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SUMMARY

Two groups of participants, one susceptible to post-
hypnotic amnesia (PHA) and the other not, viewed
a movie. A week later, they underwent hypnosis in
the fMRI scanner and received a suggestion to forget
the movie details after hypnosis until receiving a re-
versal cue. The participants were tested twice for
memory for the movie and for the context in which
it was shown, under the posthypnotic suggestion
and after its reversal, while their brain was scanned.
The PHA group showed reduced memory for movie
but not for context while under suggestion. Activity
in occipital, temporal, and prefrontal areas differed
among the groups, and, in the PHA group, between
suggestion and reversal conditions. We propose
that whereas some of these regions subserve re-
trieval of long-term episodic memory, others are
involved in inhibiting retrieval, possibly already in
a preretrieval monitoring stage. Similar mechanisms
may also underlie other forms of functional amnesia.

INTRODUCTION

For items in memory to be retrieved and guide behavior properly,
suppression of some memory representations seems to be as
important as the expression of others (Hasher and Zacks,
1988; Levy and Anderson, 2002; Schnider, 2003; Racsmany
and Conway, 2006; Gilboa et al., 2006; Bjork, 2007). Indeed,
when memory suppression fails, mnemonic-guided behavioral
interactions with ongoing reality fail as well (Schnider, 2003;
Gazzaley et al., 2005). However, despite intriguing data on pos-
tulated processes and manifestations of memory suppression
that emerged in recent years from laboratories and clinics alike
(Conway and Fthenaki, 2003; Schnider, 2003; Anderson et al.,
2004), relatively little is known of the brain mechanisms that sub-
serve such suppression.

Three major types of experimental approaches reign in the dis-
cipline of memory suppression. One involves manipulation of
learned material in healthy individuals, so that items to be re-
called are either incidentally or intentionally blocked (Bjork

et al., 1968; Rosen and Engle, 1998; Levy and Anderson, 2002;
Racsmany and Conway, 2006). Another involves investigation
of pathological conditions in which normal memory suppression
occurs by definition, such as psychogenic or functional amnesia
(Markowitsch, 1999), or is postulated to occur, such as sponta-
neous confabulation (Schnider, 2003). Still another approach
bridges the worlds of cognitive research and the clinic. It ad-
dresses certain memory deficits that occur with aging (Hasher
and Zacks, 1988; Gazzaley et al., 2005) or following posthypnotic
suggestion (Kihlstrom, 1997).

The present work uses hypnosis as a tool to tap into memory
suppression in the brain. Hypnosis was known to healers and
their clients since the dawn of history and was harnessed into
the service of western medicine in the past 200 years, following
the observations of Franz Mesmer, James Braid, and their
followers (Braid, 1845; Gauld, 1995). It is considered in folk
psychology as an altered state of consciousness. The majority
of scientific treatments do not refute this intuition, but differ on
the type of alteration, its manifestations in nonhypnotic states,
and the conceptual framework and semantics used to define
it. Formally, the phenomenon refers to a psychosocial situation,
mental state, mental or neuronal process, and behavioral proce-
dure (Hilgard, 1975; Kihlstrom, 1997; Kirsch, 1998; Wagstaff,
1998). The psychosocial situation is of a person, the hypnotized
subject, who acts on suggestion from another, the hypnotist. In
self-hypnosis, both roles are played by the same brain. The
state, as noted above, is that of altered consciousness, com-
monly described as dissociative. The latter notion has evolved
over the years to encompass different mental faculties, which
might also become dissociated in the absence of hypnosis
(Hilgard, 1975; Kirsch and Lynn, 1995; Wagstaff, 1998). The pro-
cess is that in which cognition and its brain substrates culminate
in the aforementioned mental state. And the behavioral proce-
dure is that in which the hypnotist invokes the aforementioned
process.

Individuals vary in their susceptibility to hypnosis (Weitzen-
hoffer and Hilgard, 1962; Stern et al., 1979; Lichtenberg et al.,
2004). Most pertinent to the topic of the present study is the
well-established observation that high-hypnotizable individuals
can be induced during the hypnotic state into a situation in
which, on termination of hypnosis, they are unable to recall
information acquired either in the hypnotic session or before
it, until presented with a prearranged reversibility cue. This
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Figure 1. Experimental Design

(A) Snapshots from the 45 min documentary movie
presented in the STUDY session.

(B) Inthe TEST session, performed a week later, all
of the participants underwent hypnosis, during
which they received a suggestion to forget upon
termination of hypnosis the movie details seen in
the STUDY, until they received a reversal cue
that cancelled the suggestion. After termination
of hypnosis, while under the posthypnotic sugges-
tion (Test 1) and following cancellation of sugges-
tion (Test 2), the participants were scanned while

Posthypnotic : i Suggestion : performing a computerized retrieval test that
amnesia | Yes/No ! cancellation ! Yes/No taxed memory for both movie details (Movie) and
suggestion ' i . . (FORGET ' = . : for the contextual details of the study session
(FORGET) - ! revearsal) ! - H (Context). For further details, see Experimental
: : : ) Procedures.
l D Context Questions | | |:‘ Context Questions ||
: Yes/No : : Yes/No :
15 min 12.5 min 12.5 min
Time
posthypnotic suggestion state is termed “posthypnotic amne- RESULTS

sia” (PHA; Kihlstrom, 1997). PHA is hence a retrieval rather
than storage deficit and resembles psychogenic or functional
amnesia, for which it has been proposed to serve as a model
(Kihlstrom, 1997; Barnier, 2002). PHA is believed to affect mostly
information that is taxed in explicit memory tests (Kihlstrom,
1997).

That PHA can be induced and relieved under controlled con-
ditions in a laboratory setting renders it an appealing model for
investigating brain mechanisms of memory suppression, which
are expected to control the transient retrieval block in functional
amnesia. In this study, we subject high-hypnotic-susceptibility
and low-hypnotic-susceptibility individuals to a controlled
situation that permits them to encode real-life-like episodic
memory. This is done by the presentation of a narrative docu-
mentary movie (Furman et al., 2007). A week later, we place
the participants in the fMRI scanner, hypnotize them, and induce
PHA. This is followed by testing the memory for details in the
movie or details in the context in which the movie was shown,
while brain fMRI signals are acquired (Figure 1). Memory perfor-
mance is tested twice: once when the posthypnotic suggestion
is active and once after it has been relieved by the reversibility
cue. This allows acquisition of brain activity maps in and after
memory suppression and comparison of brain activations in re-
call of target and context items in high-hypnotic-susceptibility
individuals and in their low-susceptibility controls. Our study
identifies large-scale neural circuits that are suppressed com-
pared to baseline activity during suppression of memory perfor-
mance. In addition, we show that left occipital and temporal cor-
tices are suppressed preferentially, whereas the left rostrolateral
prefrontal cortex is activated preferentially when the memory
performance is suppressed. We also demonstrate that in the
high-suscepitibility subjects, a network of brain regions shows
recovery from suppression following the reversal of the posthyp-
notic suggestion. We propose that, whereas some of the regions
identified in our study play a role in retrieval of long-term
episodic memory, others are involved in inhibiting retrieval, pos-
sibly in a preretrieval monitoring stage.
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Behavioral Performance

Memory Performance

Under the influence of the FORGET suggestion, the PHA group
exhibited markedly reduced memory performance on Movie
questions compared to the Non-PHA group (Figure 2A)
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Figure 2. Memory Performance in the TEST Session

(A) Performance of PHA (black) and Non-PHA (gray) groups on Movie (left bars)
and Context (right bars) during Test 1. A mixed-model ANOVA analysis, using
memory type as a within-subject factor and group as a between-subject factor
revealed a significant interaction, with reduced performance for PHA subjects
in Movie but not in Context (F; », = 20.38, p < 0.0005).

(B) Performance of PHA (black) and Non-PHA (gray) groups, on Movie (left
bars) and Context (right bars) during Test 2. No effects were revealed in
a mixed-model ANOVA. Dashed line indicates chance level performance.
Error bars are SEM.
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(46.6% + 4.2% and 74.8% =+ 3.3%, respectively, p < 0.00005).
No such difference was shown for Context (74.2% + 4.2% and
82.9% + 2.3%, respectively, p = 0.21; interaction effect: Fq 25 =
20.38, p < 0.0005). In contrast, after cancellation of FORGET,
memory performance was similar in both groups and on both
question types (Movie: Non-PHA = 80.42% + 1.71%, PHA =
79.6% = 2.44%; Context: Non-PHA = 82.9% + 2.34%, PHA =
78.75% + 3.9%; interaction effect: F1,, = 0.66, p = 0.42).
Thus, the memory block induced by FORGET was specific to
movie details and reversible.

In order to examine whether the decreased memory perfor-
mance in the PHA group was a result of demand characteristics
(i.e., deliberately withholding the correct responses for movie
details to comply with perceived test demands), the SHAM
group replicated the experiment. Briefly, SHAM went through
the study and test session in the same manner as did the other
groups; however, prior to hypnosis, they received instructions
to answer the questions during memory Test 17 (i.e., under active
posthypnotic suggestion) as if they were affected by the post-
hypnotic suggestion. They were not, however, instructed in any
way what strategy to use in order to mimic the amnesic effect.
Memory performance during FORGET for both Movie and
Context in SHAM was lower than the PHA and Non-PHA (Movie:
33.06% = 5.1%, Context: 59.4% + 5.9%; between-subject main
effect: F, 50 = 14.8, p < 0.00005). Complementary, Scheffe post
hoc comparisons of the group factor across question types
revealed significant differences among all groups, demonstrat-
ing a general reduced memory performance in the SHAM group
compared to both Non-PHA (p < 0.00005) and PHA groups (p <
0.05). Upon cancellation of suggestion, memory performance
was found to be similar to the other groups in both Movie and
Context conditions (81.6% = 2.1% and 76.1% + 2.7%, respec-
tively, F2 30 = 1.2, p = 0.31). Hence, SHAM showed significantly
reduced memory performance in Test 1 compared to the PHA
group; whereas the PHA group performed at a chance level
(46.6% =+ 4.2%), memory performance in the SHAM group
dropped well below the chance level (33.1% + 5.1%), suggesting
deliberate withholding of information.

Reaction Times

In Test 1, the PHA group exhibited increased reaction times on
Movie questions compared to the Non-PHA group (4473 + 257
versus 3879 + 152 ms, respectively). Increased reaction times
in the PHA group were observed for Context as well (3768 =
212 versus 3260 + 131 ms), resulting in a main effect for group
across question types (F1 22 = 4.7, p = 0.04). In contrast, after
reversal of FORGET (Test 2), reaction times did not differ for
both groups in Movie (Non-PHA = 2962 + 145 ms, PHA =
2803 + 183 ms) and Context (Non-PHA = 2567 + 122 ms,
PHA = 2416 + 166 ms). In both Test phases, main effects were
found for question type, exhibiting longer latencies for Movie
questions than Context questions (question type main effects:
Test 1: F122 = 40.4, p = 0.000002; Test 2: F12 = 26.9, p =
0.00003).

Brain Activity

We set out to identify the neural correlates of suppressed
memory performance that is postulated to be guided by the
posthypnotic FORGET suggestion, by using whole-brain corre-

lation analysis across groups, as well as inter- and intragroup
analysis of BOLD signal (for the flowchart of analysis, see
Figure S1 available online).

Overall Task-Correlated Brain Activity

Overall brain activity during Test 1 Movie compared to fixation
baseline was obtained in each group separately in order to
identify brain areas that participated in task processing. The
Non-PHA group exhibited a vast network of activated regions
correlated with answering the questionnaire for Movie questions
(Figure 3A, top panel; Table S1). These included mainly visual
processing regions, bilateral thalamus, basal ganglia, bilateral
superior frontal gyrus (SFG), and cerebellum. In contrast, the
PHA group exhibited activity only in a minor subset of these
regions, namely bilateral occipital lobes, right SFG, cerebellum,
and insula (Figure 3A, bottom panel; Table S1). The reduced
overall activity in the PHA group suggests a general reduction
in neural activity compared to Non-PHA while answering Test 1
Movie questions, i.e., under FORGET condition. To examine
whether the reduced activity in the PHA group represented
a generalized suppression phenomenon throughout the experi-
ment, activity was also determined while answering Context
questions versus baseline for each group. In contrast to Movie
questions, the overall activity during Context questions versus
baseline revealed in both groups several overlapping networks
of activity, including visual sensory and perceptual regions, cer-
ebellum, parietal lobes, SFG, and IFG (Figure 3B; Table S2). The
fact that both groups showed activity in these regions indicates
that the overall neural suppression in the PHA group was selec-
tive for the Movie information. We complemented this analysis by
performing conjunction analyses between PHA and Non-PHA
groups for Movie and for Context questions during FORGET. In
line with the aforementioned results, smaller overlap of activation
was found in Movie compared to that in Context (Figure S2).
Whole-Brain Correlation between Brain Activity

and Memory Performance

We correlated memory performance scores for Movie and
beta values of the all-participant GLM during Test 1. Using
a voxel-by-voxel whole-brain correlation analysis of memory
performance and beta values of movie in Test 7 in all subjects
(r > 0.55, p < 0.01, uncorrected), we revealed activity in several
regions (Figure 4; Table S3). The highest correlations were
found in left middle temporal gyrus (X, y, z peak activity location
—55, -7, —16, BA 21, r = 0.64, p = 0.001), left superior temporal
gyrus (—54, 14, —8, BA 38, r = 0.62, p = 0.002), and left middle
occipital gyrus (—45, —76, —8, BA 19, r=0.65, p = 0.001). Activity
patterns exhibited a left occipito-temporal hemisphere network
that was activated proportionally to the retrieval success of
Movie. Direct correlation between the mean beta values of these
regions and memory performance were plotted (Figure 4B).
Thus, it seems that the ROIs delineated by this analysis specifi-
cally show an activity gradient that is proportionate to retrieval
success.

Between-Group Comparison

We compared brain activity between PHA and Non-PHA
subjects during retrieval of movie details in Test 7 using a GLM
consisting of all participants. As depicted in Figure 5A (see
also Table 1), Non-PHA had higher activity compared to PHA
in several regions, including right fusiform area (54, —22, —23,
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BA 20), left middle occipital gyrus (—21, —85, —5, BA 18), and left
anterior superior temporal gyrus (—48, 11, —5, BA 22). Higher ac-
tivity in PHA was observed in one location only, the left rostrolat-
eral PFC (30, 56, 6, middle frontal gyrus, BA 10). This is in line with
the whole-brain correlation unveiling differential activation in the
left occipito-temporal hemisphere (see above). ROl analysis of
correlations between cluster-average beta values from Movie,
Test 1 and memory performance for all participants during
Movie, Test 1 was performed, revealing the following correla-
tions (Figure 5C): right fusiform gyrus, r = 0.48 (p = 0.02); left mid-
dle occipital gyrus, r = 0.37 (p = 0.09); left inferior frontal gyrus, r =
0.53 (p = 0.01); left rostrolateral PFC, r = —0.39 (p = 0.07).
Intra-Group Comparisons

To examine the neural dynamics in BOLD signal between Test 1
and Test 2 in each group, we compared Movie in Test 1 versus
Test 2, and Test 2 versus Test 1 for each group separately. We
hypothesized that suppression of memory observed for Movie
questions during Test 17 would be accompanied by reduced ac-
tivity in the PHA group, as compared to the activity following al-
leviation of amnesic suggestion. Indeed, in the PHA group,
higher activation patterns were observed only for Test 2 com-
pared to Test 1, while no activity was revealed for Test 1 com-
pared to Test 2 (Table 2 and Figure 6). The clusters that showed
the highest correlations with memory performance in a subse-
quent ROI analysis are delineated in Figure 6B and are found
around the right fusiform area (27, —75, —11, BA 19), left middle
occipital gyrus (33, —82, 4, BA 18), and left middle frontal gyrus
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Figure 3. Brain Activity on Movie Questions
and Context Questions in Each Group

(A) BOLD response during Movie, Test 1 in Non-
PHA (top panel) and PHA (bottom panel) groups.
Statistical maps (radiological orientation) are
shown for Movie > baseline and are overlaid on
axial slices of the average anatomical scan of all
subjects (z coordinates indicated for each image).
Maps here and in (B) below were obtained with
a threshold of t > 6, p < 0.0001, cluster size >
150 mm?®. Activity in the Non-PHA group is shown
in multiple regions, including bilateral cerebellum,
occipital lobes (BA 18), insula/inferior frontal gyrus
(IFG) (BA 13/45), medial superior frontal gyrus (BA
6), and precentral gyrus (BA 4). The PHA group
shows reduced activation; activity is in cerebel-
lum, bilateral occipital lobes (BA 18), left insula/
IFG (BA 13/45), and medial superior frontal gyrus
(BA 6).

(B) BOLD response during Test 1, Context > base-
line for Non-PHA (top panel) and PHA (bottom
panel) groups.

(51, 32, 28, BA 46). For the aforemen-
tioned ROls, beta values of Movie from
both groups were analyzed in an ANOVA
that included group (PHA, Non-PHA) and
test (Test 1, Test 2) as factors. Interaction
effects were found in all ROls, stemming
from elevated activation in the PHA group
in Test 2 compared to Test 1, whereas
Non-PHA estimates were unchanged
between the scans (interaction effects of ROIls: Fq 20, p = 5.9,
0.025; 4.6, 0.04; 16.5, 0.0005, respectively; Figure 6B, right
panels). It is noteworthy that with the threshold used, no clusters
were found to show higher activity in Test 7 compared to Test 2.
Apparently, although PHA subjects were engaged in the same
retrieval task for the second time, they showed exclusively higher
activity patterns during the second retrieval, i.e., following allevi-
ation of the amnesic suggestion.

In the Non-PHA group, the comparison between Test 1 and
Test 2 revealed higher activity for Test 1 in left parahippocampal
gyrus (—24, —12, —14), left superior frontal gyrus in two locations
(-3, 26, 49, BA 8; -9, 8, 61, BA 6), and left medial frontal gyrus
(-9, 50, 16, BA 10). Beta score ROI analysis of the delineated
regions revealed interaction effects, resulting from decreased ac-
tivity for the Non-PHA group during Test 2 compared to Test 1,
whereas no such decrease was revealed in the PHA group
(interaction effects of ROIs: Fq 20, p = 7.8, 0.01; 8.8, 0.007; 5.8,
0.025, respectively; Figure 6A and Table 2). The opposite activity
pattern (i.e., Test 2 > Test 1) was revealed as well in several
regions (Table 2), although not in the same areas as in the PHA
group.

DISCUSSION

We used posthypnotic amnesia (PHA) to investigate brain corre-
lates of episodic memory suppression. In brief, our results show
that (1) PHA of long-term, real-life-like memories is evident in
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suggests a strategy different from that
used by the PHA group, who showed
chance-level retrieval performance.
Moreover, SHAM revealed a reduction
in nontargeted memory items as well, im-
plying a generalization of the simulated
memory drop. These exaggerated and
generalized effects are congruent with
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susceptible individuals in a controlled fMRI environment. The de-
crease in memory performance affects FORGET-targeted items
while sparing contextual memory. (2) PHA is correlated with re-
duced activity in multiple brain areas, particularly in the left ex-
trastriate occipital lobe and the left temporal pole. In contrast, in-
creased activation is noticed in left rostrolateral prefrontal
cortex. (3) Following reversal of the FORGET suggestion and re-
covery of normal memory performance, increased activity is ob-
served in multiple areas, including occipital, parietal, and dorso-
lateral frontal regions.

That the PHA group exhibited reversible reduction of memory
performance under the control of the posthypnotic FORGET
suggestion is in line with previous reports of reversible retrieval
block in PHA. The memoranda targeted to be forgotten in previ-
ous studies were typically the hypnosis session itself (Evans,
1988; Kihlstrom, 1997), word lists (Barnier et al., 2001; Bryant
et al., 1999; David et al., 2000), or autobiographical events (Bar-
nier, 2002; Cox and Barnier, 2003). To the best of our knowledge,
this is the first PHA study to use controlled, extended real-life-
like memoranda, encoded well before the hypnosis session.

A potential drawback of hypnosis studies in general and PHA
paradigms in particular is the risk of demand characteristics
(Hilgard, 1975). It has been argued that the effect observed in
PHA merely expresses subjects’ wish to comply with the per-
ceived task demands by intentionally withholding information
(Coeetal., 1989). We approached this issue by examining agroup
of low-suggestibility participants, SHAM, who were instructed
before the hypnosis to simulate PHA. The fact that SHAM
displayed an exaggerated decrease in memory performance

PHA-simulator results in previous studies
(Williamsen et al., 1965; Kihlstrom, 1985),
suggesting that the PHA cannot be attrib-
uted merely to demand characteristics
(but see Wagstaff et al., 2001).

The brain regions that display above-baseline activity in the
Non-PHA group in Test 1 correspond to regions that were previ-
ously reported to subserve declarative retrieval and attention
(Cabeza and Nyberg, 2000; Naghavi and Nyberg, 2005). In the
same test, only a small subset of regions was activated in the
PHA group on Movie questions. These regions might represent
aminimal sensory, cognitive, and motor network required to per-
form the behavioral task in the scanner. The elevated activity in
the brain of the PHA participants in comparison to baseline activ-
ity on the Context questions under the same conditions only
highlights the specificity of suppression of performance on the
FORGET-oriented memory items. It is noteworthy that hippo-
campus and certain related limbic structures, known to subserve
declarative memory encoding and retrieval, did not display
above-baseline activation in either of the groups in our analysis.
We considered the possibility that this is because these circuits
were more active during rest compared with task periods (Stark
and Squire, 2001; Svoboda et al., 2006). However, we didn’t
observe higher hippocampal activation during baseline in com-
paring baseline to Movie (unpublished data). Further analyses
using less stringent statistical thresholds and focusing on prese-
lected anatomical ROIs might be required to further determine
the role of hippocampus and related limbic circuits, as well as
additional brain circuits, in our paradigm.

Correlation of brain activity with memory performance in all the
participants, as well as the PHA-NonPHA groups comparison,
revealed regions associated with the FORGET suggestion. Activ-
ity in the left middle occipital gyrus was significantly reduced
during FORGET in the PHA group. Furthermore, activity in that
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Figure 5. Between-Group Comparisons on Movie Questions during Test 1
(A) Between-group statistical maps for Movie, Test 1 (t> 3.2, p < 0.005, uncorrected, cluster size > 150 mm?®). BOLD activity is shown in axial slices. Encircled are
the right fusiform gyrus, R FFG (54, —22, —23), left middle occipital gyrus, L MOG (—21, —85, —5), left superior temporal gyrus, L STG (—48, 11, —5), and left middle

frontal gyrus, L MFG (—30, 56, 6; left rostrolateral PFC).

(B) Plot of mean beta values for PHA (black) and Non-PHA (gray) for the ROls depicted in (A). Values of t and p, from left to right, respectively: 3.6, 0.001; 3.8, 0.001;

3.9, 0.0007; —3.7, 0.001. Error bars are SEM.

(C) Beta values for Test 1, Movie for the respective ROIs correlated with memory performance for all subjects. Values of r and p are, from left to right, respectively:

0.48, 0.02; 0.37, 0.09; 0.53, 0.01; —0.39, 0.07.

area was significantly correlated with memory performance.
Occipital activation is commonly detected in retrieval of nonver-
bal material (Cabeza and Nyberg, 2000). Theory and data both
point to reactivation or reconstruction in retrieval of types of

Table 1. Regions Showing Differences between Non-PHA
and PHA in Test 1

Non-PHA > PHA

3

Region X y z mm® tValue p Value
L middle —-21 -85 -5 245 432 0.0003
occipital gyrus (BA 18)

R fusifirm 54 -—22 23 382 548 0.00002
gyrus (BA 20)

L superior —-48 11 -5 719 4.42 0.0002
temporal gyrus (BA 22)

L postcentral -39 -22 52 512 8.9 0.0008
gyrus (BA 3)

R claustrum 33 14 4 342 4.02 0.0006
PHA > Non-PHA

L middle -30 56 6 678 3.43 0.002

frontal gyrus (BA 10)?
2This area is referred to in the text as L rostrolateral PFC.
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representations that were active in encoding (e.g., Morris et al.,
1977; Tulving, 1983; Polyn et al., 2005; Johnson and Rugg,
2007). For example, Johnson and Rugg (2007) report that recol-
lection of scenes but not verbal information activates occipital
regions that were activated in encoding of that specific stimuli
type. Similarly, Vaidya et al. (2002) show that the middle occipital
gyrus is activated in recognition of words that served as cues for
encoded pictures but not for other words. It is therefore plausible
to assume that reduced activity in middle occipital gyrus during
FORGET represents suppressed reinstatement of memory
scene traces.

The left temporal pole (BA 38 and anterior BA 22) showed
similar activity patterns to those of the occipital lobe, both in
correlations of brain activation with memory performance and
in intergroup comparison of Movie questions during FORGET.
The temporal pole is considered an association cortex based
on its connectivity with multiple sensory systems and its activity
in response to both visual and auditory stimuli (Olson et al.,
2007). It was implicated in emotional and social processing,
theory of mind, real-life memory, and formation of narratives
from spoken sentences (Maguire et al., 1999; Maguire and
Mummery, 1999; Graham et al., 2003; Gallagher and Frith,
2004; Olson et al., 2007). It fits hence to subserve retrieval of
the socially and narrative-embedded audiovisual information



Neuron

Brain Correlates of Posthypnotic Amnesia

Table 2. Regions Showing Intragroup Differences between Tests
Non-PHA: Test 1 > Test 2

Region X y z mm® tValue p Value
L parahippocampal gyrus —24 —12 —14 1077 5.36 0.0003
L middle -9 50 16 365 4.55 0.001
frontal gyrus (BA 10)

L superior -3 26 49 346 4.74  0.0007
frontal gyrus (BA 8)

L superior -9 8 61 422 4.85 0.0006
frontal gyrus (BA 6)

Non-PHA: Test 2 > Test 1

R inferior 30 —91 —14 188 4.93  0.0005
occipital gyrus (BA 18)

R lingual 24 —91 -2 156 4.39  0.001
gyrus (BA 18)

R precuneus (BA 7) 9 —-70 37 349 6.44 0.00007
L precuneus (BA 7) -9 —-70 40 301 4.64 0.0009
R superior 36 53 31 254 4.74 0.0007
frontal gyrus (BA 9)

L white matter —-30 -43 7 741 594  0.0001
PHA: Test 2 > Test 1

R middle 33 -82 4 861 6.05 0.0001
occipital gyrus (BA 18)

L middle —-27 -82 7 316 4.95  0.0005
occipital gyrus (BA 18)

R fusiform 27 —75 —11 1848 3.67  0.004
gyrus (BA 19)

L cuneus (BA 23) —-12 —-70 10 184 4.57  0.001
R inferior 33 -58 40 877 595 0.0001
parietal lobule (BA 39)

R precuneus (BA 7) 24 —76 46 499 522  0.0003
R middle 51 32 28 432 512 0.0004
frontal gyrus (BA 46)

L middle —-33 -1 46 263 545 0.0002
frontal gyrus (BA 6)

L superior —-12 44 55 246 5.78  0.0001
frontal gyrus (BA 8)

R cerebellum 6 —67 —-35 694 4.3 0.001
L brainstem -3 28 -5 316 5.79 0.0001

encoded during movie viewing. Indeed, in a recent study of sub-
sequent memory for movie, activations were found in the right
temporal pole during encoding of subsequently remembered
items (Hasson et al., 2008).

In contrast to the aforementioned regions, the left rostrolateral
prefrontal cortex (PFC), displayed preferential activity during
suppression of memory performance. The engagement of PFC
in retrieval of declarative long-term memory is proposed to be
associated with content-invariant retrieval mode rather than
with content-specific ecphory (Lepage et al., 2000). The rostro-
lateral PFC has been specifically implicated in meta-processes
and executive functions engaged in retrieval of episodic memory
(Nyberg et al., 2000; Gilbert et al., 2006; Moscovitch and Wino-
cur, 2002). Burgess et al. (2007) propose that rostral PFC is
a “gateway” linking the outside and inside world, switching

attention between environmental stimuli and self-generated
representations. We suggest that the increased activation of ros-
trolateral PFC in the PHA group during FORGET reflects an early
implicit decision on whether or not to trigger further retrieval pro-
cesses, taken on the basis of the correspondence of the external
cue to the internal representation of the FORGET suggestion. We
propose to dub the stage in which this early decision is taken as
“preretrieval monitoring,” because the initiation of the retrieval
cascade might be abated.

The possibility could be raised that activation of