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Goals and Learning Objectives

Describe organization of the human memory system

Identify principal structures in a distributed system

Address the question of whether there is a “core” 
amnesic syndrome

Apply lesion localization techniques to differential 
diagnosisg
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Multiple Forms of MemoryMultiple Forms of MemoryMultiple Forms of MemoryMultiple Forms of Memory

semantic episodicp
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Human Amnesia:  Core Features

t d i d f t i l ianterograde amnesia:  defect in new learning

retrograde amnesia/remote memory disturbance:retrograde amnesia/remote memory disturbance:  
defect in retrieving old memories

spared memory abilities: attention span psychometricspared memory abilities:  attention span, psychometric 
intelligence, nondeclarative memory, “personality”

NOT limited to one modality (visual, tactile)



Clinically Relevant Dimensions of Clinically Relevant Dimensions of Clinically Relevant Dimensions of Clinically Relevant Dimensions of 
Human Memory PerformanceHuman Memory Performance

Immediate­recent­remote

Encoding­storage­retrieval

Episodic v. semantic memory

Retrieval mode (deliberate v. nondeliberate)

Material specificityMaterial specificity



EncodingEncoding

• Definition:  transforming to‐be remembered in 
f i i bl d i bl fformation into memorable and retrievable form
– Encoding I:  bringing information‐processing 
capacity to bear on stimulicapacity to bear on stimuli

– Encoding II:  ability to use the results of E‐1 
mnemonicallyy

• When? during study phase
• Relevance: what is remembered is what is 
processed (levels of processing)

• Clinical manifestation: poor immediate 
( ) ll(superspan) recall



Consolidation/StorageConsolidation/Storage

• Definition: process of making new memories 
permanent
B i i d h i l i l h• Basis: anatomic and physiological changes at 
cellular level; hippocampal system important
Wh ? d i t d t t i t l• When? during study‐test interval

• Duration: hours?  days?  years?
Cli i l S d l d• Clinical Symptom: delayed memory << 
immediate memory (forgetting)



Performance on a test of memory for news stories   From Squire & Performance on a test of memory for news stories.  From Squire & 
Bayley, Curr Opin Neurobiol, 2007, 17, 185-196.



RetrievalRetrieval
• Definition: process of locating, selecting,Definition: process of locating, selecting, 

and activating a memory representation
• Basis: re-enactment of processes/neural as s e e act e t o p ocesses/ eu a

events occurring at encoding
• when? at point of testp
• clinical symptom: recall << recognition 

(also true of shallow encoding), inconsistent 
errors



Where lesions 
produce amnesia



The Three Amnesias?

Medial temporal lobe 
amnesia

Di h li iDiencephalic amnesia

Basal Forebrain amnesia



Integrated Circuitry Linking Temporal, 
Diencephalic, and Basal Forebrain Regions



d l l dMedial Temporal Syndromes

• Anoxic-hypoxic syndromes
– cardiac arrest
– CO poisoning

• Amnesia associated with ECT
• CNS Infections (Herpes)
• MTS and complex-partial epilepsyMTS and complex partial epilepsy

(material-specific)
• Early ADEarly AD



Temporal Lobe Pathology Associated 

with Herpes Simplex Encephalitis



FLAIR (Fluid Attenuated Inversion Recovery) in ( y)
Medial Temporal Sclerosis



Hi i i h iHippocampus in ischemia



Hippocampus in Alzheimer’s Disease



The Case of 
Henry M (H M )Henry M (H.M.)









Bauer, Grande, & Valenstein, 2003



Integrated Circuitry Linking Temporal, 
Diencephalic, and Basal Forebrain Regions



Two Limbic Circuits
(T S t Th f A i )

Anterior

(Two-System Theory of Amnesia)
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Bauer, Grande, & Valenstein, 2003



Delayed Nonmatching to Sample



Delayed Nonmatching to Sample, multiple y g p , p
trials, trial-unique objects



6-8 weeks postsurgery 2 years postsurgery







Zola-Morgan & Squire, 1990



Bauer Grande &Bauer, Grande, & 
Valenstein, 2003



Zola-Morgan & Squire, 1990







Hippocampus is Hippocampus is 
important in specific 
types of relational 

 (  memory (e.g., 
transitive inference)





Morris Water MazeMorris Water Maze



Morris Water Maze 

Lesioned 
ratsrats

Sham 
operated 
rats

(Eichenbaum, et al, 1990)

Time to Aged Time to 
Target

g
rats

Young 
rats

(Gallagher, et al, 1993)

rats



Leutgeb, et al., Curr Opin Neurobiol, 2005, 15, 738-746.



Hippocampus v. Entorhinal Cortex Lesions and pp p
“Reference” vs. “Working” Memory MWM

“Reference Memory (H<ECo) “Working Memory (H=Eco=Sub<Sham)

Galani, et al., Behav Brain Res, 1998, 96, 1-12.



Fi 3 A t f th

Recollection v. 
Familiarity
Figure 3. Anatomy of the 
MTL region. (a) Approximate 
locations of the hippocampus 
(red), the PRc (blue) and the 
PH ( ) h T1PHc (green) shown on T1-
weighted magnetic resonance 
images. (b) Representation of 
the anatomical connections 

d th damong, and the proposed 
roles of, the hippocampus, 
PRc and PHc in episodic 
memory according to the BIC 

d l Th b t thmodel. The arrow between the 
PRc and PHc indicates the 
anatomic connection between 
the two regions; the PRc 
recei es more inp ts from thereceives more inputs from the 
PHc than vice versa. The 
connections shown here are 
based on results from 
anatomical studies of rats andanatomical studies of rats and 
monkeys. 

Diana, Yonelinas, and 
Ranganath, TICS, 2007)



Recollection v. Familiarity

• Figure 1. Activation of MTL subregions in studies of recollection and/or familiarity. Shown is 
the percentage of contrasts of each type (recollection, familiarity or associative recognition) in 
which activation was reported for the hippocampus, the posterior parahippocampal gyrus 

(PPHG) and the anterior parahippocampal gyrus (APHG) Data are summarized from Tables 1(PPHG) and the anterior parahippocampal gyrus (APHG). Data are summarized from Tables 1 
and 2. 

Diana, Yonelinas, and Ranganath, TICS, 2007)



Two Limbic Circuits and the 
T t th f i

Anterior

Two-system theory of amnesia
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Integrated Circuitry Linking Temporal, 
Diencephalic, and Basal Forebrain Regions



h l dDiencephalic Syndromes

• Korsakoff Syndrome associated with 
ETOH abuse or  malabsorptionp
– prominent encoding deficits
– role of frontal pathologyrole of frontal pathology

• Vascular disease
Thalamic trauma• Thalamic trauma



Mammillary Body Lesions in a case y y

of Korsakoff’s Disease





MRI in paramedianMRI in paramedian 
thalamic stroke

Lövblad, et al (1997)

Neuroradiology, 39, 693-698.



Mammillary body (a), 
medial thalamic 
(arrows in B,C) and 
fornix (arrowheads in 
B) damage in a case of 
Alcholic Korsakoff 
syndrome.  D shows 
resolution of signalresolution of signal 
changes after 5 months 
of abstinence.

Caolo, et al (2005).  
Brain, 128, 1584-98.



Anterior thalamic 
lesions affecting thelesions affecting the 
MTT and VAF 
pathways produce 
persistent amnesia, 

t i l i dposterior lesions do 
not

Graff-Radford, et al 
(1990).  Brain, 113, 1-25.







Two Limbic Circuits and the
T t th f i

Anterior

Two-system theory of amnesia
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Integrated Circuitry Linking Temporal, 
Diencephalic, and Basal Forebrain Regions



Basal Forebrain Syndromes

• Anterior Communicating Artery (ACoA) 
infarctions
– prominent anterograde, variable retrograde 
amnesia

– prominent confabulation
– frontal extension of lesions

• Basal forebrain and cholinergic 
projections to hippocampusprojections to hippocampus









Bird & Burgess, 2008, Nature Reviews 
Neuroscience







Two Limbic Circuits
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hThree Amnesias or One?

Locus of 
Processing Defect

Locus of 
Processing Defect

Presence of 
Confabulation
Presence of 
Confabulation

Deficits 
Supposedly 
Unique to 

Diencephalic

Deficits 
Supposedly 
Unique to 

Diencephalic

Pattern of Remote 
Memory 

Disturbance

Pattern of Remote 
Memory 

Disturbance

Temporal:  
Consolidation 

(rapid Temporal:  No

AmnesiaAmnesia

Interference 
susceptibility

Temporal: time‐
limited(rapid 

forgetting)
p susceptibility limited

Diencephalic:  
Encoding

Diencephalic/BF: 
Maybe/yes

Metamemory
defects

Diencephalic:
temporally 
graded



MTL

Basal 
Forebrain

Myers, et al. (2006) Myers, et al. (2006))



Myers, et al. (2006)



Learning

AcoA<H

Reversal

H<AcoA

Myers, et al. (2006)



Confabulation

• “Spontaneous” or “persistent” confabulation
– Extensive frontal damage seems to be necessaryExtensive frontal damage seems to be necessary 

in addition to damage to BF structures
– Severe anterograde amnesia + dysexecutive g y

syndrome
• “Provoked” or “transient” confabulation:

– Can result from lesions restricted to BF or OFC



Orbital/medial/L lateral:  confabulation of personal episodic memories
Orbital/medial/R lateral: confabulation of orienting in time
High confabulators had OFC or inferior cingulate lesions
Memory disorder was necessary for confabulation to occurMemory disorder was necessary for confabulation to occur

Turner, Cipolotti, Yousry, & Shallice, 2008, Cortex, 44, 637­648



Patient with 
orbitofrontal lesions 
sparing BF: sparing BF: 

‐no amnesia 
‐no confabulation

Copyright ©2005 BMJ Publishing Group Ltd.

Fujii, T et al. J Neurol Neurosurg Psychiatry 2005;76:1309-1310



Patterns of Retrograde Amnesia

NormalsNormals NormalsNormals NormalsNormals

AmnesicsAmnesics AmnesicsAmnesics

A iA iAmnesicsAmnesics

Temporally-Graded RA Temporally­Limited RA Decade­Nonspecific RA

Remote Recent RemoteRecent RecentRemote

Seen in AK Seen in MTL Seen in Basal Ganglia 
(HD) disease



Cabeza & St. 
Jacques, 2007



Conclusion One AmnesiaConclusion:  One Amnesia
• No compelling data suggesting different• No compelling data suggesting different 
“core” amnesic syndromes for MTL, 
diencephalic and basal forebraindiencephalic, and basal forebrain 
amnesia
B h i l diff ib bl• Behavioral differences attributable to 
“neighborhood” damage

• It is likely, however, that different 
structures/systems contribute different 
things to the memory process 





Two Limbic Circuits
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Key Points
• Extended memory system including• Extended memory system including 
hippocampus, amygdala, and basal forebrain

• We (basically) understand anatomy, now weWe (basically) understand anatomy, now we 
need to understand computation

• Notion of distinct subtypes of amnesia 
generally less favorable now than 10 years ago

• Certain structures are ‘wired’ for associational 
processing; these structures are reciprocallyprocessing; these structures are reciprocally 
connected to cortical processors


