
Disorders of memory

Dept Experimental Psychology & Nuffield Dept Clinical Neurosciences, University of Oxford

Masud Husain

1



Short-term & 
working memory

Memory

Different types of memory
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Fractionation of memory systems
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Corsi blocks test for visuospatial STM span –
remember locations tapped in correct sequence

9 1 5 2
7 3 6 1 4
8 5 2 7 6 3
5 9 6 1 4 8 3
6 8 2 5 9 4 1 7
1 6 3 8 7 4 9 5 2

Digit span test for verbal STM span

How many things (digits or spatial locations) can you remember?
At what sequence length (‘span’) of digits or tapped spatial locations does performance fail?

Clinical measures of STM
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Forwards digit span (verbal) and spatial span (visuospatial) provide an index of STM capacity



Patient KF (Shallice & Warrington, 1970) with a left parietal 
lesion had a digit span of only 2 but normal spatial span on 
Corsi blocks and normal long-term memory

By contrast, patient ELD (Hanley et al, 1991) with a right hemisphere lesion had an impaired spatial 
span but normal digit span and long-term memory

Patient studies reveal double dissociations
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Between verbal deficits from left posterior lesions and visuospatial deficits from right hemisphere damage



‘Slave’storage systems

Crystallized LTM (long term 
memory) systems

Baddeley Nature Rev Neurosci 2003

Executive control 
mechanisms manipulate 
contents of  STM, e.g., 
reverse or backward digit 
span test where people are 
required to recall a sequence 
of  numbers in reverse

Working memory

5

Manipulation of STM contents



Parietal cortex 
maintenance / 
storage

Prefrontal cortex
manipulation & monitoring of 
information in STM

PARALLEL DISTRIBUTED NETWORKS FOR VISUAL SPATIAL PROCESSING: 
CORTICAL CONNECTIONS

BUT now clear that it is difficult to dissociate differences in function between parietal and prefrontal regions

Frontoparietal systems
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Implicated in working memory tasks with one influential view being

e.g. updating contents as in N-back 
tasks or reading them in reverse 
order as in reverse span tasks



Short-term and working memory
Summary 1
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Short-term memory (STM) and working memory2 

► STM is often used to refer to passive storage over seconds 

► Working memory refers to executive control over material stored in STM  

► STM stores are ‘modality specific’, e.g. visuospatial material may be held in a separate 
store (visuospatial sketchpad) to verbal material (phonological loop) 

► Early focal lesion and functional imaging studies suggested that STM stores reside in 
posterior parietal cortex (visuospatial material in the right parietal cortex and verbal 
material in the left) whereas executive control systems reside in dorsolateral 
prefrontal cortex. This division may be an over-simplification but can be helpful. 

 

 

Working memory refers to STM plus Executive control over the contents of STM 
Executive control has been attributed to prefrontal brain regions whereas passive stores 
are considered to reside in posterior parietal cortex. STM stores may interact with LTM 
systems.2 

 

► Verbal STM storage capacity is measured at the bedside using digit span (how many 
numbers in a sequence can be recalled) 

► Visuospatial STM storage capacity is measured using the Corsi blocks (how many 
spatial locations in a sequence can be recalled) 

► Verbal working memory (storage plus executive control) is measured by using 
reverse digit span (how many numbers in a sequence can be recalled in reverse order) 

► Visuospatial working memory is measured by using reverse Corsi blocks (how 
many location in a sequence can be recalled in reverse order) 

 

‘Slave’storage systems

Crystallized LTM (long term 
memory) systems

Executive control 
mechanisms manipulate 
contents of  STM, e.g., 
reverse or backward digit 
span test where people are 
required to recall a sequence 
of  numbers in reverse
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Declarative memory Non-declarative memory

Fractionation of Long term memory
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Into episodic and semantic memory



How do we test for episodic memory?

10

In the clinical assessment

Anterograde verbal memory

§ Ask patient to recall details of very recent events, e.g. what happened to them in the last 
few days or how they got to the clinic

§ You can tell them something about your own interests at the beginning of the interview 
and ask about these later

§ Name and address recall (e.g. in Addenbrooke’s Cognitive Examination – next slide)
§ Formal tests: story recall or word list learning tests (e.g. Rey Auditory Verbal Learning Test 

(RAVLT) or California Verbal Learning Test (CVLT)).

Anterograde non-verbal memory
§ Rey-Osterrieth Complex Figure recall from memory (after a delay)
§ Recognition Memory Test (RMT) subset for faces: recall of a series of photographs of faces

Hodges (2007) Cognitive Assessment for Clinicians 2nd ed



Verbal episodic memory
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For example by asking patient to remember a name and address

 
M E M O R Y 

 
¾ Tell: “I’m going to give you a name and address and I’d like you to repeat the name and address after me. 

So you have a chance to learn, we’ll be doing that 3 times. I’ll ask you the name and address later.”  
 

Score only the third trial. 
 

Memory
 [Score 0 – 7] 

 

 
 
 
 

 
 1st Trial 2nd Trial 3rd Trial 

Harry Barnes 
73 Orchard Close 
Kingsbridge 
Devon 
 

________    _______ 
____  ______  ______ 
______________ 
______________ 

________    _______ 
____  ______  _______ 
______________ 
______________ 

________    _______ 
____  _____  ______ 
______________ 
______________ 

 

M E M O R Y  

 
¾ Name of the current Prime Minister...……………………………………………………………………………..      
¾ Name of the woman who was Prime Minister ............…..………………………………………………………      
¾ Name of the USA president.......………………………...………………………………………………………...      
¾    Name of the USA president who was assassinated in the 1960s..…………………………………………… 

Memory 
[Score 0 – 4 ] 

 
 

L A N G U A G E   

  
¾ Place a pencil and a piece of paper in front of the subject. As a practice trial, ask the subject to “Pick up 

the pencil and then the paper.” If incorrect, score 0 and do not continue further.   
 

¾ If the subject is correct on the practice trial, continue with the following three commands below.  
• Ask the subject to “Place the paper on top of the pencil” 
• Ask the subject to “Pick up the pencil but not the paper” 
• Ask the subject to “Pass me the pencil after touching the paper”  

        Note: Place the pencil and paper in front of the subject before each command.    
 

Language
[Score 0-3] 

 
 

L A N G U A G E  
 
¾ Ask the subject to write two (or more) complete sentences about his/her last 

holiday/weekend/Christmas. Write in complete sentences and do not use abbreviations.  
Give 1 point if there are two (or more) complete sentences about the one topic; and give another 1 point 
if grammar and spelling are correct. 
 

Language
[Score 0-2] 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
L A N G U A G E 
 
¾ Ask the subject to repeat: ‘caterpillar’; ‘eccentricity; ‘unintelligible’; ‘statistician’ 
Score 2 if all are correct; score 1 if 3 are correct; and score 0 if 2 or less are correct. 

Language
[Score 0-2] 

 
 
 

Updated 20/11/2012 
 

§ Free recall is harder than recognition when people have to choose between alternative 
possibilities 

§ In the Addenbrooke’s Cognitive Examination, participants learn a name and address over 3 
trials (encoding) and are then asked to recall (retrieve) it at the end of the test. If they can’t 
recall elements, they are given recognition test (choose between possible alternatives)



Verbal episodic memory
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For example by asking patient to remember a name and address

V I S U O S P A T I A L   A B I L I T I E S   
 
¾ Ask the subject to identify the letters 

Visuospatial
[Score 0-4]   

     
 

                                                  

                            

 

 

 

 

                     

                           

                            
 

 

                              

M E M O R Y 

 

¾ Ask “Now tell me what you remember about that name and address we were repeating at the beginning” 

 

Harry Barnes 

73 Orchard Close 

Kingsbridge 

Devon 

………………….  …………………………………… 

……   ……………………….  ………………………. 

………………………………………………………… 

………………………………………………………… 

Memory
[Score 0-7] 

 
 

M E M O R Y 

 

¾ This test should be done if the subject failed to recall one or more items above.  It all items were recalled, 

skip the test and score 5.  If only part was recalled start by ticking items recalled in the shadowed column on 

the right hand side; and then test not recalled items by telling the subject “ok, I’ll give you some hints: was 

the name X, Y or Z?” and so on.  Each recognised item scores one point, which is added to the point gained 

by recalling. 

Memory
[Score 0-5] 

 
 

 
 

Jerry Barnes  Harry Barnes  Harry Bradford  recalled 

37  73  76  recalled  

Orchard Place  Oak Close  Orchard Close  recalled  

Oakhampton  Kingsbridge  Dartington  recalled  

Devon  Dorset  Somerset  recalled  

S C O R E S 

TOTAL ACE-III SCORE               /100 

Attention                /18 

Memory               /26 

Fluency               /14 

Language               /26 

Visuospatial               /16 

 

Updated 20/11/2012 

 

§ In the Addenbrooke’s Cognitive Examination, participants learn a name and address over 3 
trials (encoding) and are then asked to recall (retrieve) it at the end of the test. If they can’t 
recall elements, they are given recognition test (choose between possible alternatives)



Non-verbal episodic memory
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For example by asking patient to remember a complex figure

§ Rey-Osterrieth complex figure immediate copying and then 10-15 mins later 

al., 1988; MacKinnon and Squire, 1989; Squire et al., 1989)
(Patient LM is designated patient MRL in Beatty et al., 1987a).
Figure 2 shows the performance of GD, LM, and WH on tests of
remote memory for public events and famous faces. The control
group scores presented here are from Squire et al. (1989). For the
public events test, subjects were asked to recall 92 news events
that occurred from 1950 to 1985. For the famous faces test,
subjects were asked to identify 117 photographs of famous people
who had come into prominence between 1940 and 1985. The
percent correct scores obtained by normal subjects on these tests
exhibit considerable variability (scores for each decade varied by
33–57 percentage points for the public events test and 33–50
percentage points for the famous faces test). Accordingly, rather
than consider only percent correct performance scores, one useful
way to describe the performance of individual patients is to
determine the pattern (or slope) of performance across decades.
The mean slope for the eight control subjects on the public events
test was 0.95 (range, 25.73 to 9.10, SD 5 5.1), and on the famous
faces test it was 1.19 (range, 23.99 to 7.23, SD 5 4.1). By this
analysis, LM and WH clearly exhibited a different pattern of
retrograde memory across decades than the control subjects, with
better memory for remote events and famous faces and poorer
memory for recent events and famous faces (LM’s slope for public
events 5 13.43, famous faces 5 13.98; WH’s slope for public
events 5 6.17, famous faces 5 10.74).

For LM and WH, corroborative information about their retro-
grade amnesia comes from earlier, independent assessments using
tests of public events and famous faces very similar to the ones
used here (Beatty et al., 1987a; Salmon et al., 1988). LM exhibited
retrograde amnesia covering at least 15 years (Beatty et al.,
1987a). He performed a little better than normal subjects for the
period before 1950, about average for the 1950s and 1960s, and
was deficient for the period after 1970. LM’s absolute scores and
the pattern of his performance, as reported by Beatty et al.
(1987a), are very similar to the findings reported here from our
own tests (Fig. 2). However, our control subjects performed

somewhat more poorly than the control subjects tested by Beatty
et al. (1987a).

WH was also given tests of public events and famous faces
before our own assessment (Salmon et al., 1988). In full agree-
ment with our findings (Fig. 2), Salmon et al. (1988) reported that
WH performed normally or close to normal for the period before
1960 and that he was impaired for later time periods, especially
the 1970s and 1980s.

GD’s performance on the tests of public events and famous
faces is more difficult to interpret (Fig. 2). He performed poorly
on the tests, but he was also less well educated than the other
subjects, he had a lower IQ (92), and he often seemed poorly
motivated. The slope analysis did not suggest temporally graded
retrograde amnesia in the case of the famous faces test (slope 5
1.68). For the public events test, the slope was 9.00, but it was
determined by a single point (the 1950s). Thus, it was difficult to
determine from these two tests whether GD had extensive retro-
grade amnesia, or whether his scores were simply low because of
his lower motivation and intellectual abilities.

Figure 3 shows the distribution of autobiographical memories
produced in response to 75 single-word cues (additional data for
GD, LM, and WH were published previously) (MacKinnon and
Squire, 1989). Words were presented one at a time, and subjects
were asked to describe an autobiographical recollection in re-
sponse to each word (Crovitz and Schiffman, 1974). At the end of
each test session, subjects were asked to date the remembered
episodes. Normal middle-aged subjects typically exhibit a
U-shaped temporal distribution of memories (McCormick, 1979).
That is, they draw memories predominantly from the recent past
and from the remote past, and they draw fewer memories from
the middle of their lives. Patient GD selected episodes from both
recent and more remote decades in a pattern similar to that
observed for normal subjects. He showed no evidence of retro-
grade amnesia. These findings suggest that GD’s poor perfor-
mance on the public events and famous faces tests was attribut-
able not to retrograde amnesia, but to not knowing the

Figure 1. The Rey–Osterrieth figure. Patients were first asked to copy the figure illustrated in the small box to the left, then asked
to reproduce the figure from memory 10–15 min later. The copy (top) and the reproduction (bottom) are shown from left to right
for GD, LM, WH, and for a control subject (CON) matched to the three patients with respect to age, education, and WAIS-R
Vocabulary and Information subscale scores.

Rempel-Clower et al. • Memory Impairment after Hippocampal Formation Lesions J. Neurosci., August 15, 1996, 16(16):5233–5255 5237
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Rempel-Clower et al (1996) J Neurosci | Squire’s group



How do we test for episodic memory?
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In the clinical assessment

Retrograde memory

§ Famous news or sports events from preceding months, years and decades: e.g., wars, 
scandals, political events, disasters

§ Remote personal autobiographical memory
§ Formal test: Autobiographical Memory Interview

Hodges (2007) Cognitive Assessment for Clinicians 2nd ed



left hemisphere extending farther medially than in the right.
The collateral sulcus appeared in images four through eight
(Figs. 5D–H), and perirhinal cortex occupied its medial bank.

A small part of the entorhinal cortex appeared in the fifth
and sixth images (Figs. 5E,F), but only on the extreme lateral
convexity of the gyrus. The border between the entorhinal and
perirhinal cortices typically falls on the corner of the parahip-
pocampal gyrus near the collateral sulcus. The fifth image cap-
tured the emerging optic tracts, anterior commissure (midline),
and caudate/putamen (Fig. 5E). The anterior-most amygdala—
specifically parts of the endopiriform nucleus and the

corticoamygdalo-transition-area—might have been present in
this image. Noticeably, the anterior-amygdala-area was lacking
at this level. The landmarks in the sixth image included the
optic tract, anterior commissure laterally (very subtle), caudate/
putamen/anterior limb of the internal capsule, globus pallidus,
hypothalamus, and columns of the fornix, indicating that this
slice was at the level of the mid-amygdala (Fig. 5F). In a
healthy brain, this level would represent the amygdala at its
largest extent along with the gyrus ambiens (Brodmann area 34
in humans). The left side may have contained a portion of the
semilunar gyrus slightly dorsal to gyrus ambiens; this possibility

FIGURE 5. Twelve coronal MR images showing the anterior
and posterior extent of H.M.’s medial temporal lobe lesion. Images
were synthesized from multi-echo FLASH scans acquired in situ
and are ordered from anterior (A) to posterior (L). In all images,
note the enlarged ventricles, general atrophy, and a plethora of
regional white matter signal abnormalities. We identify particular
structures (present or absent) in each panel. A, B, C: medial tem-
poral pole removed; D: anterior entorhinal cortex removed (i.e.

piriform cortex), E: cortical amygdala and possibly central nucleus
remained; F: gyrus ambiens or uncus remained; G and H: perirhi-
nal cortex and damaged parahippocampal cortex; I: the body of
the hippocampus visible; J: first full observation of parahippocam-
pal cortex (right side) and fimbria; K: posterior tip of the lesion
(right side is past the lesion), and L: the undamaged parahippo-
campal cortex posterior to the lesion. Magnification bar 5 1 cm.

1276 AUGUSTINACK ET AL.

Hippocampus

The uncinate fasciculus connects the anterior temporal regions
(entorhinal cortex, amygdala, temporopolar cortex) with medial
and lateral orbitofrontal cortex (Crosby et al. 1962). Temporal re-
gions connected by the uncinate fasciculus are involved in epi-
sodic and semantic memory and emotion (Von Der Heide et al.
2013; Murray et al. 2014). The orbitofrontal regions are associated
with response inhibition, mood regulation, and reward (Berlin
et al. 2004; Kramer et al. 2013; Kumfor et al. 2013). Lesions
to the anterior temporal and orbitofrontal regions or their con-
nections often cause mood and behavioral symptoms. In trau-
matic brain injury, for example, patients with lesions to this
anterior orbitofrontal-temporal network show socially inappro-
priate and disinhibited behavior, impulsivity, compulsive eating,
reduced control of emotional response, reduced empathy, rigid-
ity, and perseveration (Zappala et al. 2012; Dal Monte et al.
2014). Patients with anterior temporal lobe epilepsy may also
manifest delusions and hallucinations. Damage to the uncinate
fasciculus and its cortical projections has been reported in
children with conduct disorder (Sarkar et al. 2013) and adults
with psychopathy (Craig et al. 2009). Hence, the disconnection
of the left uncinate fasciculus in Gage may account for some of
the behavioralmanifestations reported byHarlow (1868). The un-
cinate fasciculus has been also associated with semantic deficits
in patients with neurodegenerative disorders (Catani, Dell’acqua

et al. 2013). In the original accounts, Harlow did not report
whether Gage showed impairment in naming or semantic
knowledge. One may speculate that damage to the uncinate fas-
ciculus was limited to themedial “limbic” portion of the uncinate
fasciculus, leaving the most lateral projections to Broca’s area
intact.

The frontal intralobar networks include 3 sets of connections
betweendifferent regions of the frontal lobe: the fronto-orbitopolar
tract, frontal aslant tract, and frontal superior and inferior longitu-
dinal tracts (Catani, Dell’acqua, Vergani et al. 2012; Thiebaut de
Schotten et al. 2012).

The frontal orbitopolar tract represents a transmodal network
for binding memories and emotions with olfactory, taste, visual,
and auditory inputs. Multisensory association and limbic inte-
gration are important to guide complex cognitive and behavioral
functions, such as reward behavior associated with sensory and
abstract reinforcers (e.g., monetary gain and loss) (Kringelbach
2005) or response inhibition (e.g., go-no-go tasks) (Iversen and
Mishkin 1970).

The frontal aslant tract connects Broca’s territory withmedial
frontal areas (including the pre-supplementary motor area and
cingulate cortex) (Lawes et al. 2008; Oishi et al. 2008; Ford et al.
2010; Guevara et al. 2011). In patients with traumatic brain injury,
damage to the frontal aslant tract is correlated with impaired

Figure 5.Major tracts thatwere damaged in Gage (damage affected at least 30% of the tracts’ volume, z-score = 1.7), in Leborgne (damage affected at least 55% of the tracts’
volume, z-score = 1.29), and in Molaison (damage affected at least 5% of the tracts’ volume, z-score = 1.39).
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Patient HM with bilateral medial temporal lesions
involving the hippocampus had severe deficits in 

long-term memory  (LTM) but intact STM capacity

Severe anterograde amnesia

Couldn’t learn new information such as 
events, names or even find his new home. 
Language ‘frozen’ in 1950s so new words 
introduced into the lexicon, e.g. jacuzzi, 
meant nothing to him. 

Patient HM

15

Had surgery for intractable epilepsy in 1953 and was left with a profound disorder of episodic memory
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2014). Patients with anterior temporal lobe epilepsy may also
manifest delusions and hallucinations. Damage to the uncinate
fasciculus and its cortical projections has been reported in
children with conduct disorder (Sarkar et al. 2013) and adults
with psychopathy (Craig et al. 2009). Hence, the disconnection
of the left uncinate fasciculus in Gage may account for some of
the behavioralmanifestations reported byHarlow (1868). The un-
cinate fasciculus has been also associated with semantic deficits
in patients with neurodegenerative disorders (Catani, Dell’acqua

et al. 2013). In the original accounts, Harlow did not report
whether Gage showed impairment in naming or semantic
knowledge. One may speculate that damage to the uncinate fas-
ciculus was limited to themedial “limbic” portion of the uncinate
fasciculus, leaving the most lateral projections to Broca’s area
intact.

The frontal intralobar networks include 3 sets of connections
betweendifferent regions of the frontal lobe: the fronto-orbitopolar
tract, frontal aslant tract, and frontal superior and inferior longitu-
dinal tracts (Catani, Dell’acqua, Vergani et al. 2012; Thiebaut de
Schotten et al. 2012).

The frontal orbitopolar tract represents a transmodal network
for binding memories and emotions with olfactory, taste, visual,
and auditory inputs. Multisensory association and limbic inte-
gration are important to guide complex cognitive and behavioral
functions, such as reward behavior associated with sensory and
abstract reinforcers (e.g., monetary gain and loss) (Kringelbach
2005) or response inhibition (e.g., go-no-go tasks) (Iversen and
Mishkin 1970).

The frontal aslant tract connects Broca’s territory withmedial
frontal areas (including the pre-supplementary motor area and
cingulate cortex) (Lawes et al. 2008; Oishi et al. 2008; Ford et al.
2010; Guevara et al. 2011). In patients with traumatic brain injury,
damage to the frontal aslant tract is correlated with impaired

Figure 5.Major tracts thatwere damaged in Gage (damage affected at least 30% of the tracts’ volume, z-score = 1.7), in Leborgne (damage affected at least 55% of the tracts’
volume, z-score = 1.29), and in Molaison (damage affected at least 5% of the tracts’ volume, z-score = 1.39).
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Patient HM with bilateral medial temporal lesions
involving the hippocampus had severe deficits in 

long-term memory  (LTM) but intact STM capacity

Severe but graded retrograde amnesia

Patient HM

16

Had surgery for intractable epilepsy in 1953 and was left with a profound disorder of episodic memory

Could still recall childhood memories and jobs in 
teens and twenties, but difficulty remembering 
events that occurred in the years immediately 
preceding surgery.

Retrograde memory loss extended back 11yrs



Butters & Cermak 1986

Temporal gradient in retrograde amnesia (Ribot’s law)

17

First in, last out | earliest memories survive best



So lesions of hippocampus won’t erase old memories which are consolidated and robustly represented in the cortex. 
Hence graded retrograde amnesia after hippocampal lesions.

But hippocampal lesions would prevent consolidation of new memories. Hence severe anterograde amnesia in HM.  

Consolidation hypothesis of hippocampal role in memory

18

‘Standard model’ proposes initially hippocampal-cortical interactions are required but eventually transfers to cortex

Frankland & Bontempi (2005) Nat Rev Neurosci

‘Standard model’ of Larry Squire 



Medial temporal involvement in Alzheimer’s disease
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High resolution imaging at 7 Tesla

Alzheimer’s Disease

AD is the most common clinical amnesic syndrome,
although it is important to keep in mind that by definition
its diagnosis involves the presence of more than pure
memory lossFthe dementia of AD is a multidomain
disorder, typically including executive dysfunction and
varying degrees of visuospatial and language deficits. The
prodromal phase of AD before dementia, which may last for
a decade or more, is referred to as mild cognitive
impairment (MCI), the prototypical form of which is
amnesic. Amnesic MCI has received extensive investigative
attention in the last decade (Frank and Petersen, 2008), with
recent efforts illuminating functional and structural
abnormalities in the MTL (Dickerson and Sperling, 2008).

The anatomy of AD not only involves prominent MTL
pathology very early in the course of the disease (Gomez-
Isla et al, 1996), but also pathologic involvement of lateral
temporoparietal and medial parietal cortex, as well as a
lesser (and more variable) degree of pathology in lateral and
medial prefrontal cortex. Although the involvement of these
non-MTL cortical regions has been long known from
studies of postmortem tissue (Arnold et al, 1991; Tomlinson
et al, 1970), their early involvement has been clarified with
modern in vivo neuroimaging studies (Buckner et al, 2005;
Dickerson et al, 2009; Klunk et al, 2004). Figure 7 shows
MTL atrophy in a patient with mild AD.

Structural neuroimaging has shown the atrophy of
regions within the MTL memory system in AD (Jack et al,
1997), as well as cortical regions that include important
hubs of the episodic memory system (Dickerson and
Sperling, 2008). Figure 8 highlights cortical regions that
undergo atrophy in AD. The degree of atrophy of some of
these regions relates to the level of specific types of memory
impairment in AD (de Toledo-Morrell et al, 2000). Beyond
structural measures of regional brain atrophy, functional
neuroimaging has shown that dysfunction of these regions
is present in patients with AD and that the level of
dysfunction relates to the severity of memory impairment
(Chetelat et al, 2003; De Santi et al, 2001; Mosconi et al,
2008). Recently, revolutionary new imaging technology
using molecular ligands that bind to pathologic protein
forms that accumulate in the AD brain is illuminating the
localization and severity of pathology in various brain
regions in living patients (Klunk et al, 2004; Small et al,
2006). Investigators have begun to combine these various
imaging modalities to highlight the important observation
that the molecular pathology of AD is localized in and is
associated with dysfunction and atrophy of brain areas that
include the episodic memory network (Buckner et al, 2005;
Mormino et al, 2009). Further work using these techniques
promises to build important bridges spanning the gap
between postmortem histology and in vivo imaging
measures of brain-behavior changes in patients with AD.

The memory deficit of AD is classically conceptualized as
a dysfunction of consolidation or ‘storage’ (Salmon, 2008).
This is widely measured in the clinic using tests of delayed

free verbal recall, which show the patient’s inability to
spontaneously retrieve words that were encoded 10–20 min
or so previously. Retention or ‘savings’ measures are also
heavily used, which explicitly provide a measure indicting
the percentage of information that was initially recalled
during learning that is still able to be recalled without
cueing after a delay. Other hallmarks of this amnesic
syndrome include intrusions from interference materials
and discriminability deficits on recognition measures.

It is important to recognize that delayed free recall of
recently learned information is dependent on a variety of
processes subserved by the large-scale memory network as
outlined above, including executive control processes
involved in retrieval effort and search as well as monitoring
and decision making, which are likely subserved by systems
outside the MTL, in addition to the primary memory
processes supported by the MTL itself. It may be that this
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Figure 7 . Ultrahigh-resolution (380mm in-plane voxel size) structural
MRI images of the human medial temporal lobe in a 24-year-old
neurologically intact individual (a) and in a 72-year-old patient with mild
Alzheimer’s disease (b). In the young individual, a variety of MTL
subregions can be seen, including CA3/dentate gyrus (1), CA1 (2),
subiculum (3), entorhinal cortex (4), perirhinal cortex (5), and amygdala
(6). Hippocampal formation and other medial temporal lobe structures are
atrophic in Alzheimer patient.
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Regional spread of Alzheimer pathology
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Earliest regions to show tau pathology (neurofibrillary tangles) is entorhinal cortex | Braak staging

beyond (frontal neocortex) (Fig. 2B). In this evolutional
context, the functionally unified group of subcortical
nuclei also developed new subdivisions, and the cortical
projections from these more recent subdivisions reached
the newer cortical structures, e.g. the transentorhinal

region, as well as the predominantly neocortically-oriented
portions of the entorhinal region (Fig. 2B) (for such ‘inte-
grated phylogeny’ see Rapoport, 1988, 1990, 1999).

To connect areas within the neocortex, pyramidal cells of
layers II–III of primary sensory areas give rise to projections

Figure 1 AT8-immunopositive NFT stages I-VI of the pathological process underlying sporadic Alzheimer’s disease in coronal

100 mm sections cut perpendicular to the intercommissural axis. (A) NFT stages I (left) and II (right) in a cognitively unremarkable 80-

year-old female, who died of myocardial infarction. The tau pathology develops first and foremost in the most superficial cellular layer (layer pre-!)

of the transentorhinal (stage I) and entorhinal cortex (stage II). (B) NFT stages II (left) and IV (right) in a 75-year-old cognitively impaired male, who

died of a metastatic pulmonary neoplasm. Differences between hemispheres usually do not exceed more than one NFT stage. The existence of

such cases makes it very unlikely that a separate ‘age-related non-Alzheimer’s disease-related’ tauopathy exists, in which, purportedly, the tau

lesions intrinsically do not progress beyond the limits of the entorhinal cortex and hippocampus. (C) NFT stage III in a 90-year-old female (cause

of death: malignant pancreas neoplasm). The section is cut through the hippocampal formation at the level of the uncus (left) and through the

amygdala (right). Here, the Alzheimer’s disease-related tau changes are seen not only in the transentorhinal and entorhinal cortices but also in the

medially adjoining amygdala and hippocampal formation, as well as in laterally adjoining portions of the basal temporal neocortex. (D) NFT stage

VI in a 72-year-old severely demented female patient with Alzheimer’s disease (cause of death: aspiration pneumonia). Note that all portions of the

cerebral cortex become involved in the late-phase of the Alzheimer’s disease process. Scale bar in B applies to A, C and D. (E and F) Major

entorhinal connectivities. (E) Neocortical afferences (black arrows) converge on the transentorhinal and entorhinal layer pre-!, whence the data

are transferred via the perforant path (red arrows) to the hippocampal formation. The border between the entorhinal and transentorhinal regions

is marked by a dashed grey line. (F) A dense back-projection from the subiculum in the hippocampal formation terminates in the entorhinal deep

layer pri-! (blue arrows) and is transferred from there back to the neocortex (black arrows). Adapted with permission from Braak H and Del

Tredici K, Alzheimers Dement 2012; 8: 227-33 and Adv Anat Embryol Cell Biol 2015a; 215: 1-162.

2816 | BRAIN 2015: 138; 2814–2833 H. Braak and K. D. Tredici



Mild cognitive impairment (MCI)
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Prodromal Alzheimer’s disease in many casesT h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 364;23 nejm.org june 9, 20112230

A Swedish study showed that subjects with mild 
cognitive impairment who had low levels of 
β-amyloid peptide 42 (Aβ42) and elevated levels 
of tau protein in cerebrospinal f luid were sig-
nificantly more likely to undergo progression to 
Alzheimer’s disease than subjects without this 
profile (hazard ratio, 17.7; 95% confidence inter-
val, 5.3 to 58.9); a similar relative risk of progres-
sion was associated with a low ratio of Aβ42 to 
tau in the cerebrospinal fluid.28 An international 
multicenter study of 750 subjects with mild cogni-
tive impairment corroborated these general find-
ings29,30 but used different cutoff points for ab-
normal findings. The reliability of these markers 
is highly variable across laboratories; standard-
ization will be needed before they are considered 
for incorporation into routine care.

The use of molecular imaging, particularly of 
amyloid plaques in the brain (Fig. 3), has also been 
studied as a possible approach to risk stratifica-
tion.31-33 In several studies, subjects with mild cog-
nitive impairment in whom amyloid was detected 
on positron-emission tomography (PET) with the 
use of the amyloid-binding carbon 11–labeled Pitts-
burgh compound B had more rapid progression to 
Alzheimer’s disease than did subjects in whom 
amyloid was not detected.34 The rationale for using 
this technique to predict disease progression is that 
the presence of amyloid in a patient with mild 
cognitive impairment is likely to indicate that the 
patient has early Alzheimer’s disease; however, 
amyloid has been detected on autopsy in clinical-
ly normal persons, indicating that the predictive 
value of this measure requires further study.35

Management

From a clinical perspective, patients with mild cog-
nitive impairment should not be labeled as having 
early Alzheimer’s disease, prodromal Alzheimer’s 
disease, or mild cognitive impairment of the Alz-
heimer’s disease type, since the patient and fam-
ily are likely to hear only “Alzheimer’s disease” and 
not appreciate the uncertainty of the association 
with Alzheimer’s disease.36 Clinicians should make 
it clear that mild cognitive impairment is an abnor-
mal condition but that the precise outcome is not 
certain.

At present, no medication intended for the 
treatment of mild cognitive impairment has been 
approved by the Food and Drug Administration 
(FDA). In several placebo-controlled clinical trials, 
there was no significant reduction in rates of 
progression to dementia among patients with 
mild cognitive impairment who were treated with 
agents used to treat Alzheimer’s disease (donepe-
zil, galantamine, and rivastigmine, administered 
at standard doses for Alzheimer’s disease for 2 to 
4 years).5,37-40 In one trial evaluating the effects of 
high-dose vitamin E (2000 IU daily) or donepezil 
in persons with mild cognitive impairment, do-
nep ezil significantly reduced the risk of pro-
gression to Alzheimer’s disease for the first 12 
months of the study (and for up to 24 months in 
the subgroup of subjects who were carriers of 
APOE ε4) but had no significant effect on the 
risk of Alz heimer’s disease at 36 months, which 
was the primary study outcome; vitamin E did 
not significantly reduce the risk of progression 
at any time point assessed.5

A B C

Figure 2. Coronal MRI Scans from Patients with Normal Cognition, Mild Cognitive Impairment, and Alzheimer’s 
Disease.

The arrows depict the hippocampal formations and the progressive atrophy characterizing the progression from nor-
mal cognition (Panel A) to mild cognitive impairment (Panel B) to Alzheimer’s disease (Panel C).
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Mild cognitive impairment (MCI) and prodromal Alzheimer’s
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MCI Patients have an annual risk of ~10% conversion to diagnosis of Alzheimer’s disease 

AD on measures of general cognition and other non-
memory indexes. While there may have been mild
impairments in some of the domains of cognition, eg,
full-scale IQ, the actual raw score difference was suffi-
ciently small, eg, a full-scale IQ of 101.8 vs 98.0 for
controls and subjects with MCI, respectively, to not be
clinically meaningful. That is, it is doubtful that most
clinicians would say that a subject with a full-scale IQ
of 98 was demented on the basis of this measure. The
subjects with MCI performed more poorly than the
control subjects on the Controlled Oral Word Associa-
tion Test, but once again, the performance of the sub-
jects with MCI was in the normal range for age based
on our community studies.35 This is not to say, how-
ever, that these subjects may not have incipient clinical
AD; rather, most clinicians would be reluctant to make
the diagnosis of AD at this stage. In addition, it is not
likely that these subjects have a significant functional
deficit since their mean CDR sum of box scores was 1.5
with most of the decline being accounted for by
memory deficits. However, the patients with very mild
AD (CDR 0.5) had a mean CDR sum of the box score of
3.3 that reflected these subjects’ impairment in func-
tional domains.

From a memory perspective, the subjects with MCI
appeared more like the patients with AD than the con-
trol subjects. Again, this is not surprising considering the
selection criteria, but these data lend quantitation to these
criteria. In fact, if the clinician sees a patient with im-
paired delayed recall performance or difficulty benefit-
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Figure 1. Relative performance among 4 groups: controls, subjects with mild cognitive impairment (MCI) (Clinical Dementia Rating [CDR] 0.5), and patients with
Alzheimer disease (AD) (CDR 0.5; CDR 1), on measures of global cognitive functioning, Mini-Mental State Examination (MMSE), and full-scale IQ compared with
performance on measures of delayed recall for verbal materials (Logical Memory II) and nonverbal materials (Visual Reproductions II).
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DSM-5 criteria
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For mild neurocognitive disorder
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to direct, sustain and shift their focus. The individual is,  
therefore, likely to have reduced orientation to their 
environment, and at times to oneself. This symptom 
has sometimes been referred to as ‘reduced level of 
conscious ness’ or confusional state,11 although distur-
bance in awareness is a more accurate description. The 
disturb ance of awareness tends to develop over hours to 
days, and typically fluctuates in the course of the day, 
often worsening in the evening. Delirium can be caused 
by an underlying medical condition, substance intoxica-
tion or withdrawal, exposure to toxins, or a combination 
of these factors. Patients may be hyperactive, hypoactive 
or have a mixed level of activity. The criteria for delirium 
are listed in Box 1.

Mild and major neurocognitive disorder
In this broad category of neurocognitive disorders, there 
is clear decline from a previous level of functioning in 
one or more of the key cognitive domains (Figure 2). 
Attention may be disturbed in these disorders, but, in 
contrast to delirium, this disturbance is not the core 

feature, and awareness of the environment is gener-
ally retained, except in very severely impaired patients. 
There fore, the diagnoses of mild or major neuro cognitive 
disorder are not made if the cognitive deficits occur in the 
context of persistent delirium, but can be made in patients 
for whom delirium manifests and then resolves.

Mild neurocognitive disorder is a new addition to the 
DSM nomenclature, previously subsumed by the non-
specific category of ‘cognitive disorder not otherwise 
specified,’ and represents a new framework for the com-
monly used diagnosis of MCI.12 Major neurocognitive 
disorder mostly obviates the older concept of dementia, 
even though DSM-5 retains ‘dementia’ in parentheses 
to indicate that it may still be used (discussed further 
below). Mild and major neurocognitive disorders are cat-
egorical diagnostic constructs imposed on an underlying 
continuum of cognitive impairment from normality to 
severe impairment, as seen in the clinic and the popula-
tion. Therefore, the structure of the DSM-5 criteria for 
mild neurocognitive disorder is parallel to that for major 
neurocognitive disorder, with the differences being the 
severity of cognitive deficits and functional impairment.

DSM-5 does not permit the diagnosis of mild or major 
neurocognitive disorders if the cognitive deficits can be 
better explained by another mental disorder, such as 
major depression or schizophrenia. This approach has 
been criticised by some commentators,22 who argue 
that distinct neurocognitive disorders can be caused by 
mental disorders such as major depression, as implicit in 
the con cept of depressive dementia. Under this frame-
work, these neurocognitive disorders would be regarded 
as aetio logical subtypes rather than as confounding 
factors. The argument in favour of the DSM-5 approach 
is that neuro cognitive disorders are only diagnosed for 
conditions that have cognitive deficits as the core or 
defining feature: though psychiatric disorders should be 
considered in the differential diagnosis of neurocognitive 
disorders, distinct conditions should not be  conflated.

Mild neurocognitive disorder
The use of the diagnosis of MCI has become common-
place in clinical practice, partly because many patients 
with cognitive decline now seek treatment earlier in the 
course of the disease, before a diagnosis of dementia is 
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Figure 2 | Neurocognitive domains. The DSM-5 defines six key domains of 
cognitive function, and each of these has subdomains. Identifying the domains and 
subdomains affected in a particular patient can help establish the aetiology and 
severity of the neurocognitive disorder. Objective assessments are essential, but 
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Figure 1 | Timeline of the DSM-5 consultation and revision process. Abbreviations: APA, American Psychiatric Association; 
DSM, Diagnostic and Statistical Manual of Mental Disorders; ICD-10, International Classification of Diseases 10th edition.
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justified. Furthermore, many brain diseases result in cog-
nitive impairments that may not meet the threshold of 
functional impairment specified by the DSM-IV demen-
tia diagnosis, but nonetheless have implications for the 
individual and those around them.

The move to diagnose neurocognitive disorders as early 
as possible emerged from the recognition of a long pre-
dementia stage in neurodegenerative diseases, improve-
ments in early diagnosis, and the increasing emphasis 
on early intervention to prevent or postpone dementia. 
Importantly, mild neurocognitive disorder is not always a 
precursor of major neurocognitive disorder, and the diag-
nosis has no requirement for further decline: there may be 
continued decline, as in the neurodegenerative disorders, 
or the impairment may be static, as in traumatic brain 
injury. The introduction of mild neurocognitive dis order 
has been criticized on the grounds that it medicalizes 

normality and might lead to many ‘worried well’ indi-
viduals with no disease being wrongly diagnosed, leading 
to unnecessary diagnostic tests and unproven treat-
ments.16  However, such criticism should not preclude the 
 appropriate use of this diagnosis in the clinic.

The criteria for mild neurocognitive disorder are pre-
sented in Box 2. DSM-5 describes the level of cognitive 
decline in mild neurocognitive disorder to be “modest,” 
leaving it up to the diagnostician to make the final judge-
ment on the severity. As a guideline, test performance in 
mild neurocognitive disorder should fall in the range of 
1–2 SD below the normative mean, or between the third 
and 16 th percentiles, on tests for which appropriate norms 
are available. The DSM-5 does not specify which tests, or 
how many, should be administered per cognitive domain. 
In the absence of a formal neuropsychological assess-
ment, the clinician may rely on ‘bedside’ assessments, 
but the objective demonstration of cognitive deficits is 
essential. In fact, because mild neurocognitive disorder 
needs to be distinguished from both normal cognitive 
ageing and major neurocognitive disorder (or dementia), 
even greater reliance on neuropsychological assessment 
is called for in mild than in major neurocognitive dis-
order. Serial assessments might be necessary to document 
decline, but the results must be interpreted cautiously in 
view of practice effects, variable test–retest reliability, and 
the dearth of normative data on cognitive decline.21

The DSM-5 criteria for mild neurocognitive dis-
order must be considered in the context of the other 
commonly used criteria for MCI: the Mayo Criteria,16  
the International Working Group (IWG) or the Key 
Symposium Criteria18,19  and the National Institute of 
Aging–Alzheimer’s Association (NIA–AA) Criteria.20 
The Mayo Criteria correspond best to what is referred 
to as amnestic MCI in the IWG Criteria, with the main 
objective of the diagnosis being the identification of AD at 
the predementia stage.12 NIA–AA criteria were explicitly 
developed to enable researchers to diagnose MCI due to 
AD, but include a generic definition of MCI. The DSM-5 
criteria for mild neurocognitive disorder are conceptually 
similar to both the NIA–AA and IWG criteria, requir-
ing decline in one or more cognitive domains, with or 
without memory impairment.

The cognitive deficits in mild neurocognitive disorder 
do not interfere with the capacity for independence in 
everyday activities. Rather, the individual usually func-
tions at a suboptimal level, with everyday tasks becoming 
more effortful owing to the engagement of compensatory 
strategies to maintain independence. The criterion of 
independent functioning represents the key distinction 
between the mild and major neurocognitive disorders, 
and relies on an insightful report by the individual and/
or a family member, and a level of good judgement from 
the clinician.

Major neurocognitive disorder
The introduction of major neurocognitive disorder as an 
alternative term to dementia in DSM-5 was prompted by 
a number of reasons. Although we accept the long history 
of dementia in clinical medicine, as well as its familiarity 

Box 2 | Diagnostic criteria for mild neurocognitive disorder

A. Evidence of modest cognitive decline from a previous level of performance in 
one or more cognitive domains (complex attention, executive function, learning 
and memory, language, perceptual–motor, or social cognition) based on:
1. Concern of the individual, a knowledgeable informant, or the clinician that 

there has been a mild decline in cognitive function; and
2. A modest impairment in cognitive performance, preferably documented 

by standardized neuropsychological testing or, in its absence, another 
quantified clinical assessment.

B. The cognitive deficits do not interfere with capacity for independence in 
everyday activities (that is, complex instrumental activities of daily living such 
as paying bills or managing medications are preserved, but greater effort, 
compensatory strategies, or accommodation may be required).

C. The cognitive deficits do not occur exclusively in the context of a delirium.
D. The cognitive deficits are not better explained by another mental disorder 

(for example, major depressive disorder or schizophrenia).
Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition, (Copyright © 2013). American Psychiatric Association. All Rights Reserved.

Box 1 | Diagnostic criteria for delirium

A. A disturbance in attention (that is, reduced ability to direct, focus, sustain, and 
shift attention) and awareness (reduced orientation to the environment).

B. The disturbance develops over a short period of time (usually hours to a few 
days), represents a change from baseline attention and awareness, and tends 
to fluctuate in severity during the course of a day.

C. An additional disturbance in cognition (for example, memory deficit, 
disorientation, language, visuospatial ability, or perception).

D. The disturbances in Criteria A and C are not better explained by another pre-
existing, established, or evolving neurocognitive disorder and do not occur in 
the context of a severely reduced level of arousal, such as coma.

E. There is evidence from the history, physical examination, or laboratory findings 
that the disturbance is a direct physiological consequence of another medical 
condition, substance intoxication or withdrawal (that is, due to a drug of abuse 
or to a medication), or exposure to a toxin, or is due to multiple aetiologies.
Specify whether:
 ■ Substance intoxication delirium
 ■ Substance withdrawal delirium
 ■ Medication-induced delirium
 ■ Delirium due to another medical condition
 ■ Delirium due to multiple aetiologies:

 ■ Specify if: acute (lasting a few hours or days); persistent (lasting weeks 
or months)

 ■ Specify if: hyperactive, hypoactive, mixed level of activity
Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition, (Copyright © 2013). American Psychiatric Association. All Rights Reserved.
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Subjective cognitive impairment (SCI) / decline (SCD)
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Most cases are not prodromal Alzheimer’s but nevertheless SCI is associated with increased risk of developing AD

§ Individuals perceive decline in memory and/or other cognitive abilities relative to their previous 
level of performance, in the absence of objective neuropsychological deficits

§ Increased risk of developing dementia, but exactly what is that risk?

CP13CH15-Rabin ARI 13 April 2017 9:58
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Figure 1
Working model of the course of cognitive decline in relation to progression of Alzheimer’s disease (AD) pathology. Subjective
cognitive decline (SCD) as a diagnostic entity (red bar), defined by self-experienced cognitive decline, occurs in the late stage of
preclinical AD. Those with SCD likely experience subtle cognitive decline (left blue dotted line) not detectable on standardized testing.
At some critical point, underlying disease burden contributes to a level of cognitive decline for which the individual can no longer
compensate, heralding the onset of mild cognitive impairment (MCI) and manifestation of impairment on standardized tests (right blue
dotted line). At the MCI stage, SCD as a diagnostic entity is no longer present (red bar ends) but self- or informant-reports of cognitive
difficulties/decline are present. These subjective cognitive symptoms are depicted by a gradient shaded from light to dark gray across
the disease stages. In the earliest stages, the individual does not report cognitive complaints (light gray bar) until underlying pathology
begins to impinge upon perceived cognitive function (dark gray bar). As objective cognitive impairment (blue solid line) progresses, the
gray bar slowly fades, suggesting that self-reports of cognitive difficulty recede as late MCI and dementia ensue, consistent with
anosognosia. However, informant-reports of cognitive difficulty persist, and become more accurate than self-reports, in late MCI and
dementia, which is why the gray bar fades but does not disappear. Adapted with permission from Jessen et al. (2014a).

( Jessen et al. 2014b). It also raises the possibility that more sensitive tests of cognition could
capture the subtle cognitive changes associated with the SCD stage.

In summary, SCD is considered among the earliest clinical manifestations of AD, and it is
thought to occur prior to cognitive impairment, when individuals have sustained only mild neu-
ronal damage and are able to functionally compensate ( Jessen et al. 2014a). SCD is etiologically
heterogeneous and phenomenologically complex, and research has been hampered by a lack of
common terminology and research procedures. To address these issues, the SCD-I recently pro-
posed a common framework that includes research criteria for SCD and a model that charts its
course in relation to AD progression. Future work is required to validate tenets of the proposed
model: for example, the idea that SCD has differential predictive value across stages of objective
impairment.

MEASUREMENT AND CLASSIFICATION
Classification of SCD is based largely on the interpretation of subjective report data in the context
of normal neuropsychological functioning and activities of daily living. There is, however, no stan-
dardized assessment or consensus about optimal self- and informant-report instruments, and no
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Acute onset amnesia
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in the right prefrontal cortex.113 Whether functional 
changes in this brain region are causally related to the 
amnesia has not yet been established. Notably, how-
ever, focal damage to the right pre frontal cortex has 
been reported to cause focal retrograde amnesia for  
auto biographical events.114

Treatment
Memory impairment in psychogenic amnesia has clas-
sically been regarded as reversible, with early studies 
reporting good recovery within a month from the onset 
of amnesia.103,115 More-recent studies that employed 
extensive neuropsychological testing, however, showed 
only protracted and incomplete recovery in many 
cases.106,116 No data exist on the efficacy or other wise 
of behavioural or pharmaceutical interventions for 
 psychogenic amnesia.

Other causes of transient amnesia
Hippocampal stroke
The hippocampal region is very sensitive to ischaemic 
damage. In the 1970s, Benson et al. coined the term 
‘amnestic stroke’ to describe patients with memory 
impairment after experiencing a stroke.117 Several case 
series have since confirmed that posterior cerebral 
artery strokes, which involve the hippocampus, can lead 
to transient amnesia.117–122 Hippocampal stroke may 
mimic the amnesic deficit observed in TGA,123 but the 
amnesia is often accompanied by other signs, such as 
hemianopia, owing to more-widespread infarction.124 
Szabo et al. identified four distinct anatomical patterns 
of hippocampal infarction that each correspond to dis-
tinct arterial territories: complete; lateral (selective CA1 
damage); partial (either posterior or anterior regions of 
the hippocampus); and small focal lesions.121,122

Diencephalic amnesia
Damage to the anterior and medial thalamic nuclei can 
cause memory impairment that is broadly similar to 
hippocampal amnesia in that episodic memory is most 
severely affected while working and implicit memory 
seems to be spared.2,15,125 However, amnesia caused by 
such damage is often accompanied by dysexecutive and 
behavioural symptoms such as reduced verbal fluency, 
apathy and dysphoria.126 The two commonest causes of 
diencephalic amnesia are thalamic stroke and Korsakoff 
syndrome—a subacute neurological syndrome resulting 
from vitamin B1 deficiency that leads to diencephalic 
lesions involving the medial thalamus, periventricular 
region of the third ventricle, periaqueductal area, mam-
millary bodies, midbrain tectum and fornix. The an terior 
and medial thalamic nuclei and the mamillo thalamic 
tract are supplied by the anterior choroidal, tubero-
thalamic artery and paramedian arteries, respectively. 
Lacunar infarcts of these vascular territories, particularly 
if they are left-sided, can lead to acute impairments of 
anterograde and retrograde episodic memory (Figure 3). 
Damage to the basal forebrain (often with additional 
involvement of the orbitofrontal cortex) leads to basal 
forebrain amnesia as a result of rupture of an anterior 
communicating artery aneurysm, and can result in a pro-
found anterograde memory impairment that is frequently 
accompanied by executive deficits and confabulations.127

Limbic encephalitis
The limbic system, including the hippocampus, can 
be specifically targeted by infectious agents such as 
herpes simplex virus, or by inflammatory conditions 
(Figure 3). Recent interest has focused on autoimmune 
limbic encephalitis. Although not directly classified 
as a classic transient amnesic syndrome, patients with 
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delirium, confusion,
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neurological signs,

hallucinations
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encephalitis

Autoimmune 
limbic

encephalitis

Underlying malignancy,
onconeural
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Knowledge of personal
identity is often impaired
Remote memory often
more strongly affected
Anterograde memory is
comparatively preserved

MRI normal or chronic lesion
in the temporal lobe

EEG without
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EEG: epileptiform activity
Clinically: other ictal signs

Stressful, emotional
event in the past

Possible
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Transient
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focal neurological signs
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(thalamus, posterior cerebral artery)
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MRI: abnormalities in

temporal lobe, limbic system
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Figure 5 | Diagnostic pathways in patients with acute memory loss. Abbreviations: CSF, cerebrospinal fluid; DWI, diffusion-
weighted imaging; HSV, herpes simplex virus.
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Transient global amnesia (TGA)
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Episode of amnesia resolving within 24hrs

§ Witnessed anterograde amnesia without clouding of consciousness or loss of personal identity

§ Cognitive impairment limited to amnesia. No focal physical neurological signs or features of 
epilepsy. No recent head trauma or seizures.

§ Resolution within 24hrs. Recurrence unusual but may occur in 6-10%

§ Mild headache / nausea / dizziness might be present during attack

§ Memory during attack: Episodic memory tested with recall of word list or complex figures 
shows dense anterograde amnesia. Performance on tests of retrograde amnesia variable but 
typically shows Ribot’s gradient, particularly with respect to autobiographical details. Spatial 
memory deficits for learning and retrieval too. Semantic memory spared

§ Memory after attack: Usually good but there is some debate on this. After recovery a dense 
amnesic gap for events that occurred during the attack itself often persists



Acute in MRI in TGA
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Can sometimes detect punctate DWI change

Wilkinson et al (2013) Practical Neurol

Neuroimaging in transient global
amnesia

Tim Wilkinson, Fatemeh Geranmayeh, Pooja Dassan, John C Janssen

Department of Neurology,
Chelsea and Westminster
Hospital, London, UK

Correspondence to
Dr Tim Wilkinson, Department of
Neurology, Chelsea and
Westminster Hospital, London
SW10 9NH, UK;
twilkinson@doctors.org.uk

To cite:Wilkinson T,
Geranmayeh F, Dassan P,
et al. Pract Neurol
2013;13:56–57.

A 68-year-old woman presented following
an episode of witnessed sudden-onset
memory loss after lifting a heavy plant
while gardening. Her husband’s description
of the event suggested that there was retro-
grade and anterograde amnesia with repeti-
tive questioning. Speech, motor function
and vision were unaffected. The episode
spontaneously resolved after 2 h. Her
medical history included hypertension and
hypercholesterolaemia controlled with lisi-
nopril and atorvastatin. On admission she
was fully conscious and alert and neuro-
logical examination was normal. A 12-lead
ECG and haematological investigations
were normal. We made a clinical diagnosis
of transient global amnesia (TGA).
Brain diffusion-weighted MRI at 48 h

postevent showed focal bilateral medial
temporal lobe high signal with restricted
diffusion (figure 1). Other sequences were
normal. These findings had resolved on
repeat imaging 23 days later. The patient
has remained asymptomatic since then.
TGA is a benign amnestic syndrome,

usually lasting less than 24 h. It is

characterised by a sudden onset of transi-
ent anterograde and retrograde amnesia
without focal neurological signs or seizure
features, and with other intellectual abil-
ities preserved.
Our patient’s neuroradiological find-

ings are consistent with similar previous
reports of reversible hyperintensities on
diffusion-weighted MRI within 48 h of
symptom onset in 8–33% of TGA
patients.1–3 These findings have intensi-
fied debate around the likely aetiology of
TGA. The proposed aetiologies for TGA
include migraine, venous flow abnormal-
ities, focal ischaemia and epilepsy. Along
with being potential aetiologies of TGA,
these conditions are also differential diag-
noses for patients with an amnestic syn-
drome. Despite the MRI changes in a
subset of patients with TGA, the diagno-
sis remains clinical. In terms of manage-
ment, reassurance is sufficient.

Acknowledgements This paper was
reviewed by Adam Zeman, Exeter, UK.

Figure 1 MR scan of brain performed 48 h after the onset of transient global amnesia showing
bilateral medial temporal lobe high signal (arrowheads). These lesions were present on diffusion-
weighted imaging (A) and showed restricted diffusion on apparent diffusion coefficient maps (B). The
lesions had resolved on repeat imaging 23 days postevent, consistent with an acute vascular event.
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Transient epileptic amnesia (TEA)
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Recurrent episodes associated with brief episodes of amnesia but with long term consequences

§ Recurrent, witnessed episodes of transient amnesia (often during waking)

§ Cognitive functions other than memory as judged by a reliable witness appear normal, e.g. 
speech, finding way around a house, even driving may be intact

§ Evidence of epilepsy: concurrent suggestive clinical features (olfactory / gustatory 
hallucinations, automatisms such as lip smacking), abnormal EEG or clear-cut response to 
anticonvulsant therapy

§ Memory during attack: Patients have difficulty laying down new memories (anterograde 
amnesia) and also retrieving past events (retrograde amnesia) BUT in contrast to TGA, 
anterograde deficit is often partial. >40% patients say they can recall “not being able to 
remember”. They may repetitively ask questions but this is not as consistent as in TGA.

§ Memory after attack: Most cases have significant ongoing difficulties with either remote 
autobiographical memory, accelerated long term forgetting (ALF) after days, spatial 
navigation / topographical amnesia.



Accelerated long-term forgetting in TEA
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Standard neuropsychological testing of episodic memory might test recall after 15 or 30 minutes, not days

92 | FEBRUARY 2013 | VOLUME 9 www.nature.com/nrneurol

persistent (interictal) cognitive impairment. Des pite 
effective treatment of amnesic episodes, 81% of patients 
with TEA complain of substantial ongoing memory dif-
ficulties.85 The problems described are unusual: 70% 
report loss of memories for salient, personally experi-
enced events from the remote past (autobiographical 
amnesia); 44% describe the excessively rapid fading of 
newly acquired memories over a period of days to weeks 
(accelerated long-term forgetting [ALF]); and 36% 
report new difficulties with spatial navigation (topo-
graphical amnesia), even around previously familiar 
environments (Figure 4b).88

Performance on standard neuropsychological instru-
ments, which typically test retention of newly learned 
material after a delay of up to 30 min, is often normal 
in TEA. Experimental tests, however, have revealed 
that patients with TEA have marked deficits of auto-
biographical memory, particularly affecting the recol-
lection of episo dic detail.85,89 These deficits may affect 
memories for events that occurred many decades prior 
to the clinical onset of seizures, suggesting that TEA can 
disrupt well-established memory traces. Complaints of 
ALF have also been corroborated through the use of 
objective testing, which demonstrates that, although 
patients learn and initially retain information normally, 
they forget this information at an abnormally rapid rate 
over the following days (Figure 4b).85,90 This pattern 
suggests a specific and novel impairment of memory 
c onsolidation in TEA.91

Neither ALF nor autobiographical amnesia is exclusive 
to TEA as both have been described in association with 
other forms of epilepsy.92–95 Indeed, profound interictal 
memory deficits (rather than seizures) may, on occa-
sion, be the principal symptom that leads the patient to 
seek medical help. This clinical presentation has been 
termed the ‘epileptic amnesic syndrome’.63 The causes of 
ALF and autobiographical amnesia are unknown, but 

possibi lities include subtle structural damage to the brain 
or physio logical disruption of memory circuits owing to 
seizure-related activity.

Neuroimaging
MRI of the brain in patients with TEA is usually clinically 
unremarkable. Volumetric MRI analysis has revealed 
subtle atrophy (8% volume reduction) bilaterally in 
the hippocampus of patients with TEA (Figure 3).96 
The degree of hippocampal volume atrophy correlates 
with performance on standard neuropsychological tests 
of memory in TEA patients, but does not explain the 
p resence of ALF or autobiographical amnesia.96

Pathophysiology
Several clinical features of TEA—namely, the mixed 
anterograde and retrograde amnesia, associated olfac-
tory hallucinations, and the localization of epileptiform 
abnormalities on scalp EEG—point to the medial tempo-
ral lobes as the seizure source. In one reported case, 
peri-ictal scanning with FDG-PET revealed focal hyper-
metabolism in the left hippocampus, which resolved 
after successful treatment of the seizures (Figure 3).95 
Furthermore, in a series of 50 patients with TEA, a bilat-
eral, localized, but subtle loss of volume was observed in 
the medial temporal lobes.96 10 published case reports 
of TEA have included EEG data gathered during an 
amnesic attack;81 six found amnesia to be an ictal pheno-
menon, whereas in four it was found to be postictal. Ictal 
epileptiform EEG changes were bilateral in eight of the 
10 patients. Interictal epileptiform abnormalities, when 
present, tend to be bilateral: 56% are bilateral, 32% are 
left-sided, and 12% are right-sided.81

Treatment
Current evidence suggests that TEA attacks can be man-
aged with anticonvulsant medication, and often resolve 
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Autobographical memory deficit in TEA
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Gradient of deficit following Ribot’s law

Butler & Zeman (1999) Nat Rev Neurol
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changed to lamotrigine (150  mg/day), and the 
patient had no further acute episodes of memory 
loss or confusion.

Coincident with the onset of the amnestic 
episodes, the patient began to notice persistent 
memory problems. He found that some newly 
acquired memories faded irredeemably over a 
period of days or weeks. For example, he went 
out to the cinema and the next day related his 
disappointment at the film to his daughter. One 
week later, however, he was no longer able to 
recall anything of the evening’s events. In his 
journal, he described his memories “evapo-
rating—as if random chunks of my memory 
have been erased”. Furthermore, he began to 
notice that his recollection of many remote, 
salient, personal events, such as family holi-
days and weddings from the past 30  years, had 
become “sketchy or completely absent”.

The patient also noticed problems with his 
spatial memory. He complained that he was 
unable to navigate around previously familiar  
neighborhoods. For example, he retraced a favorite 
running route around local streets, but found that 
“hardly anything looked familiar”. He frequently 
took wrong turns when driving alone. 
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Figure 2 Neuropsychological assessment  
of a patient with transient epileptic amnesia.  
(A) The patient’s performance on various standard 
neuropsychological tests is shown as Z-scores 
indicating the number of standard deviations 
from the mean score of a group of normal control 
individuals (mean age 67.7 years [SD ± 8.1]; mean 
IQ 120 [SD ± 14.4]).1 Memory tests included logical 
memory from the Wechsler Memory Scale, 3rd 
edition (LM1 and LM2) and copy and delayed recall 
of the Rey Complex Figure (Rey copy and Rey 
30' recall). Executive function tests included the 
Trail-Making Test (Trails A and Trails B), and Verbal 
Fluency for letters (FAS) and categories (Animals). 
The Boston Naming Test (BNT) was used to assess 
semantic memory. (B) The patient’s long-term recall 
of a learned word list and of a set of designs was 
compared with performance of normal controls.1 
Despite normal learning and 30-min retention, the 
patient demonstrated accelerated forgetting over 
longer intervals; error bars indicate 2 SEs of the 
mean. (C) The Modified Autobiographical Memory 
Interview1 was used to assess the patient’s memory 
for events relating to two varying topics (e.g. 
‘holiday’) for each decade of his life. For each topic, 
he was asked to produce one detailed episodic 
memory (e.g. “Can you recall any incident, even 
if small, that occurred during your holiday in San 
Diego?”), which was scored out of 5 for detail. His 
performance with regard to recall of events from the 
previous three decades was significantly impaired 
relative to controls. Y indicates the most-recent life 
decade; error bars indicate 2 SEs of the mean.
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Complete retrograde amnesia but intact anterograde memory
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Jason Bourne in the ‘Bourne Identity’ has no idea who he is or what he did



Psychogenic amnesia
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Profound retrograde amnesia for personal events but often with intact anterograde memory

§ Amnesia without any cause found on investigation

§ Often associated with highly stressful life event as precipitant

§ There may be a period of wandering or ‘psychogenic fugue’

§ Memory during attack: Patient may not recall or their own name or be able to recognize 
family members. They may have no knowledge of who they are, where they live or what they 
do. They may have no knowledge of famous news events across their lifespan. But often have 
no difficulty remembering new information, e.g. from clinical staff. In fact they may be able to 
‘relearn’ about themselves

§ Memory after attack: Most cases have full recovery



Psychogenic amnesia vs TGA or TEA
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Some important tell-tale differences

Kopelman (2003) Practical Neurol
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Alcoholic ‘blackout
Transient global amnesia 
Transient epileptic amnesia 
Epileptic fugue (rare)
Simulation/malingering

Table 2  Differential diagnosis of psychogenic fugue 

IN BOTH
 Can be preceded by precipitating stress/signifi cant life-event
 Standard investigations (routine EEG, CT, MRI) can be normal
DIFFERENTIATION
 Loss of personal identity in fugue, never in TGA
 Repetitive questioning in TGA/TEA, seldom in fugue/psychogenic amnesia where 
  there may be ‘la belle indifference’
 Other symptoms/signs, e.g. sensorimotor in TEA, wandering in fugue
 ‘Temporal gradient’ of retrograde amnesia in TGA/TEA vs. ‘reversed gradient’ in 
  psychogenic amnesia

Table 3  Comparison of fugue/psychogenic states with transient global amnesia (TGA)/
transient epileptic amnesia (TEA)

Multiple Personality Disorder
Multiple personality disorder patients are rare, 
and vulnerable to suggestion from clinicians 
and researchers. They have been described 
particularly in the American psychiatric and 
neuropsychological literature.

DIFFERENTIATION OF PSYCHOGENIC 
FROM ORGANIC AMNESIA 
(Table 2.) Differentiation of psychogenic fugue 
from organic neurological (i.e. due to some 
form of brain damage) and other conditions is 
usually clearcut, although the basis of psycho-
genic focal retrograde amnesia is much more 
controversial (Kopelman 2002a). Table 3 illus-
trates some points of similarity and difference 
between psychogenic amnesia and neurological 
conditions. In neurological conditions (includ-
ing transient global amnesia), there is usually 
relative sparing of early memories but severe 
impairment of recent memories (i.e. a ‘tempo-
ral gradient’), whereas in psychogenic amnesia 
early memories are completely lost, but recent 
memories (since the onset of the condition) 
may be spared (‘reversed temporal gradient’). 
Box 1 details points to note in the assessment of 
psychogenic amnesia.

We have proposed a model of how psycho-
social factors and brain systems may infl uence 
autobiographical memory retrieval and per-
sonal identity (Fig. 1) (Kopelman 2002a,b). 
Psychosocial stresses affect frontal control/
executive systems, thus inhibiting the retrieval 
of autobiographical and episodic memories 
during a fugue or psychogenic focal retrograde 
amnesia. The inhibition will be exacerbated, or 

made more likely, when a subject is extremely 
aroused, very depressed, or where there is a pre-
vious ‘learning experience’ of transient amnesia. 
If the stresses are severe enough, the inhibition 
may even affect the ‘personal semantic belief 
system’, resulting in a transient loss of knowl-
edge of self and identity. In spite of the suppres-
sion of autobiographical memory retrieval by 
the frontal inhibitory mechanisms, anterograde 
learning still can occur from ‘normal’ environ-
mental stimuli via the intact medial temporal/
diencephalic system.

MEDICO-LEGAL ASPECTS OF PSYCHO-
GENIC AMNESIA

Amnesia for offences
There seems to be a clear relation between the 
violence of the crime and impaired recall in 
the offenders, victims and any eyewitnesses. 
Between about one-quarter and one-half of 
those convicted of homicide claim amnesia for 
the killing. There are confl icting views about 
the persistence of such amnesia. Pyszora et al. 
(2003) found that at 3-year follow-up, one-third 
of her amnesic sample had complete return of 
memory, one-quarter had partial return, and 
about 40% reported no return of memory. Evi-
dence for brain disease and EEG abnormalities 
are inconsistent across studies. However, a his-
tory of alcohol misuse and acute intoxication is 
common. With regard to psychiatric factors, the 
most important seems to be depressed mood, 
which has often been present for some weeks or 
months before the offence.
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between individuals. Olfactory hallucinations 
are experienced by about 40% of patients. There 
is evidence that amnesia in TEA can be either ictal 
or postictal.1 The interictal EEG is often normal, 
but epileptiform features are seen in approxi-
mately a third of cases, especially in patients 
who have experienced sleep deprivation. The 
EEG should be interpreted with care in elderly 
patients, as unusual features are not necessarily 
pathological in such individuals. 

Persistent memory impairment is reported 
by about 75% of patients with TEA, with three 
distinct types of memory difficulty being identi-
fied: accelerated forgetting, over days to weeks, of 
newly acquired information; dense but patchy loss 
of memories for salient autobiographical events 
often extending back over several decades; and 
topographical amnesia. These impairments cause 
appreciable problems in day-to-day life, but remain 
undetected by standard neuropsychological tests, 
which typically assess learning and memory of 
new material over intervals of up to 1 h.

There is often a delay in the diagnosis of 
TEA1—it is commonly mistaken for transient 
global amnesia or ‘psychogenic amnesia’, as  

illustrated by the present case. The distinctive 
features of these conditions are illustrated in  
Table 1. Other reported causes of transient 
amnesia include transient ischemia, closed head 
injury, migraine, and medications including  
anticholinergic drugs and benzodiazepines.6

The nature of the amnesia during attacks, the 
frequent occurrence of olfactory hallucinosis, and 
the location of interictal epileptiform discharges 
on EEG suggest that in TEA the seizure focus lies 
in the medial temporal lobes—brain regions inti-
mately involved with declarative memory.7 The 
present case, in which the peri-ictal PET scan 
showed focal hypermetabolism in the left hippo-
campus with associated high signal on structural 
MRI, supports this hypothesis.8

As with the majority of TEA cases,1 the 
present patient’s previous structural MRI scans 
were normal. Over time, however, and possibly 
as a consequence of a prolonged period of 
nonconvulsive status epilepticus, atrophy became 
apparent in the left hippocampus. It is not clear 
whether the patient’s persistent memory defi-
cits were related to this structural damage or to 
ongoing subclinical seizure activity. 

Table 1 Distinguishing clinical features of the transient amnesic syndromes.

Feature Transient epileptic 
amnesia

Transient global amnesia Psychogenic amnesia

Typical age of onset 50–70 years 50–70 years Any age

Past medical history None Migraine ‘Organic’ transient 
amnesia; substance 
abuse; psychiatric illness

Precipitants Waking Cold water; physical 
exertion; psychological 
stress

Minor head injury; stress; 
depression

Ictal memory profile Anterograde and retrograde 
amnesia showing within-
patient variation; patient 
might later partially 
recall attack); retrograde 
procedural memory intact 

Profound anterograde 
amnesia including 
repetitive questioning; 
variable retrograde 
amnesia; intact 
nondeclarative memory 

Highly variable: often 
profound retrograde 
amnesia with loss of 
personal identity; relatively 
preserved anterograde 
memory; variable 
procedural memory 

Duration of amnestic 
episode 

Usually <1 h but can last 
much longer (days)

Typically 4–10 h Days or months

Recurrence Mean frequency 13 attacks 
per year

Rare Rare

Postictal and interictal 
memory

Accelerated forgetting; 
remote autobiographical 
memory loss; topographical 
amnesia

Grossly intact, but subtle 
deficits might persist for 
several months

Variable: patient might be 
able to ‘relearn’ the past

Other features Olfactory hallucinations; 
oroalimentary automatisms; 
brief loss of responsiveness

Headache and/or nausea Focal ‘neurological’ 
symptoms or signs, such 
as hemiparesis

CASE STUDY CASE STUDY
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SD =15) on the Attention-Concentration index of the Wechsler
Memory Scale-Revised (WMS-R). Both these tests are sensitive to
frontal lobe dysfunction (22). E.P. also was given the Wisconsin
Card Sorting Test in 1994 and again in 1998. He was unable to sort
any categories and averaged 62% perseverative errors. Poor per-
formance on this test has not always been found to be diagnostic
of frontal lobe dysfunction (23). Note, too, that E.P. has no evi-
dence of damage to dorsolateral frontal cortex, a region often
linked to poor card-sorting performance (24).
E.P.’s primary perceptual impairment was anosmia. In light of

suggestions that medial temporal lobe structures, especially per-
irhinal cortex, are important for certain kinds of visual perception
(see ref. 18 for review), E.P. was given a number of tests of visual
perception, including difficult tests of object discrimination (25),
face discrimination (25, 26), discrimination of blended, feature-
ambiguous images (26), and discrimination of morphed, feature-
ambiguous objects, faces, and scenes (27). Across 13 different
tests from these three studies, E.P. scored close to the control
mean (E.P.’s mean = −0.14 SD). His only low scores came from
two tests of face discrimination. The task was to select the odd
face when presented with five different orientations of one face
and a sixth orientation of another face (25, 26). On these two
tasks, E.P. scored more than two SDs below the control mean, an
impairment possibly related to his difficulty in discriminating
emotion in faces (see below).
In one other instance, E.P. was moderately impaired on a com-

plex test of visual perception. E.P. saw 80 line drawings that rep-
resented either “possible objects” that potentially could exist in
three dimensions or “impossible objects” that could not exist in
three dimensions (28, 29). E.P. identified 77.5% of the objects
correctly. Controls (n = 5; mean age = 80.8 y) scored 88.8%
(SD = 5.6).

Semantic Knowledge. Naming. The Boston Naming Test (30) asks
participants to provide the names for 60 drawings of common and
uncommon objects (e.g., pencil, broom, abacus, trellis). Controls
(n = 9) and patients with restricted hippocampal lesions (n = 4)

scored 55.7 and 54.5 items correct, respectively. E.P. was mark-
edly impaired, with a score of 42 items correct (20). We also gave
E.P. the 84-item version of this same test, which also had been
given to patient H.M. H.M. scored 83% and within 1 SD of
controls (controls = 90% correct, estimated from fig. 2 of ref. 31);
E.P. scored 63% correct (17).
Detection and explanation of ambiguity in sentences. E.P. read 65 am-
biguous sentences (e.g., “The man spoke to the woman in tears”),
together with 25 unambiguous sentences and attempted to identify
which sentences were ambiguous and also (for all 65 ambiguous
sentences) to explain the ambiguity (32). Controls (n=9) detected
78.6% of the ambiguous sentences and correctly explained 68.5%
of them; E.P. performed poorly (31% detected and 41.5% ex-
plained). A mixed group of patients with hippocampal or dien-
cephalic lesions (n = 4) performed as well as controls (71.6% of
ambiguous sentences detected, and 66.2% explained).
Semantic test battery.E.P. and controls (n=8) were given nine tests
(33) modified from the Semantic Test Battery as originally in-
troduced by Hodges et al. (34). All the tests were based on
the same 48 line drawings of 24 animals and 24 objects. Fig. S1
(Upper) shows the performance of controls (n=8) andE.P. on the
six tests that yielded a percent correct score. Scores for the noted
patient H.M. on the same tests are included for comparison.
These six tests asked participants to express their knowledge
about the test items by pointing to the correct drawing (from
among eight in the same category) when given its name or its
description, naming the item when given either the drawing or its
definition, answering yes/no questions about an item, and sorting
the items into categories or subcategories. E.P. was modestly,
albeit significantly, impaired on the tests involving animals (P <
0.02) and was marginally impaired on the tests involving objects
(P < 0.08). He performed well only on the test of category sorting.
H.M.’s scores were marginally better overall than E.P.’s scores
(P < 0.08 for both animals and objects). Nonetheless, H.M. was
marginally impaired relative to controls on the tests involving
animals (P < 0.09).
Fig. S1 (Lower) shows performance on the seventh and eighth

tests, which asked participants to provide definitions for the items
in the semantic test battery when given either the item’s name or
a drawing of the item. E.P. and H.M. both performed poorly,
substantially outside the range of control scores. The last of the
nine tests (category fluency) asked participants to name as many
examples as possible from each of four categories of animals
(animals, birds, water creatures, dog breeds) and four categories
of objects (household items, vehicles, musical instruments, and
types of boat). For each category, participants were given 1 min to
respond. On this test controls generated 58.5 responses for living
things and 70.4 responses for nonliving things. E.P. scored sub-
stantially outside the control range (44 living things and 46 non-
living things). H.M. scored more poorly than E.P. (21 living things
and 22 nonliving things).

Perception of Emotion. E.P. rated 60 color pictures for their
emotional intensity and pleasantness. The pictures varied widely
in subject matter and emotional content. Despite his amygdala
damage, E.P. gave emotionality ratings very similar to those
given by his comparison groups (35). However, E.P. had diffi-
culty identifying emotion in facial expressions (36). He consis-
tently misidentified expressions of sadness and fear, although he
performed as well as his comparison group in identifying expres-
sions of anger, disgust, happiness, or surprise.

Immediate Memory and Working Memory. E.P. performed normally
on verbal and nonverbal tests of immediate memory. He was given
the digit span test on 12 different occasions (17), averaging 6.6
digits [controls in that study averaged 7.3 digits; in another study
(37), controls averaged 6.9 digits]. Patient H.M. scored 6 digits
(38). On the spatial span task from the WMS-III, E.P. averaged
5.5 locations across four administrations. Controls averaged
5.9 locations.

Fig. 1. T2-weighted MRI images of E.P.’s brain from 1994. Axial sections are
arranged from ventral to dorsal (A–D). Note areas of hyperintensity in the
medial temporal lobe indicated by white arrows. Regions included within
the abnormal hyperintensity include the temporopolar cortex (TPC), amyg-
daloid complex (A), and hippocampal formation bilaterally (H). The left side
of each image illustrates the left side of the brain.
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E.P. also performed well on tests of working memory (39). He
retained three names across a 14-s delay (92.2% vs. 94.5% for
controls), he retained single faces for 2 s (96.9% vs. 98.8% for
controls), and he retained three different object–location asso-
ciations for 8 s (87.5% vs. 93.2% for controls). All these scores
were within one SD of the control mean. E.P. and other memory-
impaired patients performed poorly in more challenging con-
ditions of the same kind of tests (e.g., single faces after 14 s, six
object–location associations after 8 s). Independent evidence
suggested that performance under these conditions depends sub-
stantially on long-term memory (39).

Spatial Cognition.E.P. took two tests that assessed his capacity for
spatial cognition. In one test he was blindfolded and led along
paths (up to 15 m in length and involving two turns) while being
asked to hold his start location actively in mind (40). At the end
of the path, E.P. was able to point accurately to his start location
(trial times about 30 s). However, several minutes later E.P could
remember nothing of what he had been doing and suggested that
he had been “in conversation.” His ability to keep track of a ref-
erence location for a time as he moved through space (some-
times termed “path integration”) presumably depended on his
intact working memory.
In a second test, E.P. performed well when asked to navigate

mentally through the environment where he grew up (41). He
also could find a new route when the route he first chose was
made unavailable, and he was able to point accurately toward
landmarks in his childhood environment when imagining himself
in a particular location and facing a particular direction. His
good performance on this test presumably relates to his generally
good performance on tests of remote memory that asked about
his early life (see Retrograde Memory).

Declarative Memory (New Learning). Despite E.P.’s intact perfor-
mance on tests of immediate memory and working memory, his
declarative memory was profoundly impaired, as documented by
every test of recall and recognition that he was given. His deficit
was apparent across all types of material (e.g., scenes, words, dot
patterns, synthetic sounds). Table S1 and Fig. 2 illustrate E.P.’s
performance on standard memory tests. He exhibited no capacity
for new learning. For example, in two earlier studies (25, 42), he
took 42 different recognition memory tests (20 or 24 words
tested after a 5- to10-min delay by yes–no recognition or forced-
choice recognition). His average score across all the tests was
49.3% correct (chance = 50.0%). It also is notable that, like
other patients with medial temporal lobe damage, E.P. was un-
able to acquire trace eyeblink conditioning (43).
Unlike many memory-impaired patients, including H.M. (44),

E.P.’s recognition memory did not improve after extended ex-
posure to study material (45). For example E.P. viewed 40 scenes
for a total presentation time of 20 s each and then took a yes–no
recognition test (10-min delay). Across three separate study-test
sessions, E.P. scored at chance (50.6% correct). E.P.’s perfor-

mance also remained at chance levels when he was tested in
a forced-choice format and when the tests involved shorter lists
of items. In contrast, with similar tests H.M. benefited from ex-
tended exposure time (120 scenes presented for a total of 20 s
each), obtaining a score of 78.8% correct across four tests (44).
Additional tests explored the possibility that E.P. might have

been capable of identifying items based on a simple, nonspecific
sense of familiarity, even if an item could not be recalled or
associated with its original context (46). Accordingly, in three
similarly designed tests E.P. was asked to identify a word, name,
or face that could have become familiar only after his illness
in 1992. For example, he was asked to select the one real item
when it was presented together with eight plausible foils (Prozac,
Flozac, Flozam, Prozam, Grosam, Grozac, Grodaz, Prodaz, Flo-
daz). Across 74 test items, E.P. scored 16.2% correct (chance =
11.0%, P = 0.11). E.P.’s only hint of new learning came from an
eight-item test of household objects that had been acquired after
the onset of his amnesia. Photos of each item were presented
together with five other exemplars of the same object (e.g.,
a different lamp, car, or table). E.P’s spouse scored 100% cor-
rect, indicating that the objects were readily recognizable. E.P.
scored 33% correct across three tests (chance = 16.6%, P =
0.057). Although these data suggest a limited ability to learn
postmorbidly when items have been exposed (presumably)
hundreds or thousands of times, it also is possible that E.P. based
his selections in part on longstanding preferences for certain
types of objects and that the objects purchased by the family after
1992 conformed to these preferences.
E.P. moved to the San Diego area in 1993 after he became

amnesic. His poor knowledge of his house and neighborhood
further illustrated his anterograde memory impairment. He was
unable to name any streets in his neighborhood or describe how
he would travel to places that he visited with his wife (e.g., the
supermarket, the post office). In addition, he was not able to
draw a floor plan of his house, nor was he able to point in the
direction of the Pacific Ocean (although he lived within 2 miles
of the coast).

Retrograde Memory. E.P. had severe and extensive retrograde
amnesia for facts and events but nonetheless was able to retrieve
memories from his early life. Specifically, he was markedly im-
paired on tests of recall and recognition for public events, fa-
mous faces, and famous names that came into the news after
1950 (20). His performance was good on tests that queried his
memory from before the age of about 25 y, i.e., before the late
1940s. For example, on one test of news events that occurred
from 1938 to 2005 (47), E.P.’s retrograde amnesia covered at
least 30–40 y (Fig. 3). Nonetheless, his performance improved
somewhat when questions concerned events that had occurred
>30 y before his amnesia and reached normal levels for the
period 46–50 y before amnesia when he was 20–24 y old.
The same pattern was apparent on a standardized test of au-

tobiographical memory (Fig. 4). This testing method (48)
quantifies the recall of autobiographical incidents and personal
semantic facts using a structured interview. E.P. was unable to
answer any questions about his recent life, he was moderately
impaired in answering questions about early adulthood, and he
was fully intact in answering questions about his childhood (until
age 18 y) (47).
In other tests (49), E.P. and controls recollected events from

early life, and transcripts of the recollections were then analyzed
for narrative content. E.P. produced as many details in each
narrative as his controls (Fig. S2, Left). Despite his success in
remembering remote events, E.P. tended to repeat details within
his narrative recollections (Fig. S2, Right), presumably because
he had difficulty remembering what he already had said. Addi-
tional measures suggested that E.P.’s early memories were as
vivid as the controls’ memories and were normal in other
respects as well (50). Still other tests were designed to increase
the sensitivity of autobiographical memory tests by eliciting
narrative recollections about a small number of prominent epi-

Fig. 2. The Rey–Osterrieth figure. E.P. and a control were asked to copy the
figure shown at the left (Upper) and then 10 –15 min later, without fore-
warning, to reproduce the figure from memory (Lower). E.P. did not recall
copying a figure and declined to make a guess.
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E.P. also performed well on tests of working memory (39). He
retained three names across a 14-s delay (92.2% vs. 94.5% for
controls), he retained single faces for 2 s (96.9% vs. 98.8% for
controls), and he retained three different object–location asso-
ciations for 8 s (87.5% vs. 93.2% for controls). All these scores
were within one SD of the control mean. E.P. and other memory-
impaired patients performed poorly in more challenging con-
ditions of the same kind of tests (e.g., single faces after 14 s, six
object–location associations after 8 s). Independent evidence
suggested that performance under these conditions depends sub-
stantially on long-term memory (39).

Spatial Cognition.E.P. took two tests that assessed his capacity for
spatial cognition. In one test he was blindfolded and led along
paths (up to 15 m in length and involving two turns) while being
asked to hold his start location actively in mind (40). At the end
of the path, E.P. was able to point accurately to his start location
(trial times about 30 s). However, several minutes later E.P could
remember nothing of what he had been doing and suggested that
he had been “in conversation.” His ability to keep track of a ref-
erence location for a time as he moved through space (some-
times termed “path integration”) presumably depended on his
intact working memory.
In a second test, E.P. performed well when asked to navigate

mentally through the environment where he grew up (41). He
also could find a new route when the route he first chose was
made unavailable, and he was able to point accurately toward
landmarks in his childhood environment when imagining himself
in a particular location and facing a particular direction. His
good performance on this test presumably relates to his generally
good performance on tests of remote memory that asked about
his early life (see Retrograde Memory).

Declarative Memory (New Learning). Despite E.P.’s intact perfor-
mance on tests of immediate memory and working memory, his
declarative memory was profoundly impaired, as documented by
every test of recall and recognition that he was given. His deficit
was apparent across all types of material (e.g., scenes, words, dot
patterns, synthetic sounds). Table S1 and Fig. 2 illustrate E.P.’s
performance on standard memory tests. He exhibited no capacity
for new learning. For example, in two earlier studies (25, 42), he
took 42 different recognition memory tests (20 or 24 words
tested after a 5- to10-min delay by yes–no recognition or forced-
choice recognition). His average score across all the tests was
49.3% correct (chance = 50.0%). It also is notable that, like
other patients with medial temporal lobe damage, E.P. was un-
able to acquire trace eyeblink conditioning (43).
Unlike many memory-impaired patients, including H.M. (44),

E.P.’s recognition memory did not improve after extended ex-
posure to study material (45). For example E.P. viewed 40 scenes
for a total presentation time of 20 s each and then took a yes–no
recognition test (10-min delay). Across three separate study-test
sessions, E.P. scored at chance (50.6% correct). E.P.’s perfor-

mance also remained at chance levels when he was tested in
a forced-choice format and when the tests involved shorter lists
of items. In contrast, with similar tests H.M. benefited from ex-
tended exposure time (120 scenes presented for a total of 20 s
each), obtaining a score of 78.8% correct across four tests (44).
Additional tests explored the possibility that E.P. might have

been capable of identifying items based on a simple, nonspecific
sense of familiarity, even if an item could not be recalled or
associated with its original context (46). Accordingly, in three
similarly designed tests E.P. was asked to identify a word, name,
or face that could have become familiar only after his illness
in 1992. For example, he was asked to select the one real item
when it was presented together with eight plausible foils (Prozac,
Flozac, Flozam, Prozam, Grosam, Grozac, Grodaz, Prodaz, Flo-
daz). Across 74 test items, E.P. scored 16.2% correct (chance =
11.0%, P = 0.11). E.P.’s only hint of new learning came from an
eight-item test of household objects that had been acquired after
the onset of his amnesia. Photos of each item were presented
together with five other exemplars of the same object (e.g.,
a different lamp, car, or table). E.P’s spouse scored 100% cor-
rect, indicating that the objects were readily recognizable. E.P.
scored 33% correct across three tests (chance = 16.6%, P =
0.057). Although these data suggest a limited ability to learn
postmorbidly when items have been exposed (presumably)
hundreds or thousands of times, it also is possible that E.P. based
his selections in part on longstanding preferences for certain
types of objects and that the objects purchased by the family after
1992 conformed to these preferences.
E.P. moved to the San Diego area in 1993 after he became

amnesic. His poor knowledge of his house and neighborhood
further illustrated his anterograde memory impairment. He was
unable to name any streets in his neighborhood or describe how
he would travel to places that he visited with his wife (e.g., the
supermarket, the post office). In addition, he was not able to
draw a floor plan of his house, nor was he able to point in the
direction of the Pacific Ocean (although he lived within 2 miles
of the coast).

Retrograde Memory. E.P. had severe and extensive retrograde
amnesia for facts and events but nonetheless was able to retrieve
memories from his early life. Specifically, he was markedly im-
paired on tests of recall and recognition for public events, fa-
mous faces, and famous names that came into the news after
1950 (20). His performance was good on tests that queried his
memory from before the age of about 25 y, i.e., before the late
1940s. For example, on one test of news events that occurred
from 1938 to 2005 (47), E.P.’s retrograde amnesia covered at
least 30–40 y (Fig. 3). Nonetheless, his performance improved
somewhat when questions concerned events that had occurred
>30 y before his amnesia and reached normal levels for the
period 46–50 y before amnesia when he was 20–24 y old.
The same pattern was apparent on a standardized test of au-

tobiographical memory (Fig. 4). This testing method (48)
quantifies the recall of autobiographical incidents and personal
semantic facts using a structured interview. E.P. was unable to
answer any questions about his recent life, he was moderately
impaired in answering questions about early adulthood, and he
was fully intact in answering questions about his childhood (until
age 18 y) (47).
In other tests (49), E.P. and controls recollected events from

early life, and transcripts of the recollections were then analyzed
for narrative content. E.P. produced as many details in each
narrative as his controls (Fig. S2, Left). Despite his success in
remembering remote events, E.P. tended to repeat details within
his narrative recollections (Fig. S2, Right), presumably because
he had difficulty remembering what he already had said. Addi-
tional measures suggested that E.P.’s early memories were as
vivid as the controls’ memories and were normal in other
respects as well (50). Still other tests were designed to increase
the sensitivity of autobiographical memory tests by eliciting
narrative recollections about a small number of prominent epi-

Fig. 2. The Rey–Osterrieth figure. E.P. and a control were asked to copy the
figure shown at the left (Upper) and then 10 –15 min later, without fore-
warning, to reproduce the figure from memory (Lower). E.P. did not recall
copying a figure and declined to make a guess.
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linium, showed symmetric hyperintensity involv-
ing the medial temporal lobes, left basal fore-
brain, and bilateral insular regions, on the left 
side more than on the right. There was no ab-
normal contrast enhancement or hemorrhage. 
CT of the chest, abdomen, and pelvis revealed 
an anterior mediastinal mass, 4 cm by 2 cm; sub-
pleural nodules in the right middle lobe, 2 mm 
in diameter; and calcifications in the left pleu-
ra. A lumbar puncture was repeated (Table 1). 
The results of additional laboratory tests were 
pending.

On the sixth hospital day, neuropsychological 
testing revealed profound anterograde amnesia 
and mild retrograde amnesia, as well as mild dif-
ficulty with phonemic fluency and visuospatial 
processing and construction (although the patient 
reported having blurred vision). His performance 
on neuropsychological tests was otherwise intact, 
with findings indicating preserved word finding, 
visual and verbal attention and working memory, 
cognitive flexibility, abstract reasoning, and pro-
cessing speed. Later that day, a 4-day course of 
intravenous immune globulin (2 g per kilogram 
of body weight) was begun.

On the seventh hospital day, a diagnostic pro-
cedure was performed.

Differ en ti a l Di agnosis

Dr. Kirk R. Daffner: May we review the results of the 
neuropsychological testing?

Dr. Janet C. Sherman: In evaluating this patient, 
our goal was to determine which aspects of his 
cognitive functioning were altered, and to what 
extent, and to use this information to assess the 
integrity of neural systems that can be differen-
tially affected by various conditions. To accom-
plish this, we administered standardized, norm-
referenced tests in which we compared the patient’s 
performance on each test with the average perfor-
mance for someone of his age and education. The 
administered tests assessed a broad range of cog-
nitive functions, including overall intelligence as 
well as attention, executive functions, memory, 
language, and visuospatial processing.

The patient’s test performance indicated that 
he had a profound and circumscribed memory 
deficit, specifically anterograde amnesia, which 
was evidenced by his limited encoding and se-
verely impaired consolidation of information. 

These impairments resulted in failure to form 
new, lasting memories. In contrast, he exhibited 
relatively intact attention, executive and naming 
functions, and semantic knowledge, indicating 
that although his new learning and memory were 
seriously affected, other cognitive systems were 
relatively spared.

Dr. Daffner: May we review the imaging studies?
Dr. R. Gilberto Gonzalez: A FLAIR MRI scan of 

the brain (Fig. 1A) shows a symmetric signal 
abnormality involving the medial temporal lobes, 
the amygdala, the hippocampus, and the para-
hippocampal gyri, as well as the subinsular area 
and the inferior frontal lobes, particularly on the 
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Figure 1. Imaging Studies.

A coronal FLAIR (fluid-attenuated inversion recovery) 
image of the brain (Panel A) shows abnormally high 
signal intensity involving the medial temporal lobes  
bilaterally (arrows). A CT scan of the chest at the level 
of the aorta (Panel B) reveals a smoothly marginated 
anterior mediastinal mass (arrow).
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5.0 cm by 1.5 cm and was well circumscribed, 
with a thin capsule (Fig. 2A). Histologically, the 
tumor was composed mainly of nests of epithe-
lioid cells with oval nuclei and abundant, granu-
lar, eosinophilic cytoplasm (Fig. 2B). There was 
no necrosis, and mitotic figures were rare. Some 
areas had a diffuse architecture with cytologi-
cally atypical enlarged nuclei and occasional 
single-cell necrosis (Fig. 2B, inset). These mor-
phologic features are most consistent with a neu-
roendocrine tumor. The tumor did not invade the 
pericardium, and all resection margins were 
negative. According to immunohistochemical 
analysis, the tumor cells were positive for the 
epithelial marker cytokeratin (Fig. 2C) and for 
the neuroendocrine markers chromogranin, syn-
aptophysin, and neuron-specific enolase (Fig. 2D). 
Electron microscopy showed that the tumor cells 
contained dense core neurosecretory granules 
and sparse intermediate filaments (Fig. 2E). These 
findings are diagnostic of a neuroendocrine tu-
mor involving the thymus.

Thymic neuroendocrine tumors histologically 
and immunophenotypically resemble neuro endo-
crine tumors of other sites. They may occur to-
gether with thymomas or thymic carcinomas. For 
this reason, they are considered to be primary 
thymic neoplasms and probably share with thy-
momas derivation from a common thymic epithe-
lial precursor cell.38,39 Thymic neuroendocrine 
tumors are classified into well-differentiated car-
cinomas (typical and atypical carcinoid tumors) 
and poorly differentiated carcinomas (small-cell 
and large-cell neuroendocrine carcinomas).40 Al-
though in this case mitotic figures were rare and 
there was no geographic necrosis, the presence of 
areas of a solid growth pattern with frequent sin-
gle-cell necrosis and moderate cytologic atypia 
favored classification of the tumor as an atypical 
carcinoid tumor (well-differentiated neuroendo-
crine carcinoma).

Although poorly differentiated neuroendocrine 
carcinomas of the small-cell type are the most 
common cause of paraneoplastic limbic enceph-
alitis, I am aware of only one case report of limbic 
encephalitis in a patient with a pulmonary car-
cinoid tumor,41 and to my knowledge, paraneo-
plastic limbic encephalitis has not previously been 
reported in association with a thymic carcinoid 
tumor.

Dr. Alcalay: Paraneoplastic antibody panels from 
spinal fluid and serum were negative. However, 
subsequent studies performed in the research lab-
oratory of Dr. Josep Dalmau, at the University of 
Pennsylvania, showed an antibody that reacted 
with the cytoplasm of neurons in the brain and 
Purkinje cells in the cerebellum, supporting the 
diagnosis of paraneoplastic limbic encephalitis.

The patient recovered uneventfully from the 
operation, but his memory did not improve. In a 
rehabilitation center 2 weeks after discharge, diz-
ziness and an unsteady gait developed, as did up-
beating nystagmus in primary gaze. Repeated 
MRI showed decreases in the signal hyperintensity 
on FLAIR images and volume loss within the 
temporal lobes. Further treatment with methyl-
prednisolone and cyclophosphamide resulted in 
only a marginal response. Restaging with the use 
of positron-emission tomography and octreotide 
scintigraphy showed no metastatic lesions. The 
patient was discharged to a facility close to his 
family. Six months after presentation, he fell and 
hit his head. A few days later, he became con-
fused and did not recognize his sister. He died 
later that week. Unfortunately, permission for an 
autopsy was not obtained.

Dr. Andrew J. Cole (Neurology): What is known 
about the neuropathology of limbic encephalitis?

Dr. E. Tessa Hedley-Whyte (Pathology): The chang-

Table 3. Antibodies and Cancers Associated with Paraneoplastic Limbic 
Encephalitis.*

Antibody Associated Cancers

Anti-Hu antibody (ANNA-1) Small-cell lung cancer

Anti-CV 2 antibody (CRMP5) Small-cell lung cancer, thymoma, 
 testicular germ-cell tumor

Anti-Ma antibody (Ma 1, Ma 2) Testicular cancer, lung cancer, breast 
cancer

Antiamphiphysis antibody Small-cell lung cancer, breast cancer

ANNA-3 Small-cell lung cancer

PCA-2 Small-cell lung cancer

Anti-VGKC antibody Thymoma, small-cell lung cancer

“Novel” antibodies against  neuropil Thymoma, mediastinal germ-cell 
 tumor, thyroid cancer

*  ANNA denotes antineuronal nuclear antibody, CRMP collapsin response me-
diator protein, PCA Purkinje-cell antibody, and VGKC voltage-gated potassium 
channel.
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CA3 atrophy on 7T MRI

Discussion
The present results provide clear evidence that the CA2 subregion
of the hippocampus and the EC have a higher level of Lewy pa-
thology than any other hippocampal region in patients with DLB,
among both neocortical and limbic subtypes of pathology. The
pathology was confirmed to be in CA2 rather than CA3 by virtue
of being distal to MFs from the DG labeled using two distinct

molecular markers (Kohara et al., 2014). Lewy pathology was also
apparent in CA1, CA3, CA4, and the subiculum, although not to
the same degree as in CA2 and EC. There was often little or no
Lewy pathology in the DG. CA2 Lewy pathology burden was
strongly correlated with EC Lewy pathology burden, but not with
CA1 or CA3. However, CA1 and CA3 were highly correlated with
each other, as were CA3 and CA4.

Figure 3. Distribution and severity of Lewy pathology show differential regional involvement. A, Heat map of Lewy pathology in hippocampal subfields from DLB cases (n ! 95) shows increased
burden in area CA2 and entorhinal cortex. The DG is relatively free of pathology by comparison. The color-coded scale is based on average pathology rating per subregion. Major known hippocampal
projections are displayed as solid lines, whereas the suspected EC–CA2 circuit is shown as a dashed line (hippocampal diagram adapted with permission from Yang et al., 2008). B, Graphical
representation of heat map data. Sub, Subiculum. Error bars indicate " SE.
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gap for events that occurred during the attack itself 
can persist.

TGA is often preceded by a period of intense emo-
tional or bodily stress. Frequently reported triggers 
include sudden immersion in cold or hot water, physi-
cal exertion, the receipt of bad news, a heated argu-
ment, pain, medical procedures, sexual intercourse, and 
Valsalva-associated manoeuvres.29,34–37 These triggers 
seem to cluster in different patient groups: in men, the 
TGA episode occurs more frequently after physical exer-
tion, whereas in women TGA is more typically preceded 
by emotional distress and is more associated with anxiety 
traits.28 In patients ≤56 years of age, TGA is associated 
with a past history of migraine.28

Neuropsychology
Formal neuropsychological testing during a TGA attack 
confirms the clinical impression.37–44 Tests of long-term 
anterograde memory, such as delayed recall of a word 
list, story or complex figure, reveal dramatically impaired 
performance. Outcome on tests of retrograde amnesia 
can be variable, but typically shows a Ribot gradient, with 
preservation of old memories relative to more-recent 
ones. The memory deficit in TGA is particu larly pro-
nounced with regard to autobiographical memory, and 
affects the subjective, qualitative experience of remem-
bering that is known as autonoetic consciousness.45 

Spatial memory is also severely impaired. In a recent 
study, patients with acute TGA who were tested in a 
virtual water maze (an established paradigm for testing 
hippocampus-dependent spatial and navigational 
memory) exhibited marked deficits in learning and 
retrieval of places.8 Furthermore, TGA impairs prospec-
tive memory; that is, the ability to remember to perform 
an intended action in the future.46 Semantic and implicit 
memory are usually spared, whereas working memory 
can be impaired in a subgroup of patients.40,47–49 

This neuropsychological profile is typical of patients 
with impairment of hippocampal function. Additional 
evidence for involvement of the hippocampus in TGA 
came from a recent study that found impairment of 
hippocampus-mediated recollection in patients with 
TGA, whereas familiarity-based recognition memory, 
often thought to rely on extrahippocampal structures, 
was unaffected.43

Cognitive outcome
Clinical recovery from TGA over the course of a few 
hours is generally favourable, but whether an episode 
of TGA results in long-lasting but subtle neuropsycho-
logical deficits is debated.37,40,44 Several early studies 
suggested that memory impairment could persist for 
several months after an acute episode of TGA.50–58 
However, the spectrum and magnitude of these deficits 
varied consider ably between studies. A high rate of mood 
disorders was reported in patients with TGA who were 
examined several months after the episode.59 Such pos-
tictal anxiety or depressive symptoms might correlate 
with subjective memory complaints.58 Other studies, 
however, found no evidence of persistent cognitive 
impairment after TGA.60 In a meta-analysis of 25 studies, 
no significant long-term performance differences were 
found between patients with TGA and healthy con-
trols.44 Another study, which compared patients with 
and without hippocampal CA1 lesions on MRI in the 
acute setting, also found no significant effect of TGA on 
long-term cognitive outcome.61

Neuroimaging
For many years, neuroimaging failed to reveal any 
structu ral abnormality in patients with TGA. Recent 
work, however, using high-resolution MRI, has consis-
tently revealed that the acute stage is associated with 
highly focal lesions in the CA1 field of the hippo campus 
(Figure 3).62–65 These lesions, which are evident on 
both DWI and T2-weighted MRI sequences, are best 
detected 2–3 days after the episode66–69 and usually 
disappear within 14 days. Long-term follow-up MRI 
reveals no structural sequelae 4–6 months after the acute 
attack.22,66,70,71 Combined 18F-fluorodeoxyglucose PET 
(FDG-PET) and MRI in one case of acute TGA revealed 
left hippocampal hypometabolism in the acute stage, 
with a typical focal DWI lesion in CA1 visible 48 h later.72 
Functional disruption of hippocampal CA1 neurons was 
confirmed by the presence of lactate, a marker of meta-
bolic stress, which was detected in these lesions by means 
of magnetic resonance spectroscopy.73
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Figure 3 | Neuroimaging findings in amnesic syndromes. Abbreviations:  
DWI, diffusion-weighted imaging; FDG-PET, 18F-fluorodeoxyglucose PET; FLAIR,  
fluid-attenuated inversion recovery; HC, hippocampus; T2, T2 weighted MRI;  
Thal, thalamus; VBM, voxel based morphometry. Images courtesy of O. Jansen, 
Department of Neuroradiology, University Hospital Kiel, Germany.
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Most prominent deficit is in episodic verbal memory

Butler et al (2017) JNNP

presentation significantly predicted the verbal memory index
value at Assessment 2 (β=−0.54, p=0.039). No other inde-
pendent variables were retained.

DISCUSSION
This study is the first to investigate the cognitive outcomes of
VGKC-LE using comprehensive, longitudinal neuropsychological

assessment in a large group of patients. Our results demonstrate
that, at presentation, patients showed marked impairment
on a range of measures of memory, executive function and
processing speed, whereas language and perceptual organisation
were unaffected. This pattern is consistent with acute
dysfunction of the limbic system and is similar to that seen in acute
viral LE.22

Table 2 Group performance on cognitive domain indices at Assessment 1 (acute phase) and Assessment 2 (post-treatment phase) of VGKC-LE

Assessment 1 Assessment 2 Change between assessments

Index (z-scores) n Mean (SD) t N Mean (SD) t n Mean (SD) t

Verbal memory 18 −1.76 (1.02) −7.47* 18 −1.07 (0.96) −4.54* 17 0.84 (1.05) 3.30†
Non-verbal memory 17 −0.52 (1.21) −2.14 19 0.23 (0.79) 1.00 17 0.76 (1.31) 2.39
Executive function 19 −0.90 (1.00) −3.92* 19 −0.02 (0.72) −0.09 19 0.88 (0.76) 5.03†
Processing speed 17 −0.76 (0.80) −3.13* 16 −0.10 (1.23) −0.40 16 0.69 (1.09) 2.53
Language 19 0.20 (0.86) 0.89 17 0.43 (0.61) 1.76 17 0.21 (0.45) 1.93
Perceptual organisation 19 0.28 (0.49) 1.22 19 0.47 (0.47) 2.06 19 0.19 (0.44) 1.92

*Impaired (after correction for multiple comparisons, p<0.008).
†Improvement between assessments (after correction for multiple comparisons, p<0.008).
VGKC-LE, limbic encephalitis associated with antibodies to the voltage-gated potassium channel.

Figure 1 Box-and-whisker plot showing the six cognitive domain indices (A) before and (B) after treatment. Individual data points for each patient
are plotted on top of each index box-and-whisker plot. The line in the box plot indicates the median value. Prior to treatment there were
impairments in verbal memory, executive function and processing speed, when compared with normative data (denoted by, * where p<0.008
(Bonferroni-corrected significance level)). Following treatment, the only persistent deficit was in verbal memory. The hatched line represents a
z-score of −1.67 corresponding to the 5th centile. (C) The correlation between VGKC-complex antibody (VGKC-complex Ab) titre at presentation and
score on the verbal memory index at Assessment 2.
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in the right prefrontal cortex.113 Whether functional 
changes in this brain region are causally related to the 
amnesia has not yet been established. Notably, how-
ever, focal damage to the right pre frontal cortex has 
been reported to cause focal retrograde amnesia for  
auto biographical events.114

Treatment
Memory impairment in psychogenic amnesia has clas-
sically been regarded as reversible, with early studies 
reporting good recovery within a month from the onset 
of amnesia.103,115 More-recent studies that employed 
extensive neuropsychological testing, however, showed 
only protracted and incomplete recovery in many 
cases.106,116 No data exist on the efficacy or other wise 
of behavioural or pharmaceutical interventions for 
 psychogenic amnesia.

Other causes of transient amnesia
Hippocampal stroke
The hippocampal region is very sensitive to ischaemic 
damage. In the 1970s, Benson et al. coined the term 
‘amnestic stroke’ to describe patients with memory 
impairment after experiencing a stroke.117 Several case 
series have since confirmed that posterior cerebral 
artery strokes, which involve the hippocampus, can lead 
to transient amnesia.117–122 Hippocampal stroke may 
mimic the amnesic deficit observed in TGA,123 but the 
amnesia is often accompanied by other signs, such as 
hemianopia, owing to more-widespread infarction.124 
Szabo et al. identified four distinct anatomical patterns 
of hippocampal infarction that each correspond to dis-
tinct arterial territories: complete; lateral (selective CA1 
damage); partial (either posterior or anterior regions of 
the hippocampus); and small focal lesions.121,122

Diencephalic amnesia
Damage to the anterior and medial thalamic nuclei can 
cause memory impairment that is broadly similar to 
hippocampal amnesia in that episodic memory is most 
severely affected while working and implicit memory 
seems to be spared.2,15,125 However, amnesia caused by 
such damage is often accompanied by dysexecutive and 
behavioural symptoms such as reduced verbal fluency, 
apathy and dysphoria.126 The two commonest causes of 
diencephalic amnesia are thalamic stroke and Korsakoff 
syndrome—a subacute neurological syndrome resulting 
from vitamin B1 deficiency that leads to diencephalic 
lesions involving the medial thalamus, periventricular 
region of the third ventricle, periaqueductal area, mam-
millary bodies, midbrain tectum and fornix. The an terior 
and medial thalamic nuclei and the mamillo thalamic 
tract are supplied by the anterior choroidal, tubero-
thalamic artery and paramedian arteries, respectively. 
Lacunar infarcts of these vascular territories, particularly 
if they are left-sided, can lead to acute impairments of 
anterograde and retrograde episodic memory (Figure 3). 
Damage to the basal forebrain (often with additional 
involvement of the orbitofrontal cortex) leads to basal 
forebrain amnesia as a result of rupture of an anterior 
communicating artery aneurysm, and can result in a pro-
found anterograde memory impairment that is frequently 
accompanied by executive deficits and confabulations.127

Limbic encephalitis
The limbic system, including the hippocampus, can 
be specifically targeted by infectious agents such as 
herpes simplex virus, or by inflammatory conditions 
(Figure 3). Recent interest has focused on autoimmune 
limbic encephalitis. Although not directly classified 
as a classic transient amnesic syndrome, patients with 

Headache, fever,
delirium, confusion,
epileptic fits, focal
neurological signs,

hallucinations
Negative

Herpes simplex
encephalitis

Autoimmune 
limbic

encephalitis

Underlying malignancy,
onconeural

antibody-positive

Knowledge of personal
identity is often impaired
Remote memory often
more strongly affected
Anterograde memory is
comparatively preserved

MRI normal or chronic lesion
in the temporal lobe

EEG without
pathology

EEG: epileptiform activity
Clinically: other ictal signs

Stressful, emotional
event in the past

Possible
psychogenic

amnesia

Transient
global amnesia

Transient
epileptic amnesia

MRI: focal DWI lesions in
the lateral hippocampus (CA1)

48–72 h after acute phase
Duration: 1 h to <24 h

Duration: <1 h
Frequency: >1 per year

Memory impairment,
focal neurological signs

MRI: DWI lesion with vascular distribution
(thalamus, posterior cerebral artery)

Strategic insult,
‘amnesic stroke’

Acute
onset

amnesia

Situation-specific
psychogenic amnesia

or global
psychogenic amnesia

CSF: HSV-PCR
MRI: abnormalities in

temporal lobe, limbic system
CSF: pleocytosis

Figure 5 | Diagnostic pathways in patients with acute memory loss. Abbreviations: CSF, cerebrospinal fluid; DWI, diffusion-
weighted imaging; HSV, herpes simplex virus.
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Often a plausible, but imaginary, recollection of an event or sometimes a grand account of personal life
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There was also some increase in the number of astrocytes in several regions of
both hemispheres of the brain. These loci included the parietal and frontal cortex
(where there were also very occasional senile plaques and neurofibrillary tangles),
the hippocampal and fusiform gyri of the temporal lobe, the hippocampus, caudate
nucleus, putamen and globus pallidus, the amygdaloid complex, the subthalamus
nucleus, red nuclei, substantia nigra, the vicinity of the aqueduct of Sylvius and the
floor of the fourth ventricle and also in the nuclei of the fourth, sixth and seventh
cranial nerve nuclei. But in none of these loci was there any evident loss of nerve cells.

In the dorsomedial part of the right cerebellar hemisphere there was a zone of
softening showing loss of nerve cells and infiltration by macrophages, and the vessels
in the damaged tissue were numerous and congested. Loss of Purkinje cells and
proliferation of astrocytes were noted in the folia adjacent to the zone of softening.
The left cerebellar hemisphere did not present any lesion. The nerve cells of the
dentate nucleus of either side were well preserved but there was a slight increase in
the number of astrocytes present.

Further histological examination of the brain was unremarkable. In particular,
the fimbria, fornices and corpus callosum were well myelinated, as was the white
matter throughout the cerebral hemispheres including the white matter of the
temporal lobes and temporal stem. Some macrophages filled with pigment occurred
in the white matter near the convexity of the occipital lobe. The optic radiations were
well preserved.

H.J.
At post-mortem examination, the body was of a well-developed man who looked

his stated years. An old operation scar was present in the abdominal wall. Part of the
stomach had been removed and the stomach was anastomosed to the small intestine.

FIG. 12. H.J. The mammillary bodies are shrunken and brown in colour.

Confabulation
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False memories without conscious knowledge of their falsehood
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The online supplement includes full details of search strategy,
data extraction, rater reliability, statistical analyses and included
cases with references.

RESULTS
Gender and age
Table 1 shows gender distribution according to age. The
non-alcWKS sample included nearly twice as many female cases
compared to male; a male to female ratio of 1:1.84 (n=614).
There remained a significantly higher number of females than
males after removal of the 115 cases precipitated by hyperem-
esis gravidarum (adjusted ratio: 1:1.31, n=499), but the effect
of gender was now small (p=0.003, Cohen’s g=0.07).25 In con-
trast, a significantly greater proportion of mostly alcWKS cases,
as reported by Victor et al21 were male (p<0.001, Cohen’s
g=0.13).

Mean age of the non-alcWKS sample was 38.1 years
(SD=19.7, n=604, range=1–89 years). Fifty-eight per cent
(n=350) of the non-alcWKS sample was under 40 years of age,
compared to only 20% of the alcWKS sample.21

Precipitating illness
A diverse range of conditions precipitated non-alcWKS and are
summarised in table 2. As shown in figure 1, the length of time
between the onset of precipitating illness and first presentation
to case author (duration of precipitating illness) was significantly
shorter, representing a large effect, in non-alcWKS compared to
alcWKS described by Victor et al21 (p<0.001, Cohen’s
w=9.67).25 Unlike the non-alcWKS sample, 99% of alcWKS
cases had a precipitating illness (alcohol use disorder) of 1 year’s
duration or more.21

Clinical presentation in cases diagnosed at postmortem
Of the non-alcWKS cases retrieved, 116 were only diagnosed at
postmortem. Comparing the non-alcWKS sample to the mostly
alcWKS cases of Harper et al20 that were also only diagnosed
postmortem, figure 2A shows similar proportions of cases had
recorded history of none, one, two or all three signs of the
classic clinical triad, with no statistical difference between pro-
portions (p=0.662, Cohen’s w=0.12). The classic clinical triad
of signs of WKS includes altered mental state, oculomotor
abnormalities, and ataxia.6 21 26

For cases only diagnosed at postmortem, altered mental state
was the most common sign of the classic clinical triad for both
non-alcWKS and the Harper et al20 almost exclusively alcWKS
sample. Next most common were oculomotor abnormalities
and then ataxia for non-alcWKS, but ataxia then oculomotor
abnormality for alcWKS (figure 2B).

Figure 2B also shows that the proportion of non-alcWKS
cases presenting with altered mental state was not significantly
different to the proportion of alcWKS (p=0.111, Cohen’s
w=0.15). A significantly greater proportion of non-alcWKS
cases displayed oculomotor abnormality compared to alcWKS, a
medium sized effect (p<0.001, Cohen’s w=0.36).25 A signifi-
cantly smaller proportion of non-alcWKS than alcWKS pre-
sented ataxia or gait disturbance, also a medium sized effect
(p=0.001, Cohen’s w=0.30).25

Clinical presentation in cases diagnosed antemortem
Of the non-alcWKS cases retrieved, 507 were first diagnosed
antemortem. As shown in figure 2C, of cases diagnosed ante-
mortem, the overall proportions of non-alcWKS cases present-
ing none, one, two, or all three signs of the classic clinical triad
differed statistically, with medium effect size, to the mostly
alcWKS cases of Harper et al20 that also received a diagnosis
antemortem (p<0.001, Cohen’s w=0.46).25 The largest dis-
crepancies between non-alcWKS and alcWKS occurred for pro-
portions with one and two clinical signs, with fewer
non-alcWKS cases showing only one sign, and a greater propor-
tion showing two signs.

For cases first diagnosed antemortem, altered mental state was
the most common sign of the classic clinical triad in
non-alcWKS and alcWKS,20 followed by oculomotor abnormal-
ity and then ataxia for non-alcWKS, but ataxia then oculomotor
abnormality for alcWKS (figure 2D). Figure 2D also shows that
significantly more non-alcWKS cases compared to alcWKS pre-
sented with altered mental state, although the effect was small

Table 1 Gender distribution by age (in decades) in
non-alcohol-related WKS retrieved from the systematic review
compared to alcohol-related cases21

Age (years)

Non-alcWKS alcWKS21

Male Female M:F ratio Male Female M:F ratio

0–9 22 18 1.22:1 – – –

10–19 17 28 1:1.65 – – –

20–29 32 113 1:3.53 3 11 1:3.67
30–39 37 82 1:2.22 12 22 1:1.83
40–49 28 45 1:1.61 44 25 1.76:1
50–59 31 34 1:1.10 43 18 2.39:1
60–69 27 47 1:1.74 38 14 2.71:1
70–79 19 16 1.19:1 10 0 –

80–89 1 6 1:6.00 – – –

Not reported 2 9 4 1
Total 216 398 1:1.84 154 91 1.69:1

alcWKS, alcohol-related Wernicke-Korsakoff syndrome; Non-alcWKS,
non-alcohol-related Wernicke-Korsakoff syndrome.

Table 2 Precipitating illness in cases of Wernicke-Korsakoff
syndrome not related to alcohol

Precipitating illness n (%) Male Female
Gender not
reported

Gastrointestinal tract disease
or surgery

213 (34) 78 135 0

(Bariatric surgery) 69 (11) 11 58 0
(Cancer) 54 (9) 29 25 0
(Obstruction) 25 (4) 12 13 0
(Pancreatitis) 11 (2) 6 5 0
(Crohn’s disease) 6 (1) 0 6 0
(Other) 48 (8) 20 28 0

Hyperemesis gravidarum 115 (18) 0 115 0
Dietary insufficiency, starvation
or vomiting

106 (17) 59 47 0

Leukaemia or cancer of
lymphoid system

36 (6) 17 19 0

Intravenous feeding or
hyperalimentation

29 (5) 10 11 8

Psychiatric disorders 13 (2) 4 9 0
(Schizophrenia spectrum) 7 (1) 4 3 0
(Anorexia nervosa) 6 (1) 0 6 0

Dialysis 11 (2) 7 4 0
HIV/AIDS 10 (2) 7 3 0
Other or unspecified 90 (14) 34 55 1

Scalzo SJ, et al. J Neurol Neurosurg Psychiatry 2015;86:1362–1368. doi:10.1136/jnnp-2014-309598 1363
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The brain weighed 1320 g. The leptomeninges did not show any changes to the
naked eye. The basal cerebral vessels showed slight atheroma. The sulci of the
cerebral cortex were widened. The mammillary bodies were markedly shrunken to
about half the normal size (fig. 4). No other abnormalities were noted with naked eye
examination.

FIG. 4, E A. The mammillary bodies are markedly shrunken.

On histological examination, proliferation of astrocytes with the formation of a
dense feltwork of glial fibres was apparent in the medial nuclei of the mammillary
bodies in both hemispheres (figs. 5-7). In the left mammillary body cell loss was
severe in the dorsal portion of the medial nucleus, having the shape of a wedge with
the apex pointing downwards into the ventral portion of the nucleus. In the right
mammillary body the cell and fibre loss was somewhat more diffuse and extensive
throughout the medial nucleus. The myelin around the mammillary bodies in the
bundle of Vicq d'Azyr was preserved.

Throughout the thalamus of both hemispheres there was some increase in the
number of astrocytes. However, this increase was particularly intense in a band lying
between the medial dorsal nucleus and groups of nerve cells in the subependymal

764 W. G. P. MAIR AND OTHERS

There was also some increase in the number of astrocytes in several regions of
both hemispheres of the brain. These loci included the parietal and frontal cortex
(where there were also very occasional senile plaques and neurofibrillary tangles),
the hippocampal and fusiform gyri of the temporal lobe, the hippocampus, caudate
nucleus, putamen and globus pallidus, the amygdaloid complex, the subthalamus
nucleus, red nuclei, substantia nigra, the vicinity of the aqueduct of Sylvius and the
floor of the fourth ventricle and also in the nuclei of the fourth, sixth and seventh
cranial nerve nuclei. But in none of these loci was there any evident loss of nerve cells.

In the dorsomedial part of the right cerebellar hemisphere there was a zone of
softening showing loss of nerve cells and infiltration by macrophages, and the vessels
in the damaged tissue were numerous and congested. Loss of Purkinje cells and
proliferation of astrocytes were noted in the folia adjacent to the zone of softening.
The left cerebellar hemisphere did not present any lesion. The nerve cells of the
dentate nucleus of either side were well preserved but there was a slight increase in
the number of astrocytes present.

Further histological examination of the brain was unremarkable. In particular,
the fimbria, fornices and corpus callosum were well myelinated, as was the white
matter throughout the cerebral hemispheres including the white matter of the
temporal lobes and temporal stem. Some macrophages filled with pigment occurred
in the white matter near the convexity of the occipital lobe. The optic radiations were
well preserved.

H.J.
At post-mortem examination, the body was of a well-developed man who looked

his stated years. An old operation scar was present in the abdominal wall. Part of the
stomach had been removed and the stomach was anastomosed to the small intestine.

FIG. 12. H.J. The mammillary bodies are shrunken and brown in colour.

Haemorrhage then atrophy of 
mamillary bodies

Korsakoff’s syndrome
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Amnesia due to thiamine deficiency



Theories of confabulation

44

Propose a disorder of source monitoring or a deficit in strategic retrieval of memories

Temporality account
§ Confusion over when they were exposed to information

Source monitoring account (not dissimilar to temporality accounts)
§ Inability to distinguish the source of different memories

e.g. “I went on a flight to New York by Concorde last week and then embarked on a cruise 
to the Caribbean, before dining with the King of Lesotho”

§ The patient might have memories of seeing such events on television sometime in the past, even 
though he never did these himself

Strategic retrieval hypothesis
§ Monitoring the quality of retrieved information fails in confabulators
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Episodic memory3 

► Episodic memory refers to consciously recalled personal experiences and specific 
events that happened in the past 

► Retrograde memory is memory for distant events in the past while anterograde 
memory is memory for newly learnt material 

► The hippocampus and associated medial temporal lobe structures play a key role in 
episodic memory  

► Confabulation refers to false memories without conscious knowledge of their 
falsehood 

 

 

 

Hippocampal damage is associated with severe deficits in episodic memory 

Classically, complete lesions of the hippocampus lead to severe anterograde amnesia and 
a graded retrograde amnesia, such that more recent events are recalled very poorly but 
remote events, from many years ago, are remembered much better4,5. 

► Anterograde memory is often tested by getting the patient to learn a name and 
address, and asking them to recall it minutes later 

► Alternatively, you can tell them something about your own interests at the 
beginning of the consultation and ask them to recall these at the end 

► Neuropsychologists test verbal anterograde memory with story recall or word list 
learning. Visual anterograde memory is often tested with recall of a complex figure 

► Retrograde memory is assessed by asking the patient to recall past personal, 
news or sport events. It might be necessary to corroborate some of the 
information 

► More formally, retrograde memory can be tested using the Autobiographical 
Memory Interview 
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Episodic memory3 

► Episodic memory refers to consciously recalled personal experiences and specific 
events that happened in the past 

► Retrograde memory is memory for distant events in the past while anterograde 
memory is memory for newly learnt material 

► The hippocampus and associated medial temporal lobe structures play a key role in 
episodic memory  

► Confabulation refers to false memories without conscious knowledge of their 
falsehood 

 

 

 

Hippocampal damage is associated with severe deficits in episodic memory 

Classically, complete lesions of the hippocampus lead to severe anterograde amnesia and 
a graded retrograde amnesia, such that more recent events are recalled very poorly but 
remote events, from many years ago, are remembered much better4,5. 

► Anterograde memory is often tested by getting the patient to learn a name and 
address, and asking them to recall it minutes later 

► Alternatively, you can tell them something about your own interests at the 
beginning of the consultation and ask them to recall these at the end 

► Neuropsychologists test verbal anterograde memory with story recall or word list 
learning. Visual anterograde memory is often tested with recall of a complex figure 

► Retrograde memory is assessed by asking the patient to recall past personal, 
news or sport events. It might be necessary to corroborate some of the 
information 

► More formally, retrograde memory can be tested using the Autobiographical 
Memory Interview 



Declarative memory Non-declarative memory

Fractionation of Long term memory
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Into episodic and semantic memory



Testing semantic knowledge
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Pyramid and Palm Tree Test



Testing semantic knowledge
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Naming and asking about the use of an object
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L A N G U A G E  
 
¾ Ask the subject to repeat: ‘All that glitters is not gold’ 
 
 
 

Language
[Score 0-1] 

 
 

 
¾ Ask the subject to repeat: ‘A stitch in time saves nine’ 
 
 
 

Language
[Score 0-1] 

 
 

L A N G U A G E   
 
¾ Ask the subject to name the following pictures: 
 

 

Language
[Score 0-12]   

 
 
 
 
 
 
 
 
 

L A N G U A G E   

 
¾ Using the pictures above, ask the subject to: 
 

• Point to the one which is associated with the monarchy     …………………………………………….. 
• Point to the one which is a marsupial                                   …………………………………………….. 
• Point to the one which is found in the Antarctic                    ……………………………………………. 
• Point to the one which has a nautical connection                 ……………………………………………. 

 

Language
[Score 0-4] 

 
 
 

Updated 20/11/2012 
 

Masud Husain



Semantic dementia
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Atrophy of left temporal pole

Post-mortem



Semantic dementia
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Semantic hub in left temporal pole?

Post-mortem

Nature Reviews | Neuroscience 
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(FIG.1b). The principal reason for this claim is that a 
central function of semantic memory is to generalize 
across concepts that have similar semantic signifi-
cance but not necessarily similar specific attributes. 
Scallops and prawns have different shapes, colours, 
shell structures, forms of movement, tastes, names, 
verbal descriptions and so on, but semantically speak-
ing, to seafood-eating humans they enter into similar 
scenarios and have substantial conceptual overlap. 
If semantic memory consisted only of the modality- 
specific content of objects (and the links between 
them), it is doubtful that we could ever achieve the 
higher-order generalizations on which so much of our 
semantic processing relies.

The distributed-plus-hub view is by no means the 
first to argue for unified conceptual representations 
that abstract away from modality-specific attributes7,8. 
Most earlier proposals of this nature, however, were 
mute regarding the neuroanatomical basis for this 
central aspect of semantic processing. With a more 
specifically neuroanatomical focus, Damasio and  
colleagues9–13 proposed the existence of ‘convergence 
zones’ that associate different aspects of knowledge, 
and along with other researchers14, they have clearly 
articulated the importance of such zones for semantic 
processing. The convergence-zone hypothesis, however, 
differs in at least two respects from the distributed-plus-
hub view illustrated in FIG. 1b. First, it proposes the 
existence of multiple specialized convergence regions: 
for example, one that encodes associations between 
visual representations of shape and corresponding 
actions, another that encodes associations between 
shape and object name, and so on. Second, it suggests 
that these zones become differentially important for 
representing different semantic categories. For example, 
because humans frequently interact with tools and other 
man-made objects, the zone that links object shape 
and action might be more important for knowledge of 
man-made artefacts than for knowledge of living things. 
Similarly, because animals move in characteristic ways, 
the zone that links shape to movement might acquire 
special salience for knowledge of animals. These two 
aspects of the convergence-zone hypothesis make it a 
variant of the distributed-only class of theories that is 
represented in FIG. 1a. By contrast, the distributed-plus-
hub view proposes that, in addition to direct neuro-
anatomical pathways between different sensory, motor 
and linguistic regions, the neural network for semantic 
memory requires a single convergence zone or hub that 
supports the interactive activation of representations in 
all modalities, for all semantic categories.

Do the distributed-only and distributed-plus-hub 
positions result in different predictions? From the dis-
tributed-plus-hub perspective, damage to the hub should 
produce a semantic impairment that is independent of the 
modality of input (objects, pictures, words, sounds, tastes, 
and so on) and of the modality of output (for example, 
naming an object, drawing it or using it correctly). By 
contrast, from the distributed-only perspective, no form 
of focal brain damage would be expected to engender 
such a generalized impairment. We therefore start with 
two important empirical questions. Do selective but gen-
eralized impairments of semantic memory occur? And, 
if so, are they caused by relatively focal brain damage? 
The evidence pertinent to these questions comes from 
studies that have both investigated the performance of 
semantically impaired patients and attempted to deter-
mine the specific locus of their brain lesions. Following 
an overview of this evidence, we ask to what extent the 
resulting conclusions are consistent with, or challenged 
by, evidence from functional neuroimaging studies of 
healthy adults performing semantic tasks. Finally, we 
consider evidence from computational modelling that 
might help to explain why the cortical semantic network 
is apparently organized in a particular way.

Figure 1 | Two theoretical positions regarding the neuroanatomical distribution 
of the cortical semantic network and schematic models based on these views. 
Both positions hold, in agreement with most investigators, that the network is widely 
distributed and partly organized to conform to the neuroanatomy of sensory, motor and 
linguistic systems. a | The distributed-only view suggests that these widely distributed 
regions, along with the diverse connections between them (shown as green lines), 
constitute the whole semantic network. The flow of activation through this network can 
be ‘gated’ by a representation of the current task (right-hand panel): for instance, if the 
task is to name a line drawing of a familiar object, activation will flow from a 
representation of object’s shape to a representation of its name. Associations between 
different pairs of attributes are encoded along different neuroanatomical pathways.  
b | By contrast, the distributed-plus-hub view posits that, in addition to these modality-
specific regions and connections, the various different surface representations (such as 
shape) connect to (shown as red lines), and communicate through, a shared, amodal ‘hub’ 
(shown as a red area) in the anterior temporal lobes. At the hub stage, therefore, 
associations between different pairs of attributes (such as shape and name, shape and 
action, or shape and colour) are all processed by a common set of neurons and synapses, 
regardless of the task. The right-hand panel (labelled ‘convergent architecture’) 
illustrates the model equivalent of the distributed-plus-hub view.
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Semantic memory11 

► Semantic memory refers to recollection of facts, concepts and general knowledge 
about the world 

► The left temporal pole is considered to be a critical brain region for semantic 
memory 

 

 

Left temporal lobe is crucial for semantic memory 

This can be tested in patients by assessing semantic knowledge, for example with the 
Pyramid and Palm Trees test. 

 

► At the bedside semantic memory can be assessed by asking the patient to name 
objects or line drawings of objects, and then asking them to explain what they are 
or what they are used for. For example, you might point to a telephone or a watch, 
or a stethoscope 

► Alternatively, give the name of an object and ask them to explain its use.  

► Neuropsychologists test semantic memory more formally using tasks that probe 
semantic knowledge 

► For example, in the Pyramid and Palm Trees Test patients have to say which of the 
two choices are closer semantically to the target object 
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(FIG.1b). The principal reason for this claim is that a 
central function of semantic memory is to generalize 
across concepts that have similar semantic signifi-
cance but not necessarily similar specific attributes. 
Scallops and prawns have different shapes, colours, 
shell structures, forms of movement, tastes, names, 
verbal descriptions and so on, but semantically speak-
ing, to seafood-eating humans they enter into similar 
scenarios and have substantial conceptual overlap. 
If semantic memory consisted only of the modality- 
specific content of objects (and the links between 
them), it is doubtful that we could ever achieve the 
higher-order generalizations on which so much of our 
semantic processing relies.

The distributed-plus-hub view is by no means the 
first to argue for unified conceptual representations 
that abstract away from modality-specific attributes7,8. 
Most earlier proposals of this nature, however, were 
mute regarding the neuroanatomical basis for this 
central aspect of semantic processing. With a more 
specifically neuroanatomical focus, Damasio and  
colleagues9–13 proposed the existence of ‘convergence 
zones’ that associate different aspects of knowledge, 
and along with other researchers14, they have clearly 
articulated the importance of such zones for semantic 
processing. The convergence-zone hypothesis, however, 
differs in at least two respects from the distributed-plus-
hub view illustrated in FIG. 1b. First, it proposes the 
existence of multiple specialized convergence regions: 
for example, one that encodes associations between 
visual representations of shape and corresponding 
actions, another that encodes associations between 
shape and object name, and so on. Second, it suggests 
that these zones become differentially important for 
representing different semantic categories. For example, 
because humans frequently interact with tools and other 
man-made objects, the zone that links object shape 
and action might be more important for knowledge of 
man-made artefacts than for knowledge of living things. 
Similarly, because animals move in characteristic ways, 
the zone that links shape to movement might acquire 
special salience for knowledge of animals. These two 
aspects of the convergence-zone hypothesis make it a 
variant of the distributed-only class of theories that is 
represented in FIG. 1a. By contrast, the distributed-plus-
hub view proposes that, in addition to direct neuro-
anatomical pathways between different sensory, motor 
and linguistic regions, the neural network for semantic 
memory requires a single convergence zone or hub that 
supports the interactive activation of representations in 
all modalities, for all semantic categories.

Do the distributed-only and distributed-plus-hub 
positions result in different predictions? From the dis-
tributed-plus-hub perspective, damage to the hub should 
produce a semantic impairment that is independent of the 
modality of input (objects, pictures, words, sounds, tastes, 
and so on) and of the modality of output (for example, 
naming an object, drawing it or using it correctly). By 
contrast, from the distributed-only perspective, no form 
of focal brain damage would be expected to engender 
such a generalized impairment. We therefore start with 
two important empirical questions. Do selective but gen-
eralized impairments of semantic memory occur? And, 
if so, are they caused by relatively focal brain damage? 
The evidence pertinent to these questions comes from 
studies that have both investigated the performance of 
semantically impaired patients and attempted to deter-
mine the specific locus of their brain lesions. Following 
an overview of this evidence, we ask to what extent the 
resulting conclusions are consistent with, or challenged 
by, evidence from functional neuroimaging studies of 
healthy adults performing semantic tasks. Finally, we 
consider evidence from computational modelling that 
might help to explain why the cortical semantic network 
is apparently organized in a particular way.

Figure 1 | Two theoretical positions regarding the neuroanatomical distribution 
of the cortical semantic network and schematic models based on these views. 
Both positions hold, in agreement with most investigators, that the network is widely 
distributed and partly organized to conform to the neuroanatomy of sensory, motor and 
linguistic systems. a | The distributed-only view suggests that these widely distributed 
regions, along with the diverse connections between them (shown as green lines), 
constitute the whole semantic network. The flow of activation through this network can 
be ‘gated’ by a representation of the current task (right-hand panel): for instance, if the 
task is to name a line drawing of a familiar object, activation will flow from a 
representation of object’s shape to a representation of its name. Associations between 
different pairs of attributes are encoded along different neuroanatomical pathways.  
b | By contrast, the distributed-plus-hub view posits that, in addition to these modality-
specific regions and connections, the various different surface representations (such as 
shape) connect to (shown as red lines), and communicate through, a shared, amodal ‘hub’ 
(shown as a red area) in the anterior temporal lobes. At the hub stage, therefore, 
associations between different pairs of attributes (such as shape and name, shape and 
action, or shape and colour) are all processed by a common set of neurons and synapses, 
regardless of the task. The right-hand panel (labelled ‘convergent architecture’) 
illustrates the model equivalent of the distributed-plus-hub view.
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Semantic memory11 

► Semantic memory refers to recollection of facts, concepts and general knowledge 
about the world 

► The left temporal pole is considered to be a critical brain region for semantic 
memory 

 

 

Left temporal lobe is crucial for semantic memory 

This can be tested in patients by assessing semantic knowledge, for example with the 
Pyramid and Palm Trees test. 

 

► At the bedside semantic memory can be assessed by asking the patient to name 
objects or line drawings of objects, and then asking them to explain what they are 
or what they are used for. For example, you might point to a telephone or a watch, 
or a stethoscope 

► Alternatively, give the name of an object and ask them to explain its use.  

► Neuropsychologists test semantic memory more formally using tasks that probe 
semantic knowledge 

► For example, in the Pyramid and Palm Trees Test patients have to say which of the 
two choices are closer semantically to the target object 
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(FIG.1b). The principal reason for this claim is that a 
central function of semantic memory is to generalize 
across concepts that have similar semantic signifi-
cance but not necessarily similar specific attributes. 
Scallops and prawns have different shapes, colours, 
shell structures, forms of movement, tastes, names, 
verbal descriptions and so on, but semantically speak-
ing, to seafood-eating humans they enter into similar 
scenarios and have substantial conceptual overlap. 
If semantic memory consisted only of the modality- 
specific content of objects (and the links between 
them), it is doubtful that we could ever achieve the 
higher-order generalizations on which so much of our 
semantic processing relies.

The distributed-plus-hub view is by no means the 
first to argue for unified conceptual representations 
that abstract away from modality-specific attributes7,8. 
Most earlier proposals of this nature, however, were 
mute regarding the neuroanatomical basis for this 
central aspect of semantic processing. With a more 
specifically neuroanatomical focus, Damasio and  
colleagues9–13 proposed the existence of ‘convergence 
zones’ that associate different aspects of knowledge, 
and along with other researchers14, they have clearly 
articulated the importance of such zones for semantic 
processing. The convergence-zone hypothesis, however, 
differs in at least two respects from the distributed-plus-
hub view illustrated in FIG. 1b. First, it proposes the 
existence of multiple specialized convergence regions: 
for example, one that encodes associations between 
visual representations of shape and corresponding 
actions, another that encodes associations between 
shape and object name, and so on. Second, it suggests 
that these zones become differentially important for 
representing different semantic categories. For example, 
because humans frequently interact with tools and other 
man-made objects, the zone that links object shape 
and action might be more important for knowledge of 
man-made artefacts than for knowledge of living things. 
Similarly, because animals move in characteristic ways, 
the zone that links shape to movement might acquire 
special salience for knowledge of animals. These two 
aspects of the convergence-zone hypothesis make it a 
variant of the distributed-only class of theories that is 
represented in FIG. 1a. By contrast, the distributed-plus-
hub view proposes that, in addition to direct neuro-
anatomical pathways between different sensory, motor 
and linguistic regions, the neural network for semantic 
memory requires a single convergence zone or hub that 
supports the interactive activation of representations in 
all modalities, for all semantic categories.

Do the distributed-only and distributed-plus-hub 
positions result in different predictions? From the dis-
tributed-plus-hub perspective, damage to the hub should 
produce a semantic impairment that is independent of the 
modality of input (objects, pictures, words, sounds, tastes, 
and so on) and of the modality of output (for example, 
naming an object, drawing it or using it correctly). By 
contrast, from the distributed-only perspective, no form 
of focal brain damage would be expected to engender 
such a generalized impairment. We therefore start with 
two important empirical questions. Do selective but gen-
eralized impairments of semantic memory occur? And, 
if so, are they caused by relatively focal brain damage? 
The evidence pertinent to these questions comes from 
studies that have both investigated the performance of 
semantically impaired patients and attempted to deter-
mine the specific locus of their brain lesions. Following 
an overview of this evidence, we ask to what extent the 
resulting conclusions are consistent with, or challenged 
by, evidence from functional neuroimaging studies of 
healthy adults performing semantic tasks. Finally, we 
consider evidence from computational modelling that 
might help to explain why the cortical semantic network 
is apparently organized in a particular way.

Figure 1 | Two theoretical positions regarding the neuroanatomical distribution 
of the cortical semantic network and schematic models based on these views. 
Both positions hold, in agreement with most investigators, that the network is widely 
distributed and partly organized to conform to the neuroanatomy of sensory, motor and 
linguistic systems. a | The distributed-only view suggests that these widely distributed 
regions, along with the diverse connections between them (shown as green lines), 
constitute the whole semantic network. The flow of activation through this network can 
be ‘gated’ by a representation of the current task (right-hand panel): for instance, if the 
task is to name a line drawing of a familiar object, activation will flow from a 
representation of object’s shape to a representation of its name. Associations between 
different pairs of attributes are encoded along different neuroanatomical pathways.  
b | By contrast, the distributed-plus-hub view posits that, in addition to these modality-
specific regions and connections, the various different surface representations (such as 
shape) connect to (shown as red lines), and communicate through, a shared, amodal ‘hub’ 
(shown as a red area) in the anterior temporal lobes. At the hub stage, therefore, 
associations between different pairs of attributes (such as shape and name, shape and 
action, or shape and colour) are all processed by a common set of neurons and synapses, 
regardless of the task. The right-hand panel (labelled ‘convergent architecture’) 
illustrates the model equivalent of the distributed-plus-hub view.
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