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Abstract

Amnesia typically results from trauma to the medial temporal regions that coordinate activation among the disparate areas of cortex that
represent the information that make up autobiographical memories. We proposed that amnesia should also result from damage to these regions
particularly regions that subserve long-term visual memory [Rubin, D. C., & Greenberg, D. L. (1998). Visual memory-deficit amnesia: A
distinct amnesic presentation and etioloByoceedings of the National Academy of Sciences of the B%54413-5416]. We previously
found 11 such cases in the literature, and all 11 had amnesia. We now present a detailed investigation of one of these patients. M.S. suffers from
long-term visual memory loss along with some semantic deficits; he also manifests a severe retrograde amnesia and moderate anterogradt
amnesia. The presentation of his amnesia differs from that of the typical medial-temporal or lateral-temporal amnesic; we suggest that his
visual deficits may be contributing to his autobiographical amnesia.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction MTL trauma tends to cause profound, ungraded antero-
grade amnesia (AA). The retrograde amnesia (RA) is often
According to the consensus theory of memory, Autobio- temporally graded; older retrograde memories are more likely
graphical Memory (AM) requires many disparate brain re- to be spared than newer retrograde memofegsiire, 1992
gions Conway & Pleydell-Pearce, 200@amasio, 1989; In this paper, rather than studying the MTL, we investigate
Fuster, 1995; Kopelman, 20080opelman & Kapur, 2001 the effects of damage to neocortical regions and the cogni-
Mayes & Roberts, 20Q1McClelland, McNaughton, &  tive processes they subserve. Such damage could have several
O'Reilly, 1995 Murre, Graham, & Hodges, 200Shastri, consequences. First, vital portions of the memory could be
2002; Squire, 1992 The medial temporal lobe (MTL) and rendered inaccessible. Second (and more important), such
diencephalon coordinate encoding of experiences for laterdamage could disrupt the cascade of activation required for
recall. They do not, however, represent a memory by them- retrieval. For example, impaired activation in visual cortex
selves; they mediate its representation in sense-specific areasould impede activation in non-visual cortices even if non-
of cortex and areas involved in emotion. Retrieval involves visual cortices were intact (s€@Connor, Butters, Miliotis,
the frontal lobes\(Vheeler, Stuss, & Tulving, 199and the Eslinger, & Cermak, 19920gden, 1993andHunkin et al.,
MTL, which coordinate activation among disparate regions 1995for case studies that discuss this idea). Therefore, im-
and produce activation patterns similar to the patterns presenpaired retrieval of information from neocortex could resultin

during the original experience. global autobiographical amnesia, not just a simple loss of in-
formation within individual memoriesGreenberg & Rubin,
—_— 2003.
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imagery, not linguistic imagery such as the shape of letters but the report of the memory deficits was inconclusive (the
or words.) Retrieval of AMs usually coincides with retrieval first patient was described as being “forgetfuBdqldenberg,

of a visual imageBrewer, 199%, and the intensity of visual 1992 while the second had “memory difficulties\Mlson &
imagery is well correlated with feelings of recollection or Davidoff, 1999 and a delayed Wechsler score ofafidoff
reliving (Rubin, Schrauf, & Greenberg, 2003 herefore,an & Wilson, 1985. Also, these case studies generally do not
impairment of visual imagery might have a significant effect describe the phenomenological properties of patients’ mem-
on AM. ories. We previously designed a test to probe these properties

Farah (1984%uggested that patients with particular visual (Rubin et al., 200B It uses the Galton—Crovitz cue-word
imagery impairment, specifically animpairment of long-term technique to cue a memory and asks the subject to rate its
visual memory, would meet three criteria. First, the patient properties (e.g., emotional valence or intensity of visual im-
would be able to copy line drawings, thereby showing that agery) on a set of scales. These ratings can be used to see if
other deficits are not caused by basic perceptual problemsa patient's memories differ from those of controls.

Second, the patient would be unable to recognize objects by We combined this questionnaire with standard tests to in-
sight, defined as an inability to indicate either their names or vestigate the memory deficits of M.S., one of the 11 patients
their functions. Third, the patient would be unable to draw previously identified as having VMDA. We attempted to de-
objects from memory, describe their visual properties from termine whether he met the criteria for a loss of visual mem-
memory, or detect a visual image of them upon introspec- ory, and if so whether he suffered from the predicted form of
tion. The first two criteria identify the patient as an associa- amnesia; we also sought to rule out other causes of his am-
tive visual agnosic; the third criterion demonstrates that the nesia. We attempted to determine whether his deficits were
deficit arises from impaired access to long-term visual mem- consistent with VMDA, and thereby examined the role of
ory rather than difficulty generating or manipulating images visual imagery and visual regions in AM.

(Farah, 1984 Patients who meetthe third criterion but not the

first two—those who cannot draw from memory but are not

agnosic—have intact recognition memory for visual stimuli. 2. Case history

Thus, patients only have a long-term memory deficit if they

meet all three criteria. M.S. has been tested regularly since 19Dk (Haan,

We previously reviewed case studies of patients who met Heywood, Young, Edelstyn, & Newcombe, 19%%ywood,
these criteriaGreenberg and Rubin, 200Bubin & Green- Cowey, & Newcombe, 199Mehta, Newcombe, & De Haan,
berg, 1998 We suggested that long-term visual memory loss 1992 Newcombe & Ratcliff, 1975Newcombe, Young, &
should lead to a form of amnesia that would have unique De Haan, 1989 Ratcliff & Newcombe, 1982 Young,
properties. First, these patients should suffer from mild to Newcombe, Hellawell, & De Haan, 198¥e is aleft-handed
moderate AA; they could compensate for their deficits by Caucasian male with no family history of sinistrality. In 1970,
placing greater reliance on non-visual sensory data, as in awhile a 23-year-old police cadet, he suffered a febrile illness
case reported bgden (1993)Second, these patients should with frontal headache and vomiting. He was diagnosed with
not show sparing of childhood memories. In MTL amnesia, probable herpes encephalitis; antibody tests were negative,
early memories are intact because they are consolidated obut MRIs taken in 1989 are inconsistent with a vascular eti-
because traces of those memories still exist in the remainingology (seeHeywood et al., 1991 M.S. now presents with a
parts of the MTL. In this form, though all retrograde memo- left homonymous hemianopia, but his visual acuity is normal
ries would be affected, since memories from any age would (6/6, N5 for near vision). He also has achromatopsia, asso-
involve visual information. This pattern of deficits would be ciative visual agnosia, and amnesia (for other reports of his
exactly opposite to that found in cases of amnesia resulting visual deficits, seéleywood et al., 1991; Newcombe et al.,
from MTL damage $quire, 1992; Kapur, 1997, 1999n 1989; Mehta et al., 1992His linguistic skills are generally
practice, patients might be able to retrieve some visual in- excellent, and he has no significant aphasic symptoms; he
formation, so the RA may not be complete; AA might be reads a newspaper and often completes the crossword.
moderate because an increased reliance on other modalities M.S. tends to tell stories multiple times, presumably be-
might never fully compensate for the inability to encode new cause he forgets he has told them before. He has a striking
visual data. We found 11 such patients, and all 11 had amne-ability to remember dates of events even when he recalls few
sia. Five of eleven had some sign of MTL damage. Seven of if any details about them. He lives with his mother but can
these case studies compared the severity of RA and AA,; in briefly function on his own and has held a job in a remploy
five of them, retrograde deficits were greater. We called this factory since 1972.
syndrome visual-memory-deficit amnesia (VMDA), mean-
ing global amnesia arising from a deficit of visual memory.

Our investigation was hindered by the absence of detail 3. Neuroimaging
in many of the case studies; case studies tend to focus on
the exploration of one disorder and may only briefly describe  MRI showed extensive damage in the occipital and tempo-
comorbid deficits. Two other case studies met our criteria, ral lobes Heywood et al., 1991 In the left temporal lobe, the
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temporal pole, parahippocampal gyrus, hippocampus, amyg-the ear and appeared to use a line-by-line copying strategy.
dala, and 4th temporal gyrus are destroyed; the 1st, 2nd, andVhen we tested him with the figure from the Adult Memory
3rd temporal gyri are generally spared. In the right temporal and Information Processing Batter@qughlan & Hollows,
lobe, the temporal pole is destroyed as well, along with the 1985, M.S. scored 75% on the copy, 13% on the immediate
2nd, 3rd, and 4th temporal gyri; the anterior parahippocampal recall, and 0% on the delayed recall.
gyrus is damaged, but the hippocampus, posterior amygdala,
and posterior 1st temporal gyrus are all largely intact. In the 4.1.2. Criterion 2: object recognition
left occipital lobe, the cortex is spared, but there is abnormal  M.S. could not recognize the rhinoceros he drewim 1;
signal in white matter in infra- and supracalcarine regions. he thought it might be a dog. When we presented him with
Theright occipital lobe is largely destroyed along with the oc- line drawings from the Category-Specific Names Test, M.S.
cipitotemporal junction. Although part of the calcarine seems recognized 0/30 fruits and vegetables, 0/30 animals, and 0/15
spared, it may be denervated by damage to white matter. Som@praxic objects. In past testing, he has identified at most 11 of
white matter in the right parietal lobe has been destroyed, but36 Oldfield—Wingfield drawingsRatcliff and Newcombe,
the cortex appears largely intact, as do the frontal lobes. 1982. On a spontaneous naming test, we presented M.S.
with a series of 30 household objects (keys, coffee cup,
pencil, etc.), and could identify only 16; he could describe
4. Neuropsychological assessment the function of 1 of the objects he failed to recognize. He
has a greater deficit for living items, as do other encephalitis
On the Mini-Mental Status Exanf0lstein, Folstein, & patients (sedarbarotto, Capitani, & Laiacona, 199fbr
McHugh, 1979, M.S. scored 29/30. He lost one point for a review). On a prior forced-choice recognition task, M.S.
forgetting one of the three words he was given, but cor- identified 18/36 living items and 28/36 non-living items,
rectly named a pencil and a watch. On the WAIS and WAIS- while controls scored 36/38/ehta et al., 199 In daily life,
R, M.S.s verbal IQ is average (101); his mental arithmetic he often makes recognition errors (e.g., mistaking a tripod for
score on the WAIS-R is above average at M&lta et al., a stool).
1992; Newcombe and Ratcliff, 19y 3is performance IQ is M.S. also has difficulty with face-recognition tasks. In
low with scores of 0 for block design and object assembly previous tests, he has scored 33/55 on the Benton Test,
(Newcombe and Ratcliff, 19350n the logical memory part ~ 13/24 with changed orientation, and 15/24 with changed
of the Wechsler Memory Scale, M.S. scored 6.5 at immedi- lighting, while controls scored 74.4/8MWNéwcombe et al.,
ate recall and 0 after a delail¢éwcombe and Ratcliff, 1935 1989. On a forced-choice face- and hame-recognition task,
He performs poorly on paired-associate and maze-learningM.S. performed at near-normal levels for name recognition,
tasks Newcombe and Ratcliff, 1975He reads single words ~ but was at chance for face recognitiddefvcombe et al.,

correctly, makes correct lexical decisiomMdefvcombe et al., 1989.
1989, and judges absurd sentences normally (46/&&0cliff
and Newcombe, 1982 4.1.3. Criterion 3: drawing from memory
Fig. 2shows M.S.’s attempts to draw several objects from
4.1. Visual imagery memory. While his drawings of a tree and a bird are per-
haps passable, his drawing of a butterfly lacks wings, and his
4.1.1. Criterion 1: copying from a picture or a model drawing of a car depicts a box on wheels with doors that are

Fig. 1shows M.S.’s copy of the drawing of the rhinoceros higher than they are wide. These tests also reveal some se-
from the Graded Naming Test. He worked clockwise from mantic deficits; on his drawing of a tree, he labeled the crown
as the “ruff” [roof] and the trunk as the “stem.” In prior tests,
he has had trouble drawing recognizable objedgsycombe
and Ratcliff, 1973%.

4.1.4. Other imagery tests

We also gave M.S. several self-report tests of visual
imagery. In the vividness of visual imagery questionnaire
(Marks, 1972, 1973; Richardson, 199garticipants gener-
ate images of four scenes; for each scene, they image four
components and rate their vividness (5, no image; 1, as clear
as normal vision). M.S. scored an average of 4.0 with eyes
open (S.D.=1.10) and 4.7 with eyes closed (S.D. =0.60); his
combined mean was 4.35 (S.D.=0.93), 3S.D. below pub-
lished control meang2pltrock & Brown, 1984. He received
a score of 5 for four questions because he was unable to gen-
Fig. 1. M.S'’s copy of the drawing of a rhinoceros. erate a visual image of a relative or friend (even when asked
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Fig. 2. M.S.'s drawings from memory of a tree, a bird, a butterfly, and a car (I-r).

about specific relatives). The Visual Elaboration Scale asks4.3. Memory abilities
subjects to generate images of four scenes; for each scene,
it asks several yes-or-no questions about the level of detail4.3.1. General world knowledge
(Slee, 1980; Richardson, 199M.S. scored 3/15; several M.S. was able to provide accurate definitions for several
control groups had means between 8 and 9 and S.D. rangingvords that had entered British English after his illness (Euro,
from 2.9 to 4 Slee, 198) so M.S.’s score ranges from 1 to AIDS, channel tunnel, millennium bug, poll tax, internet,
2 S.D. below the mean. M.S. failed on all questions that asked concorde, ethnic cleansing, global warming, punk, GM (ge-
about color or motion; he also failed on 6 of 8 questions that netically modified) foods). For a few terms, he gave vague
tapped spatial imagery. The Gordon Test of visual imagery answers: “Glasnost” made him think of the leader of Rus-
control (Gordon, 1950; Richardson, 1994sks subjects to  sia; “microwave” was used “for cooking,” and “anorexia’
generate and modify a visual image of a car. M.S. received was “an illness.” He could not define “sleaze,” “spin doctor,”
a score of 9, putting him at 3 S.D. below the mean (control “Pokemon,” or “collateral damage.”
mean =20.09, S.D.=3.72). He responded in the negative to
half the questions that asked him to generate an image of4 3 2. Autobiographical memory interview (AMI)
movement, and he could neither manipulate a stationary im- e tested M.S.s AM using the AMI Kopelman,
age nor alter its color. _ Wilson, & Baddeley, 1990 which assesses personal seman-
In prior testing, M.S. was verbally presented with the tic and autobiographical event memory from three life peri-
names of three items and was asked to judge which two wereqgs (childhood, early adult life, and recent life). The early
the most similar visually. For living objects, M.S. made far a4yt period was split into pre-illness and post-iliness seg-
more errors than controls; for non-living objects, his perfor- ments since M.S s illness fell in the middle. On the personal
mance was normaMehta etal., 1992 M.S. also states that  semantic component, M.S. was just below normal on all peri-
he rarely dreams; he cannot recall if he dreamed more fre-oqs: on the autobiographical component, he was well below

quently before his illness. normal on all periodsTable 9.
4.2. Semantic deficits 4.3.3. Rubin et al. autobiographical memory
guestionnaire (AMQ)
M.S. may have semantic deficits in addition to his vi-  We also tested M.Ss memory using a version of the

sual memory deficits. In prior testing, he could recognize Galton—Crovitz techniqueRubin et al., 2008 We presented
only 20/36 objects from verbal descriptions of their functions him with a series of cue words and asked him to retrieve an
(Newcombe et al., 19§9When asked to generate exemplars associated memory. Thirty words came from an existing set
for living and non-living categories, he performs well below (Rubin et al., 2008 we added new words after M.S. failed
normal for living items but is at normal levels for non-living  to generate memories to several words.

items (Young et al., 198 He is unable to define somewords ~ We also have an interest in exploring the properties of
(e.g. “nightingale”;Ratcliff and Newcombe, 1982He can- M.S.s AMs to see if they differ from those of controls. This
not always tactually identify objects; in prior tests, he iden- approach must be regarded as exploratory until it has been
tified 6/10 objects by touciNewcombe and Ratcliff, 1975 used on larger populations of patients. We believe, however,
and in our tests, he was able to identify by touch only 4 of the that it sheds light on some interesting aspects of M.S’s dis-
14 household objects that he could not recognize visually. His

visual deficits are, however, far more severe than his seman-Table 1

tic deficits; as a prior report concluded, “M.S. has a specific MS's performance on the autobiographical memory interview

difficulty in accessing semantic information from a pictorial Childhood Pre-illness  Post-illness Recent

route and his agnosia is not totally explained by disturbance semantic 15(16-21) 14 (17-21) 16 (17-21) 18.5(19-21)
ofthe semantic system itselfR@tcliff and Newcombe, 1982  Autobiographical 1 (6-9) 4 (7-9) 3(7-9) 2 (7-9)

p. 163). Note Normal ranges are listed in parentheses.
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Table 2
MS’s performance on the Galton—Crovitz task
Condition Session Anterograde Retrograde No memory Total words
Unconstrained 1 16 3 11 30

2 6 0 4 10

3 6 0 2 8
Total 28 3 17 48
Constrained 1 - 3 17 20

2 - 9 25 34

3 - 5 22 27
Total - 17 64 81

order. Moreover, phenomenological reports arecthig way

The correlations among his ratings further characterize his

to assess properties such as a patient’s belief in his memo-deficit. With the exception of three variablegg talk, andin
ries. Therefore, after M.S. retrieved a memory, we asked him words his anterograde correlations are similar to the average
to rate its properties on a series of scales (see Appendix).correlations calculated within each of 50 undergraduates who
We used these questions to accomplish several aims: (1)were each given 30 cue wordRybin et al., 2003Table 4.
to compare the number and distribution of M.S.’'s memo- Correlations withsee as might be expected, are generally
ries to those of controls; (2) to compare M.S.'s mean rat- smaller in M.S. Correlations witlalk are often negative,
ings to those of controls in an attempt to determine whether while they are positive in the undergraduates. Correlations
his memories have different properties; and (3) to use cor- with in wordsare among M.S.’s largest, but are among the
relation analyses to see if M.S. bases his metacognitive undergraduates’ smallest; it is as if having the memory come
judgements about his memories on different properties thanin words is a substitute for it coming with a large visual com-
controls do. ponent. In contrast, the correlations from before illness are
M.S. could perform this task but sometimes found it tiring very different from those of the undergraduates. Consistent
and frustrating. In each session, we stopped the test when havith our view, the anterograde correlations, with three excep-
seemed tired, so the number of trials varied across sessionstions, are like those of a sample of undergraduates, but the
Due to time constraints and his tendency to fatigue, we could retrograde correlations are not. To quantify this observation,
not ask him to fully describe each memory, so he may have we correlated cell by cell the lower triangular matrix of cor-
reported a memory more than once. relations from the undergraduates with the anterograde and
We conducted three testing sessions about 1 year apartretrograde correlations of M.S., excluding thge of mem-
In each session, M.S. was first asked for memories from anyory variable, which was restricted in M.S.'s data. Over the
time in his life (unconstrained condition); he was then asked 91 (14x 13/2) cells, these correlations were 0.40 and 0.13,
to recall only retrograde memories (constrained condition). respectively. If thesee talk, andin wordsvariables are not
For these memories, we used keywords tailored to his early
life (e.g. “police” and “school”). Controls have no difficulty
with this task; in prior testing, participants were always able Table3
to produce at least 28 memories to 30 worBslfin et al,, ~ Meansand S.D. for controls and M.S.

2003 and 75 memories to 80 words. However, M.S.’s results Varname Controls M.S.
indicate a severe and global AM deficltable 2shows the Means S.D. Means S.D.
results. Reliving 483 0.78 450 1.44
Table 3presents means and standard deviations for eachgack in time 4.85 1.09 2.10 1.63
guestion; the standard deviations are across control partici-Remember/know 5.69 0.65 4.10 178
pants. We conductetitests thresholded a@it<0.05 to com-  Realfimagine 5.75 0.72 3.29 1.52
pare the mean values for his anterograde and retrogradeSetting g’:g; 8:;: i:gﬁ i‘g’g
memories on each of these properties. Even using the nonq4, 4.23 0.96 4.38 1.48
conservative assumption that the memories were indepen-taik 4.34 0.87 2.83 1.01
dent, the only statistically significant difference was in the Inwords 3.42 1.36 4.71 1.46
rehearsal variablet(@5)=—2.39, p<0.02, w?>=0.10). We  Story 4.49 1.06 4.04 1.62
compared M.S's ratings to those of 50 controls who were :?nn;(g;?;nsce 2‘6551 %?32 2’732 11722
given 30 of the keywords we presented to M.S. He scored gehearsal 341 081 217 159
2 S.D. below the control mean on several variables: mentally specific 0.69 0.15 0.40 0.50
traveling back in time, remember-know, real-imagine, see, Merged/ext. 1.40 0.27 1.60 0.0¢°

and setting. M.S.’s rating of importance was 2 Sabovethe
mean.

a8 M.S. never identified a memory as ‘extended’ and so his score on this
variable was always 1.
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Table 4
MS’s correlations for retrograde memories

Variable name Reliving Back Remember/ Real/ See Setting Hear Talk Inwords Story Emotions Importance Rehearsal Once/

intime know imagine many
Reliving
Back in time 52
Remember/know 37 37
Real/imagine 15 30 44
See -01 13 23 —-05
Setting 07 11 -01 -10 38
Hear 20 24 27 32 20 66
Talk -12 08 —47 01 21 -07 -11
In words 41 71 52 55 08-14 17 -12
Story —-18 04 27 -34 35 18 -01 -18 15
Emotions 21 23 23 16 -14 30 66 —34 31 01
Importance —-18 -14 -30 —24 1 27 04 18 02 37 02
Rehearsal —08 —15 00 11 00 —-21 20 01 o4 —06 40 27
Once/many —40 13 03 -15 40 51 22 -10 04 a7 00 22 -22
Age of memory —44 05 04 —-12 51 37 -02 -10 -07 33 -18 05 -29 77

Note Decimals omitted. The order of abbreviations at the top follows the order of the left column.

Table 5
MS’s correlations for anterograde memories

Variable name Reliving Back Remember/Real/l See Setting Hear Talk Inwords Story Emotions Importance Rehearsal Once/

intime know imagine many
Reliving
Back in time 34
Remember/know 50 24
Reall/imagine 63 50 47
See 32 42 11 47
Setting 28 17 23 17 06
Hear 49 16 23 59 04 37
Talk -37 28 -20 -02 27 02 -18
In words 68 40 50 47 23 47 63-31
Story 33 45 25 55 21 58 54-17 56
Emotions 40 48 25 47 25 22 50 19 41 44
Importance 53 23 19 43 15 36 48-26 30 47 45
Rehearsal 27 23 14 29 04 13 29 18 18 23 54 46
Once/many 14 —13 11 -16 14 36 -19 -35 21 05 -26 16 —28
Age of memory 04 32 -10 03 —-04 -18 14 09 25 —04 24 -15 00 -23

Note Decimals omitted. The order of abbreviations at the top follows the order of the left column.

included, these correlations become 0.69 and 0.25, respec- Previous research has demonstrated that visual imagery
tively (Table 5. plays a central role in the recall of AMs. The recollection of
an AM involves the retrieval of visual and spatial imagery
(Brewer, 1995; Rubin et al., 20§3and AMs that come with
5. Discussion a strong sense of reliving almost always involve vivid visual
imagery Rubin et al., 2008 For example, a recollection of
M.S. clearly suffers from a severe imagery deficit. He can a birthday party might involve generating a visual image of
copy a line drawing but cannot recognize what he has drawn,the overall scene and populating it with the images of the
and he has difficulty recognizing common objects and draw- partygoers. M.S., however, cannot perform these tasks, and
ing objects from memory. He also has trouble generating one might predict that his memories would be accordingly
and manipulating visual images, particularly when they in- impoverished; that is, perhaps his memories would involve
volve colors, people, or mental rotation. Overall, M.S.’s vi- sound, smells, tastes, and tactile sensations, but no images.
sual deficits are closest to those of M.lBgden, 1998 who Neurological theories of memory allow for a different pre-
also suffered from achromatopsia, prosopagnosia, and ag-diction. The destruction of M.S.’s visual regions may disrupt
nosia without alexia; two other well-described cases (M.M., the spread of activation that AM retrieval requirBs(masio,
from Brown & Chobor, 1995L.D. from O’Connor et al., 1989. For example, visual stimuli would no longer trigger
1992 had prosopagnosia and visual agnosia but not achro-firing in non-visual regions, and non-visual stimuli could no
matopsia. He, thus, meets the three criteria for an impairedlongertrigger visual regions, thereby preventing coactivation.
access to long-term visual memories. If so, these visual imagery deficits could account for M.S.’s
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memory problems, particularly his RA for AM3feenberg specific contribution of temporal lobe damage to M.S.'s
and Rubin, 2003; Rubin and Greenberg, 10@Hhe might ex- memory, we are not comparing him to cases that had frontal
pect that blind people (whether cortical, congenital, or late) as well as temporal lobe damage (8/glson, Baddeley, &
would manifest similar deficits; however, Patients like M.S. Kapur, 199%.) M.S.’s personal semantic memory is slightly
have lostlong-term visual memory; late-blind peofidg@en impaired with no gradient. By contrast, one patiéfgl{nger,
& Barker, 200) and cortically blind peopleGhatterjee & 1998 had a greater impairment for childhood and early-adult
Southwood, 1998have not, and the congenitally blind prob- periods; other patients had better remote semantic memory,
ably never relied on it at allgden and Barker, 2001 though their scores were only mildly abnormkbfpelman,
Although M.S.’s RA for events is quite severe, his retro- Stanhope, & Kingsley, 1999Temporal pole damage seems
grade memory for autobiographical facts is relatively unim- to cause graded personal semantic amnesia; M.S.’s personal
paired, perhaps because he can rely on data from other modalsemantic deficits are ungraded.
ities. He can remember names and dates that he had learned M.S.s autobiographical amnesia is ungraded and un-
before hisillness, butcan rarely remember particular episodesusually severe. On the autobiographical incidents part of
associated with those facts. As measured by the AMI, his the AMI, M.S. scores below other temporal-lobe amnesics
personal semantic memory is almost normal. \Wheeler (Viskontas, McAndrews, & Moscovitch, 20p0though he
& McMillan (2001) noted, this pattern of deficit is seen in is within 1 S.D. of Kopelman et al. patients. Two patients
DH (Hunkin et al., 199% LD (O’Connor et al., 1992 MH (Eslinger, 1998; Kapur et al., 199€ase 1) had impaired
(Ogden, 1998 and MM [Brown and Chobor, 1995 all AM for the early periods but normal AM for the recent pe-
of whom could retrieve some retrograde personal semanticriod. Other patients had better remote memory (Egrmak
memories. This pattern is consistent with the syndrome’s & O’'Connor, 1983 Evans, Graham, Pratt, & Hodges, 2003
etiology; the retrieval of data represented amodally or in one Hokkanen, Launes, Vataja, Valanne, & livanainen, 1995
non-visual modality need not be impaired by disruption of Mayes et al., 2003O0xbury, Oxbury, Renowden, Squier,
coactivation. & Carpenter, 199) Some patients had near-complete, un-
Along the same lines, M.S. is better able to retrieve mem- graded RA Kapur, Ellison, Smith, McLellan, & Burrows,
ories from after his illness, though his anterograde memory is 1992 Kapur et al., 1996 Case 2;Kitchener, Hodges, &
clearly not normal. This finding is also consistent with sim- McCarthy, 1998 Tanaka, Miyazawa, Hashimoto, Nakano,
ilar cases, all of whom showed moderate ABr¢wn and & Obayashi, 1999Lucchelli & Spinnler, 1998Warrington
Chobor, 1995; Hunkin et al., 1995; O’Connor et al., 1992; & McCarthy, 1988. The cases reported by Kapur et al. had
Ogden, 1993 for further discussion of these cases, see visual deficits that were not described in detail, and their case
Conway & Fthenaki, 2000Greenberg and Rubin, 2003; 2 had right parieto-occipital damage. Finally, RAs as long as
Wheeler and McMillan, 2001 While we cannot fully ex- 20 year have been reporteeuii, Yamadori, Endo, Suzuki,
plain the relative preservation of M.S.'s anterograde mem- & Fukatsu, 1999 so M.S.'s RA might have had a gradient if
ories, we speculate that he may compensate by relying onhe had contracted encephalitis later in life.
other modalities, as his recall of post-morbidly acquired vi- M.S.'s semantic deficits may contribute to his amnesia,
sual information is impaired. as they do in semantic dementia (eWdestmacott, Leach,
M.S.s neurological damage might suggest an MTL basis Freedman, & Moscovitch, 200kee Hodges & Graham,
for his amnesia, but his retrograde memory deficits are dif- 2001, for a review). His semantic deficits are, however, mild
ferent from those seen in MTL amnesia (though his antero- compared to those of most semantic-dementia patients with
grade deficits may be in part attributable to MTL damage). amnesia. Thus, like O’Connor and colleagues (1992) patient,
Onthe AMI, patients with MTL trauma tend to have atempo- M.S. might have a combination of deficits from Wheeler
ral gradient, with poorer performance for recent retrograde and McMillan’s (2001) first category (probable temporal pole
memories Kopelman, 1994 while M.S.'s memory is im- RA) and their second category (patients with visual deficits
paired for all periods. As others have noted (B\Mpeeler and and more severe autobiographical than semantic RA). The se-
McMillan, 2001, extensive autobiographical RA involves vere and ungraded nature of M.S.'s deficit, however, israre in
damage outside the MTL. We, therefore, suggest that M.S.'stemporal-lobe amnesics and suggests that his visual deficits
RA s not entirely due to his MTL trauma and requires further are the major contributor to his RA. Overall, M.S’s case
explanation. shows the importance of neocortical regions that represent
M.S. is similar to other cases of amnesia coupled with the components of AMs.
visual imagery loss; however, other damaged regions may
contribute to his RA. Extensive RA also arises from bilateral
thalamic infarction Hodges & McCarthy, 1993frontal and
fronto-temporal junction damagéi¢dges & Gurd, 199% Acknowledgements
and temporal pole damage (de€apur, 199%ndKopelman,
2000for reviews). While M.S. does have bilateral temporal ~ We would like to thank M.S. for his patience and good
pole damage, his performance differs from that of other Spirits during testing. This work was supported by a grant
temporal pole amnesics. (Because we need to examine thérom the McDonnell-Pew Foundation (D.C.R.).
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Appendix A. Appendix you must estimate. If the memory extended over a pe-
riod of time, report the approximate middle of the period
For Questions 1-6, the scales ranged from 1 (not at all) to (scored as retention interval in days).
7 (as clearly asifit were happening right now). The questions

were as follows: o . .
The italicized words were double-underlined and set in

1. As | remember the event, | feel as though | eetiving bold in the booklet.
the original event.

2. As | remember the event, | ciearit in my mind.

3. As | remember the event, | careit in my mind. _ References

4. As | remember the event, | or other people tatking.

5. Aslremember the event, | can feel now #reotionghat Barbarotto, R., Capitani, E., & Laiacona, M. (1996). Naming deficit
| felt then. in herpes simplex encephaliti®icta Neurologica Scandinavie3,

6. As | remember the event, | can recall gettingwhere it 272-280.
occurred. Brewer, W. F. (1995). What is recollective memory? In D. C. Rubin

(Ed.), Remembering our past: Studies in autobiographical memory
For Questions 7-11, the scales ranged from 1 (notatall)to  (pp. 19-66). Cambridge: Cambridge University Press.

7 (as much as any memory). The questions were as follows: Bro"‘_’”l’ J. V\g’ f‘Gghf?g“ K. L. (1995). Severe retrograde amnefia-
siology, 9, 163-170.

7. Sometimes peop'e know Something happened to themCaIabrese, P., Markowitsch, H. J., Durwen, H. F., Widlitzek, H., Haupts,

without being able to actually remember it. As | think M., Holinka, B., et al. (1996). nght temporgfrontal cortex as critical
locus for the ecphory of old episodic memoridsurnal of Neurology,

_about the_ event, I can actualfgmembeiit rather than Neurosurgery, and Psychiatrydkidd1, 304-310.
just knowing that it happened. Cermak, L. S., & O’'Connor, M. (1983). The anterograde and retrograde

8. As | remember the event, it comes to mevords retrieval ability of a patient with amnesia due to encephalltisu-

9. As | remember the event, | feel that | travelck to the ropsychologia 21, 213-234. S _
time when it happenedhat | am a subject in it again, Ch?&jéz%/ﬁéﬁjg:;hﬁo%digg;giééggs)' Cortical blindness and visual
rather than an outside Obse_rver tied to the p_resent. Conway, M. A., & Fthenaki, A. (2000). Disruption and loss of autobi-

10. As | remember the event, it comes to me in words or  ggraphical memory. In F. Boller & J. Grafman (Edsjandbook of
in picturesas a coherent storgr episode and not as an neuropsychology: Z2nd ed., pp. 281-312). Elsevier.
isolated fact, observation, or scene. Conway, M. A., & Pleydell-Pearce, C. W. (2000). The construction of

. ST . P autobiographical memories in the self-memory systBsychological
11. This memory isignificantfor my life because it imparts Review 107, 261-288.

an important message for me or represents an anChor'CoughIan, A. K., & Hollows, S. E. (1985)'he adult memory and infor-

critical juncture, or a turning point. mation processing battery.eeds: St. James University Hospital.
L . . Damasio, A. R. (1989). Time-locked multiregional retroactivation: A
The remaining questions had unique scales: systems-level proposal for the neural substrates of recall and recog-
. . . nition. Cognition 33, 25-62.
12. | believe the event in my memoma”y occurredin Davidoff, J., & Wilson, B. (1985). A case of visual agnosia showing a

the way | remember it and that | have not imagined or disorder of pre-semantic visual classificati@ortex 21, 121-134.

fabricated anything that did not occur. (Scale: 1, 100% De Haan, E. H., Heywood, C. A., Young, A. W., Edelstyn, N., & New-

imaginary; 7, 100% real). combe, F. (1995). 'Ettlinger revisited: The relation between agnosia
13. Since it happened, | ha\moughtor talked aboutthis and sensory impairmentlournal of Neurology, Neurosurgery, and

t (Scale: 1 tatall 7 ft ti Psychiatrydkjdqt58, 350—356.
event. ( cale. 1, notatall;, /, as often as any eventin my Eslinger, P. J. (1998). Autobiographical memory after temporal lobe le-

life). sions.Neurocasg4, 481-495.
14. Tothe best of your knowledge, is the memory of an event Evans, J. J., Graham, K. S., Pratt, K. H., & Hodges, J. R. (2003). The
that occurredbnceat one particu|ar time and p|ace’ a impact of disrupted cortico-cortico connectivity: A long-term follow-

summary omergingof many similar or related events, up of a case of focal retrograde amnestartex 39, 767-790.
y ging Y Farah, M. (1984). The neurological basis of mental imagery: A compo-

or a for events tha}t occurred over a fairly continuous 1o analysisCognition 18, 245-272.
extendegperiod of time lasting more than a day. (Scale: Foistein, M. F., Folstein, S. E., & McHugh, P. R. (1975). Mini-mental
1, once; 2, merging; 3, extended). state: A practical method for grading the cognitive state of patients
) ) - for the clinician.Journal of Psychiatric Researchi2, 189-198.
This question actually produced two scal8pecifichad Fujii, T., Yamadori, A., Endo, K., Suzuki, K., & Fukatsu, R. (1999).
a value of 1 if the subject judged the memory to take place Disproportionate retrograde amnesia in a patient with herpes simplex
within a single day and 0 if it took longevlergehad a value encepha'g';-c"“ex 35 593‘614- ol conteCambrid _
of 1 if the event lasted longer than a day and was extendedF“S;igSJS' (1995)Memory i the cerebral cortexCambridge, MA: MIT
in a fairly continuous manner over a period of time and 2 if Goldenberg, G. (1992). Loss of visual imagery and loss of visual

it was the merging of many discrete events. knowledge—a case studMeuropsychologia30, 1081-1099.

Gordon, R. (1950). An experiment correlating the nature of imagery with
15. Pleaselatethe memory (month/day/year) as accurately performance on a test of reversal of perspectBstish Journal of

as you can. Please fill in a month, day, and year even if  Psychology41, 63-67.
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