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Abstract
Background—Cognitive-MRI correlations
have often been studied in disorders in
which there are multiple cognitive deficits
and widespread cortical atrophy, such as
Alzheimer’s dementia. In such circumstances, the interpretation of any single
cognitive-structural correlation is equivocal. Only by measuring diVering cognitive
functions and a wide range of brain
structures in patients with a varying distribution of lesions or atrophy can specific
brain-cognitive relations be determined in
neurological disorder.
Method—In the present study, a clear set
of anatomical criteria and detailed MRI
segmentation procedures were applied to
measure whole brain, and left and right
frontal, temporal lobe, anterolateral and
medial temporal volumes, as well as
thalamic cross sectional areas in 40 patients with organic amnesia (from various
diseases) and 10 healthy controls.
Results—Within the total patient group,
anterograde memory measures correlated significantly with medial temporal,
hippocampal, and thalamic measurements. A spatial memory measure correlated significantly with hippocampal
volume, and temporal context memory
with frontal volume. After a factor analysis of the cognitive measures, the association between anterograde memory and
hippocampal volume was corroborated.
Forgetting rates and subjective memory
evaluations did not show any significant
MR correlations and, of executive tests
employed, only card sorting categories
correlated significantly with frontal volume.
Conclusion—Loss of volume in key brain
structures (for example, hippocampus,
thalamus) is detectable on quantitative
MRI, and this loss of volume correlates
significantly with impaired performance
on measures of anterograde memory
function. Correlations with hippocampal
volume did not indicate a specific role in
either recall or verbal memory, as opposed to recognition or visual memory.
(J Neurol Neurosurg Psychiatry 2001;71:23–28)
Keywords: magnetic resonance imaging; volumetrics;
amnesia; memory; executive function
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Previous studies have reported significant correlations in patients with Alzheimer’s disease and
epileptic and aging subjects between hippocampal volume and measures of anterograde
memory. These memory measures have included the Wechsler memory quotient,1
WMS-R visual reproduction and two verbal
memory measures,2 a dementia rating scale
measure of memory,3 and delayed verbal recall
tasks,4–7 recognition memory,8 and spatial
memory.9 Kohler et al6 also obtained a significant correlation between parahippocampal volume and a delayed visual recall task, and
Jernigan and Ostergaard10 found a correlation
between a mesial temporal measure and both
recognition memory and word priming. However, the interpretation of all these studies is
greatly limited by the restricted number of
measurements that were made. If the brain is
generally atrophied and there is widespread cognitive impairment, as in Alzheimer’s dementia,
there are likely to be many statistically significant
correlations between measures of any atrophied
structure and tasks demonstrating impaired
cognitive performance. Only by measuring
diVering cognitive functions, as well as a wide
range of brain structures, preferably in patients
with focal lesions in various sites, can specific
relations between cognitive performance and
structural brain volumes be demonstrated.
In our accompanying paper,11 structural
brain volumes from MRI were analysed for (1)
repeatability of measurement, and (2) comparisons across certain patient groups—
namely, patients with KorsakoV’s syndrome,
herpes encephalitis, or focal frontal lesions. In
the present paper, we report investigations on
the relation between MR volume measurements and performance on specific cognitive
tasks. More specifically, we examined correlations between regional brain volumes and
measures of anterograde memory, context
memory, and executive function in 40 patients
with memory disorder. We hypothesised that:
(1) Anterograde memory measures—recall
and recognition—would correlate with measures of medial temporal and thalamic volume.
(2) Executive test performance would correlate with measures of frontal volume.
(3) Context memory performance would
show a diVerential pattern of association—we
predicted that spatial memory would correlate
with hippocampal volume,12 whereas temporal
context memory might correlate with measures
of either frontal,13 thalamic,14 15 or medial temporal14 volume.
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Methods

COGNITIVE TASKS

MRI ACQUISITION AND ANALYSIS

Background intelligence measures
The national adult reading test revised (NARTR)17 was used to estimate premorbid IQ, and
the Wechsler adult intelligence scale-revised
(WAIS-R) was used as a measure of current
intelligence.18

Patients were scanned on a Siemens Magnetom SP 63 1.5 Tesla scanner or on a General
Electric 1.5 Tesla Signa scanner. Quantitative
analyses were performed on T1 weighted
volume acquisitions with voxel sizes of
2.34×0.98×0.98 mm3 (Magnetom) and
1.20×0.93×0.93 mm3 (Signa). There were no
significant diVerences between the findings
from either scanner.11 An interactive computer
analysis package16 was employed, making use of
a multislice two dimensional hierarchical segmentation program, a two dimensional
polyline tool for drawing a sequence of
connected straight lines, and a three dimensional plane cutting tool.16 Measurements were
made of intracranial and whole brain volume as
well as left and right frontal, temporal lobe,
anterolateral temporal, medial temporal, hippocampal, and parahippocampal volume. Thalamic area was measured on a proton density
slice, and a “thalamic index” was this area
expressed as a ratio of third ventricular volume.
Further details of the methods employed,
including the definitions used for boundaries of
anatomical structures, are given in an accompanying paper.11 Figures 1 and 2 illustrate
frontal lobe and temporal lobe segmentations
respectively.
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Anterograde memory tests
A general memory index (or quotient) (GMQ)
and delayed recall index (quotient) (DMQ)
were obtained from the revised Wechsler
memory scale (WMS-R).19
In a word recall test subjects were presented
with a 16 word list, which they were required to
recall after a “filled” interval of 30 seconds.20
After completion of this free recall task,
subjects were given a forced choice word
recognition test for the same words.20
In a picture recognition test, 32 line drawings
were presented to subjects (in two sets of 16
each, presented 45 minutes apart); and a
yes-no recognition test was administered 10
minutes after presentation of the second set.21
Verbal and visual Brown-Peterson tests
involved the presentation of three words or a
sequence of three Corsi blocks, respectively
and, after a filled delay, recall was tested at 5 or
15 seconds.22

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.71.1.23 on 1 July 2001. Downloaded from http://jnnp.bmj.com/ on December 7, 2022 by guest. Protected by copyright.

Figure 1 Coronal, sagittal, and axial T2* segmentations of the frontal lobe in a healthy control subject and (lower right)
a three dimensional projection (surface rendered) of the lateral surface of the frontal lobe.
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Figure 2 Three dimensional projections of the inferior surfaces of the left and right temporal lobes from (A) a control subject and (B) a patient with herpes
encephalitis indicating right anterior-medial loss of volume in the patient.

Forgetting tests22 involved measurements of
forgetting rates on picture, word, and design
recognition memory tasks between 1 minute,
15 (or 10) minutes, and 30 (or 20) minutes
after performance across patient groups had
been matched as closely as possible with the
controls’ scores at the initial delay interval.
This was done by “titrating” the exposure time
of stimuli.22 A picture recall task was also
employed with delays of 20 seconds, 10
minutes, and 20 minutes.22
A subjective memory questionnaire23 asked
subjects to evaluate their own memories on a
standard rating scale.
Temporal and spatial context memory tests
On testing during the picture recognition test
(Kopelman et al21 and above), subjects were
also asked if they had seen each line drawing in
the first series of pictures (presented 55
minutes earlier) or the second (10 minutes earlier). From items correctly recognised as having
been seen before, the proportion which were
also correctly attributed to the correct series
was calculated (temporal context score).21 The
line drawings had been located at the top or the
bottom of a flash card, and at recognition testing, subjects were also required to identify
which position (top or bottom) they had been
in, the proportion correct constituting a spatial
context score.21
Frontal/executive tests
FAS verbal fluency,24 card sorting categories
and percentage perseverative errors,25 and cognitive estimates,26 were employed as measures
of executive function.27
SUBJECT GROUPS

Forty patients with severe memory disorder
were studied. These patients had previously
been included in a series of cognitive
studies.20–23 Patients had been selected for having predominantly focal lesions producing
memory impairment on clinical, CT, and
(where relevant) EEG criteria.
There were 15 patients who, on clinical
criteria, were thought to have pathology in the
diencephalon. These included 13 patients who
had an alcoholic KorsakoV’s syndrome, of
whom 12 had either a documented history or
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residual signs of a Wernicke episode preceding
their amnesia. These comprised 11 patients
from the accompanying study11 and a further
two patients with KorsakoV’s syndrome who
(unlike the other 11) also showed some
anterior temporal lobe atrophy on naked eye
inspection of their MRI scans. In addition, we
included two patients who manifested an
amnesic syndrome after surgical excision and
irradiation of a pituitary adenoma.28 Plotting
the radiotherapy planning fields against these
patients’ MR scans indicated that the structures aVected by>90% of the irradiation
included the anterior thalamus, the mammillary bodies, the mammillothalamic tract, and
fornix, and these structures may also have been
aVected by ischaemia during surgery.28
A “temporal lobe” group (n=14) of patients
included nine patients with probable or definite
(antibody confirmed) herpes encephalitis, included in our parallel study.11 They also
included four patients with hypoxic brain damage. Relative to healthy controls, these four
patients showed significant atrophy in right
hippocampal (t=2.65, p<0.025) and total hippocampal (t=2.17, p=0.05) volume. One
further patient had a prolonged history of
complex partial seizures with bilateral temporal
lobe foci evident on EEG with CT/MRI
evidence of mesial temporal lobe sclerosis.
In a frontal group (n=11), there were six
patients with focal frontal lesions (two bilateral;
three right unilateral; one left unilateral), also
included in the parallel study.11 There were also
five patients who had had a bilateral frontal
tractotomy, using yttrium rods. Two weeks
after treatment, these patients had neuropsychological testing and an MR scan, because
it has been shown29 that their cognitive deficits
can be attributed to their frontal lesions at this
point, and not to any underlying aVective
disorder or medication.
Table 1 shows the mean cognitive scores of a
healthy control group (n=10)11 and the total
patient group (n=40). The patient group was
significantly impaired on memory measures
(p<0.0001) as well as on three out of four
executive tests. There were no significant diVerences across the individual patient groups on
NART-R, full scale IQ, GMQ, IQ-DMQ, FAS
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Background neuropsychological test scores

Background intelligence tests:
NART-R
Full-Scale IQ
Memory tests:
GMQ*
DMQ†
IQ-GMQ
IQ-DMQ
Executive tests:
FAS verbal fluency
Card-sorting categories
Card sorting % perseverations
Cognitive estimates

Controls (n=10)
Mean (SD)

Patients (n=40)
Mean (SD)

p Value

106.1 (14.9)
104.0 (18.3)

107.2 (10.9)
99.3 (15.2)

NS
NS

103.3 (16.1)
103.3 (20.3)
0.7 (8.4)
0.7 (17.0)

73.5 (18.3)
68.3 (17.5)
25.9 (15.2)
31.1 (14.9)

<0.0001
<0.0001
<0.0001
<0.0001

44.2 (15.0)
5.1 (1.4)
9.7 (9.7)
4.1 (3.5)

31.5 (13.8)
4.1 (1.7)
29.1 (26.9)
7.1 (4.0)

<0.02
NS
<0.05
<0.05

*General memory index (or quotient) from Wechsler memory scale-revised.
†Delayed memory index (or quotient) from Wechsler memory scale-revised.

verbal fluency, card sorting categories, percentage perseverations, or cognitive estimates.
Results
Correlations are presented from the total
patient group (n=40)—that is, excluding the
controls. Correlations were performed both
before and after correcting for intracranial volume using the formula of Jack et al.30 As
discussed elsewhere,11 we found that this
formula was of uncertain legitimacy in correcting smaller brain structures. Consequently, we
present the correlations from the actual,
obtained brain readings with comments on the
eVect of correction.
Table 2 shows the pattern of correlations
between the measures of anterograde memory
performance and volumes of those brain structures expected to correlate with memory
performance. There were significant correlations between the memory indexes or quotients
(GMQ and DMQ) and all these MR measures.
In addition, there were further significant correlations between the other (recall and recognition, verbal and visual) memory tasks and various medial temporal, hippocampal, or thalamic
measures. In general, the correlations tended to
be strongest and most consistent with total
hippocampal volume. Correlations with total
parahippocampal volume were in the same
direction as hippocampal volume and were significant for GMQ (r=0.55, p<0.05) and
picture recognition (r=0.50, p<0.05). CorrectTable 2

ing for intracranial volume eliminated the
significant correlations with whole brain volume (r corrected=0.18 (GMQ), 0.15 (DMQ),
NS), but had negligible or no eVect on all the
other correlations in table 2.
Although our patient subgroups were relatively small, there were some significant correlations in our lesion subgroups in the expected
direction with GMQ/DMQ: in the diencephalic patients (n=15) between DMQ and
thalamic area (r=0.58, p<0.05) and thalamic
index (r=0.62, p<0.05); in the patients with
temporal lobe lesions (n=14) between GMQ
and total temporal lobe volume (r=0.63,
p<0.05); and in the patients with frontal lobe
lesions (n=11) between GMQ and total frontal
lobe volume (r=0.73, p<0.02).
By contrast, there were no significant correlations in the total patient group between
regional MR volumes and any of our measures
of forgetting rates (diVerences between scores
at the initial and final delay) or between MR
volumes and our measure of subjective
memory evaluations.
Table 3 shows that our temporal context
memory measure correlated significantly with
whole brain, total frontal, left frontal, and right
frontal volume, but it did not correlate significantly with the temporal lobe or thalamic
measures. By contrast, the spatial context
memory measure correlated significantly with
total medial temporal and with total hippocampal volume (and also with total parahippocampal volume: r=0.63, p<0.02), but not with the
other measures.
Among the executive tasks, card sorting categories correlated significantly with the total
frontal (r=0.39, p<0.05), left frontal (r=0.37,
p<0.05), right frontal (r=0.39, p<0.05), and
whole brain (r=0.42, p<0.01) volume, but
there were no other significant correlations
between the other executive tasks and the
structural measures.
These correlations were uncorrected for
multiple comparisons because the investigation
was hypothesis driven. Consequently, it was the
pattern of correlations in which we were
particularly interested. Moreover, strict Bonferroni corrections are likely to be overconservative particularly where measures are

Anterograde memory tasks: correlations with MR measures

GMQ
DMQ
Word recall
Word recognition
Picture recognition
Brown-Peterson:
Verbal
Visual (Corsi blocks)

Whole brain

Total temporal

Total medial
temporal

Total hippocampal

0.41**
0.38*
0.17
0.21
0.24

0.49**
0.42**
0.25
0.22
0.31

0.42**
0.36*
0.29
0.35*
0.41**

0.63**
0.58*
0.51*
0.24
0.61**

0.13
0.17

0.07
0.07

0.15
0.04

0.50*
0.56*

Total thalamic
0.34*
0.45**
0.24
0.38*
0.24
−0.05
0.32*

Thalamic index
0.36*
0.32*
0.11
0.32*
0.19
0.04
0.08

*p<0.05; **p<0.01, two tailed t test.

Table 3

Temporal and spatial context memory tasks: correlations with MR measures

Temporal context memory scores
Spatial context memory scores

Whole brain
volume

Total frontal
volume

Left frontal
volume

Right frontal
volume

Total
temporal
volume

Total medial
volume

Total
hippocampal
volume

Total
thalamic
area

Thalamic
index

0.38**
0.27

0.42**
0.16

0.35*
0.14

0.48**
0.18

0.29
0.31

0.20
0.35*

0.26
0.60**

0.22
0.13

0.10
0.05

*p<0.05; **p<0.02, two tailed t test.
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ting rates and subjective memory evaluations did
not show any significant MR correlations.

Factor analysis of tests from tables 2 and 3

GMQ
DMQ
Word recall
Word recognition
Picture recognition
Brown-Peterson: verbal
Brown-Peterson: visual
Temporal context memory
Spatial context memory

Factor 1 loadings

Factor 2 loadings

Factor 3 loadings

0.87
0.87
0.82
0.57
0.74
0.53
0.61
0.55
0.67

−0.00
−0.08
0.12
−0.00
−0.35
0.75
0.48
−0.27
−0.46

0.07
−0.16
0.35
0.68
0.07
−0.02
−0.44
−0.51
−0.13

Table 5 Correlations between factor 1 (general memory)
and main brain regions measured

Total frontal volume
Total lateral temporal volume
Total medial temporal volume
Total hippocampal volume
Total thalamic area

r Value

p Value

0.27
0.34
0.39
0.70
0.34

NS
<0.05
=0.015
<0.002
<0.05

not independent of one another (for example,
whole brain, temporal lobe, medial temporal,
and hippocampal volumes). However, to exclude the possibility that the significant correlations reported in tables 2 and 3 had arisen by
chance, a factor analysis using principal
components31 32 was carried out on the test
scores from those two tables. Table 4 shows
that three main factors emerged from this,
together with their respective factor loadings.
Factor 1, accounting for 49.6% of total
variance, seemed to be a general memory
factor. Factor 2, accounting for a further
13.7% of total variance, seemed to be a working memory27 or short term forgetting22 factor.
Factor 3, accounting for 11.9% of total
variance, seemed to be related to verbal recognition memory.
Table 5 shows the intercorrelations between
factor 1 (general memory) and the principal
brain regions measured on MRI. There were
significant correlations with total lateral temporal, total medial temporal, total thalamic,
and total hippocampal volumes, but not with
total frontal volume. Most importantly, the
correlation between factor 1 (memory) and
total hippocampal volume was r=0.70
(p=0.0016). This correlation was unchanged
after hippocampal volume had been corrected
for intracranial volume, and it confirms that the
significant correlations reported above between
individual memory tests and hippocampal volume are most unlikely to have arisen by chance.
However, none of the correlations between
factors 2 or 3 and regional brain volumes
attained statistical significance.
In summary, there were significant correlations between anterograde memory test scores
and structural MR measures in critical brain
regions. There was also a double dissociation
between the temporal context memory score
(associated with frontal volume) and the spatial
context score (which correlated significantly
with hippocampal volume). Factor analysis
demonstrated a general memory factor, which
showed a highly significant (p<0.002) correlation with hippocampal volume. However, of our
executive tests, only card sorting categories correlated significantly with frontal volume. Forget-
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Discussion
Statistically significant correlations were obtained between measures of anterograde
memory and specific brain structures. These
correlations emerged most strongly for the
general and delayed memory indexes (GMQ
and DMQ). They were most striking and consistent for the hippocampal measurements, but
they were also present across our thalamic
measurements.
These significant correlations are most
unlikely to be chance findings. Firstly, while
various recall and recognition measures of
anterograde memory showed a pattern of
significant correlations with medial temporal
and thalamic measurements, as predicted
above, other variables (such as forgetting rates
and subjective memory evaluations) did not
show any significant correlations with the MR
measurements. Secondly, the diencephalic,
temporal lobe, and frontal lobe subgroups of
patients showed the expected pattern of correlations between GMQ/DMQ and thalamic,
temporal lobe, and frontal lobe measures,
respectively. Thirdly, there was a double dissociation between temporal context memory and
spatial context memory, such that the temporal
context measure correlated significantly with
frontal volume but not with hippocampal
volume, whereas spatial context memory correlated significantly with hippocampal but not
frontal volume. This result is consistent with
many (although not all) findings from previous
lesion studies.12 21 33–35 Finally, a factor analysis
of the anterograde and context memory measures disclosed a general memory factor which
showed a highly significant (p=0.0016) correlation with hippocampal volume.
By contrast, our executive tasks did not correlate significantly with frontal volume with the
exception of card sorting categories. However,
parallel fluorodeoxyglucose (FDG) PET studies in these same patients have shown significant correlations between executive test scores
and measures of frontal brain metabolism.36
There are probably two main explanations for
this apparent discrepancy: (1) volume measures of particular regions within the frontal
lobes may be required to show correlation with
performance on executive tests, and (2) other
studies show that PET is particularly sensitive
to alterations in frontal lobe function.37 38
Aggleton and Saunders39 have described
three parallel projections between medial temporal structures and the thalamus. Hippocampal projections, originating in the subiculum,
travel through the fornix to the anterior
thalamic nuclei and (via the mammillothalamic
tract) to the mammillary bodies. Secondly,
there is a dense projection from the entorrhinal
cortex to the lateral dorsal nucleus of the thalamus, and lighter projections to the anterior and
medial dorsal nuclei of the thalamus. Thirdly,
there is a projection from the perirrhinal cortex
to the medial dorsal nuclei of the thalamus, but
not to the lateral dorsal nucleus. In a series of
papers, Reed et al36 40–42 have reported FDG-

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.71.1.23 on 1 July 2001. Downloaded from http://jnnp.bmj.com/ on December 7, 2022 by guest. Protected by copyright.

Table 4

27

28

Kopelman, Lasserson, Kingsley, et al

This research was funded by a Wellcome Trust project grant to
MDK and BK, and by European Union grant 950845
(Biomorph) to AC and colleagues.
1 Deweer B, Lehéricy S, Pillon B, et al. Memory disorders in
probable Alzheimer’s disease: the role of hippocampal atrophy as shown with MRI. J Neurol Neurosurg Psychiatry
1995;58:590–7.
2 Mori E, Yoneda Y, Yamashita H, et al. Medial temporal
structures relate to memory impairment in Alzheimer’s
disease: an MRI volumetric study. J Neurol Neurosurg Psychiatry 1997;63:214–21.
3 Fama R, Sullivan EV, Shear PK, et al. Selective cortical and
hippocampal volume correlates of Mattis dementia rating
scale in Alzheimer disease. Arch Neurol 1997;54:719–28.
4 Golomb J, Kuger A, de Leon MJ, et al. Hippocampal formation size in normal human aging: a correlate of delayed secondary memory performance. Learn Mem 1994;1:45–54.
5 Wilson RS, Sullivan M, de Toledo-Morrell L, et al.
Association of memory and cognition in Alzheimer’s
disease with volumetric estimates of temporal lobe
structures. Neuropsychology 1996;10:459–63.
6 Kohler S, Black SE, Sinden M, et al. Memory impairments
associated with hippocampal versus parahippocampalgyrus atrophy: an MR volumetry study in Alzheimer’s disease. Neuropsychologia 1998;36:901–14.
7 Laakso MP, Paranen K, Riekkinen Jr P, et al. Hippocampal
volumes in Alzheimer’s disease, Parkinson’s disease with
and without dementia, and in vascular dementia: an MRI
study. Neurology 1996;46:678–81.
8 Cahn DA, Sullivan EV, Shear PK, et al. Structural MRI correlates of recognition memory in Alzheimer’s disease. J Int
Neuropsychol soc 1998;4:106–114.
9 Baxendale SA, Thompson PJ, Van Paesschen W. A test of
spatial memory and its clinical utility in the pre-surgical
investigation of temporal lobe epilepsy patients. Neuropsychologia 1998;7:591–602.
10 Jernigan TL, Ostergaard AL. Word priming and recognition
memory are both aVected by mesial temporal lobe damage.
Neuropsychology 1993;7:14–26.
11 Colchester A, Kingsley D, Lasserson D, et al. Structural
MRI volumetric analysis in patients with organic amnesia,
1: methods and comparative findings across diagnostic
groups. J Neurol Neurosurg Psychiatry 2001;70:13–22.
12 O’Keefe J, Nadel L. The hippocampus as a cognitive map.
London, Oxford University Press, 1978.
13 Butters MA, Kaszniak AW, Glisky EL, et al. Recency
discrimination deficits in frontal lobe patients. Neuropsychology 1994;8:343–53.
14 Kopelman MD. Remote and autobiographical memory,
temporal context memory, and frontal atrophy in KorsakoV
and Alzheimer patients. Neuropsychologia 1989;27:437–60.
15 Parkin AJ, Leng NRC, Hunkin N. DiVerential sensitivity to
contextual information in diencephalic and temporal lobe
amnesia. Cortex 1990;26:373–80.

www.jnnp.com

16 GriYn LD, Colchester ACF, Roell SA, et al. Hierarchical
segmentation satisfying constraints. In: Hancock ER, ed.
Proceedings of the British Machine Vision Conference.
SheYeld: BMVA Press, 1994:135–44.
17 Nelson HE, Willison FR. The National adult reading test. 2nd
ed. Windsor: NFER-Nelson, 1991.
18 Wechsler D. Wechsler adult intelligence scale, revised. London:
Psychological Corporation, 1981.
19 Wechsler D. Wechsler memory scale: revised. London: Psychological Corporation, 1987.
20 Kopelman MD, Stanhope N. Recall and recognition
memory in patients with focal frontal, temporal lobe and
diencephalic lesions. Neuropsychologia 1998;36:785–96.
21 Kopelman MD, Stanhope N, Kingsley D. Temporal and
spatial context memory in patients with focal frontal, temporal lobe, and diencephalic lesions. Neuropsychologia
1997;35:1533–45.
22 Kopelman MD, Stanhope N. Rates of forgetting in organic
amnesia following temporal lobe, diencephalic, or frontal
lobe lesions. Neuropsychology 1997;11:343–56.
23 Kopelman MD, Stanhope N, Guinan E. Subjective memory
evaluations in patients with focal frontal, diencephalic, and
temporal lobe lesions. Cortex 1998;34:191–207.
24 Benton AL. DiVerential behavioral eVects of frontal lobe
disease. Neuropsychologia 1968;6:53–60.
25 Nelson HE. A modified card-sorting test sensitive to frontal
lobe deficits. Cortex 1976;12:313–24.
26 Shallice T, Evans ME. The involvement of the frontal lobes
in cognitive estimates. Cortex 1978;14:294–303.
27 Baddeley AD. Human memory: theory and practice, revised
edition. Hove: Psychology Press, 1999.
28 Guinan EM, Lowy C, Lewis PDR, et al. The cognitive
eVects of pituitary adenomas and their treatments: two case
studies and an investigation of 90 patients. J Neurol Neurosurg Psychiatry 1998;65:870–6.
29 Kartsounis LD, Poynton A, Bridges PK, et al. Neuropsychological correlates of stereotactic subcaudate surgery. Brain
1991;114:2657–73,
30 Jack CR, Twomey CK, Zinsmeister AR, et al. Anterior temporal lobes and hippocampal formations: normative
volumetric measurements from MR images in young
adults. Radiology 1989;172:549–54.
31 SPSS Base 10.0 Applications guide. Chicago: SPSS, 1999.
32 Ferguson, GA. Statistical analysis in psychology and education.
London, McGraw-Hill, 1966.
33 Shimamura A, Janowsky JS, Squire L. Memory for the temporal order of events in patients with frontal lesions and
amnesic patients. Neuropsychologia 1990;28:803–13.
34 Shoqeirat MA, Mayes AR. Disproportionate incidental spatial memory and recall deficits in amnesia. Neuropsychologia
1991;29:749–70.
35 Chalfonte BL, Verfaellie M, Johnson MK, et al. Spatial location memory in amnesia: binding item and location
information under incidental and intentional encoding
conditions. Memory 1996;4:591–614.
36 Reed LJ, Lasserson D, Marsden P, et al. 18-FDG PET findings in organic amnesia: herpes encephalitis, frontal lobe
pathology, and cognitive correlations. Brain;2001 (in
press).
37 Grasby PM, Frith CD, Frston KJ, et al. Functional mapping
of brain areas implicated in auditory-verbal memory function. Brain 1993;116:1–20.
38 Tulving E, Kapur S, Craik FIM, et al. Hemispheric
encoding/retrieval asymmetry in episodic memory: positron emission tomography findings. Proc Natl Acad Sci USA
1994;91:2016–20.
39 Aggleton JP, Saunders RC. The relationships between temporal lobe and diencephalic structures implicated in
anterograde amnesia. Memory 1997;5:49–71.
40 Reed LJ, Lasserson D, Marsden P, et al. FDG-PET analysis
and findings in amnesia resulting from hypoxia. Memory
1999;7:599–612.
41 Reed LJ, Lasserson D, Marsden P, et al. 18FDG-PET
findings in organic amnesia: the Wernicke-KorsakoV
syndrome. Submitted.
42 Kopelman MD, Reed LJ, Marsden P, et al. Amnesic
syndrome and severe ataxia following the recreational use
of MDMA (ecstasy) and other substances. Neurocase;
2001 (in press)
43 Heilman KM, Bowers D, Watson RT, et al. Frontal
hypermetabolism and thalamic hypometabolism in a
patient with abnormal orienting and retrosplenial amnesia.
Neuropsychologia. 1990;28:161–9.
44 Fazio F, Perani D, Gilardi MC, et al. Metabolic impairment
in human amnesia: a PET study of memory networks. J
Cereb Blood Flow Metab, 1992;12:353–8.
45 Markowitsch HJ, Weber-Luxenburger G, Ewald K, et al.
Patients with heart attacks are not valid models for medial
temporal lobe amnesia. A neuropsychological and FDGPET study with consequences for memory research. Eur J
Neurol 1997;4:178–84.
46 Kopelman, MD, Stevens TG, Foli S, et al. PET activation of
the medial temporal lobe in learning. Brain 1998;121:875–
87.
47 Montaldi D, Mayes AR, Barnes A, et al. Associative encoding of pictures activates the medial temporal lobes. Hum
Brain Mapp 1998;6:85–104.
48 Aggleton JP, Shaw C. Amnesia and recognition memory: a
re-analysis of psychometric data. Neuropsychologia 1996;34:
51–62.
49 Mayes AR, Downes JJ. What do theories of functional deficits
underlying amnesia have to explain? Memory 1997;5:3–36.

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.71.1.23 on 1 July 2001. Downloaded from http://jnnp.bmj.com/ on December 7, 2022 by guest. Protected by copyright.

PET findings consistent with such interconnections via the fornix and retrosplenium, and
others have also reported related findings.43–45 It
seems that medial temporal structures and the
thalami both make important contributions to
memory formation, and are tightly interconnected, but they are diVerentially damaged by
diseases such as KorsakoV’s syndrome or
herpes encephalitis. The specific role and
importance of the hippocampi in memory
acquisition remains controversial,46 47 some
authors arguing that they are critical only in
recall (as opposed to recognition) memory,48 or
in the formation of complex associations,47 49 or
in the retention of verbal (rather than visual)
material.6 The present findings confirm that
hippocampal loss of volume does indeed have
critical eVects on memory formation. However, there was no evidence that hippocampal
atrophy had specific eVects on recall rather
than recognition memory or on verbal rather
than visual material.
In summary, we have obtained a clear
pattern of correlations between structural brain
measurements and cognitive tasks, showing
that hippocampal and thalamic measurements
correlated significantly with anterograde
memory measures (recall and recognition),
and that temporal context memory correlated
significantly with frontal volume whereas
spatial context memory correlated with hippocampal volume.

