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A B S T R A C T

Objective: This narrative review aims to (1) identify neuropsychological tests for assessing cognitive function
impairment in patients with cancer, specifically in the domains of attention and memory, (2) summarize the
characteristics of these tests, including cognitive function domains, test content, readability, and psychometric
quality, and (3) evaluate the feasibility of each test in cancer care.
Methods: Data sources include published test manuals, documents from official web pages, and published journal
articles.
Results: Our study identified eight neuropsychological tests that are most frequently used to assess the attention
and memory domains of objective cognitive function in patients with breast cancer. These tests include the
California Verbal Learning Test, Hopkins Verbal Learning Test, Rey Auditory Verbal Learning Test, Rey–Osterrieth
Complex Figure, CNS Vital Signs, Wechsler Adult Intelligence Scale, Wechsler Memory Scale, and Trail Making
Test. They demonstrate acceptable evidence of psychometric quality and varying degrees of feasibility. Test
feasibility is influenced by factors such as short testing time, brevity and comprehensiveness, clear cognitive
domain distinctions, availability of normative data, minimal practice effects, ease of administration, and limited
attention-span requirements. These attributes determine a test's feasibility for use in cancer care. Among the
evaluated measures, the California Verbal Learning Test for memory, the Trail Making Test for attention, and the
CNS Vital Signs for comprehensive assessment emerge as the most practical choices for cancer care.
Conclusions: The assessment and management of cognitive function impairment are crucial for enhancing the
quality of life in cancer survivors. Nurses should possess knowledge of assessment tools for early detection and the
ongoing monitoring of this symptom's progression.
Introduction

Patients with cancer report varying degrees of impairment in cogni-
tive function during and after treatments.1 Recent systematic reviews
provided empirical evidence that impairments in cognitive function
occur more prevalently and severely during or after initiating cancer
treatment compared to baseline and healthy controls.2–4 Patients report
impairments in various areas of cognitive function, such as attention,
memory, information processing speed, language, and executive
function.4–6

Establishing practical and valid measures is fundamental to assess-
ing cognitive-function impairments among patients with cancer.
Although many researchers employ self-reported measures,7 objectively
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assessing cognitive function is important in screening clinically mean-
ingful impairments and investigating mechanisms of cognitive impair-
ment. Researchers conducting objective assessments have employed a
wide variety of neuropsychological tests originally developed for the
evaluation of neuropsychological developments or disorders such as the
Wechsler Adult Intelligence Scale,8 Wechsler Memory Scale,9 Trail
Making Test,10 CNS Vital Signs,11 and the Controlled Oral Word Asso-
ciation Test.12 The International Cancer and Cognition Taskforce
underscored that such variety in measures hampers evidence synthesis
across studies and thus recommendes harmonizing measures.13 How-
ever, systematic evaluations of these neuropsychological tests and
guidance on how to select the tests best suited for patients with cancer
are limited.
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Several points should be considered in selecting neuropsychological
tests for patients with cancer, in addition to the evidence of psychometric
quality. Patients with cancer are typically older adults, and they are
easily fatigued and anxious during their clinical visits. Thus, tests should
be easy and practical in application. Test scores should be adjusted for
normal aging-associated changes in cognitive function.14 Test scores
should also be clinically interpretable. This is particularly important in
screening subjects with significant cognitive impairments and in inves-
tigating the pathophysiological mechanisms underlying cognitive im-
pairments. Moreover, impairment in cognitive function is mostly mild or
moderate in patients with cancer,6 necessitating a sensitive measure with
a lower floor effect. The cognitive-function domain most impacted by
cancer or its treatment is still uncertain.15 Thus, researchers and clini-
cians need a domain-specific measure to investigate the impacted
domain.

Last, when assessing the level of cognitive function repeatedly with a
certain interval, examinees can memorize test items and perform better
in the follow-up tests, the practice effect.16 Practice effects can result in
invalid conclusions on cognitive change over time and may have
contributed to the inconsistency in findings across studies investigating
the biobehavioral effects of cancer treatment on cognitive function.1,17

Thus, tests with a small practice effect are preferred.
Each neuropsychological test has unique characteristics in testing

format and in the focal cognitive domain, affecting its feasibility. Yet, no
studies have provided comprehensive information on the characteristics
of diverse neuropsychological tests to provide guidance for measurement
selections to oncology researchers and clinicians. One review summa-
rized the information on subjective and objective measures of cognitive
impairment used in earlier studies (by the year 2011) for breast cancer
survivors.18 Yet, this previous review provided only brief information on
the selected measures and did not include popularly used measures in
recent longitudinal studies.

Therefore, the present study reviewed the measures frequently used
for patients with breast cancer, the noncentral nervous system disease for
which the issues of cognitive impairment were first raised. This popu-
lation has been most studied within this research topic.2,18,19 The impact
of treatment on cognitive function has beenmore consistently reported in
breast cancer than in other cancer types.2 Female dominance and hor-
monal treatments in this disease type may increase the risk of the
biochemical changes associated with cognitive function.14

Specific purposes of this narrative review were to (1) identify the
neuropsychological tests assessing cognitive-function impairment for
patients with breast cancer, (2) summarize the characteristics of such
tests (eg, cognitive function domains, test contents, scoring, and psy-
chometric quality), and (3) evaluate feasibility issues (eg, test duration,
special needs, challenges, and practice effects) in applying to cancer
patients.

Methods

This is a narrative review that identifies and synthesizes information
on neuropsychological tests. We report this review based on a scale for
the quality assessment of narrative review articles.20

Identification and selection of measures

Of note, this narrative review was planned as an extension of our
previous systematic review, investigating the impact of chemotherapy on
cognitive function in patients with breast cancer4; and thus used the data
collected for the previous review to select measures.

For the present review, we identified and selected the measures in
three steps (Fig. 1). In the first step, we identified the measures used to
assess cognitive function in patients with breast cancer. This step was
conducted solely based on data from our previous review. Our previous
2

systematic review identified 42 studies and 81 measures across seven
cognitive-function domains: attention, executive function, information-
processing speed, verbal ability, motor function, visuospatial skill, and
verbal/visual memory. The systematic approach to identify those studies
and the measurement list by cognitive domains were reported in our
previous review. We briefly summarize the search strategies and selec-
tion procedure of the previous review in Fig. 1 and Appendix 1. The
present study started the selection procedure from this list of 81 mea-
sures. In this list, 21 tests were redundantly included in two or more
cognitive-function domains, mostly subtests or subscores, not the test per
se. This adjustment left 60 different tests (Table 1).

In the second step, we screened the measures and selected those used
in three or more studies in each domain. As a wide variety of measures
were used, we decided to focus on the frequently used measures and
providemore comprehensive information for each test rather than briefly
summarizing more measures. A total of 27 tests were used in three or
more studies: six in the verbal/visual memory domain, five in the
attention and executive-function domains, four in the information-
processing-speed domain, three in the verbal-ability domain, and two
in the motor-function and visuospatial-skills domains. Among them, 11
were included in two or more domains.

In the third step, we selected measures assessing the attention or
memory domains. These domains were selected because they are
required for many other cognitive functions, and the literature frequently
reports them as impacted by cancer or its treatments.4,6,18 A total of 11
tests met this inclusion criteria. Among them, two were listed in both
domains, and two tests (Trail Making Test A and B) were subtests of one
test. This leaves eight different tests for the present review: the California
Verbal Learning Test,21 Hopkins Verbal Learning Test,22 Rey Auditory
Verbal Learning Test,23 Rey–Osterrieth Complex Figure,24 the CNS Vital
Signs,11 Wechsler Adult Intelligence Scale,8 Wechsler Memory Scale,9

and the Trail Making Test.10 Finally, we confirmed this final list included
the measures recommended for the selected domains by the International
Cancer and Cognition Taskforce.13

By applying this process, the scope of the review became reasonable
and manageable. Two researchers (Drs. Jung and HJ Kim) performed the
selection process. The two agreed at each step and jointly determined the
inclusion and exclusion criteria.
Data collection for characteristics of the measures

Search strategy
A variety of databases was searched to retrieve publications for each

test: Pubmed, EMbase, PsycINFO, and Google Scholar. Google was used
to locate the manuals and official websites of each test. The data for each
test were searched with sixteen key words and their relevant Mesh terms
(see Appendix 2): validity, construct validity, criterion validity, concur-
rent validity, performance validity, reliability, test-retest reliability,
development, manual, normative, scoring, practice effect, ceiling,
flooring, sensitivity, and cutoff. We limited our data search to English-
language publications. Of note, we searched and selected the literature
for each test purposefully. That is, the selection process cannot be pre-
sented like a systematic review.

Data extraction
Two researchers (Drs. Jung and JE Kim) retrieved and validated the

information. When needed, the two researchers resolved differences
through discussion with a third researcher (HJ Kim). The collected in-
formation included the published year, authors/copyright owners, target
age, time to complete, contents, scoring, normative data, training for
examiners, and reliability and validity evidence. We retrieved the highest
validity and reliability evidence, if possible, from the most recent pub-
lication, from studies with adults aged 19 to 65, and from appropriate
time interval for test-retest reliability. Although we did not limit the
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search to the English version of each test, most of the retrieved infor-
mation was based on that version unless otherwise indicated.

Data analysis

Data syntheses
We set the following guidelines for synthesizing the data for each test.

First, we determined the domain of each test, considering the labeling of
test developers, labeling in previous reviews and studies, and finally this
research team's opinion on the test content. Second, we considered the
following suggested criteria in evaluating the psychometric quality of
tests25,26: for internal consistency reliability, Cronbach's alpha between
0.70 and 0.95; for test-retest reliability, correlation between time points
0.60–0.90; and for criterion validity, correlation with criterion in sta-
tistical significance as well as in magnitude (r > 0.30 associated
Fig. 1. Flow chart of measur

3

construct, r > 0.50 with similar construct). Of note, we set relatively
liberal criteria for psychometric quality evaluation due to the diversity of
study designs. For instance, the test-retest intervals were very long in
many studies and diverse across subjects in a sample. Third, we examined
criterion-validity evidence such that a test correlates well with other
established neuropsychological tests. Yet, we did not differentiate be-
tween convergent and concurrent validity because authors used different
names, and the gold standard for assessing the same domain of cognitive
function was not well established.

Evaluating T feasibility
Feasibility evaluations were conducted based on the retrieved infor-

mation and also through testing a trial version of a test, when available.
Three researchers (Drs. Jung, JE Kim, and HJ Kim) independently eval-
uated each test's feasibility first. They then discussed these evaluations
ement selection process.



Table 1
Neuropsychological tests identified from 42 studies.

No Measures No Measures

1 Attentive matrices 31 Letter Cancellation Task
2 Auditory Consonant Trigrams

Test
32 Line Tracing Test visual ability

3 Batterie d'efficiency mn�esique 33 Montreal Cognitive Assessment*
4 Behavioral Assessment of the

Dysexecutive Syndrome
34 National Institutes for Health

Toolbox*
5 Benton Judgment of Line

Orientation
35 Number Connection Test Type A

6 Benton Visual Retention Test 36 Paced Auditory Serial Addition Task
7 Boston Naming Test 37 Psychomotor Speed 9PEG
8 Brief Visuospatial Memory Test-

Revised
38 Purdue Pegboard

9 Buschke Selective Reminding
Task

39 Rapid Visual Processing Test

10 California Verbal Learning Test 40 Raven's Progressive Matrices
11 Cambridge Neuropsychological

Test Automated Battery*
41 Regensburg Word Fluency Test*

12 Category fluency 42 Repeatable Battery for the
Assessment of Neuropsychological
Status*

13 Clock Drawing Test 43 Rey Auditory Verbal Learning*
14 CNS Vital Signs* 44 Rey–Osterrieth Complex Figure*
15 Cognitive Stability Index* 45 Rey Visual Learning Test
16 Continuous Performance Test* 46 Rivermead Story: recall
17 Controlled Oral Word

Association Test*
47 Serial Dotting Test

18 D2 test 48 Short story
19 Delis–Kaplan Executive

Function Scale*
49 Stroop test or Inter-Stroop

20 Digit Vigilance 50 Symbol Digit Modality Test*
21 Digital Symbol Test 51 Tests of Attentional Performance
22 Encoding Storage Retrieval 52 Trail Making Test A*
23 Eriksen Flanker Task 53 Trail Making Test B
24 Every day attention 54 Tower of London
25 Finger tapping 55 Verbal fluency
26 Grooved pegboard* 56 Verbal Learning and Memory Test
27 Grober and Buschke Test (G&B

test)
57 Visual Reaction Time Test

28 General Practitioner Assessment
of Cognition

58 Wechsler Abbreviated Scale of
Intelligence*

29 High Sensitivity Cognitive
Screen*

59 Wechsler Memory Scale*

30 Hopkins Verbal Learning Test 60 Wisconsin Card Sorting Test

This table lists 60 different tests alphabetically. The 21 tests included in two or
more cognitive-function domains are marked with an asterisk. Our previous
study reported a complete list of 81 tests classified by domains.

Table 2
California Verbal Learning Test & Hopkins Verbal Learning Test.

Measures California Verbal Learning Test Hopkins Verbal Learning Test

Target age 16–90 � 16
Domains Verbal memory Verbal memory
Assessment
time (min)

For the standard tests: 30 þ 30
(delay)
For brief test: 15 þ 15 (delay)

5–10

Contents 1. Asking to recall as many
words as possible after one
reading (five trials) (List A)

2. Asking to recall as many
words as possible after one
reading (List B)

3. Asking to recall the words
from List A

4. Delayed tests after 20 min
5. Asking to remember the

name of a set where the
given word belongs

1. Part A (free recall): ask to
repeat a list of words after
verbally presenting a total of
12 words composed of four
words from each of the three
semantic categories (three
trials)

2. Part B (Recognition): ask to
recognize words from Part A
after verbally presenting 24
words including 12 words
from Part A (testing each
word one by one)

Scoring Correct answer Correct answers
Normative
data

Available by age, gender,
education, IQ28,29

Available for four age-based
groups34

Validity 1. Construct validity: six
factors (general verbal
learning, response
discrimination, learning
strategy, proactive effect,
serial position effect,
acquisition rate) discovered
by factor analysis30

2. Criteria validity: r ¼ 0.46
with the vocabulary subtest
of WAIS28

3. Known group validity:
significant group difference
between traumatic brain
injury/multiple sclerosis
patients and normal
controls31,32

1. Construct validity: three
factors (memory, general
cognitive processing, and
recognition response bias)
discovered by principal
components analysis35

2. Criteria validity: significant
correlations with the memory
subtest of the WMS-R
(r ¼ 0.65–0.77), verbal IQ of
the WAIS-R (r ¼ 0.36–0.52),
performance IQ of the WAIS-
R (r ¼ 0.40–0.49)35

3. Known group validity:
significantly poorer
performance in Alzheimer's
Disease/vascular dementia
than normal controls35

4. Predictive validity: 80%
prediction accuracy to predict
the disease group35

Reliability 1. Test-retest reliability:
r ¼ 0.80–0.84 by subtests,
with a mean interval of 29
days33

1. Test-retest reliability: r¼ 0.42
(for false positive errors on
recognition testing) – 0.66 by
subscores with 9-month in-
tervals36; 0.64 (for recogni-
tion discrimination index) –
0.81 by subtests with 6–8
week intervals37

Feasibility
evaluation

Pros
1. Easy to administer, score

and interpret
2. An alternate form is

available
Cons
1. Quiet room is required
2. Unsuitable for people with

hearing loss
3. practice effect is expected.

Pros
1. Easy to administer, score and

interpret
2. Short testing time
3. Six alternate evaluation forms

are available
Cons
1. Quiet room is required
2. Unsuitable for people with

hearing loss
3. Severe practice effect

WMS-R, Wechsler Memory Scale Revised; WAIS, Wechsler Adult Intelligence
Scale; WAIS-R, Wechsler Adult Intelligence Scale Revised.
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until a consensus was reached. We evaluated the strengths and weak-
nesses of each test in the following areas: testing duration, special needs,
challenges, practice effects, and the influence of age, IQ, and education.
We considered these issues while assuming we apply a test to patients
with cancer in a research context as well as in a clinical context.

Results

Characteristics of eight selected tests

In Tables 2–5, we present the information for each test and our
feasibility evaluations. The key characteristics of each test and our
evaluations are summarized in the following subsections.

California Verbal Learning Test
The California Verbal Learning Test21 evaluates verbal memory for

subjects with a wide age range (16–90 years old; see Table 2). This simple
test asks subjects to recall a given set of words. The test takes 30 minutes,
with an additional 30 minuties for delayed recall. A 15-minute brief form
is also available.27 Normative data stratified by age, gender, education,
and IQ are available for scoring.28,29 Construct validity by factor anal-
ysis,30 criterion validity with theWechsler Adult Intelligence Scale,28 and
known-group validity to differentiate subjects with brain injury or
4

neurological disorders31,32 have been established. A good level of tes-
t-retest reliability (r ¼ 0.80–0.84) was reported.33 Considering the test
characteristics, we concluded that it is easy to administer the test and to
interpret the results for clinical use. However, the need for a silent setting
can decrease its feasibility, and patients with hearing loss may be more
challenged as the examiner presents the words verbally. As subjects
might learn the list of words from a previous trial, the practice effect can
confound the findings in repeated assessments with short intervals.



Table 3
Rey Auditory Verbal Learning Test & Rey?Osterrieth Complex Figure.

Measures Rey Auditory Verbal Learning Test Rey–Osterrieth Complex Figure

Target age 7–89 6–89
Domains Verbal memory Visual memory

Executive function
Motor function
Visuospatial skill

Assessment
time (min)

10–15 þ 20 (delay) 45

Contents 1. Ask to recall as many words as possible after the evaluator reads a list of words
(List A [15 words], five trials)

2. Ask to recall as many words as possible after the evaluator reads a new list of
words (List B [15 words]) one time

3. Ask to recall words from List A without additional reading
4. Ask to recall words from List A 20 min later without an additional reading
5. Ask to find words from List A after showing 50 words including List A & B

1. Copy: ask to copy the given drawing figure
2. Immediate recall: ask to recall and draw the figure a min later
3. Delayed recall: ask to recall and draw the figure 20–30 min later

Scoring Correct answers Sum of 18 units scores
Each unit scored from 0 to 2 depending on the level of completeness

Normative data Normative data stratified by age, gender and education established39 Normative data stratified by age47,48

Normative data stratified by age, gender and education established with
French-speaking subjects83

Validity 1. Construct validity: three factors (memory, attention/learning, and inaccurate
recall) discovered by the principal components analysis40

2. Criterion validity: r ¼ 0.68 with WMS-R verbal index41

3. Known group validity: poorer performance among Alzheimer's disease and
Parkinson's dementia patients than healthy controls42

4. Predictive validity: sensitivity 0.34–0.62 and specificity 0.10–0.99 to
differentiate different levels of dementia, brain injury, and normal group43

1. Construct validity: one factor (visuospatial perception/memory)
discovered by factor analysis49

2. Criterion validity: significant correlations with the memory subtest of the
DTVP-A (r ¼ 0.33–0.49), with the IQ of the Wechsler Intelligence scale
(r ¼ 0.34–0.39)50, with dexterity and reaching motor tasks (β ¼ �0.35)51

3. Known group validity: poorer performance in patients with Alzheimer's
disease than normal controls49

Reliability 1. Test-retest reliability: r ¼ 0.68 (for the sum of trials 1–5), with a 35-day
interval44

2. Internal consistency: Cronbach's alpha, 0.8044

1. Test-retest reliability: r ¼ 0.73 (for immediate recall), 0.79 (for delayed
recall) with an average 251-day interval54

2. Internal consistency: Cronbach's alpha, 0.60 (for copy), 0.80 (for
immediate recall), 0.82 (for delayed recall)49 Split half, r¼ 0.60 (for copy),
0.84 (for immediate recall), 0.82 (for delayed recall)49

3. Interrater reliability: Kappa ¼ 0.69–0.92 and Pearson r ¼ 0.80–0.9753

Feasibility
evaluation

Pros
1. Easy to administer
2. Short testing time
3. A supraspan memory test is possible due to the large stimulus load
4. Can test an unstructured learning strategy
5. Alternate testing formats are available
Cons
1. Require a quiet room
2. Unsuitable for people with hearing loss
3. A practice effect is expected

Pros
1. Less influenced by language and culture
2. Can choose from a variety of versions to suit clinical and research needs
Cons
1. Takes a long time
2. It is complicate to interpret test results
3. Need to establish agreement among raters
4. A practice effect is expected.

DTVP-A, Developmental Test of Visual Perception Adolescents and Adults; WMS-R, Wechsler Memory Scale Revised.
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Hopkins Verbal Learning Test
The Hopkins Verbal Learning Test22 is used to assess verbal memory

for subjects aged 16 or higher (see Table 2). It is a very simple test that
asks subjects to recall a set of words and takes only 5–10 minutes.
Normative data adjusted for age are available.34 Construct validity by
factor analysis, criterion validity with the Wechsler Adult Intelligence
Scale and the Wechsler Memory Scale, and known-group and predictive
validity to differentiate subjects with neurological disorders are well
established.35 Test-retest reliability36,37 is acceptable for most subscores
(r > 0.60). From our evaluations, its brevity and six testing-set options
increase its feasibility for clinical use. However, because the test is
verbally presented, it requires a silent setting, and patients with hearing
loss may bemore challenged. For longitudinal studies, practice effects are
a concern. The lack of normative data adjusted for IQ or education is
another weakness.

Rey Auditory Verbal Learning Test
The Rey Auditory Verbal Learning Test23 is widely used in clinical

settings for dementia screenings (see Table 3). The test assesses verbal
memory for subjects aged 7 to 89.38 This simple test asks a subject to
recall a set of words. It takes only 10–15 minutes, with an additional
20 minutes for delayed recall. Normative data adjusted for age, gender,
and education are available.39 Construct validity was confirmed by factor
analysis.40 Criterion validity41 was established with the same construct.
Known-group validity is established to differentiate a subject with
neurological disorders.42 Studies for predictive-validity evaluation have
5

reported a wide range of sensitivity (0.34–0.62) and specificity
(0.10–0.99).43 Good internal consistency (alpha ¼ 0.80) and acceptable
test-retest reliability (r ¼ 0.68) have been reported.44 The short testing
duration and assessments of diverse aspects of memory function are
strengths of this test. The testing format can be adjusted.45 The examiners
need general education for psychological tests. The test also requires a
silent setting, and patients with hearing loss may be more challenged.

Rey–Osterrieth Complex Figure
The Rey–Osterrieth Complex Figure24 is a widely used neuropsy-

chological test that assesses visual memory, executive function, motor
function, and visuospatial skills (Table 3). This test can be applied to a
wide age range (ages 6 to 89).46 The Rey–Osterrieth Complex Figure Test
is a drawing test in which respondents are asked to copy a presented
figure. It takes 45 minutes to complete, including the delayed recall. For
English-speaking subjects, normative data adjusted for age was estab-
lished47,48; for French-speaking subjects, more diverse normative data
were established. Construct validity was established by factor analysis.49

The criterion validity was established by association with measures
assessing memory50 and motor skills.51 Known-group validity was
established by differentiating subjects with Alzheimer's disease.49 In
additional performance-validity evaluations, the test differentiated
uncreditable performers well (specificity ¼ 91%; sensitivity ¼ 53%).52

Good interrater reliability,53 test-retest reliability,54 and internal con-
sistency49 were reported (see Table 3). As time intervals for test-retest are
long, more evidence is needed to determine the test-retest reliability for



Table 4
CNS Vital Signs & wechsler Memory Scale.

Measures CNS Vital Signs Wechsler Memory Scale

Target age 8–90 16–90
Domains Attention

Verbal memory
Visual memory
Information processing speed

Verbal memory
Visual memory
Attention
Visuospatial skill

Assessment
time (min)

45 60–90
25–35 for Abbreviated Scale

Contents 1. Verbal memory test: ask to recall 15 different words presented before another
set of 15 words

2. Visual memory test: ask to recall 15 different geometric figures presented
before another set of 15 figures

3. Finger Tapping Test: tap a space bar for 10 s with one hand's index finger
(testing for each hand)

4. Symbol Digit Coding Test: ask to match symbols and digits that were
presented as pairs previously

5. Stroop Test: ask to recognize the identity and difference between a colored
word and a name of color

6. Shifting Attention Test: ask to match the color or shape of a presented figure
with another figure following the instantly given instruction

7. Continuous Performance Test: ask to select the alphabet following the
instruction

1. Logical memory: examiner presents two short stories and asks the examinee
to tell the stories immediately and to recall the stories 30 min later

2. Verbal Paired Associates: examiner presents 10–14 word pairs and asks the
examinee to recall the pair for the presented word

3. Visual Reproduction: ask the examinee to draw a picture after presenting a
picture and to recall and draw it 15–30 min later

4. Design Memory: ask the examinee to relocate each design to the correct
location on the grid after presenting the four to eight designs placed on the
grid; retest after 15–30 min

5. Brief Cognitive Status Exam: screening for severe cognitive impairment with
a brief test for the various cognitive function areas including time
orientation, mental control, clock face drawing, recall, verbal fluency, etc.

6. Spatial Addition: ask to relocate blue dots to the right location on the grid
after presenting two grids with red and blue dots

7. Symbol Span: ask to find the presented symbols in the right order after
presenting a set of symbols

Scoring Correct answer, errors, tapping number, time to complete a task Correct answer
Normative
data

Normative data stratified by age11 Normative data stratified based on age, gender, education level, race/ethnicity,
and geographic regions within US59

Validity 1. Criterion validity: r ¼ 0.33 (for memory domain score) – 0.56 (for visual
memory) with logical memory of the WMS; r ¼ 0.26 (for Shifting Attention
Test errors) – 0.55 with computer-based neurobehavioral evaluation system11

2. Known group validity: significant difference between normative data and mild
cognitive impairment/early dementia/post-concussion syndrome/severe
traumatic brain injury/ADHD11

3. Predictive validity: sensitivity 0.12 (memory domain) – 0.35 (complex
attention domain); specificity 0.88 (complex attention domain) – 0.99
(memory domain) in predicting neurological disorders56

1. Construct validity: two-dimensional structure (auditory learning/memory
and visual attention/memory) established60

2. Criterion validity: r ¼ 0.40 (for auditory index) �0.71 with WAIS index59

3. Known group validity: lower scores in people with epilepsy than the
normative sample61

Reliability 1. Test-retest reliability: r ¼ 0.31 (for Stroop test, errors) – 0.87 with the average
62-day interval11; r ¼ 0.11 (for verbal memory) – 0.87, ICC ¼ 0.10–0.86 be-
tween three separate sessions (each a week interval)53

1. Test-retest reliability: r ¼ 0.79–0.82 for the five index scores with a 23-day
interval; 0.59–0.76 for the seven subtests62

2. Internal consistency: Cronbach's alphas 0.93–0.96 for the five index scores;
0.82–0.97 for the seven subtest scores62

Feasibility
evaluation

Pros
1. Comprehensive assessment
2. Easy to administer, and interpret
3. Easy to manage data and to construct database
4. Adjustable testing formats
5. Subtests can be separately used
Cons
1. Requires computer settings in a quiet and independent place
2. Expensive
3. Lengthy to administer
4. Challenging for people with visual limitations or decreased motor function

Pros
1. Not boring with a play-like testing format
2. Easy to apply even to those who are anxious or have low concentration
3. Useful to assess memory based on attention
4. Logical memory subtests can be used separately
Cons
1. Lengthy to administer
2. Unsuitable for individuals with speech impairments

ADHD, Attention Deficit Hyperactivity Disorder; WAIS, Wechsler Adult Intelligence Scale; WMS, Wechsler Memory Scale.
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the theoretically selected time interval. This test is less affected by lan-
guage and culture, increasing its feasibility. Yet, testing time is relatively
long. Examiners require experience or training for interrater
agreement.55

CNS Vital Signs
CNS Vital Signs,11 originally developed in computer format in 2006,

assesses attention, verbal memory, visual memory, and information
processing speed using seven subtests (Table 4). The target age range is
wide, from 8 to 90.11 The test takes 45 minutes for subjects to complete.
Age-adjusted normative data are available.11 The criterion validity for
CNS Vital Signs has been wildly evaluated and shown to be acceptable.11

Known-group validity shows the test can successfully detect the cognitive
deficits associated with various neurological conditions, including trau-
matic brain injury and dementia.11 However, additional evidence for
predictive validity is needed because the test's sensitivity is low.56 Tes-
t-retest reliability is acceptable for most subtests, but it is poor for some
6

subtests.57 Due to long time intervals or low reliability for some subtests,
more evidence is needed to determine the test-retest reliability for the
theoretically selected time interval. Because it is a computer-based test, it
does not require the intensive involvement of examiners in testing and
scoring. The testing domain and content can be customized for exam-
inees,58 decreasing practice effects in repeated tests. The database for test
scores from examinees can be established.11 Because the test is on a
computer and takes longer to complete, older subjects or those with
limited motor function or visual problems may be more challenged. An
isolated setting with a computer is needed.

Wechsler Memory Scale
The Wechsler Memory Scale9 assesses verbal and visual memory,

attention, and visuospatial skills using seven subtests. The target age is
16–90.59 The test takes 60–90 minutes to complete. A brief scale that
only takes 25–35 minutes to complete is also available. Normative data
adjusted for age, gender, education, and ethnicity are available. Evidence



Table 5
Wechsler Adult Intelligence Scale & Trail Making Test A, B.

Measures Wechsler Adult Intelligence scale Trail Making Test A, B

Target age 16–90 18–89
Domains Attention

Information processing speed
Memory
Executive function

Attention
Executive function
Information processing speed
Motor function

Assessment
time (min)

60–90
15–30 for abbreviated scale

5–15

Contents 1. Verbal Comprehension Index
a) Core Subtests

- Similarity: ask the examinee to tell the similarity between words
- Vocabulary: ask the examinee to tell the words of given objects and to
define the given word

- Information: ask the examinee about common senses
b) Supplemental Subtests

- Comprehension: ask the examinee about their understanding of given
social situations or common concepts

2. Perceptual Reasoning Index
a) Core Subtests

- Block Design: build color blocks following the given pattern
- Matrix Reasoning: find a proper image for the missing part in a drawing
- Visual Puzzle: ask the examinee to choose three pieces to make up that
pattern after showing a puzzle pattern in a stimulus book.

b) Supplemental Subtests
- Picture Completion: the examinee presents the missing part in the
situation given by the drawing

- Figure Weights: the examinee balances weights by choosing an object
(figure) on the other side of the scale

3. Working Memory Index
a) Core Subtests

- Digit Span: ask the examinee to tell the numbers backward after
memorizing the presented numbers

- Arithmetic: ask the examinee to calculate mentally.
b) Supplemental Subtests

- Letter-Number Sequencing: ask the examinee to present the numbers in
forward order and the alphabet in backward order

1. TMT A: ask examinee to draw a line between the consecutive numbers
from 1 to 25 as fast as possible

2. TMT B: ask the examinee to draw a line between numbers (1–13) and the
alphabets (A to L) in turn between categories and in consecutive order (1-
A-2-B-3-C, etc.)

4. Processing Speed Index
a) Core Subtests

- Symbol Search: ask the examinee to find the instructed symbols
- Coding: Time-limited task asking the examinee to match a digit with a
symbol code using a key after showing a key in which the numbers 1 to 9
are each paired with a different symbol

b) Supplemental Subtests
- Cancellation: ask the examinee to cross out target pictures while looking at
a random sequence of pictures

Scoring Correct answers, total IQ score, index score based on subtests Time to complete by second
Normative
data

Normative data by age, gender, education, and race/ethnicity63 Normative data stratified by age, and education68

Validity 1. Construct validity: four factors (verbal comprehension, perceptual reasoning,
working memory, and processing speed) discovered by factor analysis63,64

2. Criterion validity: correlated with RBANS total scores (r ¼ 0.75)63

3. Divergent validity: verbal comprehension index of WAIS correlated with visual
memory index of WMS III (r ¼ 0.20–0.22)63

4. Known group validity: the difference between traumatic brain injury and
normative database65

1. Construct validity: one factor (visual perception) established by factor
analysis69

2. Criterion validity for Spanish: TMT A correlated with Stroop Color-Word
(r ¼ �0.34), WAIS-III Digit Symbol (r ¼ �0.63), WAIS-III Digit Backward
(r¼�0.50), TMT B correlated with Stroop Color-Word (r¼�0.38), WAIS-
III Digit Symbol (r ¼ �0.57), WAIS-III Digit Backward (r ¼ �0.54)70

3. Known group validity: poorer performance in patients with Alzheimer's
disease than normal controls71

Reliability 1. Test-retest coefficients: r ¼ 0.96 for full scale IQ and 0.74–0.96 for primary
indexes and subtests, with a mean interval of 22 days63

2. Inter-rater reliability: ICC ¼ 0.91–0 0.97 across subtests63

3. Split-half reliability: r ¼ 0.78–0.98 across age groups63

1. Test-retest reliability: r ¼ 0.7 with a 235-day mean interval54

2. Inter-rater reliability: r ¼ 0.93–0.99 for trail making test A; 0.88–0.99 for
Trail Making Test B72

Feasibility
evaluation

Pros
1. A comprehensive tool fpr assessing multiple domains
2. Subtests can be used separately
Cons
1. More like an intelligence test
2. Require high concentration level
3. Lengthy to administer
4. Cannot be administered by nonpsychologists.
5. Not applicable for individuals with vision, auditory, or motor impairments
6. Very expensive

Pros
1. Easy to administer, and interpret
2. Short testing time
3. Require shorter attention span
4. Applicable in various settings
5. Different testing formats with colors are available
Cons
1. Because memory is not assessed, the attention area may not be completely

assessed
2. High ceiling effect is expected
3. May be affected by motor function
4. Severe practice effect

RBANS, The Repeatable Battery for the Assessment of Neuropsychological Status; WAIS, Wechsler Adult Intelligence Scale; WMS, Wechsler Memory Scale.
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is well established for construct,60 criterion59 and known-group val-
idity61 (Table 4). Test-retest (r � 0.59) and internal consistency (Cron-
bach's alpha � 0.82) are high.62 The test is well structured and enjoyable
because it is presented in a game format. Therefore, this test can be used
with respondents who are anxious or who have a low attention span.
Subtests can be used separately. However, its verbal memory subtest may
not be suited for those with verbal language challenges.

Wechsler Adult Intelligence Scale
The Wechsler Adult Intelligence Scale8 is a comprehensive test that

assesses attention, information processing speed, memory, and executive
function. Two or more subtests are included in each of the four sub-
domains. Subdomain index scores and total IQ scores can be calculated.
The target age is from 16 to 90, and the test takes 60–90 minutes to
complete.63 An abbreviated scale takes 15–30 min to complete. Norma-
tive data adjusted for age, gender, education, and ethnicity are avail-
able.63 The measurement construct is established by factor analysis.63,64

Criterion validity has been well established by association with the
established neurological testing battery.63 The test differentiates subjects
with traumatic brain injury well, showing acceptable known-group val-
idity65 (Table 5). All reliability indexes (test-retest, internal consistency,
and interrater reliability) are high for all subtests and age groups.63 Thus,
this scale is often used as a criterion to evaluate the performance and
embedded validity of other tests (ie, the credibility of test scores).66 We
concluded that the test provides a comprehensive evaluation of diverse
cognitive functions, and the subtests are useful and practical. Yet, the
core tests are similar to IQ tests and are highly affected by education and
age. It is not applicable to those who are anxious, have a low attention
span, or have vision, auditory, or motor impairments. The test should be
given by trained psychologists for interpretation.67

Trail Making Test
The Trail Making Test10 is a freely available neuropsychological test

that assesses attention, executive function, information processing speed,
and motor function. It is a simple drawing test targeted at those aged
18–89.68 The test takes just 5–15minutes to complete, and normative data
for age and education are available.68 Construct validity is established by
factor analysis.69 Criterion validity was established by association with
measures assessing similar constructs (r ranging from �0.34 to �0.63).70

This evidence is from nonEnglish-speaking subjects. Known-group val-
idity71 has been established, but predictive-validity evidence is limited (see
Table 5). High interrater reliability (r ranged from 0.88–0.99)72 and
acceptable test-retest reliability (r¼ 0.70)54 have been reported. Due to its
brevity and simplicity in scoring and administering, it is highly feasible in
busy clinical settings. The test requires a smaller attention span and, thus,
can be applied to people who are anxious. Additionally, this test is less
affected by aging. Yet, the test does not comprehensively assess attention
because it does not evaluate memory. High practice effects can also be a
concern. High-ceiling effects with low sensitivity can be expected for those
with mild cognitive impairments.

Psychometric quality of tests

All tests provided reliability evidence for internal consistency and
stability over time. Yet, several tests showed low test-retest reliability in
some subtests (eg, Hopkins Verbal Learning Test36,37 and CNS Vital
Signs,11). Also, the time intervals between tests were too long (e.g.,
longer than a year) in many studies, whichmight have contributed to low
test-retest reliability. Because certain cognitive-function domains can
improve over time in younger participants and can naturally decrease in
old age, it is important to select the theoretically relevant time window
for the test-retest reliability of the neuropsychological tests. Thus, addi-
tional evidence is needed to confirm test-retest reliability for tests with
low test-retest reliability using a theoretically relevant time window.

For the validity evaluation of the neuropsychological test, it is rec-
ommended to have an established relationship with the criterion or
8

reference standard.73 Criterion validity was evaluated for all tests.
However, the selected criteria for most tests were not the gold standard
for assessing the same cognitive domain. This indicates the need for more
evidence for criterion validity with the gold standard.

As for the psychometric properties of the screening tests, predictive
validity evidence is important because it shows how well a test can
predict cognitive status. We considered known-group validity or sensi-
tivity analyses as a predictive validity evaluation. We found known-
group validity for all tests. A screening tool also requires good sensitivity
and specificity,73 but the evidence for sensitivity and specificity in most
tests was either lacking or limited. Further, we did not find information
on the ceiling or flooring effects of any tests.

Diagnostic accuracy for a few neuropsychological tests was also
evaluated by performance validity, which reveals the effects of non-
neurological factors (such as medication, indifference, pain, and fatigue)
on testing scores.75 In patients with cancer, the test results can also be
confounded by anxiety. Yet, we did not find evidence for the performance
validity of the measures in patients with cancer. Therefore, further psy-
chometric evaluations as a screening tool are required for the target
population.

Feasibility in application to patients with cancer

In Table 6, we summarized the key characteristics of the tests. All tests
have been used and upgraded over decades, supporting their usefulness
and quality. All tests are validated in various age groups and can be
applied to adults up to 90 years old. Rey Auditory Verbal Learning
Tests,38 the Rey–Osterrieth Complex Figure,76 and CNS Vital Signs,11 can
be applied to children under 12. The California Verbal Learning Test77

and Wechsler Intelligence Scale78 have children's versions.
Three tests (the California Verbal Learning Test, Hopkins Verbal

Learning Test, and Rey Auditory Verbal Learning Test) mainly assess the
verbal-memory domain and share the same feasibility issues. The
strengths of these tests are the simplicity of the testing format and the
short testing time. However, the tests require a quiet room to
complete and can challenge those with hearing problems.

CNS Vital Signs, the Wechsler Memory Scale, and the Wechsler Adult
Intelligence Scale are comprehensive batteries in that they consist of
subtests and assess multiple cognitive functions, including attention and
memory. Each test takes longer than 45 minutes to complete and requires
a special testing setting. Thus, these tests may not be feasible in busy
clinical settings. Yet, subtests of a comprehensive battery are more
feasible. The Rey–Osterrieth Complex Figure and the Trail Making Test
are not comprehensive batteries, but they do assess multiple cognitive
functions. They are more feasible comprehensive tests considering their
simplicity in administration and scoring.

The examiners are required to have a general education for psycho-
logical tests for all but CNS Vital Signs and the Trail Making Test. The
Rey–Osterrieth Complex Figure and Wechsler Adult Intelligence Scale
need additional training or experience for administration, scoring, and
interpretation. Most tests can be administered in a paper-and-pencil
setting as well as in a computer setting. However, CNS Vital Signs can
only be administered in a computer setting. Computerized tests have
several benefits, including no training requirements, lower scoring er-
rors, shorter times, portability, and low cost.18 Yet, computer settings
may be challenging for the elderly, especially those over 70.

In Table 6, the issues surrounding each test's practice effects are
presented. All tests have varying degrees of practice effects. CNS Vital
Signs, the Wechsler Adult Intelligence Scale, and the Wechsler Memory
Scale have lower practice effects.

Tests with normative data provide more clinically interpretable data.
Considering that the performance on all tests is confounded by age and
education to varying degrees and the patients with cancer are mostly
older, normative data must be stratified at least by age. All tests estab-
lished normative data by age. Most tests established normative data
adjusted for education, except for the Hopkins Verbal Learning test and



Table 6
Characteristics of eight objective psycho-neurological tests.

Measures Published
year

Authors/copyright
owner

Target
age

Assessment
time (minutes)

Domains (By the
order of main focus)

Normative data Special
training for
examiners

Online version Cutoff to
determine
cognitive
impairment

Practice
effect

Language
version

Adjusted
For
education

Adjusted
For age

1. California Verbal
Learning Test

1986
(ver.1)
2000
(ver.2)
2017
(ver.3)

Pearson 16–90 30
þ 30 (delay)
For brief test:
15 þ 15 (delay)

Verbal memory Yes Yes △ Web app via iPad
for in-clinic/
remote testing

Yes Moderate* E, A, L,

2. Hopkins Verbal
Learning Test

1991
1998
(revised)

PAR � 16 5–10 Verbal memory None Yes △ None Yes Severe* E, A, L,

3. Rey Auditory
Verbal Learning
Test

1964 PAR 7–89 10–15
þ20 (delay)

Verbal memory Yes Yes △ None Norm-based
reading

Moderate* E, A, L

4. Rey–Osterrieth
Complex Figure

1944 PAR 6–89 45 Visual memory
Executive function
Motor function
Visuospatial skill

Yes Yes ○/△ None Norm-based
reading

Moderate* E, A, L

5. CNS Vital Signs 2006 CNS Vital Signs 8–90 45 Attention
Verbal memory
Visual memory
Information
processing speed

None Yes Not necessary Local, desktop
app for in-clinic
testing
Web app for in-
clinic/remote
testing

Yes Low E, A

6. Wechsler
Memory Scale

1945
(ver.1)
1987
(revised)
1997
(ver.3)
2009
(ver.4)

Pearson 16–90 60–90
For abbreviated
scale: 25–35

Verbal memory
Visual memory
Attention
Visuospatial skill

Yes Yes △ Web app via iPad
for in-clinic/
remote testing

Norm-based
reading

Low E, A, L

7. Wechsler Adult
Intelligence scale

1955
(ver.1)
1981
(ver.2)
1997
(ver.3)
2008
(ver.4)
2011 (abbr.
ver.)

Pearson 16–90 60–90
For abbreviated
scale:
15–30

Attention
Information
processing speed
Memory
Executive function

Yes Yes ○/△ Web app via iPad
for in-clinic/
remote testing

Norm-based
reading

Low E, A, L

8. Trail Making Test
A, B

1944 Reitan
Neuropsychology
Laboratory (Publisher)

18–89 5–15 Attention
Executive function
Information
processingspeed
Motor function

Yes Yes Not necessary Local, desktop
app for in-clinic
testing
Purchased from
Web app store

Yes Severe* E, A, L

○: Requiring training for the test.△: Requiring general education for psychological tests. *Practice effect may be manageable by using an alternate test format. Language versions were determined by the relevant validation
studies. Cut-off data is only for English version. A: Asian language versions E: English version, L: Latin-based language versions.
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CNS Vital Signs. The Wechsler Memory Scale and Wechsler Adult Intel-
ligence Scale have well-established normative data by age, gender, ed-
ucation, and race/ethnicity. The well-established cutoffs to determine
the level of cognitive impairment are very useful for clinical and research
contexts. The California Verbal Learning Test, Hopkins Verbal Learning
Test, CNS Vital Signs, and the Trail Making Test provide useful cutoffs for
screening subjects with significant cognitive impairment (dementia, mild
cognitive impairment).

Age, gender, culture, and their interactions can influence performance
on the tests.79 The appropriateness of a test should be considered in a
selected population.While the eight tests have been validated and used in
diverse languages and cultures, they were developed in Western culture
and the English language. The Rey Auditory Verbal Learning Test and
Rey–Osterrieth Complex Figure were developed in France, though the
latter is insensitive to language. CNS Vital Signs has 52 different language
versions,11,58 though their validation evidence in diverse languages is not
well presented. The Trail Making Test has a version that is less sensitive to
language.We noticed that some tests weremodified to be appropriate to a
certain culture or language and renamed (eg, Seoul Neuropsychological
Screening Battery in Korea80). The relevance of thosemodified versions to
patients with cancer should be re-evaluated in each culture.

Discussion

This narrative review identified eight neuropsychological tests
frequently used in the literature investigating cognitive function in breast
cancer and provided comprehensive information on those tests. It also
discussed the practical issues of those tests in assessing cancer patients’
cognitive function.

Overall evaluations and recommendations

We found acceptable evidence for psychometric quality for all of these
tests. Yet, more validity evidence as a screening tool is needed, particu-
larly for sensitivity and specificity, performance validity, and ceiling or
flooring effects in the target population. The sensitivity and specificity of
a test to detect mild levels of cognitive impairment in patients with cancer
have been a special concern.74 Future studies need to examine, at mini-
mum, tests’ flooring and ceiling effects for patients with cancer.

All tests are applicable to cancer patients, but each has unique
strengths and weaknesses, yielding varying degrees of feasibility. To be
feasible for patientswith cancer, researchershave considered threepoints:
a shorter testing time, taking less than 45 minutes to minimize fatigue,81

brief tests that are comprehensive enough to detect an underlying prob-
lem,73 and available demographically adjusted normative data.73 We
considered four additional points: smaller practice effects, clear distinc-
tion of assessed cognitive domains, ease of application, and lower
attention-span requirements for use with anxious subjects. When using
tests for repeated assessments, it is important to be aware of the potential
for the practice effect. Yet, researchers can consider several strategies to
minimize the impact of practice effects on test scores: increasing test-retest
intervals; the use of dual baselines, alternate forms, and control groups;
and statistical methods of calculating a reliable change index.16 These can
help ensure that changes in test scores over time are a true reflection of
cognitive function rather than a result of practice effects.

Considering all of these consideration points, we concluded the Trail
Making Test is most practical to assess attention, and the California
Verbal Learning Test is best suited to assess verbal memory. These brief
tests are handy for screening patients in a busy clinical setting. For a more
comprehensive evaluation of both attention and memory and for more
precise detection of cognitive function, CNS Vital Signs are very practical.

Implications and strengths

In the early years of the cancer-associated cognitive impairment study
(2011), the International Cancer and Cognition Taskforce13 suggested
10
assessing the cognitive domains of learning, memory, and executive func-
tion and accordingly recommended measures for such domains: Hopkins
Verbal Learning Test, Trail Making Test, and Controlled Oral Word Asso-
ciation. However, our recommendations differ. While the task-force
recommendation is based on their expertise, our recommendation is
based on the more recent and comprehensive literature on
cancer-associated cognitive impairment and on neuropsychological tests.
Studies conducted for the last two decades have used a wide variety of
measures and frequently noted that the attention andmemory domains are
impaired in cancer patients.4 Also, our recommendation is based on our
feasibility evaluations for each test. We believe we provide useful and
unique information for researchers and clinicianswhenselecting ameasure.

Limitations

Nevertheless, we also acknowledge our limitations. First, we selected
the tests based on studies in the breast-cancer literature and selected only
those used frequently. We might have failed to identify other useful tests.
Studies with other cancer types started later and followed the study de-
signs of the breast-cancer literature, including measurement.19 Also note
that this review did not intend to introduce all possible measures, though
that might be helpful. When those rarely used or newly developed tests
become more visible in the literature, additional evaluations will be
needed. Second, we acknowledge that we may have lost some informa-
tion for each test despite our efforts to locate them. Lastly, we did not
systematically evaluate issues of reliable change, performance validity,
and cultural validation. Of note, this review did not evaluate the quality
of tests in different cultures and languages. We also did not evaluate if
test cutoffs are relevant in diverse cultural groups. These are important
issues in measurement selection,79,82 so they need more statistical eval-
uations in a separate study.

Conclusions

Assessing and managing symptoms is a critical role of oncology
nurses. A body of evidence suggests that cancer patients, even those with
disease or treatment not involving the central nervous system, experience
impairment in cognitive function through diverse biological and behav-
ioral mechanisms.1,2,4 Thus, assessing and managing cognitive-function
impairment is important to improve cancer survivors’ quality of life.
Nurses should be familiar with assessment tools for early detection and
monitoring of this symptom. We recommend the California Verbal
Learning Test to assess verbal memory, the Trail Making Test to assess
attention, and CNS Vital Signs as a comprehensive assessment.
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