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Abstract.
Background: There are now clinically available automated MRI analysis software programs that compare brain volumes of
patients to a normative sample and provide z-score data for various brain regions. These programs have yet to be validated
in primary progressive aphasia (PPA).
Objective: To address this gap in the literature, we examined Neuroreader™ z-scores in PPA, relative to visual MRI assessment.
We predicted that Neuroreader™ 1) would be more sensitive for detecting left > right atrophy in the cortical lobar regions in
logopenic variant PPA clinical phenotype (lvPPA), and 2) would distinguish lvPPA (n = 11) from amnestic mild cognitive
impairment (aMCI; n = 12).
Methods: lvPPA or aMCI patients who underwent MRI with Neuroreader™ were included in this study. Two neuroradiologists
rated 10 regions. Neuroreader™ lobar z-scores for those 10 regions, as well as a hippocampal asymmetry metric, were included
in analyses.
Results: Cohen’s Kappa coefficients were significant in 10 of the 28 computations (k = 0.351 to 0.593, p ≤ 0.029). Neuroradiologists agreed 0% of the time that left asymmetry was present across regions. No significant differences emerged between
aMCI and lvPPA in Neuroreader™ z-scores across left or right frontal, temporal, or parietal regions (ps > 0.10). There were
significantly lower z-scores in the left compared to right for the hippocampus, as well as parietal, occipital, and temporal
cortices in lvPPA.
Conclusion: Overall, our results indicated moderate to low interrater reliability, and raters never agreed that left asymmetry
was present. While lower z-scores in the left hemisphere regions emerged in lvPPA, Neuroreader™ failed to differentiate
lvPPA from aMCI.
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INTRODUCTION
Primary progressive aphasia (PPA) refers to a
group of neurodegenerative disorders characterized
by language dysfunction with relative sparing of other
cognitive domains in early stages (e.g., amnestic profile) [1, 2]. A clinical diagnosis of PPA involves first
obtaining a detailed history of symptoms (e.g., initial primary language concern) and assessment of
cognitive functions to identify diagnostic features
that may or may not fit with a specific variant of PPA (i.e., semantic, non-fluent/agrammatic,
and logopenic). In 2011, an international consensus group of PPA investigators published criteria for
the diagnosis and classification of PPA based on
both published research and group consensus [3].
The specific pattern of language weaknesses for each
of the three main PPA subtypes was outlined and
two additional specifiers were included that clinicians could use when appropriate. Namely, when
neuroimaging or pathological data was available
and consistent with clinical presentation, clinicians
could further specifiy PPA subtypes as: 1) “imaging
supported” (based on the pattern of brain atrophy
and/or hypometabolism/hypoperfusion detected on
neuroimaging, or, 2) “with definite pathology” based
on presence of pathology or genetic testing. While
pathology and genetic data are likely not readily available in the context of standard clinical care, brain MRI
scans are more frequently available. Understanding
the utility of MRI findings in the context of clinical care for PPA is of interest. While the pattern of
atrophy may help to differentiate PPA variants, the
diagnostic potential of MRI assessment within a PPA
population has not yet been fully realized.
The logopenic variant of PPA (lvPPA) is typically
associated with the greatest atrophy in the parietal and
left posterior temporal regions [3–8]. Amyloid deposition is most strongly related to this PPA variant [4,
7] (though there is neuroimaging and clinical heterogeneity in lvPPA) [4–6, 9, 10]. Clinical characteristics
of lvPPA include impairments in word retrieval (with
intact word knowledge), sentence/phrase repetition,
and phonological paraphasias (with initial, relatively
preserved grammar and comprehension) [3]. Clinical
practice for diagnosing lvPPA includes a cognitive
evaluation and neuroimaging to rule out structural
lesions to eloquent cortex. Clinical neuroimaging
analyses typically rely on visual interpretation by a
neuroradiologist. Sajjadi et al. [11] showed the high
specificity of imaging patterns for PPA variants on
MRI in terms of visual assessment, with the logopenic

group (4 patients originally diagnosed with lvPPA
and 12 patients originally diagnosed with mixed PPA,
but later reclassified as lvPPA) found to have the highest specificity (95%) though sensitivity was lower
(43%).
Relatively recent development of clinically available quantitative neuroimaging programs provides
qualified practitioners additional clinical data to
integrate into their clinical conceptualizations.
NeuroQuant™ [12] and Neuroreader™ [13] are FDAcleared automated segmentation programs that are
available for clinical use, whereas programs such as
FreeSurfer are used in research [14, 15]. Comparisons
between visual ratings and clinically-available automated MRI analysis software in patient populations
such as Alzheimer’s disease, traumatic brain injury,
and epilepsy have produced mixed findings [16–20].
If automated software programs are implemented into
clinical practice, it is reasoned that these programs
should be validated in a variety of neurological conditions. To date, there has been no study that has
examined the clinical utility of Neuroreader™ to aid
in diagnosis of PPA over visual assessment of brain
atrophy by neuroradiologists in a clinical setting.
Therefore, the present study aimed to 1) establish
interrater reliability of blinded neuroradiologist MRI
visual assessment, 2) compare automated quantitative
volumetric data using Neuroreader™ to neuroradiologist visual MRI assessment, and 3) determine
the accuracy of Neuroreader™ data in distinguishing
lvPPA from an amnestic mild cognitive impairment
(aMCI) group in a clinical sample. We predicted that
Neuroreader™ would be more sensitive for detecting left > right atrophy in the cortical lobar regions in
logopenic variant PPA and that the automated analyses would distinguish lvPPA from aMCI.
MATERIALS AND METHODS
Participants
The current retrospective study analysed data, collected as part of a larger clinical database, from
a convenience sample comprised of 23 patients
(14 men and 9 women) that underwent a comprehensive clinical neuropsychological evaluation and
received a neurobehavioral diagnosis of either: MCI
most consistent with the lvPPA phenotype (“lvPPA”;
N = 11) or aMCI most consistent with the classic mesial-temporal presentation of AD (N = 12).
Patients groups were of similar age and gender. All
patients presented to a clinical visit at a Midwestern
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US medical center. At this medical center, dementia specialists within the department of neurology
see well over 1,500 cases annually that are diagnosed with neurodegenerative conditions. Clinical
diagnoses of lvPPA and aMCI due to possible AD
were made by a clinical neuropsychologist as part of
clinical care, and were documented in the patients’
neuropsychological report in their medical record.
Patients were seen in one of two neuropsychol-

ogy clinics: a primary neuropsychology clinic which
allows for slightly longer assessments or within a
multidisciplinary clinic that included a neuropsychologist, behavioral neurologist, and a clinical social
worker. All patients underwent MR Neuroreader™
as part of routine clinical care. Demographic data for
lvPPA and aMCI groups are displayed in Table 1.
The current study focused solely on patients diagnosed with lvPPA due to limited sample sizes (3
or less) for other phenotypes of PPA (semantic and
nonfluent/agrammatic variants). The aMCI group
was inspected to ensure that a PPA diagnosis had
not been a proposed as clinical differential diagnosis in the neuropsychological report (as overarching
criteria for PPA diagnosis excludes initial episodic
memory impairment, a hallmark of aMCI due to possible/probable AD). Notably, as this study utilizes
a clinical sample, there was expected variability in
the speciﬁc neuropsychological measures used across
patients; however, standardized scores for neuropsychological measures that were available for more than
half the sample were included in Table 2. Measures
in Table 2 by no means reflect the entirety of the comprehensive assessment, especially all of the language
measures administered. A clinical neuropsychological evaluation includes a detailed clinical interview

Table 1
Demographics for lvPPA and aMCI Groups
Variable

lvPPA Group
N = 11

aMCI Group
N = 12

Freq.

Freq.

4
7

5
7

10
1

10
2

9
2

10
2

Gender
Women
Men
Race
White
Black
Handedness
RH
LH
M
Age
Education

SD

Range

M

SD
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Range

69.64 5.52 60.00–77.00 68.42 7.40 56.00–79.00
15.63 1.75 12.00–18.00 14.17 2.48 10.00–18.00

Table 2
Means and standard deviations for the lvPPA and aMCI groups on select neuropsychological test variables
Variable

WMS-IV Visual Reproduction I standard score
WMS-IV Visual Reproduction II standard score
WRAT-4 Word Reading standard score
Bosting Naming standard score
Category Fluency scaled score
Letter Fluency scaled score
Trails A standard score
Trails B standard score
WAIS-IV Similarities scaled score
WAIS-IV Block Design scaled score
WAIS-IV Digit Span scaled score
WAIS-IV Coding scaled score
HVLT delayed recall standard score
HVLT percent retention standard score
HVLT discrimination index standard score
HVLT total recall standard score

lvPPA Group
N = 11

aMCI Group
N = 12

All Subjects
N = 23

N

M

SD

N

M

SD

N

M

SD

8
8
10
10
10
10
11
11
8
8
11
11
10
10
10
10

8.38
10.13
90.30
58.50
4.70
6.30
73.45
68.82
7.25
10.00
6.09
8.55
77.10
98.00
91.60
69.60

3.25
3.44
13.70
24.01
4.69
3.71
25.26
24.98
3.58
3.30
3.18
3.11
17.23
19.52
12.89
21.06

8
8
11
12
12
12
12
12
8
8
12
12
12
12
12
12

7.63
5.13
97.55
92.42
8.92
9.58
103.17
98.42
9.75
10.00
9.25
10.25
56.25
57.58
63.50
73.58

2.62
2.10
9.60
17.83
2.31
2.31
19.46
19.75
2.43
2.39
2.53
1.71
5.59
9.30
11.43
14.59

16
16
21
22
22
22
23
23
16
16
23
23
22
22
22
22

8.00
7.63
94.10
77.00
7.00
8.09
88.96
84.26
8.50
10.00
7.74
9.43
65.73
75.95
76.27
71.77

2.89
3.77
12.01
26.69
4.11
3.39
26.64
26.59
3.22
2.78
3.22
2.57
16.02
25.16
18.57
17.48

WMS-IV, Wechsler Memory Scale-4th Edition Logical Memory subtest assesses immediate and delayed recall of stories; Visual Reproduction
is a measure of visual memory across immediate and long delays. Boston Naming Test is a measure of confrontation/picture naming. Letter
Fluency requires the examinee to rapidly generate words based on letter cues and Category Fluency is considered a measure of semantic
fluency. WRAT-4 Word Reading is a measure of single word reading skills. The Trail Making Test assesses psychomotor processing speed
and mental flexibility. Wechsler Adult Intelligence Scale-IV (WAIS-IV) Similarities subtest assesses verbal abstract reasoning, Block Design
is a measure of visuoconstruction and planning, Digit Span is an auditory working memory measure. HVLT, Hopkins Verbal Learning TestRevised is a word list encoding and memory measure. Standard scores have a mean of 100 and standard deviation of 15. Scaled scores have
a mean of 10 and standard deviation of 3.
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(e.g., onset and course of cognitive symptoms,
functioning in activities of daily living, psychosocial history, medical history, and brain imaging
result summary), a battery of neuropsychological
tests (typically, most tests have been well-validated
with available demographically-matched normative
data). Neuropsychological assessment of PPA in our
clinic often includes a variety of language measures (repetition, confrontation naming, rapid word
generation/verbal fluency tasks, phonological decoding, comprehension, reading, vocabulary, praxis,
and qualitative characterization of speech fluency),
as well as assessment of other cognitive domains
(memory, attention, visuospatial functions, executive functioning). As this was a clinical sample and
PET testing is not readily covered by insurance, such
biomarker data was not available for this sample.
Procedure and materials
Patient MR images were analyzed retrospectively
by two neuroradiologists (blinded reads with rating
system as described below) and the quantitative imaging software, Neuroreader™ , and all procedures were
approved by the Institutional Review Board at a Midwestern US medical center in accordance with the
Helsinki Declaration. Data were obtained retrospectively from patient medical records and were entered
into a larger clinical database comprised mostly of
patients with early-stage neurodegenerative conditions, all of whom completed a neuropsychological
evaluation within 1 year of MR Neuroreader™ .
Patient data were not included in the larger database
if the clinician concluded that cognitive impairment
was due to a non-neurodegenerative condition (e.g.,
severe mental illness, seizure, traumatic brain injury),
or if there was focal brain pathology (e.g., neoplasm)
noted by the clinical neuroradiologist. The clinical
sample used for present analyses included patients
with MCI most consistent with lvPPA as diagnosed
and patients diagnosed with aMCI due to possible AD
(without indication of PPA presentation). We selected
the aMCI due to possible AD cohort as a comparison
group as it is less heterogenous compared to nonamnestic MCI and is a common differential for MCI
due to lvPPA. While we would have liked to include
biomarker data that would have provided further
insight into possible/probable underlying etiology of
aMCI (i.e., AD biomarker data), unfortunately these
measures were not part of routine clinical care and,
therefore, were not in patient medical records and
unavailable for analysis.

Table 3
Brain regions analyzed by MR Neuroreader™
and rated by neuroradiologists
Brain Regions
Right Frontal Lobe
Left Frontal Lobe
Right Parietal Lobe
Left Parietal Lobe
Right Occipital Lobe
Left Occipital Lobe
Right Temporal Lobe
Left Temporal Lobe
Right Hippocampus
Left Hippocampus

For the present analyses, because we were interested in comparing Neuroreader™ with visual ratings
by neuroradiologists, we focused analyses to only
brain regions for which there were data captured by
both methods: lobar regions and the hippocampus. At
this time, Neuroreader™ does not provide more finegrained metrics for subregions of the hippocampus
or cortex (e.g., no gyral level volumes like parahippocampal volume). Listed in Table 3 are the brain
regions that were included in analyses for the current study, based on known atrophy patterns in the
clinical samples used and availability of both neuroradiologist visual assessment and MR Neuroreader™
volumetric data. Additional volumes generated by
Neuroreader™ were excluded from present analyses
as they were considered redundant (e.g., additional
total volume metric for hippocampus, frontal lobe,
parietal lobe, occipital lobe, temporal lobe reflecting
sum of left and right volumes), irrelevant for present
analysis (e.g., three global measures of volume, four
cerebrospinal fluid metrics, three cerebellar volumes,
and brainstem volume), or were considered less reliable (i.e., total and bilateral volumes for subcortical
regions: putamen, thalamus, ventral diencephalon,
pallidum, and caudate).
Radiologist’s visual assessment
Two board-certified, senior neuroradiologists (who
are the primary physicians who read scans for neurodegenerative cases) visually rated the MRIs of each
patient. Neuroradiology reads scans for over 500
neurodegenerative cases annually, which is approximately 4.3% of total yearly brain MRIs. The raters
were provided with the patient’s age and gender but
were blinded to any clinical information or diagnoses. MRI examinations were performed on any
one of the five 1.5T (Tesla) or five 3T MR systems (GE Healthcare Clinical Systems, Wauwatosa,
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WI, USA; Siemens Medical Solutions, Erlangen,
Germany) across the enterprise. All scans were in
alignment with the recommended scan protocols
advocated by the Neuroreader™ vender. Axial FLAIR
and T2 WI were also available for radiologist review.
Each rater rated 10 bilateral brain regions (frontal,
parietal, occipital, temporal, and hippocampus) on:
1) volume (age-appropriate versus low volume for
age), 2) presence of left-right lobar asymmetry (rated
presence of greater left-sided atrophy and greater
right-sided atrophy ratings for each region), and 3)
lobar sulcal grading for each lobe [21].
Neuroreader
Participants’ MRI scans were processed using
the Neuroreader™ software program. Briefly, each
participant’s scan was segmented into absolute volumes which were then compared against an ageand gender-matched normative sample, resulting in
z-scores for each of the 10 brain regions. The
segmentation algorithm and normative database
for Neuroreader™ are components of the closedsource FDA-cleared software and were not available,
but the reader is referred to methods described
previously by Ahdidan and colleagues [22]. At
this time, NeuroReader™ calculates one asymmetry
index (AI) for hippocampal volume. The value is
computed by this formula: Volume of left – volume
of right/volume of left + volume of right × 100. An
AI of 0 means L = R, a lower AI means decreased
asymmetry and higher AI means increased asymmetry. Raw structural volumes are used for computation
without normalization to intracranial volume. We
included the hippocampal asymmetry index, but primarily defined asymmetry in the present analyses
based on z-score comparisons.
Statistical analysis
Cohen’s Kappa coefficients were calculated to
determine interrater reliability between neuroradiologist visual assessment of volume loss, asymmetry,
and lobar sulcal grade. Mann-Whitney U tests were
calculated to examine group differences between
Neuroreader™ z-score values, and Wilcoxon Signed
Rank tests were calculated to compare Neuroreader™
z-scores across different regions within groups. In
order to control for false positives associated with
multiple comparisons, a false-discovery rate (FDR)
correction, the Benjamini–Hochberg procedure, was
performed.
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RESULTS
Neuroradiologist ratings and interrater
reliability
Cohen’s Kappa analyses were run to establish
interrater agreement on volume loss, lobar sulcal
grade, and asymmetry across the 10 brain regions
in a sample of lvPPA patients and aMCI patients.
A complete list of Kappa coefficients across brain
regions is presented in Table 4. The ratings of presence or absence of atrophy and asymmetry for each
region by each rater are also depicted in Table 5. Interrater agreement was strongest and most significant
between raters when rating presence of brain region
volume loss, compared to agreement on brain region
asymmetry and lobar sulcal grade. There were no significant differences in agreement between groups for
any of the metrics examined, therefore, results for
interrater agreement will be presented for the combined group.

Table 4
Interrater Reliability (Cohen’s Kappa Coefficients)
Brain Region
Volume
Right Frontal
Left Frontal
Right Parietal
Left Parietal
Right Occipital
Left Occipital
Right Temporal
Left Temporal
Right Hippocampal
Left Hippocampal
Asymmetry
Right Frontal
Left Frontal
Right Parietal
Left Parietal
Right Occipital
Left Occipital
Right Temporal
Left Temporal
Right Hippocampal
Left Hippocampal
Lobal Sulcal Grade
Right Frontal
Left Frontal
Right Parietal
Left Parietal
Right Occipital
Left Occipital
Right Temporal
Left Temporal

Cohen’s Kappa Statistic

p

0.427
0.319
0.485
0.485
0.589
0.506
0.633
0.654
0.482
0.465

0.012
ns
0.013
0.013
0.005
0.015
0.003
0.001
0.024
0.025

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.075
0.330
0.623

ns
ns
ns
ns
ns
ns
ns
ns
ns
0.001

0.288
0.288
0.323
0.349
0.041
0.135
0.061
0.069

ns
ns
ns
0.036
ns
ns
ns
ns
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Table 5
Neuroreader™ z-scores for lvPPA and aMCI patients
Right
hippocampus

Left
hippocampus

Right
frontal
lobe

Left
frontal
lobe

Right
parietal
lobe

Left
Right
Left
Right
Left
Hippocampal
parietal temporal temporal occipital occipital Asymmetry
lobe
lobe
lobe
lobe
lobe
Index

Logopenic 1

0.42

0.22

–0.15

–0.53

0.24

–0.01

0.25

–0.31

–0.16

–0.20

–0.44

N = 11

2
3
4
5

1.24
–0.10
0.15
0.27

0.95
–0.08
–0.09
0.04

0.07
–0.09
–0.79
–0.60

–0.15
–0.03
–0.99
–0.70

–1.01
–0.91
–0.78
–0.41

–1.53
–1.02
–1.34
–0.47

–0.51
–1.06
0.27
–0.23

–1.73
–1.50
–0.76
–0.74

0.12
–0.43
–0.17
0.25

–0.54
–0.33
–1.25
–0.19

–0.29
0.05
–0.44
–0.40

6

0.29

–0.23

–0.66

–1.34

–0.74

–2.03

–0.59

–1.99

–0.12

–0.02

–1.04

7

–0.41

–0.56

–0.84

–0.56

–1.24

–1.51

–1.92

–1.60

–0.70

–0.96

–0.28

8
9
10

0.06
0.26
0.20

0.39
0.24
–0.41

–0.66
–0.30
–1.24

–0.82
–0.23
–1.04

–0.46
–0.07
–1.57

–1.12
–0.37
–1.23

–0.12
–0.19
–1.14

–1.36
–0.08
–1.07

0.25
0.21
–0.69

–0.39
0.07
–0.43

0.63
–0.03
–1.21

11
Mean

0.42
0.2545

0.26
0.0664

–0.52
–1.0600

0.99
–0.0409

0.06
–0.3800

–0.32
–0.34

1
2
3

0.04
–1.58
–1.18

0.11
–1.59
–0.61

–1.08
–1.00
–0.73

–0.93
–0.98
–0.68

–1.22
–1.00
–0.68

–1.32
–1.07
–0.71

–0.65
–1.45
–0.33

–0.65
–1.39
–0.48

–0.80
–0.33
0.10

–0.70
–0.79
0.29

0.12
–0.41
1.47

4
5
6

–1.29
–0.65
–1.02

–1.40
–0.65
–1.13

0.10
0.24
–0.40

0.05
0.23
–0.53

0.05
0.08
–0.93

–0.39
–0.18
–1.04

–0.47
–0.25
0.19

–0.38
0.08
–0.30

0.05
0.71
–1.64

–0.58
0.48
–0.67

–0.15
–0.02
–0.20

7

–0.96

–1.27

–0.72

–0.69

–0.68

–0.64

–0.67

–0.69

–0.56

–0.48

–0.77

8

–0.72

–1.31

0.15

–0.20

0.44

–0.16

–1.10

–2.04

0.43

–0.36

–1.56

9

–0.23

–1.30

–0.63

–0.54

–0.26

–0.43

–0.58

–1.52

0.45

0.19

–2.65

–0.53
–1.27
–0.23
–0.7833

–0.24
0.02
0.01
–0.1500

–0.25
–0.38
–0.13
–0.2817

–1.29
1.38
–0.07
–0.35

aMCI
N = 12

–0.20
0.07
–0.12
0.64
–0.14
–0.4909 –0.5991 –0.6255 –0.9773 –0.4182

–0.39
–0.11
–0.22
0.24
10
–0.21
–0.78
–0.32
11
–1.32
–0.64
–0.56
–0.28
–0.42
–1.07
–1.39
12
–0.68
–0.69
0.44
0.22
0.26
0.04
0.12
Mean –0.8167 –0.9383 –0.3758 –0.3933 –0.3725 –0.5992 –0.5283

Gray highlighted text denotes low volume for age as rated by rater 1. Underlined text denotes low volume for age as rated by rater 2.
Neuroreader z-scores that were 1.5 standard deviations below the normative mean were bolded.

Brain region volume loss
Cohen’s Kappa coefficients demonstrated moderate to substantial agreement between raters regarding
the presence of right-sided atrophy for: frontal
(KR FV = 0.427, p = 0.012), parietal (KR PV = 0.427,
p = 0.012), hippocampal (KR HV = 0.482, p = 0.024),
occipital (KR OV = 0.589, p = 0.005), and temporal (KR TV = 0.633, p = 0.003) brain regions.
Similarly, Cohen’s Kappa coefficients again
revealed moderate to substantial agreement between
raters regarding the presence of left-side atrophy
across regions: hippocampal (KL HV = 0.465,
p = 0.025), parietal (KL PV = 0.485, p = 0.013),
occipital (KL OV = 0.506, p = 0.015), and temporal
(KL TV = 0.654, p = 0.001) brain regions.
Lobar sulcal grade
Interrater reliability analyses yielded no significant
agreement for presence of right-sided lobar sulcal

grade between raters (K = 0.000 – 0.330, p > 0.05). In
contrast to the right hemisphere, interrater reliability analyses yielded significant agreement between
raters for lobar sulcal grade of left parietal (K
LPG = 0.349, p = 0.036) and left hippocampal brain
regions (K = 0.623, p = 0.001). Interrater reliability
analyses were not significant for left lobar sulcal grade for frontal, occipital, or temporal regions
(K = 0.069 – 0.288, p > 0.05).
Right-left assymmetry ratings
Interrater reliability analyses yielded no significant agreement for presence of right-sided (K = 0.000
– 0.330, p > 0.05) or left sided asymmetry ratings
(K = 0.000 – 0.075, p > 0.05) between raters. Rather,
neuroradiologists were more likely to agree on the
absence of asymmetry. More specifically, within the
lvPPA patients, neuroradiologists agreed 91% of
the time that left asymmetry was absent in frontal
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and parietal lobes (9% of the time disagreed) and 64%
agreed left atrophy was absent in temporal lobes (36%
of the time raters disagreed). Across aMCI patients,
raters agreed 100% of the time that left asymmetry
was absent in frontal and parietal lobes, agreed 83%
of the time no left asymmetry in temporal lobes (17%
of the time they disagreed). Given that the raters never
agreed that left asymmetry was present (more frequently agreed asymmetry was absent), sensitivity
and specificity statistics for detecting left-side asymmetry were not calculated.
MR Neuroreader™
Results revealed significant differences (uncorrected and corrected) in Neuroreader™ z-scores in
aMCI compared to lvPPA patients for the hippocampus (right: U = 4.0, p < 0.000; left: U = 6.0,
p < 0.000; Benjamini-Hochberg p-value = < 0.000).
There were no significant between group differences
for cortical regions examined (ps > 0.10 for both left
and right frontal, temporal, and parietal regions).
Neuroreader™ z-scores for lvPPA and aMCI individual cases are listed in Table 5.
Within the lvPPA group, Wilcoxon signed rank
tests revealed significantly lower (all significant
when uncorrected for multiple comparisons but
not for all corrected comparisons) z-scores in
the left compared to right hemisphere for the
parietal (T = 7.0, z = –2.312, p = 0.021; BenjaminiHochberg p-value = 0.052) and temporal cortices
(T = 6.0, z = –2.401, p = 0.016; Benjamini-Hochberg
p-value = 0.052). Marginally significantly lower zscores emerged in the left compared to the right hemisphere for the hippocampus (T = 10.5, z = –2.001,
p = 0.045; Benjamini-Hochberg p-value = 0.056) and
occipital (T = 10.5, z = –2.002, p = 0.045; BenjaminiHochberg p-value = 0.056) cortices, though failed
to reach statistical significance after controlling for
multiple comparisons. There was no significant difference between frontal z-scores (p = 0.247).
In the aMCI group, Wilcoxon signed rank tests
revealed significantly lower z-scores in the left compared to right hemisphere for the parietal lobes
(p = 0.004; Benjamini-Hochberg p-value = 0.01) and
the hippocampus (p = 0.002; Benjamini-Hochberg pvalue = 0.01). There were no significant differences
(i.e., asymmetry) for the temporal (p = 0.109), occipital (p = 0.189), or frontal cortices (p = 0.844).
Neuroreader versus rater
A primary goal of this study was to compare
visual assessment to the automated software for the
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diagnosis of lvPPA. Unfortunately, because visual
assessment failed to yield agreement between raters
on the presence of left > right atrophy (as lvPPA is
associated with greatest left-sided atrophy, primarily
in parietotemporal regions), this could not be fully
examined. Rather, raters were more likely to agree
on the absence of atrophy. Rater agreement for presence of volume loss by region for each patient is
presented in Table 4 along with the Neuroreader™
z-scores (Rater 1 indicated with a gray box and Rater
2 indicated with underlined text). Neuroreader identified 2 patients as having left parietal and left temporal
lobe atrophy in the lvPPA group and identified 1 subject as having hippocampal volume loss within the
aMCI group.

DISCUSSION
The current study found that while interrater reliability results evidenced moderate to substantial
agreement on the prescence or absence of low volume for age across most lobar regions, agreement
on left-right asymmetry ratings in lvPPA by blinded
neuroradiologists was absent. Given the diagnosis is
supported by left-sided atrophy in temporal and parietal regions, this finding raises concern for the ability
to reliably detect lvPPA with visual assessment. For
both the lvPPA and aMCI groups, neuroradiologists never agreed that left asymmetry was present
in examined regions. Interrater reliability indicated
moderate to substantial agreement on the prescence
or absence of low volume for age across most lobar
regions. The reader can examine Table 5 for cases in
which raters concluded that atrophy was abnormal for
age along with corresponding Neuroreader™ z-score
data for each patient (z-score values that were 1.5
SD below the mean or more). This table shows there
were instances where rater consensus (both raters
agreed atrophy was abnormal or normal for age) was
in conflict with z-scores generated by Neuroreader™ .
Neuroreader™ z-scores did not significantly differ
between lvPPA and aMCI groups across left or right
frontal, temporal, or parietal regions. However, in the
lvPPA group, Wilcoxon signed rank tests revealed
significantly lower z-scores in the left compared to
right hemisphere for the parietal and temporal lobes.
Within the aMCI group, Wilcoxon signed rank tests
revealed significantly lower z-scores in the left compared to right hemisphere for the hippocampus and
parietal lobes. Overall, our results indicate that both
visual reads and Neuroreader™ analyses cannot reli-
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ably differentiate clinically diagnosed lvPPA and
aMCI. This is possibly, in part, related to the complexities of diagnosing PPA. Specifically, clinical
diagnosis of PPA is challenging due to overlap in
symptoms across the variants, clinical variability in
presentation (i.e., lvPPA and nfvPPA) [23, 24], and
tests used to assess speech and language functions.
These factors can affect the relationship between clinical diagnosis and neuroimaging biomarkers.
While the current study is the first to examine the clinical utility of Neuroreader™ in a lvPPA
sample of patients diagnosed with comprehensive
neuropsychological testing, there are several limitations. First, we had a small sampling of neuroimaging
readers, and the patient sample sizes were small,
which impacted power to detect differences. We
attempted to address this by limiting our sample
to two relatively homogenous samples, logopenic
variant of PPA and aMCI; and by limiting our variables of analysis to only the most relevant volumes
(i.e., focused on the cortical and hippocampal volumes). Second, as we limited our analyses of PPA
to the lvPPA phenotype (samples sizes were 3 or
smaller for svPPA and nfvPPA), we were unable to
draw conclusions about PPA more broadly. With a
larger sample size, future work examining the use
of Neuroreader™ with the agrammatic/nonfluent and
semantic PPA variants would be of great interest.
Third, current analyses did not include a typicallyaging control group. This would be of great interest
in future work to better characterize using these
methods to differentiate normal aging from atypical aging. Also, this is a cross-sectional study and
longitudinal data are needed. Finally, as the data
in present analyses was collected from a clinical
database, valuable amyloid biomarker data frequently
included in AD research was not available, as these
variables were not part of routine clinical care for our
samples.
Limitations of Neuroreader™ include z-score data
for only regional volumes and not for atrophy in specific gyri such as the superior temporal gyrus. Prior
neuroimaging studies in lvPPA report that left posterior peri-Sylvian or parietal atrophy is specific to
this variant but absence of atrophy in these regions
does not rule out this variant; indeed, one study
demonstrated that in the consideration of two distinct
and common neuroimaging biomarkers for each of
the variants of PPA, patients with lvPPA were less
likely to show both positive neuroimaging biomarkers [11, 25]. In order to improve clinical studies that
incorporate neuroimaging data, Neuroreader™ and

similar clinically-available automated segmentation
programs may need to include data at the gyral and
sulcal level. Future research should also compare
volumetric data obtained via Neuroreader™ to volumetric data obtained via widely used open source
brain MRI software program (i.e., FreeSurfer) to
ensure its continued value.
Conclusions
Our findings suggest that while clinical neuroradiologists generally reached agreement on the presence
of atrophy across lobar regions, identifying the
left-sided asymmetry characteristic in lvPPA was significantly more challenging. This highlights the need
for more fine-grained approaches to detecting asymmetrical atrophy patterns in conditions like lvPPA.
While Neuroreader™ z-scores captured greater left
compared to right volume loss in hippocampus,
parietal, occipital, and temporal cortices, similar leftsided atrophy was observed using neuroreader for
hippocampus and parietal lobes in the aMCI group,
as well. Unfortunately, Neuroreader™ z-scores could
not differentiate aMCI from lvPPA when group comparisons were made across the key cortical regions
affected in lvPPA. Given NeuroReader’s development based on hippocampal segmentation [22],
hippocampal z-scores were expectedly lower in the
aMCI group than in lvPPA. Clearly, Neuroreader™
continues to have utility in identifying hippocampal volume loss; however, its value in aiding in the
clinical conceptualization of more complex cortical
neurodegenerative patterns has not yet been realized. The analyses presented here suggest the need
for using caution if one is considering employing
Neuroreader™ to aid in the differential diagnosis of neurodegenerative conditions. Undoubtedly,
clinicians should continue to consider the entire, comprehensive clinical picture in the diagnosis of PPA
variants (consistent with FDA-clearance guidance).
Identifying early onset neurodegenerative processes
is imperative to the field’s understanding and ultimate
prevention and treatment of these conditions. Unfortunately, identifying asymmetric patterns of atrophy
proved formidable for both clinical neuroradiologists
and the software package Neuroreader™ . Further
research is needed to better understand the clinical
utility of software packages such as Neuroreader™
in the diagnosis of more complex neurodegenerative
conditions, such as the three PPA variants and other
neurodegenerative conditions (e.g., frontotemporal
degeneration).
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