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Introduction 

Frontotemporal dementia (FTD) comprises a group of clinical syndromes characterized 
by progressive impairment of behavior and/or language. These syndromes include a behavioral 
variant (bvFTD), the nonfluent variant of primary progressive aphasia (NFV-PPA), and the 
semantic or temporal variant (tvFTD). FTD subtypes have been the subject of a growing body of 
research, which has revealed a distinct clinical, neuroanatomical, and pathological profile for 
each syndrome. A majority of patients with the temporal variant feature left greater than right 
temporal lobe atrophy, referred to previously as the left temporal lobe variant (LTLV); they 
present as the classic semantic variant of primary progressive aphasia (SV-PPA) with 
progressive loss of word and object knowledge. Patients with more prominent right temporal 
involvement (RTLV) are less prevalent and typically present with behavioral symptoms, 
personality change, and loss of person-specific knowledge (Edwards-Lee et al., 1997; Gainotti et 
al., 2003; Joubert et al., 2006; Miller et al., 1993; Seeley et al., 2005; Thompson et al., 2003; 
Tyrrell et al., 1990). 
 The left temporal lobe has been widely implicated in semantic processing in a number of 
studies addressing SV-PPA (e.g., Hodges et al., 1992; Mummery et al., 2000). The role of the 
right temporal lobe has been less thoroughly examined, however there is increasing evidence for 
its role in empathy and emotion processing (Rankin et al. 2005; 2006; Rosen et al. 2002); 
abstract conceptual social knowledge (Zahn et al., 2009) and social functioning (Liu et al, 2004); 
configurational processing of faces and monuments; multimodal semantic knowledge for persons 
(Joubert et al., 2003; 2006; Snowden et al. 2004) and food (Gorno-Tempini et al., 2004b); as 
well as taste recognition (Small et al., 1997) and eating behavior (Uher et al., 2005). 

Only a handful of studies have examined the clinical and anatomical evolution of FTD 
syndromes (e.g., Brambati et al., 2007; 2009; Gorno-Tempini et al., 2004a; Janssen et al., 2005; 
Seeley et al., 2005; Whitwell et al., 2004). In tvFTD, neuroimaging findings suggest spreading 
disease from one anterior temporal lobe to the other, with bilateral amygdala (mostly ipsilateral) 
involvement, as well as later atrophy of frontal, insular and inferoposterior temporal cortices 
(Brambati 2007; Seeley et al., 2005). The clinical picture typically reflects the topography of 
cortical atrophy. In RTLV, behavioral deficits outweigh semantic deficits early on; in LTLV, the 
opposite pattern is observed. As atrophy spreads from one temporal lobe to the other, the 
syndrome not seen predominantly at presentation becomes more apparent (Seeley et al., 2005). 
Regardless of laterality (RTLV vs. LTLV), these cases often reveal a common pathological 
profile, characterized by TDP-43 positive, tau-negative inclusions (Davies et al., 2005; 
Grossman et al., 2007; Hodges et al., 2004; 2010). 

Few studies to date have examined the progression of behavior and anatomical damage in 
patients who later came to autopsy. In this study, we examine longitudinal neuropsychological, 
behavioral, and anatomical data for a patient, JT, who presented with the RTLV of FTD. This 
patient was previously described in a case report examining her cognitive and behavioral profile 
approximately three years after symptom onset (Gorno-Tempini et al., 2004b). Here we explore 
the progression of the disease, from both a behavioral and a neuroanatomical perspective, by 
reviewing data from three evaluations spanning three years. We also provide information 
regarding neuropathological diagnosis and distribution of pathology at autopsy. 



 
Methods 
 JT was evaluated clinically on three occasions, each separated by approximately one year 
(Time 1 took place approximately 3 years after symptom onset). Neurological, 
neuropsychological (Table 1), and neuropsychiatric evaluations were conducted. Language 
functions were assessed using the Western Aphasia Battery (Kertesz et al., 1982), as well as tests 
examining semantic and syntactic skills, reading, and motor speech ability. Behavioral and 
personality changes were characterized using a survey of behavioral disorders, as well as several 
questionnaires (administered at Times 1 and 2 only) examining social and personality changes, 
each of which was completed by JT’s daughter.  
 High-resolution 3D structural MR images were obtained within four months of each 
clinical assessment. Images were segmented into grey matter, white matter, and cerebrospinal 
fluid and first normalized to standard space using the unified segmentation procedure in SPM5 
(Ashburner & Friston, 2005) with subsequent registration using the DARTEL toolbox 
(Ashburner, 2007). Modulated, smoothed gray matter images were derived from each of the 
patient’s three MRI scans as well as for 32 age-matched healthy female controls. In order to 
examine regional gray matter atrophy over time, gray matter volume in each of JT’s scans was 
compared to that in the control group using t-tests.  
  
Results 
 JT’s symptoms began at age 62 with prominent behavioral and personality changes and 
multimodal semantic loss for foods and people (Gorno-Tempini et al., 2004b). Caregiver 
questionnaires revealed that her personality shifted from being dominant and extraverted to 
submissive and introverted; her level of empathy was reduced and she became increasingly cold-
hearted, neurotic, and arrogant. The inventory of behavioral disorders revealed early agitation 
and disinhibition, along with aberrant motor behavior and eating and sleep disorders (Time 1). In 
addition to these behaviors, irritability and apathy were noted at Time 2; delusions, anxiety and 
euphoria were observed at Time 3.  
 As the disease progressed, JT’s semantic impairment became more pronounced. Results 
from language assessments (Table 2) revealed prominent naming difficulty and poor 
performance on semantic association tasks (Time 1), with later development of single-word 
comprehension deficits and surface dyslexia (apparent at Time 2 and more prominent at Time 3). 
Syntactic comprehension was spared until the final assessment, at which point severe lexical 
deficits rendered sentence comprehension impossible. By contrast, non-semantic aspects of 
language, such as fluency and repetition, were largely spared until later in the disease. 
 Voxel-based morphometry (VBM; Figure 1) revealed spreading asymmetric atrophy (right 
greater than left) over a three-year period, with early involvement of the right amygdala and 
hippocampus, parahippocampal and fusiform gyri, and temporal pole and less prominent atrophy 
in the left amygdala and parahippocampal gyrus. With disease progression, atrophy spread to 
additional right, then left cortical regions, including posterior and inferolateral temporal cortex 
and the insula. Frontal lobe involvement was relatively mild. 

JT died and underwent brain autopsy 4 years, 8 months after her Time 3 evaluation. The 
pattern of gross atrophy mirrored that identified with MRI. Microscopically, microvacuolation, 
astrogliosis, and neuronal loss were seen in anterior inferior temporal, subgenual cingulate, 
insular, and entorhinal cortices, as well as in ventral striatum, with conspicuous sparing of the 
hippocampus. Immunohistochemical analyses revealed ubiquitin and TDP-43 immunoreactive 



neuronal inclusions, primarily taking the form of long dystrophic neurites in superficial greater 
than deep layers of affected cortices, although abundant round, circumscribed neuronal 
cytoplasmic inclusions were seen in striatum and dentate gyrus. The morphology and distribution 
of TDP-43 inclusions was consistent with FTLD-TDP, Type 1 (Sampathu et al., 2006). 
 
Conclusion 
 JT showed an evolution of clinical symptoms from initial deficits in behavior, personality, 
and mild semantic loss specific to foods and people, evolving to a pronounced, multi-modal 
semantic impairment. This clinical pattern was reflective of the underlying distribution of 
atrophy and histopathology, which increasingly involved the left anterior temporal lobe in 
addition to the right. Thus, early behavioral and personality deficits corresponded to involvement 
of right temporal structures, whereas the development of a language profile consistent with SV-
PPA corresponded to atrophy spreading into left temporal structures.  
 
 
 
 
 
 
 
 
 



References: 
 
Ashburner, J.  (2007). A fast diffeomorphic image registration algorithm. NeuroImage , 38, 95. 
 
 
Ashburner, J. & Friston, K.J. (2005). Unified segmentation. NeuroImage, 26 (3), 839-851. 
 
 
Brambati, S.M., Rankin, K.P., Narvid, J., Seeley, W.W., Dean, D., Rosen, H.J., et al. (2009). 

Atrophy progression in semantic dementia with asymmetric temporal involvement: A 
tensor-based morphometry study. Neurobiology of Aging, 30, 103–111. 

 
Brambati, S.M., Renda, N.C., Rankin, K.P., Rosen, H.J., Seeley, W.W., Ashburner, J., Weiner, 

M.W., Miller, B.L., Gorno-Tempini, M.L. (2007).  A tensor based morphometry study of 
longitudinal gray matter contraction in FTD. NeuroImage, 35 (3), 998-1003. 

 
Davies R.R., Hodges J.R., Kril J.J., Patterson K., Halliday G.M., & Xuereb J.H. (2005). The 

pathological basis of semantic dementia. Brain,128(Pt 9):1984-1995. 
 
Edwards-Lee T., Miller B.L., Benson D.F., Cummings J.L., Russell G., Mena I. (1997). The 

temporal variant of frontotemporal dementia. Brain,120, 1027-40. 
 
Forman, M.S., Farmer, J., Johnson, J.K., Clark, C.M., Arnold, S.E., Coslett, H.B., et al. (2006). 

Frontotemporal Dementia: clinicopathological correlations. Annals of Neurology, 59, 
952-962. 

 
Gainotti, G., Barbier, A., & Marra, C. (2003). Slowly progressive defect in recognition of 

familiar people in a patient with right anterior temporal atrophy. Brain, 126, 792-803. 
 
Gorno-Tempini, M.L., Murray, R.C., Rankin, K.P., Weiner, M.W. (2004a). Clinical, cognitive 

and anatomical evolution from nonfluent progressive aphasia to corticobasal syndrome: a 
case report. Neurocase, 10(6), 426-436. 

 
Gorno-Tempini, M.L., Rankin, K.P., Wooley, J.D., Rosen, H.J., Phengrasamy, L., & Miller, B.L. 

(2004b). Cognitive and behavioral profile in a case of right anterior temporal lobe 
neurodegeneration. Cortex, 40, 631-644. 

 
Grossman M., Wood E.M., Moore P., Neumann M., Kwong L., Forman M.S., et al. (2007). 

TDP-43 pathologic lesions and clinical phenotype in frontotemporal lobar degeneration 
with ubiquitin-positive inclusions. Archives of Neurology, 64(10):1449-1454. 

 
Hodges J.R., Davies R.R., Xuereb J.H., Casey B., Broe M., Bak T.H., et al. (2004). 

Clinicopathological correlates in frontotemporal dementia. Annals of Neurology, 56 (3), 
399-406. 

 
Hodges J.R., Mitchell J., Dawson K., Spillantini M.G., Xuereb J.H., McMonagle P., Nestor P.J., 

Patterson K. (2010). Semantic dementia: demography, familial factors and survival in a 



consecutive series of 100 cases. Brain, 133(Pt 1), 300-6. 
 
Hodges, J. R., Patterson, K., Oxbury, S., & Funnell, E. (1992). Semantic dementia: Progressive 

fluent aphasia with temporal lobe atrophy. Brain, 115(6),1783-1806. 
 
Janssen, J.C., Schott, J.M., Cipolotti, L., Fox, N.C., Scahill, R.I., Josephs, K.A., et al. (2005). 

Mapping the onset and progression of atrophy in familial frontotemporal lobar 
degeneration. Journal of Neurology, Neurosurgery & Psychiatry, 76, 162–168. 
 

Joubert, S., Felician, O., Barbeau, E., Sontheimer, A., Barton, J.J., Ceccaldi, M.,et al. (2003). 
Impaired configurational processing in a case of progressive prosopagnosia associated 
with predominant right temporal lobe atrophy. Brain, 126, 2537–2550. 

 
Joubert, S., Felician, O., Barbeau, E., Ranjeva, J.P., Christophe, M., Didic, M., et al. (2006). The 

right temporal variant of frontotemporal dementia. Cognitive and neuroanatomical profile 
of three patients. Journal of Neurology, 253, 1447-1458. 

 
Kertesz, A. (1982). Western Aphasia Battery. New York: Grune & Stratton. 
 
Liu, W., Miller, B.L., Kramer, J.H., Rankin, K.P., Wyss-Coray, C., Gearhart, R. et al. (2004). 

Behavioral disorders in the frontal and temporal variants of frontotemporal dementia. 
Neurology, 62(5), 742–748. 

 
Miller B.L., Chang L., Mena I., Boone K., Lesser I. (1993). Progressive right frontotemporal 

degeneration: clinical, neuropsychological and SPECT characteristics. Dementia, 4, 204-
13.  

 
Mummery, C. J., Patterson, K., Price, C. J., Ashburner, J., Frackowiak, R. S., & Hodges, J. R. 

(2000). A voxel-based morphometry study of semantic dementia: Relationship between 
temporal lobe atrophy and semantic memory. Annals of Neurology, 47(1), 36-45.  

 
Rankin, K.P., Gorno-Tempini, M.L., Allison, S.C., Stanley, C.M., Glenn, S., Weiner, M.W., et 

al. (2006). Structural anatomy of empathy in neurodegenerative disease. Brain, 129(11), 
2945–2956. 

 
Rankin, K.P., Kramer, J.H., & Miller, B.L. (2005). Patterns of Cognitive and Emotional 

Empathy in Frontotemporal Lobar Degeneration. Cognitive and Behavioral Neurology, 
18, 28-36. 

 
Rosen, H.J., Perry, R.J., Murphy, J., Kramer, J.H., Mychack, P., Schuff, N. et al. (2002). 

Emotion comprehension in the temporal variant of frontotemporal dementia. Brain, 125, 
2286-2295.  

 
Sampathu, D.M., Neumann, M., Kwong, L.K., Chou, T.T., Micsenyi, M., Truax, A., et al. 

(2006). Pathological heterogeneity of frontotemporal lobar degeneration with ubiquitin-
positive inclusions delineated by ubiquitin immunohistochemistry and novel monoclonal 



antibodies. The American Journal of Pathology, 169(4), 1343-1352. 
 
Seeley, W.W., Bauer, A.M., Miller, B.L., Gorno-Tempini, M.L., Kramer, J.H., Weiner, M., et al. 

(2005). The natural history of temporal variant frontotemporal dementia. Neurology, 64, 
1384–1390. 

 
Small, D.M., Jones-Gotman, M,. Zatorre, R.J., Petrides, M., & Evans, A.C. & al. (1997). A Role 

for the Right Anterior Temporal Lobe in Taste Quality Recognition. The Journal of 
Neuroscience, 17(13), 5136-5142. 

 
Snowden, J.S., Thompson, J.C., Neary, D. (2004). Knowledge of famous faces and names in 

semantic dementia. Brain, 127(4), 860–872. 
 
Thompson, S.A., Patterson, K., & Hodges, J.R. (2003). Left/right asymmetry of atrophy in 

semantic dementia: behavioral-cognitive implications. Neurology, 61, 1196–1203. 
 
Tyrrell P.J., Warrington E.K., Frackowiak R.S., Rossor M.N. (2004). Progressive degeneration 

of right temporal lobe studies with positron emission tomography.  Journal of Neurology, 
Neurosurgery & Psychiatry, 53,1046-50. 

 
Uher, R., Treasure, J. (2005). Brain lesions and eating disorders. Journal of Neurology, 

Neurosurgery & Psychiatry, 76, 852-857. 
 
Wertz, R.T., LaPointe, L.L., & Rosenbek, J.C. (1984). Apraxia of speech: The disorder and its 

management. New York: Grune & Stratton. 
 
Whitwell, J.L., Anderson, V.M., Scahill, R.I., Rossor, M.N., Fox, N.C. (2004). Longitudinal 

patterns of regional change on volumetric MRI in frontotemporal lobar degeneration.  
Dementia and Geriatric Cognitive Disorders, 17, 307–310. 

 
Zahn, R., Moll, J., Iyengar, V., Huey, E.D., Tierney, M., Krueger, F. et al. (2009). Social 

conceptual impairments in frontotemporal lobar degeneration with right anterior temporal 
hypometabolism. Brain, 132, 604-616. 

 



Figure 1. Results of voxel-based morphometry analyses at three time points (JT vs. 32 
normal controls; p<.01, FDR correction. Color bar indicates t-values.) 
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Table 1. Demographic and Neuropsychological Data 
 

 Possible 2002 2003 2004 
Age -- 65 66 67 
Education -- 15 15 15 
MMSE 30 24* 12* 7* 
Modified Rey Copy 17 16 13* 11* 
VOSP Number Location 10 6* 9 NC 
Rey Figure Recall (10 minute delay) 17 5* 0* NC 
Rey Figure Recognition 1 1 0* 0* 
Backward digit span 7 6 6 2* 
WMS III Visual Reproductions I (scaled score) 19 6 4* NC 
WMS III Visual Reproductions II (scaled score) 19 4* 4* NC 
CVLT 30 sec. Free Recall 9 1* 2* NC 
CVLT 10 min. Free Recall 9 0* 0* NC 
CVLT 10 min. Recognition 9 0* 0* NC 
Calculations (multiplication, subtraction, addition) 5 5 2* 2* 
WMS III Digit Span (scaled score) 19 17 16 NC 
WMS III Spatial Span (scaled score) 19 16 13 NC 
Benton Facial Recognition Test 54 42 NC NC 
Experimental Famous Face Battery (Gorno-Tempini et al., 
2004b):     

• Famous Face Naming 20 0* NC NC 
• Famous Face Recognition 20 14* NC NC 
• Face Recognition (short version) 6 6 4 2 
• Famous Face Semantic Association 20 5* NC NC 
• Famous Name-to-Face Matching 20 6* NC NC 

* indicates impaired performance  
NC = not collected 
MMSE = Mini Mental State Examination 
VOSP = Visual Object and Space Perception Battery 
WMS III = Wechsler Memory Scale III 
CVLT = California Verbal Learning Test 
Note: only a subset of tests could be administered in 2004, due to the severity of the patient’s language 
impairment 



Table 2. Language Assessment Results 
 

 Possible 2002 2003 2004 
WAB Fluency 10 9 9 9 
WAB Information Content 10 9 8 6 
WAB Repetition 100 100 98 97 
WAB Auditory Word Recognition 60 58 50 28 
Pyramids and Palm Trees (words) 52 43* 27* NC 
Pyramids and Palm Trees (pictures) 52 27* 22* NC 
Boston Naming Test 60 6* 3* NC 
WAB Sequential Commands 80 80 78 2 
CYCLE (Sentence Comprehension) Subtests:     

• Cycle 2,3 (declaratives, possession) 10 10 9 5* 
• Cycle 4 (active & passive voice; double 

embedding) 15 14 15 6* 
• Cycle 5,7 (passive voice, subject relatives) 10 10 10 5* 
• Cycle 8 (object clefting; object relative 

clauses) 10 10 10 NC 
• Cycle 9 (object relatives; relative pronouns) 10 9 7* 1* 

PALPA Reading Regular Words 30 30 30 14* 
PALPA Reading Exception Words 30 27* 20* 6* 
Motor Speech Evaluation (Wertz et al., 1984) -- WNL WNL WNL 

     
* indicates impaired performance for tests with norms available; no norms available for WAB 
subtests  
NC = not collected 
WAB = Western Aphasia Battery 
CYCLE = Curtiss-Yamada Comprehensive Language Evaluation- Receptive   
PALPA = Psycholinguistic Assessment of Language Processing in Aphasia 
WNL = within normal limits 
Note: only a subset of tests could be administered in 2004, due to the severity of the patient’s 
language impairment 

 
 
 
 
 


