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INTRODUCTION

Th e Medial Temporal Lobe (MTL) of human and nonhuman 

primates is made up of diff erent neuroanatomical structures that 

comprise the hippocampal formation, amygdala, and the surrounding 

cortical strip (the so-called Parahippocampal Region, PHR).Th e PHR 

is made up of Temporopolar Cortex (TPC), Perirhinal Cortex (PRC), 

and the posterior Parahippocampal Cortex (PPH). In rostrocaudal 

direction, the PHR is continued by retrosplenial cortex [1]. Research 

in neuropsychology, clinical neuroscience and neuroimaging has 

established that human MTL structures play an important role in 

memory consolidation [2-4] and language [5]. Among the MTL 

cortices, TPC has been shown to be involved in neurological diseases as 

Alzheimer´s Disease (AD) [6], Parkinson´s disease [7], schizophrenia 

[8] and temporal lobe epilepsy [9-11]. Th e TPC is a cortical region the 

roughly corresponds to BA 38, although recent studies [12,13] point 

to a more reduced extension of TPC than represented by Brodmann 

[14]. Th e TPC is strongly interconnected with diff erent cortical and 

subcortical structures such as the amygdala, the orbitofrontal cortex, 

PRC and PPH of the PHR, the insular, auditory association and rostral 

inferotemporal cortices, as shown in human and nonhuman primates 

[11,15-17]. Moreover, experimental studies with damage of the TPC 

in nonhuman primates have resulted in aKlüver-Bucy syndrome [18]. 

TPC damage is responsible for socioemotional disorders in humans 

[19]. Notwithstanding the considerable interest of this region, and 

the variety of functions in which it is involved, few reports exist, 

to the best of our knowledge, on the correlation of changes in TPC 

volume and neuropsychiatric symptoms (NPS) in Mild Cognitive 

Impairment (MCI) and AD patients [20,21].

NPS are behavioral disturbances, which are common in AD and 

MCI patients. Studies in diff erent countries and diff erent settings 

have reported a prevalence between 35-75% in MCI patients and 

between 49-89% in dementia patients [22-29]. Th ese disturbances are 

associated with increased mortality [30], lower quality of live, greater 

institutionalization [30,31], caregiver burden [32] as well as with 

a greater use of medication and health services. NPS are, in many 

cases, more troublesome than cognitive defi cits. However, the specifi c 

etiological factors and pathophysiologic mechanisms involved remain 

unclear. Th e association between delusional thoughts in AD patients 

with higher density of neurofi brillary tangles and neuronal cell loss 

[33,34] or neurochemical abnormalities in specifi c cortical and 

subcortical regions in autopsy brain tissue have been both described 

[35,36]. Some studies using structural and functional neuroimaging 

techniques have suggested that focal structural alterations (ventricular 

enlargement or white matter lesions) may be associated with the 

presence of psychosis in AD [37-39]. Paranoid delusions in mild 

stages of AD have been associated with right MTL atrophy in CT 

scans [20,21]. Patients with moderate to severe AD show some types 

of delusions, which are associated with greater atrophy in the right 

anterior temporal regions, while the left  side is relatively intact [34]. 

Atrophy on the right (but not in the left ) TPC correlate with changes 

in appropriate behavior in the temporal variant of frontotemporal 

dementia [40]. Irritability, apathy and rapid change in mood plus 

anxiety symptoms have been also described in TPC lesions [11,41,42]. 

Diff erent authors, using functional neuroimaging techniques, have 

reported an association between delusional thoughts in AD and 

altered function in temporal cortical areas [43,44], frontal [45-48] 

and other cortical regions [45,49].

Th e purpose of this study is the evaluation of changes in TPC 

volume in MCI and AD patients with NPS by segmenting the TPC on 

MR images according to our own previously reported criteria [50], 

and by estimating diff erences in the right and left  hemispheres to 

explore the association with specifi c NPS in cognitive defi cits.

MATERIALS AND METHODS

Subjects and study design

Our study included a total of 35 subjects grouped as: Control 

(CO), n = 12; MCI, n = 9; and AD, n = 14. All subjects were recruited 

at the Department of Geriatrics, Hospital of Albacete (Complejo 

Hospitalario Universitario de Albacete, CHUA); all cases were age-

matched, and gave informed consent for their participation in the 

study. Basic notations including demographic data, medical records, 

physical and neurological examination was obtained during the 

baseline visit. In all cases, a complete neuropsychological evaluation, 

as well as a structural cerebral MR scan were performed. Blood samples 

were collected for hematology, biochemistry, thyroid hormones, 

vitamin B
12

 and folic acid to exclude other causes of dementia. Th e 
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study was approved by the clinical investigation ethical committee 

of the CHUA, Albacete, Spain (http://www.chospab.es/investigacion/

ceic/intro.htm).

Diagnostic evaluation of all subjects was performed by a 

geriatrician; the study included a detailed neuropsychological 

evaluation that incorporated medical records, physical and 

neurological examinations. Th e diagnosis of dementia was based 

on the criteria of the Diagnostic and Statistical Manual of Mental 

Disorders, 4thed. (DSM-IV) and the diagnosis of AD on the National 

Institute of Neurologic and Communicative Disorders and Stroke and 

Alzheimer´s Disease and Related Disorders Associations (NINCDS/

ADRDA) criteria. MCI patients were diagnosed using the modifi ed 

criteria proposed by the Mayo Clinic Alzheimer´s Disease Research 

Center. Th e severity of cognitive decline was graded according to the 

Global Deterioration Scale of Reisberg.

Th e following battery of tests was used for a comprehensive 

neuropsychological evaluation of diff erent cognitive domains.

1. Memory: immediate and delayed word list recall subtest from 

ADAS-cog, Benton test C (application B) and D (application 

D).

2. Language: verbal and written comprehension and verbal 

expression subtests from the Barcelona test.

3. Attention and executive function: verbal fl uency test, Trail 

Making Test, part A, direct and inverse digit span, attention 

and abstraction subtests from Barcelona test.

4. Visuospatial skills: Constructional praxis subtest from 

Barcelona test.

5. Ideomotor praxis: subtest from Barcelona test.

6. Global functioning: Mini-Mental State Examination, Clock 

Drawing Test (Schulmann).

7. Depression: Geriatric Depression Scale from Yesavage (GDS).

8. Neuropsychiatric evaluation: Neuropsychiatric Inventory 

(NPI).

Th e presence or absence of each NPS were considered as 

dependent variables, and were also grouped in four domains for 

analysis:

1. Psychotic symptoms (delusions and hallucinations).

2. Aff ective symptoms (depression, anxiety and dysphoria).

3. Behavioral symptoms (irritability, agitation and abnormal 

motor behaviors).

4. Frontal symptoms (apathy and disinhibition).

Measurements

MRI acquisition was performed on all patients under equal 

conditions using a 1.5T Phillips®Gyroscan Interascanner applying 

a protocol of three-dimensional magnetization prepared for rapid 

acquisition with a gradient echo sequence TR/TE 9.7/4 and a 13.5/5.7, 

matrix 256 x 512, one acquisition (Magnetic Resonance Unit, 

Radiology Service, CHUA, and Albacete, Spain). Th e images were re-

aligned to correct the undesirable eff ects for head tilt and rotation. 

Th e anterior-posterior commissure line (ac-pc line) was used as 

neuroanatomical landmark, orthogonal to which the scans were 

obtained, as 2.0 mm thick, contiguous coronal slices. Th e intracranial 

area at the level of the anterior commissure was measured in coronal 

sections, and used for normalization of the volumetric data to the 

intracraneal area, as described in Free, et al. [51]. Segmentation 

criteria of the TPC were described by Insausti, et al. [13,50]. Shortly, 

the TPC starts at the fi rst coronal section containing temporal pole 

cortex at the middle cranial fossa, and extends for about 6 mm (fi rst 

three sections in our study) in all the cross sectional area. Further 

caudally, the TPC borders dorsally the neocortex of the superior 

temporal gyrus. Th e limit lies at the lateral bank of the polar sulcus (or 

the most lateral one if more than one polar sulcus is present; in some 

cases no polar sulci are present, in which case the limit corresponds 

to the midpoint of the dorsal surface of the temporal pole). Ventrally, 

the transition between the TPC and the inferotemporal cortex takes 

place at the lateral bank of the superior temporal sulcus. When the 

inferior temporal sulcus becomes visible, the border is placed at its 

lateral bank (fusiform gyrus). Th e posterior limit of TPC is usually 

placed 2 mm in front of the limen insulae (frontotemporal junction). 

Th e presence of the collateral sulcus indicates the ventromedial limit 

of the TPC.

Th e TPC volume was assessed through manual tracing of the 

region of interest by an experienced neuroanatomist (AM.I.). Th e 

intra-rater variability was 3.1% (mean error, range 1.3% - 5.8%). 

Volume estimates were obtained according to the principle of 

Cavalieri [52] that allows the calculation of the volume of a structure 

of arbitrary shape and size. Th e Cavalieri theorem of systematic 

sampling in combination with point counting is considered a reliable 

and effi  cient method for estimating volumes in MRI. Th e object under 

study is intercepted by a series of parallel planes at a given distance (t); 

the cross-sectional area is estimated by counting the number of points 

that hit the structure under study, thereby the method is unbiased 

[53]. Point counts are converted into section areas by multiplying 

the total number of counted points ∑P by the area per test point a/p. 

Each hemisphere was estimated separately. For each brain, the target 

parameter was the total volume of TPC est (V
TPC

) in each hemisphere. 

Th us, the Cavalieri volume of brain compartments is fi nally estimated 

by multiplying the distance between sections t by their total cross-

sectional area:

est (V
TPC

) = t•(a/p)•∑P
TPC

A basis scheme for quantifying the TPC is shown in the fi gure 1 

with the rostrocaudal outlining of the region and the superimposition 

of a system of test points that allows to count the total number of 

points hitting the TPC.

Statistical analysis

All data were analyzed with the SPSS/PC® program (Statistical 

Package for the Social Sciences, Chicago, IL) v. 19. All the volumetric 

data were analyzed using normalized values. Diff erences in TPC 

volumes in CO, MCI and AD subjects were analyzed with the Kruskal-

Wallis test. Spearman correlations were used to fi nd associations 

between TPC volumes and NPI scores (frequency x severity), while 

U-Mann Whitney test was used to fi nd group diff erences in volumes 

between subjects with or without each of the symptoms included in 

the NPI, as well as groups of symptoms. Multiple regression analysis 

was used to describe the association between NPI scores and TPC 

volumes adjusted by confounding variables as age, sex, amount of 

years of education, MMSE and cognitive status in MCI or AD patients.

RESULTS

Table 1 shows the data of the patients for the three studied groups 

(CO, MCI, and AD cases), and normalized TPC volumes are also 

included. TPC volume reduction was 11% in AD and 6% in MCI 
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cases relative to CO cases. Smaller TPC volume was observed among 

AD relative to MCI or Co-participants; however this diff erence did 

not reach statistical signifi cance. Quartile volumes of right TPC 

are 1.72/2.47/2.62 mm3 in patients with AD, 2.01/2.53/2.66 mm3 in 

patients with MCI, and 2.15/2.48/2.76 mm3 for CO patients. Quartile 

volumes of left  TPC are 2.01/2.23/2.36 mm3 in patients with AD, 

1.73/2.36/2.81 mm3 in patients with MCI, and 2.13/2.40/2.82 mm3 

for CO patients. In addition, none of the cognitive test used in the 

neuropsychologic assessment correlated with TPC volumes. Neither, 

age, sex, education, MMSE or functional tests (Barthel and Lawton) 

were associated with TPC volumes

Data from the neuropsychological assessment are presented in 

table 2. Th ese values showed a continuous scoring fall in most tests 

from CO subjects, to MCI, and AD patients. As expected, inverse 

relation is found for immediate word list recall, the delayed word list 

recall, and for trail making test A. Th e changes were manifest between 

MCI to AD with a slight variation between CO and MCI.

Th e association between TPC volumes and the presence or 

absence of NPS in MCI and AD patients are shown in table 3. MCI 

and AD patients with delusions, agitation, apathy, disinhibition and 

irritability have signifi cant smaller TPC volumes. Results of grouped 

NPS are summarized in fi gure 2, in which it is shown a clear decrease 

of the TPC volumes for all symptoms, and in both sides (right and 

left ); however, only psychotic and behavioral symptoms showed 

statistical signifi cance (p < 0.01 and p < 0.05, respectively).

NPI scores for the four TPC volumes quartiles in MCI or 

AD patients were respectively: right TPC 15.0/5.8/9.3/1.3 (global 

diff erence p < 0.01) with statistically signifi cant diff erences between 

the fi rst and fourth quartile (p < 0.01); left  TPC were 15.6/5.7/8.0/2.3 

(global diff erence p < 0.05), also with statistically signifi cant 

diff erences between the fi rst and fourth quartile (p < 0.01) (Figure 3).

Multiple regression analysis in AD or MCI patients resulted in an 

association of right TPC volume with NPI scores (B = -6.85; 95%CI 

-12.39 to -1.31; r2 = 0.465; p < 0.05). Likewise, the left  TPC also showed 

an association (B = -8.41; 95% CI -14.16 to –2.65; r2 = 0.521; p < 0.01). 

Also, both right TPC (B = -2.33; 95%CI -4.10 to -0.55; r2 = 0.446; p 

< 0.05) and left  TPC (B = -2.34; 95%CI -4.37 to -0.31; r2 = 0.402; p < 

0.05) were associated with the number of NPS. All these analyses are 

adjusted by age, sex, years of education, MMSE and Reisberg Global 

Deterioration Scale.

DISCUSSION

NPS are very common in patients with dementia and MCI, 

and are responsible of many adverse events associated with these 

conditions. Moreover, NPS in MCI are oft en accompanied with 

cognitive and functional ability decline [54], and those which show 

depression, apathy and agitation are at a higher risk of later conversion 

to AD [22], although the specifi c etiology and pathophysiologic 

mechanisms involved remain unclear. Th e importance and clinical 

Figure 1: MRI scans of the rostral part of the human temporal lobe ordered 
from mostrostral (A) to caudal (F) ina representative control case showing 
the segmentation of the TPC. Note the outline of TPC on the left side.Image 
in F showsthe last section in which TPC can be discerned, 2mm in front of 
the limen insulae. Note in F the overlay of the grid used in the stereological 
quantifi cation of the TPC volume. The location of the Superior Temporal 
Sulcus (STS), Inferior Temporal Sulcus (ITS) and Polar Sulcus (PS) are 
indicated in panel (E).

Table 1: Demographic characteristics of the studied population Data are 
mean ± SD.

n CO MCI AD

Age (years) 12 9 14

Female / male (n) 73.2 ± 4.8 72.6 ± 4.7 75.0 ± 4.0

Education (years) 8 / 4 7 / 2 10 / 4

MMSE 5.8 ± 2.9 5.6 ± 2.9 4.9 ± 3.1

GDS Reisberg (4 / 5 / 6) 26 ± 3.4 25 ± 2.9 18.4 ± 6.2

Barthel index --- --- 9 / 4 / 1

Lawton index 98.8 ± 2.3 95.6 ± 3.9 92.9 ± 6.4

GDS Yesavage 7.1 ± 1.4 6.4 ± 1.6 2.9 ± 1.6

NPI (frecuency x severity) 3.7 ± 4.2 4.1 ± 3.4 2.9 ± 1.7

Right TPC volume (mm3) 3.0 ± 2.3 7.6 ± 6.4 7.6 ± 8.1

Left TPC volume (mm3) 2.51 ± 0.49 2.32 ± 0.48 2.24 ± 0.61

Table 2: In brackets are presented minimum and maximum n scores for each 
test. (n): number of digits or words. (Sec): seconds. Data are mean ± SD.

CO MCI AD

Direct digit span (n) 4 ± 1.2 3 ± 0.9 3 ± 1.0

Inverse digit span (n) 3 ± 0.6 2 ± 0.5 2 ± 0.6

Gnosis (0-20) 19.2 ± 1.2 19.1 ± 0.9 16.7 ± 3.7

Verbal comprehension (0-16) 15.8 ± 0.4 15.1 ± 1.1 13.6 ± 2.8

Written expression (0-13) 11.1 ± 2.6 11.4 ± 2.7 8.3 ± 5.2

Sentence repetition (0-2) 1.5 ± 0.5 1.4 ± 0.5 1.1 ± 0.3

Written comprehension (0-10) 9.2 ± 0.8 7.7 ± 1.6 6.5 ± 2.5

Benton C (0-10) 4.3 ± 1.8 4.3 ± 2.4 1.9 ± 1.4

Benton D (0-10) 3.8 ± 2.6 2.7 ± 1.0 0.8 ± 0.9

Immediate word list recall (10-0) 5.2 ± 0.9 5.7 ± 1.4 7.6 ± 1.2

Delayed word list recall (0-10) 5.2 ± 1.7 5.6 ± 2.1 8.9 ± 1.6

Verbal fl uency (n) 18.1 ± 4.3 14.3 ± 1.0 8.9 ± 3.2

Trail Making Test A (sec) 115 ± 43 130 ± 39 213 ± 87

Verbal expression (0-15) 12.4 ± 2.1 12.3 ± 1.9 7.6 ± 2.5

Ideomotor praxis (0-20) 18.6 ± 1.2 18.6 ± 1.8 16.0 ± 3.0

Constructional praxis (0-18) 12.6 ± 0.9 13.3 ± 2.7 9.4 ± 2.7

Abstraction subtest (0-12) 7.5 ± 2.2 7.6 ± 2.0 3.2 ± 2.7

Clock drawing (0-10) 9.1 ± 1.4 8.2 ± 2.0 5.9 ± 2.6
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relevance of TPC prompted us to fi nd the association between NPS 

and the degree of atrophy of the TPC in both MCI and AD. Th e 

present study is a complementary study using quantitative estimates 

of the TPC volume that are interrelationships with NPS; previous 

studies [20] have only used an indirect measure of medial temporal 

cortical and hippocampal atrophy based on the width measurement 

of the anterior temporal horn of the lateral ventricle. Although the 

MTL is involved in important neural systems, including memory, 

each of its components (cortical and subcortical) are involved in 

specifi c memory functions [55]. In this context, atrophy of the 

hippocampal formation, including the entorhinal cortex have mostly 

been associated with a decline in memory function [56-59], while the 

amygdala has been associated with emotional memory processes [60].

TPC damage coincides with socioemotional disorders under 

diff erent neurological conditions such as herpetic encephalitis 

with temporal lobe damage [19], unilateral anterior temporal lobe 

damage [61], drug-refractory temporal lobe epilepsy [62], post-ictal 

temporal lobe epilepsy [63], and temporal variant of frontotemporal 

dementia [19]. More specifi cally, patients with the temporal variant 

of frontotemporal dementia and atrophy on the right (but not in the 

left ) TPC exhibit changes in personality and social behavior [40]. 

Depression, irritability, apathy and emotional blunting [11] have also 

been described. Other defi cits or disorders aft er TPC damage include 

amnesic associative prosopagnosia [64] and impairment in the theory 

of mind [65]. In this context, the possibility arises that TPC lesions on 

the right side produce an impairment to couple emotional responses 

to highly processed sensory stimuli and of personal semantic memory 

[11].

Cortical changes have been linked to NPS. Th us, delusions have 

been associated with atrophy of the right MTL [20,21], as well as 

Table 3: TPC volume data by hemisphere in subjects with MCI and AD correlated with the neuropsychiatric symptoms.
MCI AD MCI + AD

n Right Left n Right Left n Right Left

Delusions
Yes 1 1.67 1.54 4 1.62 1.74 5 1.63 1.7
No 8 2.43 2.39 10 2.49* 2.36* 18 2.46* 2.37†

Hallucinations
Yes 0 − − 3 1.9 2.01 3 1.9 2.01
No 9 2.35 2.29 11 2.33 2.23 20 2.34 2.26

Agitation
Yes 3 1.8 1.89 5 1.95 2.01 8 1.89 1.97
No 6 2.62* 2.49 9 2.4 2.27 15 2.49* 2.36*

Depression
Yes 6 2.2 2.07 8 2.17 2.2 14 2.18 2.15
No 3 2.65 2.73 6 2.32 2.15 9 2.43 2.34

Anxiety
Yes 7 2.28 2.21 9 2.18 2.19 16 2.22 2.19
No 2 2.57 2.6 5 2.35 2.17 7 2.41 2.29

Euphoria
Yes 0 − − 2 1.97 1.97 2 1.97 1.97
No 9 2.35 2.29 12 2.28 2.22 21 2.31 2.25

Apathy
Yes 4 2.19 2.13 5 1.82 1.97 9 1.99 2.04
No 5 2.47 2.42 9 2.47 2.3 14 2.47* 2.34

Disinhibition
Yes 2 2.1 1.62 2 2.07 2.04 4 2.09 1.83
No 7 2.42 2.49* 12 2.27 2.2 19 2.32 2.31

Irritability
Yes 7 2.28 2.21 6 1.75 1.88 13 2.04 2.06
No 2 2.57 2.6 8 2.6 2.41* 10 2.60* 2.44

All data are means (mm3). † P < 0.01.  *P < 0.05.
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Figure 2: Histograms of TPC volume and presence or absence of grouped NPS in each hemisphere. Signifi cant differences were observed for psychotic and 
behavioral symptoms in both right and left hemispheres (p < 0.01 and p < 0.05, respectively).
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atrophy in the right frontal [34], and temporal cortices [43,44]. In 

contrast, agitation, irritability and abnormal motor movements have 

not been correlated with atrophy in any specifi c brain region. Our 

fi ndings show the association between right and left  TPC atrophy 

(quantifi ed by TPC volume) and psychotic and behavioral symptoms 

in patients with cognitive defi cit. Specifi c eff ects in our study are the 

association between TPC atrophy with the agitation and disinhibition 

symptoms in MCI patients while delusions and irritability did so in 

AD patients; moreover, a signifi cant right TPC atrophy is related with 

the occurrence of apathy in patients with cognitive defi cits. As shown 

in table 3, the mean TPC volumes of patients with NPS were smaller 

than those of patients without symptoms although it only reached 

statistical signifi cance in agitation, disinhibition, delusions and 

irritability. Our series of patients, especially those with AD, did not 

show statistical signifi cance in TPC volume, what may be explained 

by generalized brain atrophy in AD, rather than meaning a lack of 

involvement of the TPC in the remainder NPS.

Th e clinical importance of the neuroanatomical changes 

derived from the decreased TPC volume associated to NPS remains 

uncertain, although contributes to the knowledge of the brain areas 

implicated in cognitive defi cits. Th e presence of NPS is a complex 

process involving many structures of the limbic system, and TPC 

volume change cannot bear the weight of all NPS. However, the TPC 

may play an important role in the pathogenesis of the symptoms, 

mainly psychotic, by a disruption of more complex neural systems 

that include this structure, as association between delusions and 

a higher volume of the right anterior temporal horn of the lateral 

ventricle in AD patients has been reported [20], along with abnormal 

social behavior in semantic dementia (with predominant right TPC 

atrophy) [40]. Our results indicate a tendency towards higher atrophy 

on the right side of the TPC associated with apathy and agitation, in 

agreement of the lateralization towards the right side reported above. 

However, disinhibition showed a preference for the left  side, while 

other symptoms (delusions and irritability) did not show any side 

preference.
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