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ORIGINAL RESEARCH
NEURODEGENERATIVE DISORDER IMAGING

Automated Volumetric Software in Dementia: Help or
Hindrance to the Neuroradiologist?

Jody Tanabe, Maili F. Lim, Siddhant Dash, Jack Pattee, Brandon Steach, Peter Pressman, Brianne M. Bettcher,
Justin M. Honce, Valeria A. Potigailo, William Colantoni, David Zander, and Ashesh A. Thaker

ABSTRACT

BACKGROUND AND PURPOSE: Brain atrophy occurs in the late stage of dementia, yet structural MRI is widely used in the work-
up. Atrophy patterns can suggest a diagnosis of Alzheimer disease (AD) or frontotemporal dementia (FTD) but are difficult to assess
visually. We hypothesized that the availability of a quantitative volumetric brain MRI report would increase neuroradiologists’ accu-
racy in diagnosing AD, FTD, or healthy controls compared with visual assessment.

MATERIALS AND METHODS: Twenty-two patients with AD, 17 with FTD, and 21 cognitively healthy patients were identified from
the electronic health systems record and a behavioral neurology clinic. Four neuroradiologists evaluated T1-weighted anatomic MRI
studies with and without a volumetric report. Outcome measures were the proportion of correct diagnoses of neurodegenerative
disease versus normal aging (“rough accuracy”) and AD versus FTD (“exact accuracy”). Generalized linear mixed models were fit to
assess whether the use of a volumetric report was associated with higher accuracy, accounting for random effects of within-rater
and within-subject variability. Post hoc within-group analysis was performed with multiple comparisons correction. Residualized vol-
umes were tested for an association with the diagnosis using ANOVA.

RESULTS: There was no statistically significant effect of the report on overall correct diagnoses. The proportion of “exact” correct
diagnoses was higher with the report versus without the report for AD (0.52 versus 0.38) and FTD (0.49 versus 0.32) and lower for
cognitively healthy (0.75 versus 0.89). The proportion of “rough” correct diagnoses of neurodegenerative disease was higher with
the report than without the report within the AD group (0.59 versus 0.41), and it was similar within the FTD group (0.66 versus
0.63). Post hoc within-group analysis suggested that the report increased the accuracy in AD (OR ¼ 2.77) and decreased the
accuracy in cognitively healthy (OR ¼ 0.25). Residualized hippocampal volumes were smaller in AD (mean difference �1.8; multiple
comparisons correction, �2.8 to �0.8; P , .001) and FTD (mean difference �1.2; multiple comparisons correction, �2.2 to �0.1;
P ¼ .02) compared with cognitively healthy.

CONCLUSIONS: The availability of a brain volumetric report did not improve neuroradiologists’ accuracy over visual assessment in
diagnosing AD or FTD in this limited sample. Post hoc analysis suggested that the report may have biased readers incorrectly toward
a diagnosis of neurodegeneration in cognitively healthy adults.

ABBREVIATIONS: AD ¼ Alzheimer disease; CN ¼ cognitively healthy; FTD ¼ frontotemporal dementia

Dementia is an important and growing health care problem.
In Alzheimer disease (AD) and other neurodegenerative

disorders, protein misfolding leads to synaptic dysfunction and
eventual neuronal loss, reflected as brain atrophy. Although

atrophy manifests late in the course of disease,1 structural MRI
is one of the most widely used diagnostic tools in the work-up
of dementia.2

Brain volume changes occur in aging individuals who are cog-
nitively healthy (CN),3 including those with subjective memory
symptoms, though to a lesser degree than those with a neurode-
generative process.4,5 Distinguishing brain volume loss due to
typical aging from a neurodegenerative process is difficult, espe-
cially early in the disease when novel treatments are thought to
be potentially effective.6 Neuronal cell loss in AD occurs initially
in the medial temporal lobes, with posterior temporal, and parie-
tal atrophy occurring later. In contrast, the frontal and anterior
temporal lobes are preferentially affected in frontotemporal
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dementia (FTD), though there is heterogeneity in patterns and
progression.7 Such atrophy patterns may suggest a diagnosis of
AD versus FTD, but qualitative assessment of volume loss has
been shown to be unreliable, with agreement scores reported in
the 35%–70% range.8 Furthermore, because age-related volume
loss and the effects of age on the rate and location of atrophy
across diagnoses vary widely,9,10 normative reference databases
are needed to compare volumes for a given person.

Automated quantitative volumetric analysis software pro-
grams have the potential to increase precision, decrease sub-
jectivity, and provide a normative reference.11 Volumetric
differences among AD, healthy aging, and other dementias are
well-established in research settings using these programs.12-14

However, the diagnostic utility of quantitative volumetric soft-
ware in a general clinical setting is uncertain,15 particularly
when encountering the common MRI brain referral indication
of “memory impairment.” This study sought to determine if,
compared with visual assessment alone, the availability of a clin-
ically approved quantitative volumetric report would improve
the neuroradiologist’s ability to correctly diagnose AD, FTD, or
CN patients drawn from a large health care system.

MATERIALS AND METHODS
The study was approved by the Colorado Multiple Institutional
Review Board following expedited review.

Subjects
Subjects were identified by first screening the UCHealth electronic
health record between 2016 and 2021, followed by chart review.
Multiple ICD-10 codes (https://www.cdc.gov/nchs/icd/icd-10-
cm/index.html) and Boolean logic (Epic TriNetX tool; https://
www.umassmed.edu/research-informatics/resources/self-service-
tools/trinetx were used to screen for 3 groups: AD (G30), FTD
(G31.0), and other specified cognitive deficits (R41.84). Exclusion
filters were neoplasm (D49.6, C71, C79.31), cerebral infarction
(I63), and intracranial injury (S06). Current Procedural Terminology
codes were then filtered for brain MRI within 1 year before
or after an established clinical diagnosis. This process yielded
626 patients, of whom 207 were removed due to an inadequate
T1-weighted anatomic MRI (ie no 3D volume acquisition, slice

thickness .1.2 mm, slice gap, contrast, and motion). The
remaining 419 patient charts were reviewed by 2 authors (M.F.L.
and S.D.) to verify that the diagnosis of AD or FTD was made by
a neurologist, behavioral neurologist, or neurology advanced
practice provider and to exclude patients with unrelated diagnoses
such as MS or epilepsy. Patients with mild cognitive impairment
were also excluded as a heterogeneous population,16 confounding
comparison among established AD, FTD, and CN.

Three hundred sixteen were excluded after chart review (Fig 1).
Ten patients with FTD met the inclusion/exclusion criteria from
the electronic health record search. This group was enriched
with 7 additional eligible patients from the behavioral neurology
clinic for a total of 17 patients with FTD. Because the diagnosis
of FTD is difficult, 1 author who is an FTD expert (P.P.) con-
ducted an additional review of all 17 patients deemed to have
FTD to ensure an accurate diagnosis. A control cohort (CN)
was selected of patients who reported subjective memory symp-
toms without abnormal findings on neurocognitive testing or a
dementia clinical diagnosis, reflecting a common indication for
brain MRI. Thirty-two CN patients were initially identified
through the electronic health record search, and 24 additional
confirmed CN patients from the behavioral neurology clinic
were identified, for a total of 56 patients. Last, to balance the
groups across age and sample size, the 35 youngest CN patients
and the 41 oldest patients with AD were excluded for a final
sample of 60 (22 with AD, 17 with FTD, and 21 CN) (Fig 1).

Volumetric Analysis
Volumetric T1-weighted MRI studies were exported from the
PACS to icobrain dm (5.7.1) for automatic report generation. The
icometrix reference database is based on 1903 subjects from
public databases, 6�96 years of age, 44% male.11 For each par-
ticipant, we collected quantitative volumes normalized to head
size on 6 segmented regions (whole brain, hippocampus, fron-
tal, temporal, occipital, and parietal). By means of the methods
of Wittens et al,17 the median regional volumes from the icome-
trix reference data set were subtracted from each participant’s
observed brain volume, and these “residualized” volumes were
recorded for analysis. The median reference volumes in the ico-
metrix data set account for age and sex.

SUMMARY

PREVIOUS LITERATURE: Automated volumetric software analysis programs have been used in dementia research for decades.
These studies have consistently demonstrated regional brain and hippocampal volume loss in AD and other neurodegenerative
disorders compared with controls. However, few studies have investigated the effect of the quantitative report on neuroradiol-
ogists’ ability to diagnose neurodegenerative disease compared with controls and distinguish AD from frontotemporal dementia.
Furthermore, many previous studies have been conducted in research settings rather than a general clinical setting.

KEY FINDINGS: Compared with visual assessment, the availability of an automated volumetric report did not improve the overall
accuracy of 4 neuroradiologists in correctly diagnosing patients as having AD or frontotemporal dementia or being cognitively
intact. Post hoc analysis suggested that the report increased the accuracy in patients with AD but decreased the accuracy in
the cognitively intact group.

KNOWLEDGE ADVANCEMENT: Clinically approved automated quantitative volumetric software programs for neurodegeneration
may improve our understanding of diseases, but at present, the utility is questionable for dementia diagnosis in a clinical setting.
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Qualitative Rating
Four fellowship-trained neuroradiologists with an average of
11 years post-training experience rated T1-weighted MRI scans
for each patient with and without the icometrix report.
Neuroradiologists were blinded to the diagnosis but not age and
sex, and none had specific expertise in dementia or dementia
rating scales. Neuroradiologists first rated the patients in the
study as either normal for age (ie, CN) or having a neurodege-
nerative disease, and this rating was defined as “rough” accu-
racy. If rating the study as neurodegenerative, they decided
between a diagnosis of AD or FTD, and this was defined as
“exact” accuracy. Studies were reviewed in 2 sessions, which
were.2weeks apart on average. At the first session, one-half of
the cases were reviewed with the report and one-half without
the report, and these were switched at the second session. Raters
were not informed of the proportion of AD, FTD, or CN within
the total sample.

Statistical Analysis
Qualitative Assessment. A generalized linear mixed model was
fit to assess whether the use of the volumetric report was associ-
ated with improved diagnostic accuracy. Separate models were

fit for rough and exact accuracy. The
model was fit with a binomial link to
accommodate the dichotomous response
(ie, correct or incorrect diagnosis), and
crossed random intercepts were modeled
to account for within-rater and within-
patient variance. Two fixed effects were
modeled: icometrix report usage (yes or
no) and true patient diagnosis (AD/
FTD/CN). The effect of interest is the
icometrix report usage fixed effect.
The 2 primary end points were exact
accuracy, defined as correctly diagnosing
CN, FTD, or AD, and rough accuracy,
defined as correctly diagnosing CN or
neurodegenerative disease. Coefficient
estimates and confidence intervals are
the change in the odds of correct diagno-
sis associated with the use of the report.

Post Hoc Within-Diagnosis Analysis.
To further understand how the report
affected the radiologists’ accuracy, we
assessed whether accuracy was associ-
ated with the use of the report within-
diagnosis—that is, within the AD group
(or CN or FTD), what were the odds
that the report would be associated with
radiologists’ accuracy? Generalized lin-
ear models were fit as above, with the
additional inclusion of an interaction
term of diagnosis with icometrix usage.
Because this was a post hoc analysis,
P values were adjusted with a Bonferroni
multiple testing correction for 3 (reflect-

ing he 3 diagnosis categories). Reported P values have been
Bonferroni-adjusted and thus can be compared directly with the
nominal type I error rate.

Quantitative Assessment. Residualized volumes were assessed
for an association with diagnosis (AD, FTD, CN) using ANOVA.
In the event of a significant association, pair-wise group differen-
ces were assessed using the Tukey pair-wise correction for multi-
ple comparisons.

RESULTS
Patient demographics are shown in Table 1. The FTD group was
younger than those in the CN and AD groups, though older than
those typical for the FTD group. Fewer patients had hypertension
and diabetes in the FTD compared with the AD or CN group.

Qualitative Ratings
Figure 2 shows the proportion of correct exact and rough diagno-
ses with and without the report. The proportion of correct exact
diagnoses was higher with the report compared with without the
report for AD (0.52 versus 0.38) and FTD (0.49 versus 0.32). In
contrast, the proportion of correct exact diagnoses was lower

FIG 1. Patient-selection procedure. UCHealth indicates the large health system from which the
data is drawn.
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with the report compared with without the report for CN (0.75
versus 0.89). The proportion of correct rough diagnoses was
higher with the report compared with without the report for AD
(0.59 versus 0.41) and similar for FTD (0.66 versus 0.63). When
we modeled all groups together, there was no statistically signifi-
cant effect of the report on exact (OR, 1.37, P ¼ .17) or rough
(OR, 1.13, P¼ .55) diagnoses.

Post Hoc Within-Group Analysis
Figure 3 shows that the report effect on correct exact and rough
diagnoses was significantly worse in the CN group (exact OR,
0.26, P ¼ .02; rough OR, 0.25, P ¼ .02). The report effect on
correct rough accuracy was significantly better in the AD
group (OR, 2.77; P ¼ .02)—that is, the proportion of subjects
in the AD group receiving a diagnosis of AD or FTD was
higher with the report.

Quantitative Volumetrics
There was a significant group difference in residualized hippo-
campal volume (F¼ 9.91, P, .001). Compared with CN individ-
uals, residualized hippocampal volumes were lower in AD (mean
difference, �1.8; 95% CI, �2.8 to �0.8; P , .001) and FTD
(mean difference, �1.2; 95% CI, �2.2 to �0.1; P , .02). There
was a trend toward a group difference in residualized whole-brain
volume (F¼ 3.10, P ¼ .053). Compared with CN individuals,
whole brain volume was lower in AD but was not statistically sig-
nificant (mean difference, �73.4; 95% CI, �150.2�3.4; P ¼ .06).
There were no other significant pair-wise group differences in

residualized volumes (Table 2 and Fig 4) and likewise no other
significant group associations via the F test.

DISCUSSION
The availability of a quantitative report of normative brain vol-
umes did not significantly change expert neuroradiologists’ accu-
racy in diagnosing patients with AD, FTD, or CN, compared
with qualitative visual assessment, though there was some vari-
ability based on the patient group. Specifically, post hoc analysis
showed that the report increased the proportion of correct diag-
noses in patient groups but decreased the proportion of correct
CN diagnoses, suggesting that a quantitative report may have bi-
ased radiologists toward a disease diagnosis. Compared with CN
individuals, patients with AD and FTD had lower hippocampal
volumes, consistent with the literature and known biologic
underpinnings.

Assessing global and regional brain volume is essential to radi-
ologists’ search patterns and warrants specific comment when
screening for neurodegenerative diseases. However, visual evalua-
tion is subjective, inconsistent, and has limited predictive ability.18

Visual rating scales can improve consistency,10,19-22 though the
type of scale can affect agreement scores. For example, a 5-
point scale had 37% agreement compared with a 2-point scale,
which had 70% agreement for medial temporal lobe atrophy.8

Rating scales have not been widely adopted in clinical practice.
Automated volumetric software is increasingly implemented

in clinical practice as more programs receive FDA approval. The
sensitivity of automated programs is
comparable with visual assessment23

and manual tracings14 in distinguishing
those with AD from controls. Volumetric
changes spread over a 3D structure are
difficult to visually detect even at mod-
erate levels (10%–15%), highlighting
the potential value of automated volu-
metrics.24 Automated programs have
consistently detected regional volume

Table 1: Demographic and group characteristicsa

AD (n= 22) FTD (n= 17) CN (n= 21)
Age (yr)b 71.4 (4.6) [61, 78] 68.2 (10.0) [46, 82] 75.0 (5.1) [68, 85]
Male sex (%) 6 (27%) 9 (53%) 13 (62%)
Hypertensionb 13 (59%) 2 (12%) 10 (48%)
Diabetes 5 (23%) 1 (6%) 5 (24%)
MOCAb 15.2 (7.4) 18.4 (6.6) 25.8 (2.8)

Note:—MOCA indicates Montreal Cognitive Assessment.
a Data are mean (SD) [Min, Max].
b P , .01.

FIG 2. Proportion of neuroradiologists’ exact and rough correct diagnoses with and without a quantitative report.
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differences between AD and normal aging in research set-
tings.13,14,25,26 Fewer studies have focused on the effect of an
automated report on diagnosis in general clinical settings.

Our finding that the report was associated with a higher pro-
portion of correct AD diagnoses without a change in overall ac-
curacy is partially consistent with findings in previous studies.

The study most like ours found that a
quantitative report increased sensitivity,
but not specificity or accuracy, for diag-
nosing AD versus controls. Similar to
our findings, there was no significant
difference in sensitivity, specificity, or
accuracy in diagnosing FTD versus
controls.15 Another study reported
modest increases in the proportion of
correct diagnoses with a report versus
without one (73.5% versus 77.4% and
77.4% versus 81.1%).27 Using voxel-
wise color-coded maps relative to nor-
mative data,27-29 1 study found that 1
of 2 radiologists increased diagnostic
accuracy for neurodegenerative dis-
ease versus controls, and both radiol-
ogists increased their accuracy for
diagnosing AD, FTD, posterior corti-
cal atrophy, and semantic dementia.12

Chagué et al28 used artificial intelli-
gence–generated weight maps to help
readers distinguish among 4 groups:
early-onset AD, late-onset AD, FTD,
and patients with depression. The
results were mixed in that the maps
improved the radiologist’s ability to
distinguish those with early-onset AD

from patients with depression but did not improve the accuracy
for other pair-wise group comparisons.

Rater experience might affect whether reports influence diag-
nostic accuracy. In a UK study, among consultants, registrars,
and nonclinicians, paradoxically, only the consultant’s accuracy
increased with the report.15 Wibawa et al29 tested the effect of
volumetric reports on interrater agreement in general radiolog-
ists, neuroradiologists, and psychiatrists. Across specialists, the
interrater agreement improved significantly for assessing the
frontal and temporal lobes but not for the parietal lobe and
hippocampal atrophy. Within a specialty, the report did not
improve interrater agreement but did improve agreement
overall, suggesting that reports increase overall consistency.
Hedderich et al27 found that the report improved classification
by radiologists but not neurologists specializing in dementia.
One explanation for improvement with report availability in
radiologists compared with less-experienced readers is that
experienced radiologists are biased against calling atrophy
because they see a large range in volumes in daily practice.
Although we did not test the effect of experience, evidence sug-
gests that experience has no consistent effect on the ability for
a report to alter diagnostic accuracy.

The odds of a correct diagnosis were worse with the report in
the CN group; however, the highest proportion of correct diagno-
ses (85%) was in the CN group without the report. It is likely that
raters had a high pretest probability of chosing CN because they
were not informed of the proportion of each group. Low norma-
tive volumes would be expected to “nudge” radiologists to diag-
nose disease, resulting in a higher proportion of correct AD/FTD

Table 2: Mean group differences, 95% CIs, and P values for resi-
dualized volumes

Difference
(AD-CN)

Lower
95% CN

Upper
95% CN P Value

AD vs CN
Whole brain �73.4 �150.2 3.4 .06
Hippocampus �1.8 �2.8 �0.8 ,.001
Frontal �1.8 �20.6 17.0 NS
Parietal �6.1 �18.5 6.3 NS
Temporal �10.5 �23.5 2.5 NS
Occipital �2.6 �8.1 2.8 NS

FTD vs CN
Whole brain �66.4 �148.5 15.8 NS
Hippocampus �1.2 �2.2 �0.1 0.02
Frontal �9.5 �29.6 10.6 NS
Parietal �0.4 �13.6 12.9 NS
Temporal �6.5 �20.4 7.4 NS
Occipital 0.0 �5.9 5.8 NS

FTD vs AD
Whole brain 7.0 �74.3 88.3 NS
Hippocampus 0.6 �0.4 1.6 NS
Frontal �7.7 �27.6 12.2 NS
Parietal 5.7 �7.4 18.8 NS
Temporal 4.0 �9.7 17.8 NS
Occipital 2.6 �3.2 8.3 NS

Note:—NS indicates not significant.

FIG 3. Plot of coefficient estimates (ORs) and 95% CIs for exact and rough correct diagnoses
within group in post hoc analysis. ORs.1 indicate that icometrix improves diagnostic accuracy.

AJNR Am J Neuroradiol 45:1737–44 Nov 2024 www.ajnr.org 1741



diagnoses and a lower proportion of correct CN diagnoses. We
did not have CSF or PET pathologic markers of Alzheimer dis-
ease pathology in any group; thus, it is possible that the CN group
may have had underlying pathology and associated atrophy that
had not yet clinically manifested.

We were surprised to find no difference in residualized frontal
lobe volumes in those with FTD compared with CN individuals
or those with AD. One reason may be that the mean age of our
FTD sample was 68 years, noting that the mean age of onset of
behavioral-variant FTD was reported at 58 years.30 A simple lobar

FIG 4. Boxplots of residualized volumes (blue ¼ CN, green ¼ FTD, red ¼ AD). Compared with CN, both AD and FTD have significantly smaller
residualized hippocampal volumes. A score of zero means there is no difference between patients’ volumes and the reference data set.
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imaging biomarker for FTD is probably unrealistic because FTD
is exceedingly heterogeneous.26,31,32 Bruun et al31 investigated 3
indices of asymmetry and found that an anterior-posterior index
differentiated behavioral-variant FTD from other dementias,
while a left-right index best distinguished behavioral-variant FTD
from primary-progressive aphasia. In a large sample of 1213
patients, modest sensitivities of 59% to 82% underscore the chal-
lenge of finding an imaging biomarker for FTD. Even within a
subtype of FTD, there may be different atrophy patterns.32,33

Limitations
The study sample size of 60 was small due to careful chart screen-
ing, but the size was in keeping with that in similar studies.23,25,34

Among 600 patients screened, one-third were excluded due to an
inadequate MRI, which could be a source of bias. Excluding
patients with mild cognitive impairment and other neurodege-
nerative diseases does not mirror a typical clinical setting; how-
ever, we sought to minimize the possibility of a misdiagnosis.
While some selection bias is inherent to a retrospective cross-sec-
tional design, our study was successful in identifying 3 distinct
groups with clinical diagnoses with baseline demographic charac-
teristics suitable for comparison. Residualized volumes in our
study were lower than those in the reference for all groups, sug-
gesting potential systematic bias. However, the effect would be
mitigated because the analysis was between groups. Because this
was a cross-sectional study, the risk for future decline in CN indi-
viduals is possible, but this risk is mitigated by patients with mild
cognitive impairment being excluded and MRI being acquired
within 1 year of diagnosis. Diabetes and hypertension have been
associated with brain volume change and cognitive impairment;35

however, the frequency of diabetes and hypertension was similar
in the AD and CN groups.

Another limitation is that the diagnosis of AD and FTD was
purely clinical without confirmatory biomarkers of amyloid or t
pathology.36 Structural MRI captures only neurodegeneration,
which, as a single biomarker in the AT (N) biomarker classifica-
tion, includes both AD and non-AD pathologic change. Thus,
radiologists’ ability to correctly classify AD compared with CN
may be confounded by individuals in our study with non-AD
pathologic change. As access to amyloid and t biomarkers
improves, further research may clarify the role of structural MRI
in supporting dementia diagnoses. At present, the utility of quan-
titative structural MRI tools is questionable for a dementia diag-
nosis in a clinical setting.

CONCLUSIONS
The availability of a quantitative report of brain volumes did not
change the proportion of correct diagnoses among a small sample
of patients with AD, FTD, and CN drawn from a single health
care system. Post hoc analyses suggest that the report may lower
the threshold of experienced neuroradiologists suggesting a diag-
nosis of neurodegenerative disease. Possible sources of bias
include pretest probability, rater experience, and the accuracy of
the reference database.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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