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ABSTRACT

Experiments demonstrating post-reactivation amnesia for learned fear in animals have generated a novel and
influential hypothesis on the plasticity of memory, usually referred to as memory reconsolidation. The clinical
potential of pharmacologically disrupting the process of memory reconsolidation has sparked a wave of interest
into whether this phenomenon can also be demonstrated in humans, and ultimately harnessed for therapeutic
purposes. In this essay we outline how the work of Karim Nader and colleagues has moved the field forward from
a focus on extinction learning to the prospect of disrupting memory reconsolidation. We then review some
promising findings on the necessary conditions, as well as potential boundary conditions, of pharmacologically
disrupting the process of memory reconsolidation obtained in our laboratory. Even though laboratory experi-
ments in animals and humans suggest that we may be at the brink of a breakthrough in fundamentally changing
emotional memories, the necessary and sufficient conditions for targeting and disrupting memory reconsolida-
tion in clinical practice are largely unknown. There is likely no universally effective reactivation procedure for
triggering the reconsolidation of clinically significant emotional memories, and the impact of subtle boundary
conditions observed in basic experiments compounds this issue. Notwithstanding these challenges, the discovery
of changing emotional memory through disrupting the process of memory reconsolidation has unquestionably

invigorated the field.

1. Introduction

While it may be adaptive to have strong memories for the most
important events in life, the resistance of emotional memory to change
can also be harmful. People suffering from posttraumatic stress disorder
(PTSD) can be so plagued by their memories as to be constantly vigilant,
with vivid intrusions provoked by even tangential reminders of their
trauma. Patients with a specific phobia may have such strong emotional
reactions to particular stimuli that they build their lives around their
avoidance. Several epidemiological studies confirm that anxiety and
trauma-related disorders — which we argue can be understood at least in
part as disorders of emotional memory (Kindt, 2014) — are the most
prevalent psychiatric conditions and among the most impairing chronic
diseases in Europe (Wittchen and Jacobi, 2005) and the United States
(Kessler et al., 2005). Since the end of the nineteenth century, dozens of
pharmacological and psychological treatments have been developed
with the aim of changing excessively strong emotional memories and
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their undesired effects. Although great advances have been made over
the last decades, even the most effective contemporary treatments are
thought to only dampen or inhibit emotional responding, leaving the
original pathological memory intact (Bouton, 2002). Consequently,
when patients initially benefit from treatment, relapse is frustratingly
common (Craske et al., 2014; Hofmann and Smits, 2008; Loerinc et al.,
2015). The scale of mental health difficulties and the shortcomings of
existing treatments call for a better understanding of therapeutic
forgetting. In this essay we illustrate how the basic principles of learning
and memory are indispensable in understanding the modification of
emotional memory, paving the way for the development of revolution-
ary treatment approaches for people suffering from fear and anxiety
disorders.

A major breakthrough in neuroscience was achieved two decades
ago, with the discovery that emotional memories are not as indelible as
once thought,' and can be modified after recall (Przybyslawski et al.,
1999; Nader et al., 2000). In a series of landmark experiments in rats,

1 This may arguably be deemed a rediscovery, as Donald Lewis and others had investigated post-retrieval amnesia in the 1960 s
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Nader and colleagues found that retrieval of consolidated fear memories
could render them vulnerable to disruption (i.e., destabilized), with
reactivated memories apparently requiring de novo protein synthesis to
be retained. This process, now known as ‘memory reconsolidation’,
opens the possibility of targeting emotional memories with amnesic
agents. Since these seminal studies in animal models, evidence for
pharmacologically induced amnesia for fear has progressed from labo-
ratory studies in animals to experimental and even clinical work in
humans (Elsey et al., 2018; Kindt, 2018).

2. Karim’s shoulders

The observation of post-retrieval amnesia for learned fear in animals
stimulated a new research program at the University of Amsterdam led
by the lead author of this essay, with the aim of testing whether the
process of fear memory reconsolidation could be disrupted in humans as
well. If we were able to observe a similar post-retrieval amnesia for
learned fear in humans, then this new approach could remedy the
problem of relapse in patients suffering from maladaptive emotional
memories. The ability to rapidly attenuate the impact of horrific or
otherwise undesirable memories — possibly even with a single session
intervention — would represent a game-changing shift in the treatment of
mental illness. Currently, most therapies aim to produce a gradual
diminution of fear through repeated sessions (or single, longer sessions)
in which patients are expected to slowly develop the capabilities to
regulate or learn new ways of thinking about their fears. In many cases
the fear remains at a lower level or even returns (Craske et al., 2014).
With a successful reconsolidation-based procedure, abrupt and profound
reductions in fear may be realised in a single, relatively brief, treatment
session. Such a treatment would also be distinct from the current use of
pharmacological agents for fear reduction, with possibly as little as a
single drug administration during a specific time window around
memory reactivation, so as to interfere with a specific process and target
a particular memory. This is in sharp contrast to typical pharmacological
approaches, which involve repeated drug intake to produce a general
reduction in fear (Farach et al., 2012; Baldwin et al., 2014; Jakubovski
et al., 2019).

Most studies on post-retrieval amnesia in animal models utilize a
range of potentially neurotoxic drugs and means of delivery that are not
feasible in humans subjects, such as anisomycin delivered directly to the
amygdala (Finnie and Nader, 2012). However, when we designed our
first experiment in 2008 (Kindt et al., 2009), some animal researchers
had also induced post-reactivation amnesia with the p-adrenergic re-
ceptor (B-AR) antagonist propranolol, which produced amnesic effects
both when delivered systemically or directly into the amygdala (Przy-
byslawski et al., 1999; Debiec and Ledoux, 2004). For B-ARs, it has been
demonstrated that they have an essential role in protein synthesis
required for both memory consolidation and reconsolidation (Johansen
et al,, 2014; Otis et al., 2015). As a non-toxic and commonly used
off-label medication with the capacity to cross the blood-brain barrier,
propranolol was viable for experimental work on reconsolidation in
humans. We found that a single 40 mg dose of propranolol, administered
prior to or shortly after memory reactivation, neutralised
fear-conditioned startle responses to conditioned stimuli, and prevented
the return of fear up to at least one month later (see Elsey et al., 2018;
Elsey and Kindt, 2017a, 2017b; Kindt, 2018 for reviews). Whereas
spontaneous recovery, renewal, reinstatement, and rapid reacquisition
typically occur if a fear memory is simply extinguished, we found that
memories treated with this reconsolidation-based approach were not
susceptible to such retrieval techniques. The pharmacological induction
of post-retrieval amnesia thus appears to induce more lasting reductions
in fear memory expression than extinction.
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3. Targeting the affective value of memory instead of threat
expectancies

Interestingly, disrupting reconsolidation with the B-adrenergic
blocker propranolol exclusively dampened the startle response and
distress ratings, while leaving the explicit expectation of threat (i.e.,
contingency awareness) (Kindt et al., 2009) and electrodermal activity
intact (Soeter and Kindt, 2010, 2011; Sevenster et al., 2012). Hence, it is
believed that the pharmacological manipulation of memory reconsoli-
dation directly reduces the emotional valence attributed to the condi-
tioned threat stimulus (CS), while the declarative memory of the
conditioning experience and concordant predictive properties of the CS
remain unaffected. A more recent and elegant study in animals
corroborated our observations in humans by parsing the predictive vs.
the emotional/motivational components of a memory in a
Pavlovian-conditioned approach task (Cogan et al, 2018).
Post-reactivation propranolol was found to blunt the emotional/moti-
vational impact of the CS, while leaving the association between the
conditioned and unconditioned stimulus (CS->US) itself intact: animals
were seen to attend to or approach regions where reward could be
predicted, but were not motivated to fully engage, just as humans in our
experiments appeared to recollect their conditioning experiences, but
did not display defensive behaviour to formerly aversive cues. This
reconsolidation-based intervention thus contrasts strongly with the most
well-established treatments for anxiety and trauma-related disorders,
namely Exposure Therapy and Cognitive Behavioural Therapy (CBT). A
central tenet of many contemporary accounts of Exposure and CBT is
that a change in cognitive processes, such as predictive properties of a
stimulus and threat expectations (i.e., expectancy violations), precede
and account for the effect of treatment on emotional responses (Hof-
mann et al.,, 2013; Craske et al., 2014). In contrast to this cognitive
mediation hypothesis, an initial cognitive change seems not to be
required for the current reconsolidation intervention. In fact, evidence
thus far suggests that when a significant change in expectations is re-
ported upon reactivation, it may even preclude the induction of recon-
solidation (Bos et al., 2012; Sevenster et al., 2014).

3.1. Memory specific fear dampening generalizes across stimuli of the
same semantic category

Over the past decade, we have addressed several other issues of both
clinical and theoretical relevance, before translating this
reconsolidation-based intervention to clinical and subclinical pop-
ulations. If such an approach is to be used in patients with anxiety dis-
orders, then the intervention should yield reasonably precise
modifications of targeted memories, as opposed to a general fear-
dampening effect. At the same time, if disrupting memory reconsolida-
tion has clinical potential, the fear-reducing effect should not be so
circumscribed as to be restricted to the reactivation stimulus alone:
generalisation of fears to category-related stimuli is common in anxiety
disorders (e.g., fearing shepherd dogs, bulldogs, and terriers, rather than
just one type of dog), and so generalisation of fear reductions is also
desirable. In several studies we induced two different fear associations
(CS1 -> US, CS2 -> US), in which two pictures of distinct semantic
categories were associated with the same aversive outcome (i.e., an
electrical stimulus or US). We demonstrated that propranolol selectively
neutralised fear-potentiated startle to a CS1 that was reactivated, leav-
ing responses to the non-reactivated CS2 intact (Soeter and Kindt, 2011,
2012a; Kindt and Soeter, 2018). These findings suggest that the recon-
solidation intervention can be used to selectively target a specific fear,
rather than producing a general (and probably undesirable) dampening
of fear. Furthermore, the fear neutralisation was found to extend beyond
the reactivated cue to stimuli within the same semantic category (Soeter
and Kindt, 2011, 2012a). Hence, pharmacologically disrupting the
process of memory reconsolidation is not only markedly different to
dominant psychotherapeutic approaches, but also stands in contrast to
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traditional pharmacological interventions (Elsey and Kindt, 2016; Kindt,
2018): The drug is only administered once, within a particular time
window upon memory reactivation, and it neutralizes a specific fear.
The extension of effects beyond the reactivated stimulus also highlights
the clinical potential of this approach, and further suggests a possible
superiority to approaches based upon the inhibition of the target
memory (i.e., extinction learning), which often require training in
multiple contexts or with many category exemplars presented in
different contexts to achieve a generalised effect (Lipp et al., 2020;
Craske et al., 2022).

In addition to assessing whether the fear-reducing effect of reac-
tivation + propranolol generalizes to cues from the same semantic
category, we tested whether it was possible to induce and disrupt
reconsolidation using a reactivation cue that was not exactly the same as
that used during initial learning. Most studies of memory reconsolida-
tion have utilized the originally learned CS as the reactivation cue
(Finnie and Nader, 2012; Elsey et al., 2018). For anxiety disorders, or
indeed any memory formed outside of the lab, it is rarely clear which
specific cues might be central to the underlying fear memory, or even
what the initial learning events were, as fear may result not only from
direct experience, but also from vicarious experience, information,
imagination, or other more passive means of learning that the patient
cannot recall. Even direct experiences may be so far in the past as to be
only dimly remembered, if at all. If reconsolidation could only be
induced with the use of cues that exactly match the initial encoding,
then it would have little translational potential. We found that an ab-
stract cue (e.g., the word ‘spider’) could trigger reconsolidation for a fear
memory in which the initial learning experience was pairing an electric
shock with a visual cue (e.g., a picture of a spider) (Soeter and Kindt,
2015a). This finding is promising for clinical translation, as it suggests
that precise knowledge of some kind of hypothesised, but largely
intangible initial learning experience may not be necessary for a suc-
cessful neutralisation of fear. On the other hand, not all cues related to
the original fear memory (CS -> US) will trigger memory reconsolida-
tion. In a second-order fear-conditioning study in animals (CS1 -> US,
CS2 -> CS1), the indirectly associated cue (i.e., second-order condi-
tioned stimulus, CS2) failed to induce reconsolidation of the initially
learned fear memory (first-order conditioned stimulus, CS1 -> US;
Debiec et al., 2006). In contrast, reactivation of the first-order cue
combined with an amnesic intervention could produce fear neutralisa-
tion for the second-order cue (Dcbiec et al., 2006). It would thus seem
that although an exact replica of the initial learning experience is not
necessary for triggering reconsolidation, the retrieval cue should at least
be directly related to the US.

3.2. Necessary conditions to trigger memory reconsolidation

In the past two decades there have been many experimental findings
consistent with memory reconsolidation from organisms as diverse as
crabs to snails, honeybees to humans, using a wide range of learning
tasks and amnesic agents (Elsey et al., 2018; Finnie and Nader, 2012).
These findings may be taken to suggest that reconsolidation is a
fundamental process in learning and memory. Despite the plethora of
findings that align with reconsolidation, it is not the case that reconso-
lidation always occurs, or that it is easy to induce. For instance, over the
years we have seen several failed replications of the basic memory
reconsolidation effect in humans, while we used a very similar
fear-conditioning procedure (Bos et al., 2014; Schroyens et al., 2017;
Chalkia et al., 2019; Stemerding et al., 2022). Even though we have no
straightforward explanation for the absence of memory reconsolidation,
it is noteworthy that fear extinction was not observed in these studies
either. This may indicate that the fear memory in the failed replication
studies may have been too strong to be destabilized by the usual reac-
tivation procedure. Many experimental conditions involving memory
reactivation clearly do not trigger the process of memory reconsolida-
tion. Evidence for boundary conditions has typically been based on
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failures to produce amnesic effects using a single reactivation procedure
(Milekic and Alberini, 2002). Yet, it is unlikely that there would be a
single means of reactivation that is universally effective in producing
reconsolidation (Finnie and Nader, 2012; Faliagkas et al., 2018). For
instance, some research has suggested that remote or strongly trained
memories that appear to be resistant to disruption may be rendered
vulnerable with the use of more extended reactivation sessions (Suzuki
et al., 2004; Frankland et al., 2006), by adding novel elements during
reactivation (Winters et al., 2009), or by changing the temporal rela-
tionship between the CS and US (Diaz-Mataix et al., 2013). Furthermore,
simply attempting to disrupt the reconsolidation of strongly trained
memories at more remote time points may be effective (Robinson and
Franklin, 2010; Wang et al., 2009). Our own work with clinical patients
also serves as a proof of principle that exceptionally strong fear mem-
ories may be targeted with reconsolidation-based approaches, though
controlled trials are necessary to more firmly establish this. Hence, an
alternative hypothesis is that strict boundary conditions do not exist.
Memories may change over time and are likely to vary considerably
depending on the learning experiences that feed into them, meaning that
different means of reactivation may be necessary to trigger reconsoli-
dation depending upon these factors, but that boundary conditions are
relative rather than absolute. This fits with the idea that reconsolidation
may be an adaptive mechanism that keeps memories up to date (Dudai,
2009) - precisely what information is deemed relevant or important may
be dependent upon the content and strength of initial training, the
current context, as well as how long ago it occurred. Reconsolidation
may even be induced when essentially repeated training trials are given,
so long as there is some discrepancy between what has already been
learned and what can be learned from the current situation (Pedreira
et al., 2004; Morris et al., 2006: Merlo et al., 2014; Sevenster et al.,
2014). This construct, dubbed ‘Prediction Error’ (PE) (cf. Rescorla and
Wagner, 1972), has since been leveraged in several experimental set-
tings and across different species to trigger reconsolidation. In case of a
fully reinforced and asymptotic learning curve, omission of a predicted
reinforcement during memory reactivation (i.e., negative PE) may
trigger the process of reconsolidation (Waelti, Dickinson and Schultz,
2001), while a reinforced reactivation trial would probably leave the
memory unaffected. In contrast, if memory reactivation follows a
partially reinforced, non-asymptotic learning experience, a similar
reinforcement trial (i.e., positive PE) would prompt some additional
learning and should therefore be capable to destabilize the memory
trace.

In our human studies, propranolol (timed to interfere with post-
reactivation reconsolidation) was found to selectively impact upon the
emotional expression of fear memory (i.e., fear potentiated startle
response), leaving the explicit expression of learned contingencies (i.e.,
US-expectancy ratings) intact (Kindt et al., 2009; Sevenster et al., 2012;
Soeter and Kindt, 2010, 2011). It was therefore possible to develop a
measure of PE through the expression of the declarative memory —
which was unaffected by the reconsolidation-based intervention — to
potentially predict whether reconsolidation did or did not occur (Sev-
enster et al., 2013, 2014). We found that reconsolidation of a human
fear-conditioning memory was most reliably triggered by reactivations
that elicited a small change in US expectancy ratings the following day.
More specifically, reconsolidation could be triggered both when there
was a positive PE (reinforcement occurred when it was not expected) or
a negative PE (reinforcement did not occur when it was expected). Such
conditions resulted in a small updating of the explicit threat expectancy.
Reactivations that did not result in a change of reported US expectancies
typically did not produce amnesia, despite there having been both a
memory reactivation and administration of propranolol. Although such
findings offer important insights into the optimal conditions for
inducing reconsolidation, several challenges must still be overcome for
the translation of memory reconsolidation to clinical practice.

Firstly, while PE might be a necessary condition for triggering
memory reconsolidation, it is not sufficient. Depending on the
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magnitude of PE, reactivation may give rise to the formation of new
memories (i.e., inhibitory learning/extinction). Multiple studies suggest
that the induction of extinction may preclude the induction of recon-
solidation from the same reactivation event (Bos et al., 2012; Eisenberg
etal., 2003; Lee et al., 2006). When reactivation involves the repeated or
extended presentation of unreinforced CSs, the increased magnitude of
PE may eventually reduce both the threat expectancy and fear response.
Rather than triggering reconsolidation, computational approaches sug-
gest that excessive prediction error may lead to the inference of a
different ‘latent cause’ of the observed experiences (Gershman et al.,
2017). In essence, when faced with too great a violation of expectations
after several unreinforced CS presentations, the experimental subject
consciously or unconsciously infers that the causal process producing
the observed outcomes is not the same as it was during initial learning,
and so they generate a new memory for this new cause, leaving the
initial memory intact.

Even before reductions in fear responding can be observed at a
physiological level, it is possible that boundary conditions for memory
reconsolidation have already been reached (Sevenster et al., 2014).
Although successful induction of memory reconsolidation was found to
be marked by a slight updating of expectancies on the subsequent day
(Sevenster et al., 2013, 2014), we also found that a decrease in threat
expectancy already during reconsolidation, or too much uncertainty
with respect to the occurrence of the expected threat (i.e., US) (Ger-
licher, Verweij and Kindt, 2022) prevented the induction of amnesia by
post-reactivation propranolol. Such shifts in expectancy may demarcate
the boundary between reactivations that will or will not result in
reconsolidation, extinction, or mere retrieval.

Studies in both humans and animal models have indicated that
reconsolidation and extinction may also be separated by a transitional
stage — referred to as the ‘limbo’ state — during which neither reconso-
lidation nor extinction are triggered (Merlo et al., 2014). Amnestic
agents administered during limbo affect neither reconsolidation nor
extinction. Hence, a picture begins to appear of a very fine balancing act,
in which too little prediction error from a reactivation trial may produce
mere retrieval, but too much predicton error risks inducing limbo or
extinction. Clearly this poses a challenge to the translational feasibility
of reconsolidation-based interventions in clinical practice, where the
optimum reactivation conditions are even more difficult to determine
than in well-controlled fear-conditioning studies. In these laboratory
studies, the initial learning experiences of participants can be carefully
controlled, such that although there are individual differences among
participants, at least their learning history can be accounted for. As
noted previously, individuals with anxiety disorders have arrived at
their current state through myriad paths, and so one must consider not
only a generically most appropriate means of reactivation, but also the
possibility that this varies greatly among patients.

One way through which these difficulties might be alleviated would
be if it were possible to develop a real-time marker of PE, or some other
process, that might predict the successful induction of reconsolidation.
The aforementioned index of PE used in experimental studies (Sevenster
et al., 2013) is limited by the fact that it is only revealed upon a sub-
sequent day, and thus cannot be utilised as a means of determining when
one should put a stop to memory reactivation. Ideally, a real-time
marker — cognitive, physiological, or neurobiological — for whether
reconsolidation was likely to be triggered by a particular reactivation
could be consulted during reactivation, so that the experimenter or
clinician knows when reactivation is most likely to have been sufficient.
Future research from our lab aims to investigate whether such a
real-time marker of successful reactivation can be developed. With such
a tool, reactivation sessions could be adapted in real time, with the
clinician determining whether an exposure task should be prolonged or
terminated. This is, however, likely to be a difficult (if not impossible)
process, as we have already seen how determining whether reconsoli-
dation is likely to occur presents challenges even in relatively simplistic
settings. Continued translation of findings from experimental to clinical
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work and back again will therefore be required.
3.3. Translation to clinical science

Laboratory studies using experimental memory paradigms can only
go so far in assessing the translational feasibility of reconsolidation-
based approaches. Ultimately, concerted efforts at translation must
obviously involve those suffering from genuine subclinical and clinical
disorders of emotional memory, as even the most comprehensive un-
derstanding of experimentally induced memory formation and modifi-
cation may stop short of elucidating how such findings can be leveraged
in clinical practice.

While preliminary evidence in open-label trials revealed a reduction
in trauma-related symptoms in PTSD patients (Brunet et al., 2008, 2011;
Poundja et al., 2012), these initial positive effects for trauma memory
could not be replicated in three follow-up randomized controlled trials
testing different pharmacological agents (Wood et al., 2015). It should
be noticed however that script-driven imagery was used for the reac-
tivation of the trauma memory, whilst this method has been explicitly
developed to measure retrieval of the trauma memory and not recon-
solidation. Instead of running large-scale clinical trials to test the effi-
cacy of a reconsolidation intervention in PTSD, we should first better
understand the necessary conditions to trigger reconsolidation of
trauma memory (Kindt and van Emmerik, 2016).

Research in our lab has considered whether specific phobias and
subclinical fears may be an informative translational step in the devel-
opment of reconsolidation-based interventions. Such fears may be quite
tractable experimentally, owing to their fairly precise nature (though
even specific phobias are far from simple) and the quite high frequency
of such fear in the general population. Taking arachnophobia as a model,
we have successfully translated the laboratory findings on conditioned
fear response to a subclinical trial in individuals with spider phobia. We
showed that a brief exposure ( + 2 min) to a live, large tarantula fol-
lowed by 40 mg of the p-AR blocker propranolol HCl (double-blind/
placebo-controlled), transformed avoidance behaviour into approach
behaviour in a virtually binary fashion. These improvements in the
propranolol + reactivation group, and the differences between groups
(placebo, propranolol without reactivation), were not restricted to the
phobic stimulus of the intervention and were maintained at a one-year
follow-up, suggesting that this reconsolidation-based intervention may
produce not only large but long-lasting effects. We also demonstrated
that the change in fear behaviour could not be explained by a general
fear-dampening effect of propranolol or by an exposure effect, because
the intervention effect was only observed when the active drug pro-
pranolol was given in conjunction with memory reactivation.

Drawing from the insights on the necessary and boundary conditions
for inducing memory reconsolidation in our fear-conditioning studies,
we inferred that the exposure to the threat cue (i.e., spider) ought to be
very brief, but the distinctive features of the retrieval session that
actually trigger the process of memory reconsolidation remain elusive.
We hypothesize that the actual approach behaviour towards the threat
cue while feeling overwhelmed by their fear may be responsible for the
process of memory reconsolidation, but this conjecture has not yet been
critically tested. We have since been working with more clinical and
subclinical samples of phobic participants. In a study of clinically
somewhat more phobic participants than our initial study (Soeter and
Kindt, 2015b), we aimed to assess the optimum means of reactivation
(Elsey and Kindt, 2021). However, several difficulties may preclude a
simple answer to this crucial question. Firstly, even within arach-
nophobia, participants’ fears spanned a wide spectrum of different spi-
der types and situations, making a controlled process difficult. In
addition, owing to the difficulty of retaining participants for longer-term
follow-ups and the increased difficulty of the exposure for participants,
greater interaction between the therapist/experimenters and the pa-
tients was necessary than in previous studies with subclinical partici-
pants. This - in addition to the growing knowledge of the intervention -
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may have led to an increase in placebo effects, which were higher in this
study than in Soeter and Kindt (2015b), where they were essentially
absent.

Pavlovian fear-conditioning research shows that the window to
target the process of memory reconsolidation is small and relatively easy
to miss: If exposure is too long to trigger reconsolidation, but too short
for extinction learning, an inactive transitional limbo state occurs,
rendering the fear memory unchanged and insensitive to amnesic agents
(Merlo et al., 2014; Sevenster et al., 2014). Since we do not have a
validated, non-invasive, independent marker that can be used during
reactivation procedures to indicate whether reconsolidation is triggered
or not, we have tested a behaviourally-controlled boundary condition of
reconsolidation in naturalistic fears, to inform the development of future
reconsolidation interventions. Specifically, in the absence of a definite
prediction error event, we focussed on the duration of the reactivation
procedure as an experimental proxy for the amount of prediction error.
In a systematic pilot study, participants with a subclinical fear of public
speaking underwent a stress inducing speech task varying in duration
followed by either one pill of 40 mg propranolol or placebo. Although
self-reported speech distress and public speaking anxiety showed clear
reductions following treatment, the propranolol did not reliably
outperform placebo, regardless of speech duration at treatment (Elsey
et al., 2020). In a recent study we tested again the duration of a reac-
tivation procedure, as an experimental proxy for the amount of PE. In
this study, spider-fearful participants underwent either a brief
~3-minute or a somewhat longer ~14-minute exposure to a tarantula,
intended to trigger reconsolidation or the limbo state respectively, fol-
lowed by 40 mg of propranolol. We expected greater spider fear
reduction after the brief than the longer exposure session. Unexpectedly,
there were no group differences on any outcome measures. Both groups
showed a marked reduction in fear behaviour towards a generalisation
stimulus (a house spider) accompanied by lower self-reported distress,
with a sharp decline in spider fear scores two days after treatment that
persisted one year later (Filmer et al., 2022).

In sum, the amount of PE cannot be easily quantified in clinical
practice, given that it depends entirely upon how the experience at the
reactivation procedure aligns with the learning history and the strength
of the memory. This makes it a huge challenge to identify absolute
criteria for triggering reconsolidation in clinical practice, where the
learning history and the subsequent strength of the memory are basi-
cally unknown. To facilitate effective and efficient reconsolidation in-
terventions, we require methods to behaviourally control prediction
error, regardless of learning history, that we can use to determine which
process we trigger in clinical practice. This is, of course, an exceedingly
difficult balancing act that we currently have little grasp of: what exactly
are the relevant predictions, how much violation is too much, and when
does one know when to stop? While fear conditioning may be an
excellent experimental model of anxiety disorders, it remains a model,
and does not give sufficient insight into the complexities of full-fledged
fears and phobias. Such factors highlight that even in supposedly ‘sim-
ple’ anxiety disorders, complexity is an order of magnitude above that
encountered in experimental studies where learning history and reac-
tivation can be precisely controlled. Nevertheless, we have achieved
striking reductions in phobic symptoms across a range of different fears
in uncontrolled settings (e.g., Elsey and Kindt, 2017a; Kindt and van
Emmerik, 2016). While there are many hurdles for the realisation of
reconsolidation-based treatments, we believe they remain viable.

4. Summary

The (re)discovery of memory reconsolidation at the turn of this
century has had a great impact on the basic science of learning and
memory, and more recently on clinical science as well. The observation
of pharmacologically induced post-reactivation amnesia for learned fear
is well-established in the laboratory. However, the clinical translation of
these observations has proven challenging, with some studies
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highlighting the great promise of such an approach, and others the many
difficulties.

Advocates of other therapeutic approaches, which were not designed
as reconsolidation interventions, have also shown a growing interest in
the phenomenon of memory reconsolidation, claiming reconsolidation
as a mechanism of change. The history of psychology has shown how
much more difficult it is to understand why a treatment works than
‘merely’ to show that it does, and it is common to consider novel
mechanisms as explanations for observed effects. Such speculations may
be warranted, but of course vary in their rigor. Simply drawing parallels
or observing similarities is surely insufficient. In particular, claims that
because a treatment involves reactivating a memory, administering
some kind of intervention, and then observing a change, is strongly
suggestive of reconsolidation underpinning a treatment effect (Lane
et al., 2015; Lane, 2018) are largely unconvincing: almost all psycho-
therapeutic interventions could be subsumed under such a framework.
To really advance the field of reconsolidation, such claims should be
made carefully, and as part of research lines aiming to really test
whether observed effects are most consistent with reconsolidation, or
some other process (Elsey et al., 2018). We believe the greatest advances
will in any case be made if reconsolidation can be purposely harnessed
in a novel intervention explicitly designed to make use of the phenom-
enon, rather than by explaining existing therapies as involving recon-
solidation. While we are aiming to harness reconsolidation for
therapeutic purposes, reconsolidation is not itself necessarily the ther-
apeutic goal: it is a hypothesised process that one aims to manipulate in
a particular way.

Over the last decade we have witnessed considerable progress in
understanding the critical conditions to trigger and observe memory
reconsolidation in humans. The success of the reconsolidation inter-
vention depends on subtle differences in the reactivation procedure, and
the window to actually target the process of memory reconsolidation is
specific and relatively small. The induction of reconsolidation is a subtle
process: prediction error appears to be required for memory labilization,
but with extended reactivation and/or multiple prediction errors, the
window to target the fear memory may already be missed. Under-
standing the critical conditions for triggering reconsolidation in clinical
practice is further complicated by the absence of a single universally
effective procedure to induce memory reconsolidation. Whether any
given reactivation triggers memory reconsolidation depends not only on
the reactivation procedure itself, but also on individual differences in
learning history and temperament. Irrespective of the great advances
that have been made in understanding memory reconsolidation in the
laboratory, the critical parameters governing the persistent mitigation of
emotional memory in clinical practice remain unknown. In our future
research we aim to further unravel potential boundary and optimal
conditions for targeting the process of memory reconsolidation in a
range of fears and phobias. Translating research on memory reconsoli-
dation from animal models to human fear-conditioning experiments,
and perhaps even to effective reconsolidation-based therapies is an
exciting prospect, with the potential to signify a paradigm shift in the
treatment of emotional memory disorders.
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