697] 

[140]. Jack CR Jr, Bennett DA, Blennow K, et al. A/T/N: An unbiased descriptive classification 
scheme for Alzheimer disease biomarkers. Neurology 2016;87:539–47. [PubMed: 27371494] 

[141]. Geda YE, Roberts RO, Mielke MM, et al. Baseline neuropsychiatric symptoms and the risk 
of incident mild cognitive impairment: a population-based study. Am J Psychiatry 2014;171:572–
81. [PubMed: 24700290] 

[142]. Masters MC, Morris JC, Roe CM. “Noncognitive” symptoms of early Alzheimer disease: a 
longitudinal analysis. Neurology 2015; 84:617–22. [PubMed: 25589671] 

[143]. American College of Radiology Imaging Network. Imaging Dementia—Evidence for Amyloid 
Scanning (IDEAS) Study (IDEAS). NLM identifier: NCT02420756, https://clinicaltrials.gov/ct2/
show/NCT02420756?term5IDEAS-Study&rank55. Accessed February 14, 2018.

[144]. Handels RL, Vos SJ, Kramberger MG, et al. Predicting progression to dementia in persons 
with mild cognitive impairment using cerebrospinal fluid markers. Alzheimers Dement 2017; 
13:903–12. [PubMed: 28216393] 

Shaw et al. Page 30

Alzheimers Dement. Author manuscript; available in PMC 2023 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT02420756?term5IDEAS-Study&rank55
https://clinicaltrials.gov/ct2/show/NCT02420756?term5IDEAS-Study&rank55


RESEARCH IN CONTEXT

1. Systematic review: The Workgroup developed key research questions using 

the PICOTS framework to guide a systematic review of the clinical literature 

on LP and CSF testing, conducted by the Evidence-based Practice Center at 

Oregon Health & Science University.

2. Interpretation: Applying their interpretation of the evidence with their clinical 

expertise and appreciation of individual patient factors, the Workgroup 

developed 14 clinical indications to guide healthcare practitioners in 

determining when LP and CSF analysis should and should not be used to 

confirm or rule out AD pathology in the diagnostic process.

3. Future directions: The AUC manuscript offers guidance on implementation 

and suggests areas for future research. Examples of the latter include: (a) 

improved standardization of pre-analytical practices using new analytical 

platforms, large-scale patient populations and amyloid PET imaging or 

autopsy brain examination as reference standard, (b) evidence generation on 

cognitively normal individuals with elevated amyloid, (c) research on best 

practices for disclosure of CSF biomarker data.
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