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Abstract
Objective  To determine the frequency and characteristics of clinical diagnostic change in frontotemporal dementia (FTD)-
spectrum syndromes and Alzheimer’s disease (AD)-type dementia.
Methods  We reviewed records and categorized diagnostic changes in patients seen ≥ 2 times with behavioral variant FTD 
(bvFTD, n = 99), nonfluent and semantic variant primary progressive aphasia (nfvPPA, n = 32; svPPA, n = 59), corticobasal 
syndrome (CBS, n = 40), progressive supranuclear palsy-Richardson syndrome (PSP-RS, n = 34), and AD-type dementia 
(n = 49). For bvFTD, we compared patients with and without diagnostic change, and assessed predictors of diagnostic change 
by logistic regression.
Results  Initial diagnoses changed infrequently at subsequent visits in svPPA (6.8%), PSP-RS (8.8%), and nfvPPA (12.5%), 
with rare changes largely involving clinicopathological overlap or diagnostic ambiguity. Changes in AD-type dementia 
(30.6%) and CBS (37.5%) were more common, but reflected greater specificity, predicted co-pathology, or overlapping 
syndromes. Diagnostic change in bvFTD was also common (32.3%), but more diverse, including motor neuron disease 
development, alternative neurodegenerative syndromes, and non-neurodegenerative diseases. Diagnostic change occurred 
more often in those who met possible rather than probable bvFTD criteria (70.6% vs 15.3%, p < 0.001). Patients with stable 
diagnoses showed greater overall impairment, bvFTD behavioral severity, and atrophy in core right-hemisphere bvFTD 
regions. Patients with diagnostic change had more severe depression (p < 0.05) and more frequent contributing, secondary 
diagnoses (p = 0.01), such as cerebrovascular disease. By logistic regression, the accuracy of predicting stable bvFTD diag-
noses using first-visit data was 80%.
Conclusion  bvFTD displays more diverse diagnostic change than other neurodegenerative syndromes. First-visit bvFTD 
diagnoses may waver if based on meeting possible criteria only.

Keywords  Frontotemporal dementia · Corticobasal degeneration · Progressive supranuclear palsy · Alzheimer’s disease

Introduction

Clinical care and research related to neurodegenerative 
diseases depend upon the accuracy of clinical diagnoses. 
Patients given an incorrect diagnosis may receive inap-
propriate treatment and have an erroneous impression of 
prognosis. Observational studies that include misdiagnosed 

patients give skewed descriptions of syndrome character-
istics. Clinical trials that enroll patients who do not have 
the targeted disease lose power to detect an illness-specific 
effect. For example, recent Alzheimer’s disease (AD) trials 
found that 20–39% of enrolled patients who met AD-type 
dementia criteria were amyloid biomarker negative, indicat-
ing that AD is unlikely to be the cause of their syndrome [1, 
2]. Well-validated biomarkers are not yet available for other 
neurodegenerative diseases, and diagnosis still depends on 
clinical and neuroimaging features.

Clinical diagnostic criteria exist for many neurodegenera-
tive syndromes. These are often derived from cross-sectional 
assessment or by retrospectively tabulating symptoms over 
a patient’s entire disease course, rather than only including 
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information available at first presentation. In some cases, 
the sensitivity and specificity analyses for diagnostic crite-
ria are based on autopsy diagnoses. Autopsy analyses are 
valuable, but can underestimate certain groups of patients, 
in particular those who are less likely to die in the expected 
time frame. For example, patients may be diagnosed with 
behavioral variant frontotemporal dementia (bvFTD), yet 
subsequently either not progress, a scenario termed bvFTD 
phenocopy [3], or have the diagnosis switched to a psychi-
atric illness [4]. In either case, longer follow-up is needed to 
include these patients in clinicopathological series to meas-
ure diagnostic accuracy.

It can be difficult to judge how often patients receive dif-
ferent diagnoses over time. Only the most recent diagnoses 
are generally reported, and patients with unstable diagnoses 
may be excluded from published cohorts entirely. Diagnos-
tic stability through longitudinal follow-up provides another 
measurement of diagnostic accuracy. While longer follow-up 
may improve diagnostic accuracy, the extent to which this is 
true and whether this differs among diagnoses are unclear. 
The duration of follow-up in observational studies is limited 
by patient factors, study logistics, and resources. Information 
regarding the optimal duration of follow-up needed to have 
diagnostic certainty would influence study design.

Our objective was to determine the frequency of diagnos-
tic change within a large neurodegenerative disease cohort 
across longitudinal follow-up in six common syndromes: 
bvFTD, AD-type dementia, nonfluent and semantic variant 
primary progressive aphasia (nfvPPA, svPPA), corticoba-
sal syndrome (CBS), and progressive supranuclear palsy-
Richardson syndrome (PSP-RS). We sought to identify 
factors that predict diagnostic stability. Based on the high 
rate of misdiagnoses in bvFTD [4], which can resemble 
both psychiatric and other neurodegenerative diseases, we 
hypothesized that bvFTD would have the greatest diagnostic 
instability.

Methods

Subjects

We retrospectively identified all patients who had been 
seen in the UCSF FTD program project grant on at least 
two time points. This project targets yearly visits, though 
the interval sometimes varies due to programmatic or patient 
factors. We included patients who received first-visit diag-
noses of bvFTD, AD-type dementia, svPPA, nfvPPA, CBS, 
or PSP-RS. As part of their assessment, all patients under-
went a multidisciplinary evaluation including neurological 
examination, neuropsychological assessment, and caregiver 
interview. Functional status was assessed by the Clinical 
Dementia Rating scale (CDR) [5] including modifications 

for frontotemporal lobar degeneration (FTLD) [6]. Behav-
ioral assessment included the Neuropsychiatric Inventory 
(NPI) [7]. Neuropsychological assessment included a previ-
ously described battery of tests of memory, language, visu-
ospatial ability, and executive function [8]. After reviewing 
all available information gathered during the research evalu-
ation, clinicians coded each visit with the best-fit clinical 
syndrome, any additional syndromes considered, contribut-
ing factors, and whether the patient met criteria used at the 
time for each syndromic diagnosis [9–14]. AD biomarkers 
and genetic results were typically not available at the time of 
first-visit diagnoses. Our search captured patients who did 
not meet research criteria for their best-fit syndrome to be 
able to assess how meeting criteria influenced longitudinal 
diagnostic stability. While UCSF’s status as a tertiary refer-
ral center may influence the mix of patients seen, this project 
recruits all patients thought to have FTD-spectrum illnesses, 
without focusing on diagnostically challenging patients.

Assessment Of Diagnostic Stability

For most patients, the diagnoses were stable across visits. 
For others, the diagnoses changed in light of the most recent 
findings. As not all diagnostic changes are equal in clinical 
importance, we coded changes in four categories: (1) those 
that reflected either greater diagnostic specificity (e.g., fron-
tal variant AD rather than unspecified AD-type dementia) 
or common developments (e.g., AD-type dementia evolv-
ing to AD plus vascular disease), (2) those that reflected a 
change to another neurodegenerative diagnosis (e.g., bvFTD 
changed to AD-type dementia), (3) those that reflected 
change to non-neurodegenerative diagnoses (e.g., bvFTD to 
bipolar disorder), and (4) those that changed as noted in cat-
egories 2 and 3, but ultimately reverted back to the original 
diagnosis. We compared the frequency of any change and of 
the four categories of change between the diagnostic groups.

Because we sought to determine the extent that additional 
years of follow-up led to greater diagnostic stability, and 
whether this differed by diagnosis, we also compared rates 
of diagnostic change between time points 1 and 2, or if there 
were 3+ or 4+ time points. The FTD Program Project Grant 
explicitly targets two time points for each patient, with addi-
tional time points scheduled when possible. The number of 
time points for each patient is non-random and reflects rate 
of clinical decline (i.e., whether a patient is still able to come 
in) and patient willingness to return.

Characteristics of patients with diagnostic change 
in bvFTD

Because we hypothesized that bvFTD would be the most 
diagnostically challenging, and therefore least stable over 
time, we reviewed the records for all patients with bvFTD 
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to identify the cause for and factors associated with their 
change in diagnosis. To increase clinical applicability, we 
limited these analyses to patients who met either FTDC 
possible or probable bvFTD criteria [10] at first visit. 
Patients with a behavioral syndrome who do not meet 
accepted criteria cannot be considered to have a settled 
bvFTD diagnosis regardless of which features are present 
or whether the same uncertain diagnosis is given in follow-
up. For patients seen before the publication of the FTDC 
criteria, they were applied retrospectively by a behavioral 
neurologist who reviewed all available records. For pur-
poses of these analyses, we grouped diagnostic change cat-
egory 1 (progression or refinement of terminology) with 
the stable diagnoses, since these patients retained their 
bvFTD diagnosis in spite of developing additional fea-
tures. For example, a patient with bvFTD who developed 
motor neuron disease (MND) might receive a primary 
diagnosis of FTD-MND, but would continue to have sta-
ble bvFTD syndromic features. Using features from year 
1, we compared the following variables between patients 
with and without diagnostic change: age at presentation, 
sex, degree of functional impairment, the presence of the 
6 core FTDC diagnostic features, whether patients had sec-
ondary (contributing or alternative) diagnoses, the 12 NPI 
subscale scores, and cognitive test results. Cognitive tests 
were selected to represent the executive (modified Trails 
B, D-word fluency, design fluency), memory (California 
Verbal Learning Test—short form), and visuospatial (Ben-
son figure copy) domains that the FTDC criteria employ to 
determine a bvFTD neuropsychological profile.

To determine whether degree or pattern of atrophy dif-
fered between those with and without diagnostic change, 
we derived group-level atrophy maps by voxel-based mor-
phometry (VBM) using SPM12 (https​://www.fil.ion.ucl.
ac.uk/spm/). We included all who had useable neuroimag-
ing within 6 months of first diagnosis. Based on the scan-
ner in use at the time, MRI images were acquired on 1.5-T, 
4-T, or one of two 3-T scanners, with previously published 
acquisition parameters [15–17] and pre-processing as pre-
viously described [18]. Multiple regression was performed 
to assess for regions of gray matter volume associated with 
diagnostic stability. Sex, age, total intracranial volume, 
scanner type, and MMSE were included as covariates. The 
threshold for significance was set at p < 0.05, family-wise 
error (FWE) corrected for multiple comparisons. Statis-
tical maps were examined at p < 0.001, uncorrected for 
multiple comparisons.

To assess whether bvFTD diagnostic changes improved 
prediction of the pathological diagnosis, we compared 
clinical and pathological diagnoses in all autopsied 
patients. Neuropathological assessments followed pre-
viously described procedures [19, 20]. Patients were 

classified into major molecular classes and subtypes of 
FTLD [21, 22] or AD [23, 24].

Prediction of change in bvFTD diagnosis

To determine which first-visit features allow optimal pre-
diction of diagnostic stability, we entered the variables that 
were available on the greatest number of patients (demo-
graphics, MMSE, CDR, CDR sum of boxes (CDR-SB), 
FTDC features, and NPI subscale scores) into a stepwise 
logistic regression with α to enter and α to leave = 0.15. 
This yielded the most strongly predictive variables, which 
were then entered into leave-one-out, cross-validated logistic 
regression to determine their classification accuracy. Analy-
ses were performed in R [25].

Results

Diagnostic stability

Stable diagnoses

For svPPA, nfvPPA, and PSP-RS, diagnostic change was 
uncommon (Table 1). Many of these changes involved pro-
gression or switching to a syndrome with known clinico-
pathological overlap or similarity. Of the four patients with 
svPPA who had diagnostic change, three had right temporal-
predominant atrophy, with two of those patients receiving a 
subsequent bvFTD diagnosis. The fourth patient was diag-
nosed at the second visit with unspecified PPA. Of the four 
patients with nfvPPA and diagnostic change, one developed 
MND, two received primary CBS diagnoses (which had 
been supportive diagnoses at the first visit), and one was 
diagnosed with AD-type dementia. Of the three patients with 
PSP-RS and diagnostic change, one reverted back to PSP-
RS after receiving a CBS diagnosis at time point 2, and the 
other two, subsequently diagnosed with AD or MCI, either 
did not meet PSP diagnostic criteria or only met possible 
PSP criteria [13] at first visit.

Table 1   Frequency of any change in diagnosis after the first time 
point

1st visit diagnosis Total # changed % changed

bvFTD 99 32 32.3
svPPA 59 4 6.8
AD-type dementia 49 15 30.6
CBS 40 15 37.5
PSP-RS 34 3 8.8
nfvPPA 32 4 12.5

https://www.fil.ion.ucl.ac.uk/spm/
https://www.fil.ion.ucl.ac.uk/spm/
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Less stable diagnoses

For patients initially diagnosed with bvFTD (n = 99), 
AD-type dementia (n = 49), or CBS (n = 40), the diag-
nosis changed in follow-up more than 30% of the time 
(Table 1). Though change in diagnosis was common in all 
three, the types of changes significantly differed among 
the diagnoses (X2(8,191) = 23.4, p < 0.001, Fig. 1). Nearly, 
75% of the diagnostic changes among those with AD-type 

dementia reflected development of common pathological 
comorbidities (e.g., prediction of vascular or Lewy body 
co-pathology) or greater specificity (e.g., focal cortical 
AD syndromes). Diagnostic changes among those initially 
diagnosed with CBS typically centered on closely related 
neurodegenerative syndromes (e.g., PSP-RS or nfvPPA). 
Diagnostic changes observed in patients with first-visit 
bvFTD diagnoses ranged from other FTD-spectrum condi-
tions to AD-type dementia to psychiatric illness.

Fig. 1   Type and timing of diagnostic change in bvFTD (n = 99), AD-
type dementia (n = 49), and CBS (n = 40). Left: the proportion of 
each category of diagnostic change among those who had more than 
one primary diagnosis throughout follow-up. Right: for individual 

patients who had a change in diagnosis, line graphs depict all primary 
diagnoses received over the course of follow-up. lvPPA logopenic 
variant primary progressive aphasia, DLB dementia with Lewy bod-
ies, MCI mild cognitive impairment, PCA posterior cortical atrophy
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Number of time points and diagnostic change in less stable 
diagnoses

In bvFTD, AD-type dementia, and CBS, the majority of 
diagnostic changes occurred at time point 2, though a small 
number of changes occurred at time points 3 or beyond, even 
among those who had stable diagnoses in their first 2–3 time 
points (Table 2, Fig. 1).

Characteristics of patients with bvFTD 
with and without diagnostic change

For patients with bvFTD, common themes emerged under-
lying the cause for their diagnostic changes (n = 28 with 
diagnostic change, Fig. 2). Symptom progression over time 
led to diagnosis of another neurodegenerative syndrome 
among three (e.g., two patients with behavioral symptoms 
emphasized at the initial visit had cognitive trajectories that 
were more consistent with AD-type dementia). For five 
patients, the diagnostic change was influenced by amyloid 
PET biomarkers. Two patients lacked typical neurodegenera-
tive progression and had signs of other neurological disease 
(e.g., multiple sclerosis). Another seven lacked expected 

neurodegenerative progression and had features of psychi-
atric illness. None of these met FTDC criteria on follow-up, 
either due to a shift in the perception of their symptoms 
or meeting FTDC exclusion criteria. The features of these 
patients are described in Table 3. The remaining six patients 
had diagnostic changes that revolved around confusion or 
disagreement over the appropriate primary diagnosis when 
FTD-spectrum syndromes overlap (e.g., a patient with an 
initial behavioral syndrome re-classified as PSP-RS when 
increasingly prominent motor features clarified prediction 
of the pathological diagnosis). These continued to meet the 
same or a higher level of FTDC criteria, in spite of being 
given a different best-fit syndromic diagnosis. 

The frequency of change significantly differed between 
patients with bvFTD who met FTDC probable criteria 
(15.3%) and those who met only FTDC possible criteria 
(70.6%, X2(1) = 19.2, p < 0.001). Diagnostic changes were 
also observed in 5 of 10 patients who were given a best-
fit diagnosis of bvFTD, but did not meet the threshold for 
FTDC possible criteria. These patients were not included in 
subsequent comparisons of clinical features. While patients 
with stable diagnoses presented at the same age as those with 
diagnosis changes, patients with stable diagnoses showed 

Table 2   Frequency of change in diagnosis in relation to number of time points seen

Diagnostic changes from time point 1–2

Diagnosis at time point 1 Change to other neurodegenerative 
syndrome

Change to non-neurodegenerative 
disease

Change reflecting 
development or 
specificity

n % n % n %

 bvFTD, n = 99 18 18.1 5 5.1 2 6.3
 AD-type dementia, n = 49 3 6.1 1 2 7 14.3
 CBS, n = 40 6 15 2 5 2 5

Diagnostic changes in those seen at 3+ time points

Diagnosis at time point 1 No change in diagnosis Changed at time point 2, 
then stable

Changed at time point 2 
and again later

Same at time 
point 2, then 
changed

n % n % n % n %

 bvFTD, n = 43 27 62.8 4 9.3 5 11.6 7 16.3
 AD-type dementia, n = 19 10 52.6 2 10.5 3 15.8 4 21.1
 CBS, n = 16 7 43.8 3 18.8 1 6.3 5 31.3

Diagnostic changes in those seen at 4+ time points

Diagnosis at time point 1 No change in diagnosis Changed time point 2 or 3, 
then stable

Changed at time point 2 or 
3 and again later

Same at time 
point 2 or 3, then 
changed

n % n % n % n %

 bvFTD, n = 19 11 57.9 2 10.5 3 15.8 3 15.8
 AD-type dementia, n = 7 3 42.9 3 42.9 1 14.3 0 0
 CBS, n = 2 0 0 1 50 0 0 1 50
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greater overall impairment (MMSE, CDR, CDR-SB), greater 
frequency or severity of behaviors associated with bvFTD 
(more frequent apathy, more severe disinhibition, repetitive 
behaviors, and eating behaviors), and worse lexical flu-
ency, with a trend towards worse design fluency and more 
design fluency repetitions (both p = 0.05). The patients with 
changes in diagnosis had more severe NPI depression scores 
(Table 4), and more often had potentially contributory sec-
ondary factors (e.g., vascular disease or depression).

Neuroimaging features of patients with diagnostic change

Patients with stable diagnoses had significantly greater 
atrophy (p < 0.05 FWE) in core right hemisphere bvFTD 
regions, including medial prefrontal/anterior cingulate cor-
tex (peak T value = 6.82), insula (T = 6.59), lateral prefrontal 
cortex (T = 6.23), striatum (T = 5.85), and ventromedial pre-
frontal cortex (T = 5.40) (Fig. 3). There were no regions of 
significantly greater atrophy among patients with diagnostic 
change compared to those without.

Pathological diagnoses among those with clinical 
diagnostic change

Of 99 patients with bvFTD, 38 had pathological diagnoses. 
Twenty seven of 38 had stable bvFTD diagnoses, and 26 of 

these had a congruent FTLD pathological diagnosis. The 
remaining patients had argyrophilic grain disease thought 
to be insufficient to have caused the behavioral syndrome. 
Eleven of 38 with pathological diagnoses had a change in 
clinical diagnosis. For two of these patients, the clinical 
diagnosis changed to one that better predicted the patho-
logical diagnosis (both involved changes to AD-type demen-
tia with AD at autopsy). For seven of eleven, the change 
in clinical diagnosis had a neutral effect on predicting the 
pathological diagnosis since both clinical diagnoses could be 
associated with the pathological diagnosis [e.g., change from 
bvFTD to CBS with underlying corticobasal degeneration 
(CBD)]. In one patient, the etiology remained unclear after 
autopsy, and in the remaining patient, neither clinical diag-
nosis (bvFTD and frontal variant AD) accurately predicted 
the patient’s Huntington’s disease.

Predictors of diagnostic change in bvFTD

Using stepwise logistic regression, the combination of varia-
bles that predicted diagnostic stability included greater func-
tional impairment (CDR-SB) and the presence or greater 
severity of bvFTD-specific features (presence of loss of 
empathy, presence of apathy, and higher NPI disinhibition 
scores). Higher NPI anxiety or delusion scores predicted 

Fig. 2   Causes of diagnostic change in bvFTD and diagnostic criteria met at each point when patients received a different primary diagnosis
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unstable diagnoses. The leave-one-out, cross-validated accu-
racy of predicting diagnostic stability was 80.0%.

Discussion

The desire to give neurodegenerative diagnoses as early as 
possible, to guide treatment, inform research participation, 
and provide prognostic information, must be balanced with 
the need for confidence that diagnoses will be accurate and 
stable. In a large, prospectively followed cohort with FTD-
spectrum diagnoses and AD-type dementia, we found that 
while certain diagnoses were quite stable over follow-up, 
others were more likely to change in the second or third 
visits and beyond. For bvFTD, there is a particularly wide 
range of possible diagnostic changes. Certain factors help to 
predict the stability of a bvFTD diagnosis, such as meeting 
bvFTD probable criteria, having a more severe and clas-
sic bvFTD presentation, and displaying greater atrophy in 
known regions of gray matter vulnerability.

Diagnostic stability

Three clinical diagnoses, svPPA, nfvPPA, and PSP-RS, 
were highly stable over follow-up. Their clinical and/or 
neuroimaging features have good specificity with a narrow 
differential diagnosis. If a confident first-visit diagnosis is 
made, there is high likelihood that subsequent visits would 
only reinforce the diagnostic impression. The rare diagnostic 
changes reflect known diagnostic issues and clinicopatholog-
ical overlap. Patients with focal right temporal atrophy can 
display overlapping bvFTD and svPPA features, potentially 
meeting criteria for either, both, or possibly neither syn-
drome. Patients with nfvPPA often develop motor features 
that reflect their underlying molecular etiology, most often 
CBD or PSP [26]. In these cases, rather than focusing on a 
“top” diagnosis, patients may simultaneously meet criteria 
for more than one syndrome, with both pointing towards a 
common prediction of the pathological diagnosis.

Patients with AD-type dementia showed changes that 
reflect development or greater specificity. Co-pathology of 
AD with vascular or Lewy body disease is common [27, 
28]. Following these patients and predicting co-pathology 
do not alter the prediction of AD, but identifying these enti-
ties could be relevant for clinical prognostication and under-
standing participants’ responses in clinical trials. Patients 
with AD were often enrolled in the FTD Program Project 
Grant because of their young age or atypical presentations, 
leading this cohort to have a high frequency of focal cortical 
AD syndromes (e.g., frontal variant).

Diagnostic change was most common in patients with 
CBS; however, the changes were often within a narrow 
range reflecting syndromic overlap (e.g., nfvPPA) or other Ta
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pathological entities that can cause CBS besides CBD 
(e.g., PSP and AD) [29].

While, the majority of diagnostic changes occurred at 
the second time point, receiving the same diagnosis or 
even a different one at the second visit did not guarantee 
future stability. Determining the optimal number of visits 
would help observational study design, but this target can-
not be derived from these results, because patients were 
not universally brought back for third or fourth visit. Those 
with longer follow-up may have differed in diagnostic cer-
tainty from those who did not.

Features associated with diagnostic change 
in bvFTD

Diagnostic changes in bvFTD included a wide range of other 
neurodegenerative and non-neurodegenerative syndromes. 
Specific themes characterized these diagnostic changes. The 
development of new symptoms that pointed to a different 
neurodegenerative syndrome was rare. This is unsurprising 
since the first symptoms are typically the most valuable in 
diagnosing dementia. Amyloid PET results drove some diag-
nostic changes, suggesting that early biomarker availability 

Table 4   First time point features 
of patients meeting possible or 
probable bvFTD criteria who 
had stable diagnoses or change 
in diagnosis

*p < .05

Total n Stable diagnosis Changed diagnosis p value

Age at presentation 89 62.1 (7.6) 61.9 (8.8) 0.92
Gender (M/F) 89 40/26 17/6 0.37
MMSE 87 24.3 (5.1) 26.8 (3.1) 0.04*
CDR total 87 1.3 (0.6) 0.8 (0.4)  < 0.001*
CDR sum of boxes 87 6.9 (2.7) 4.4 (2.1)  < 0.001*
FTDC criteria core features
 Disinhibition 89 92.40% 91.30% 1
 Apathy 89 90.90% 65.20% 0.01*
 Loss of sympathy/empathy 89 78.80% 56.50% 0.07
 Compulsive behavior 89 80.30% 73.90% 0.73
 Hyperorality 88 80.00% 73.90% 0.75
 Neuropsychological profile 87 53.10% 47.80% 0.85

Additional diagnoses listed
 Secondary (contributing) factors 24.2% 56.5% 0.01*
 Secondary (alternative) diagnoses 21.2% 34.8% 0.31

NPI (frequency × severity scores)
 Delusions 85 1.5 (2.7) 1.8 (3.4) 0.67
 Hallucinations 85 0.5 (1.8) 0 (0) 0.21
 Agitation/aggression 83 2.5 (3.4) 3.2 (3.4) 0.4
 Depression/dysphoria 85 1.1 (2.2) 2.4 (3.1) 0.04*
 Anxiety 84 2.1 (3.1) 3.5 (3.8) 0.11
 Elation/euphoria 84 3.9 (3.9) 3.3 (3.6) 0.51
 Apathy/indifference 83 8.2 (2.9) 6.6 (4.3) 0.06
 Disinhibition 83 7.3 (3.7) 4.7 (3.6) 0.006*
 Irritability/lability 83 2.9 (3.7) 3.8 (4.6) 0.36
 Motor disturbance 83 7.2 (4.2) 4.2 (4) 0.007*
 Nighttime behaviors 84 2.8 (3.4) 2.9 (4.2) 0.9
 Appetite/eating 83 7.4 (3.1) 4.7 (4.8) 0.004*
 NPI total 79 47.8 (19.2) 42.8 (24.3) 0.36

Neuropsychological testing
 CVLT-SF long delay free recall 81 3.5 (2.7) 3 (3.1) 0.49
 Modified trails time 80 77.1 (42) 65.5 (36.7) 0.26
 Design fluency correct responses 79 5.2 (3.9) 7.2 (3.7) 0.05
 Design fluency repetitions 79 5 (5.8) 2.3 (3.7) 0.05
 Benson figure copy 85 14.6 (1.9) 15 (2.1) 0.4
 D-Word fluency 84 8 (4.8) 10.9 (5.3) 0.02*
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would lead to fewer misdiagnoses. Of note, 3/4 patients 
who changed to a final AD-type dementia diagnosis due to 
amyloid PET positivity continued to meet FTDC possible 
criteria (discordant biomarkers excluding probable bvFTD 
per the criteria), allowing for potential co-pathology. A lack 
of insidious, neurodegenerative progression influenced more 
changes in diagnosis than did new symptom development. 
While two non-progressive patients had features of another 
neurological disease, the most common cause for diagnostic 
change in bvFTD involved features that suggested a psychi-
atric explanation for the behavioral symptoms. While only 
2/7 of these patients met probable bvFTD criteria at first 
visit, none met bvFTD criteria at final diagnosis. In some 
cases, the change in level of criteria related to a perceptual 
shift regarding whether behavioral symptoms were severe or 
pervasive enough to satisfy criteria. In other cases, it related 
to the criteria’s stipulations, which exclude any bvFTD 
diagnosis if behavioral changes are better accounted for by 
psychiatric illness. While some of these patients had mild 
impairment on cognitive tests, particularly in the area of 
executive function, they did not progress over time. In some 
cases, the clinicians felt there was mild atrophy on imaging, 
though sometimes interpretations of the images differed in 
follow-up. Positive family history may have influenced the 
likelihood for some patients to receive a bvFTD diagnosis. 
Our recent study of 117 autopsied patients with a bvFTD 
diagnosis at any time point found none who lacked under-
lying neurodegenerative disease [18]. In contrast, another 
recent study reported that after two years of follow-up, a 
shift to a psychiatric diagnosis occurred in 49% of patients 
who initially met possible or probable bvFTD criteria [4]. 
This discrepancy in the described frequency of bvFTD 
due to a psychiatric cause is in part related to the fact that 
patients with psychiatric disease do not come to autopsy as 

quickly as patients with bvFTD of the same age. The distinc-
tion between bvFTD (particularly patients without striking 
atrophy) and psychiatric disease can be challenging. Adding 
objective measures that distinguish neurodegenerative from 
psychiatric behavioral features at the first visit could help to 
refine existing bvFTD diagnostic criteria.

The FTDC diagnostic criteria provided valuable infor-
mation to predict future diagnostic change. Patients who 
only met possible criteria changed diagnoses 70.6% of the 
time, even more frequently than those who met no criteria 
at all. This calls into question whether patients who only 
meet bvFTD possible criteria should be included in future 
bvFTD clinical trials or observational research publications, 
barring the discovery of a disease-causing mutation, which 
would satisfy bvFTD definite criteria.

We have previously shown that in spite of heterogeneity 
in both symptoms and underlying pathological diagnosis, 
patients with bvFTD show substantial clinical and neuro-
imaging overlap [18]. Our findings support the importance 
of this clinico-anatomic overlap in predicting diagnostic 
certainty. Patients with stable diagnoses displayed greater 
severity of bvFTD behaviors and greater atrophy in core 
bvFTD regions [18]. Core bvFTD behaviors also helped 
to drive a logistic regression model that predicted stable 
bvFTD diagnoses with 80% accuracy. These results indi-
cate to clinicians that while patients with mild behavioral 
symptoms and minimal atrophy may have underlying FTLD, 
diagnosing bvFTD in such patients carries a risk of revers-
ing the diagnosis to one with a much less grave prognosis.

A limitation of the study is that patients were seen for an 
unequal number of visits. Differences may exist between 
patients seen once compared to those seen multiple times; 
these differences could be relevant to diagnostic stability. 
The pathological diagnoses found in autopsied patients 

Fig. 3   Regions of greater gray 
matter atrophy in patients with 
bvFTD and stable diagnoses 
compared to those with change 
in diagnosis at subsequent vis-
its. Maps displayed at p < 0.001 
uncorrected for multiple com-
parisons. N = 89
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suggest that a stable bvFTD diagnosis accurately predicts 
underlying FTLD. Future studies can prospectively follow 
patients with bvFTD systematically and can link diagnostic 
certainty with pathological diagnoses to determine the true 
ramifications of diagnostic changes on predictive accuracy. 
The observed rate of diagnostic change also occurred at a 
tertiary referral center with significant experience in evalu-
ating FTD and atypical Alzheimer’s disease and access to 
investigations that are not part of common practice, such as 
amyloid PET. The rate of change in diagnosis may differ in 
other practice settings.

In spite of these limitations, this study provides guidance 
to clinicians who evaluate patients with neurodegenerative 
syndromes. Knowing who has a more unstable diagnosis 
can influence follow-up frequency, family counseling, and 
research enrollment. Future assessment of diagnostic criteria 
for sensitivity and specificity should incorporate informa-
tion from each visit separately to best simulate the clinical 
scenario.
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