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Experimental evidence suggests that the return of fear may be prevented by post-retrieval extinction (PRE), a
procedure consisting of extinction training after the presentation of a retrieval cue. However, attempts to re-
plicate these findings have yielded mixed results, with some studies showing diminished fear responses after
PRE, whereas others show no effect on the return of fear following this procedure. The discrepancies across
studies have been interpreted as evidence that there might be conditions under which PRE is not effective

(boundary conditions), but these variables have yet to be fully described. We aimed to provide an overview of
PRE in humans. We briefly present the theory and research that originated post-retrieval procedures with a focus
on the experimental setup used in human studies. We continue with a compilation of possible experimental
boundary conditions along with some questions for future research.

1. Introduction

The pioneering works of Ivan Pavlov (1849-1936) have described
an important learning process commonly known as Pavlovian (or clas-
sical) conditioning. During Pavlovian conditioning, an initially neutral
stimulus (conditioned stimulus, CS) acquires the function of eliciting
responses in the organism (conditioned responses, CRs) after being as-
sociated with another stimulus that already has eliciting function (un-
conditioned stimulus, US) (Pavlov, 1927). When the US is noxious or
potentially harmful, the conditioned responses are characterized by a
series of reactions implicated in the detection and response to threat
(LeDoux, 2014), such as freezing (Bouton and Bolles, 1980) or phy-
siological arousal of the autonomic nervous systems (Graeff, 2007). In
this case, conditioned responses are termed fear conditioned responses
and the learning process, fear conditioning (LeDoux, 2014).

The study of fear conditioning in the laboratory has been widely
accepted as a model for understanding and, in some cases, guiding
behavioral treatments for psychiatric disorders (LeDoux, 2014). For
example, studies on the extinction of fear conditioning are thought to
contribute for the improvement of treatments for psychiatric disorders
characterized by significant fear and anxiety, such as Post-Traumatic
Stress Disorder, Obsessive-Compulsive Disorder, and phobias (Foa and

McLean, 2016; Kaczkurkin and Foa, 2015). During extinction," the CS is
repeatedly presented in the absence of the US, which typically results in
reduction of conditioned fear responses (Lattal and Lattal, 2012). This
experimental setup is thought to be an analog of exposure techniques
utilized in clinical settings. Exposure techniques consist of exposing
patients to feared situations, objects and images in the absence of
aversive or threatening outcomes with the goal of reducing fear reac-
tions to those stimuli (Foa and McLean, 2016; Vervliet et al., 2013).
One of the many challenges in this area is how to maintain fear
reduction in the long term (Foa, 2011; Vervliet et al., 2013). Though
exposure therapy has received empirical evidence of its efficacy in
treating anxiety disorders or patients with a history of traumatic events,
it is not uncommon for fear symptoms to return after successful com-
pletion of treatment (Foa, 2011; Vervliet et al., 2013). In the laboratory,
the return of conditioned responses after extinction (referred to as re-
turn of fear by Lonsdorf et al., 2017) has been described as occurring,
both in rats and in humans, as a function of (1) the passage of time
(spontaneous recovery, Maren and Chang, 2006; Myers et al., 2006;
Norrholm et al., 2008; Pavlov, 1927; Robbins, 1990; Schiller et al.,
2008); (2) the presentation of the CS in a different context than the
setting in which extinction took place (renewal, Alvarez et al., 2007;
Bouton and Bolles, 1979a, 1979b; LaBar and Phelps, 2005; Milad et al.,
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! In the literature, the term “extinction” has been used to refer either to a procedure (the presentation of the CS without the US after conditioning) or a process (the
progressive reduction of the magnitude of the CR due to this procedure) (Catania, 1999; Hermans et al., 2006; Lattal and Lattal, 2012). Here, we chose to use the term

as a synonym for the procedure.
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2005; Neumann and Longbottom, 2008; Schiller et al., 2008; Thomas
et al., 2003; Westbrook et al., 2002); and (3) the re-exposure to the US
alone before testing (reinstatement, Bouton and Bolles, 1979b; Milad
et al., 2005; Rescorla and Heth, 1975; Schiller et al., 2008; Westbrook
et al., 2002).

Recently, it has been shown that the return of fear may be prevented
in spontaneous recovery, renewal and reinstatement tests when ex-
tinction is conducted shortly after the presentation of a stimulus asso-
ciated with the initial learning situation (a retrieval cue, Monfils et al.,
2009; Schiller et al., 2010). Typically, an isolated presentation of the CS
before the extinction procedure has been used as a retrieval cue, and
the procedure is called post-retrieval extinction (Kredlow et al., 2016;
Sara, 2000).

Given the potential for developing a behavioral procedure that
prevents the return of fear, some laboratories have attempted to re-
plicate these findings with different species. In the case of studies with
humans, though some studies were able to demonstrate diminished fear
responses after PRE (Agren et al.,, 2012a; Asthana et al., 2015;
Bjorkstrand et al., 2015; Johnson and Casey, 2015; Liu et al., 2014;
Oyarzin et al., 2012; Schiller et al., 2010, 2013; Thompson and Lipp,
2017), there are reports of failure in producing these effects (Fricchione
et al., 2016; Golkar et al., 2012; Kindt and Soeter, 2013; Klucken et al.,
2016; Kredlow et al., 2018; Meir Drexler et al., 2014; Soeter and Kindt,
2011).

The contrasting results obtained across different studies have been
discussed as evidence that there might be conditions under which PRE
is not effective (Auber et al., 2013). Some of these boundary conditions,
as well as their possible underlying mechanisms, have been addressed
both experimentally and theoretically (Agren, 2014; Beckers and Kindt,
2017; Lee et al., 2017; Nader and Hardt, 2009), but work is still needed
to fully understand the variables involved in the long-lasting reduction
of fear.

In this paper, we aimed at providing an overview of PRE in humans,
focusing our analyses on experiments in which conditioned responses
were established experimentally in the laboratory and later exposed to
different extinction procedures. We compiled variables that have been
experimentally tested as boundary conditions and suggest some ques-
tions for future research.

2. Origins of post-retrieval extinction procedures

Post-retrieval extinction procedures originate in experiments on the
brain mechanisms of memory (Duncan, 1949; Gordon, 1977; Misanin
et al., 1968). In these studies, subjects were exposed to different
learning tasks (for example, a classical conditioning procedure) fol-
lowed by the administration of procedures known to disrupt (amnesic
treatments) or enhance performance, such as strong electroconvulsive
shocks, hypoxia, hypothermia, inhibitors of protein synthesis, strych-
nine, and other drugs (Sara, 2000).

Many experiments utilizing amnesic or enhancing treatments have
found a time interval during which these procedures are effective in
changing behavior. Specifically, amnesic (or enhancing) treatments
were shown to be effective when administered shortly after initial
learning; when given after a delay (approximately 6 h after learning),
no effects were seen on behavior (Duncan, 1949; McGaugh, 1970,
1966). These results led to the memory consolidation hypothesis, which
states that there is a time-dependent stabilization of changes in synaptic
efficacy following a learning situation and which has received con-
siderable attention in the literature (Nader and Hardt, 2009).

2 Like the term extinction, spontaneous recovery, renewal and reinstatement
are terms that can either refer to procedures (for example, the presentation of
the CS in a context different from where extinction took place, as in renewal) or
processes (elicitation of CR after this procedures). These terms will also be used
as synonyms for the procedures.
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Of importance to the present discussion is a body of evidence
showing that amnesic treatments can disrupt behavior even after a long
time has elapsed since initial learning, if the treatment is applied
shortly after exposing subjects to cues associated with the initial
learning experience (retrieval cues). Stimuli utilized as retrieval cues
include a single presentation of a CS (in the case of fear-conditioning
experiments), exposure to the start box and the click of the opening of
its door (in studies where subjects had to learn how to cross a complex
maze), or other stimuli present at the occasion of learning (for a de-
scription of retrieval cues used in different learning paradigms, see
Sara, 2000). For example, Misanin et al. (1968) fear-conditioned rats by
pairing an auditory stimulus (a loud white noise, CS) with an electrical
shock (US), which was followed by strong electroconvulsive shocks at
different times following conditioning. Consistent with the consolida-
tion hypothesis, CRs were no longer elicited by the CS when the am-
nesic treatment was applied immediately after conditioning. Electro-
convulsive shocks also diminished CRs when applied 24h after
conditioning if this treatment was immediately preceded by a single
presentation of the CS; no effects on the CR were seen when the elec-
troconvulsive shocks were applied 24h after conditioning, but this
procedure was not preceded by the single CS.

The findings of Misanin et al. (1968) were replicated by other stu-
dies utilizing several amnesic treatments (Debiec and Ledoux, 2004;
Nader et al., 2000). These data have been interpreted as evidence that
putting subjects into contact with retrieval cues can destabilize the
memory, requiring a reconsolidation process to be restabilized (Agren,
2014; Beckers and Kindt, 2017; Kredlow et al., 2016; Lee et al., 2017;
Nader et al., 2000). For the present discussion, it is noteworthy that
some studies demonstrated that post-retrieval amnesic treatments can
reduce conditioned responses in a long-lasting way; for example, Debiec
and Ledoux (2004) observed diminished conditioned fear responses one
month after this treatment. There is also evidence to suggest that the
longer the interval between the retrieval cue and the treatment is, the
less behavior will be affected, with intervals longer than 6 h rendering
the amnesic treatment completely ineffective (Nader et al., 2000; Sara,
2000). Therefore, experimental data suggest that behavioral responses
are more likely to be changed in the 6 h following the presentation of
retrieval cues.

The possibility of inhibiting conditioned fear responses in a long-
lasting way can have profound clinical implications for the improve-
ment of treatments for emotional disorders, and this potential has been
increasingly recognized in the literature (Lee et al., 2017). However,
with the exception of a few pharmacological treatments (such as ad-
ministering propranolol), most interventions utilized after retrieval
cues to diminish conditioned responses in animals are not safe for use in
humans due to their high toxicity or serious side effects (Beckers and
Kindt, 2017). Because of these limitations, some researchers have
started to investigate whether behavioral treatments could also result in
a long-lasting inhibition of fear responses when applied immediately
after the presentation of a retrieval cue.

The first study to demonstrate the effects of behavioral treatments
applied immediately after the presentation of a retrieval cue was con-
ducted by Monfils et al. (2009). They exposed rats to parings of an
auditory stimulus (a tone, CS) with an electrical shock (US). Twenty-
four hours later, they exposed the rats to a retrieval cue consisting of a
single presentation of the CS without the US. After this retrieval cue,
instead of using pharmacological agents or other amnesic treatments,
they conducted an extinction session consisting of several presentations
of the CS without the US. The length of the interval between the pre-
sentation of the first CS (retrieval cue) and extinction training varied
across five groups: 10 min (Group 1), 1 h (Group 2), 6 h (Group 3), 24 h
(Group 4) and no interval, i.e., the retrieval cue was immediately fol-
lowed by extinction training in a session in which the CS was presented
every 180s on average (Group 5). Except for Group 5, rats were re-
moved from the experimental chamber after the retrieval cue and re-
turned to their cages, where they remained during the established
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Table 1 (continued)

Design

Study info
Reference

Diminished CR in

test?

Test type

Retrieval cue

Experimental manipulation and timing

CSs

Type of

comparison

Reinst

1 x CS+ for 120s

Cond — 24 h — (Ret cue — 10 min - in vivo Ext) OR (Ret cue — 6h —

Between CS+, CS—

Agren et al. (2017)

in vivo Ext) OR (Ret cue — 10 min — imaginary Ext) OR (Ret cue — 6 h

— imaginary Ext) — 24h — Test

Reinst

1 x CS+ for 8s

Cond — 24h — [(Ret cue — 10 min — Ext) OR (Ext) in healthy

Between CS+, CS—

Kredlow et al. (2018)

participants] OR [(Ret cue — 10 min — Ext) OR (Ext) OR (Cond —
24h — Cond — Ret cue — 10 min — Ext) in anxious subjects] —

24 h Test

Cond: conditioning; Ext: extinction; Ret cue: retrieval cue; Vic Ext: vicarious extinction; spont rec: spontaneous recovery test; reinst: reinstatement test; gen test: generalization test; recon: reconditioning; Y: yes; N: no.
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interval, after which they underwent the extinction training in the ex-
perimental chamber. Subsequently, two tests were conducted, 24 h and
one month after extinction, in which the CS was presented alone
(without the US) and CS-induced freezing (CR) was measured. CRs were
diminished in all groups in the first test (24 h after extinction training).
However, one month after extinction, only subjects from Groups 1 and
2, whose interval between the retrieval cue and extinction training was
10min and 1h, respectively, showed diminished CR; the remaining
groups showed a significant return of CR, i.e., spontaneous recovery.
Similar results were obtained by conducting the test in a different
context than the setting in which extinction took place (renewal test) or
presenting the US in isolation before the test (reinstatement test)
(Monfils et al., 2009).

3. Post-retrieval extinction in humans

PRE procedures derived from Monfils et al. (2009) were first
adapted for humans by (Schiller et al., 2010), who used colored squares
displayed on a computer screen as CSs, an electrical shock as US, and
skin conductance response as the measure of CRs and URs. Participants
were exposed to three experimental phases separated by 24 h: con-
ditioning, extinction and testing. In the first phase, one of two squares
was paired with the US in 38% of the trials (CS+), whereas the other
square was never paired with the US (CS—). During extinction, parti-
cipants were divided into three groups (10 min, 6 h, and no reminder
groups) and were exposed to 11 CS+ and 11 CS— without the US. Two
groups (10 min and 6 h groups) were exposed to an isolated presenta-
tion of the CS+ (retrieval cue), followed by an interval of 10 min
during which participants watched a TV show episode previously se-
lected by the researchers. After this interval, the 10-min group under-
went extinction training (i.e., were exposed to the remaining CSs). The
6-h group received the same treatment as the 10-min group, but ex-
tinction was conducted 6h after the retrieval cue. The remaining
groups (no reminder groups) began the session by watching the TV
program for 10 min. For half of these subjects, extinction followed
immediately after this 10-min period; for the other half, extinction was
conducted 6h after watching the TV show. During the test, all the
participants were exposed to 11 presentations of each CS. The results
showed that only subjects whose interval between the retrieval cue and
extinction was 10 min did not show recovery of conditioned responses.
The results were the same after one year, when 19 of the 65 original
participants underwent a reinstatement test consisting of four un-
signaled presentations of the US, followed by extinction.

Schiller et al. (2010) conducted a second experiment to assess the
specificity of CR extinction with the procedure tested in their first ex-
periment, i.e., to test whether interfering with the eliciting function of
one CS would affect the eliciting function of another CS associated with
the same US. Three CSs (colored squares) were used in a within-subject
design. During the conditioning phase, two of three squares (CSa+ and
CSb +) were paired with the US (in 38% of presentations), and the third
was never paired (CS—). On the following day (extinction phase),
participants were exposed to 11 presentations of each of the three CSs
without the US. At the start of extinction session, one CSa+ and one
CS— were presented (retrieval cues), followed by a 10-min interval,
during which participants watched an episode of a TV program,; after
this interval, participants were exposed to 10 presentations of CSa+
and CS— and 11 presentations of CSb+. Testing occurred on a third
day and involved the presentation of four USs (without CS), followed by
a 10-min interval, during which participants watched the same televi-
sion episode as on the previous day, and a new extinction procedure (11
presentations of each of the three CSs alone). Like their first experi-
ment, conditioned responses in the test were only observed when the
CSb+ was presented. This set of results suggests that even with hu-
mans, the effects of extinction can be enduring if the procedure is
conducted after the presentation of a retrieval cue. These data also
indicate that the timing of extinction relative to retrieval cues is
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Table 2 (continued)

Measures

Stimuli

Study info

Diminished CR

Number of Dependent variable
in test?

extinction
trials

Number of
acquisition

trials

Reinforcement rate

US (intensity/duration)

CS is fear-

CS

Reference

(behavioral only)

(number of pairings)

relevant?

Description/duration

(kitchen, bedroom, and office)/12 s (of
which, 4s context only and 8s CS+ in

context)

11 SCR

16

50% (8)

Electrical shocks (up to 5mA/100 ms)

Colored squares/8s

Klucken et al.

(2016)
Thompson and Lipp Picture of spider and snake (CSa+ and

Y

SCR, Valence rating to

CSs

10

100% (8)

Electrical shocks (no info/200 ms)

—); and picture of colored squares (CSb+

and —)/6s
Golkar et al. (2017) Picure of gun (CS+) and mug (CS—)/8s

Agren et al. (2017)

(2017)

FPS

N/A

10
16

No info

Electrical shocks (minimum 1 mA/2 ms)
Electrical shocks (up to 5mA/100 ms)

Y
N

SCR

100% (16)

Blue or green lamp presented on neutral

environment/6 s

11 SCR

10

Electrical shock to the second and third 60% (6 for weak

N

Colored shapes (yellow circle or white

square)/8's

Kredlow et al.

conditioning group and 18
for strong conditioning

group)

fingers of participants’ dominant hand (0.2

(2018)

to 4 mA/50 pulses per s/500 ms or 1000 ms)
and auditory stimulus (scream noise 1s/

95 dB)

* Only behavioral measures are shown, but note that is some studies, there are neuroimaging or genetic data also. Y: yes; N: no; N/A: not applicable; SCR: skin conductance response; FPS: fear-potentiated startle.
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important, with intervals shorter than 6h allowing for the effect to
occur.

Since the publication of Schiller et al. (2010), several laboratories
have begun to investigate PRE in human participants. Table 1 shows the
experimental manipulations and timeline of experiments in which the
behavior of interest (fear responses) was created in the laboratory and
diminished with PRE. These studies have at least three phases, usually
separated by a 24-h interval (though this interval has been manipulated
in some reports, as discussed in Section 4.2.1). In all studies, the par-
ticipants underwent differential conditioning procedures in the first
phase. In differential conditioning, one or more CSs are paired with the
US (CS+35), and there is another CS that is never paired to the US (CS—)
(Haaker et al., 2014). Table 2 shows the different stimuli used. As is
typical in experiments on Pavlovian conditioning in humans, CSs were
visual stimuli (pictures) presented on a computer screen. Mild electrical
shocks were the US in all but four studies, which used aversive auditory
stimuli, air-blast directed at the larynx, or a hybrid of white noise and
pictures of potentially dangerous animals.

Regarding the experimental design, while some experimenters uti-
lized a between-subject design, in which different groups of subjects are
exposed to different experimental conditions, there are several studies
reporting within-subject design or both within- and between-subject
comparisons in the same experiment. In within-subject designs, two CSs
are paired, while a third CS is never paired with the US (CS—). In this
case, experimental manipulations are conducted with only one CS+,
and both CS+s (manipulated and not manipulated) are compared in
the test.

In all experiments, PRE procedures were conducted in the second
phase (Table 1). Specifically, after a conditioning phase, participants
were exposed to extinction, which consisted of several presentations of
the CS in the absence of the US. This procedure was preceded by the
presentation of a retrieval cue in some groups (or preceded by a re-
trieval cue for only one of the CS+s in within-subjects design). The
interval between the retrieval cue and extinction was usually 10 min. In
most studies, a single presentation of the CS alone was used as a re-
trieval cue. However, very recently, some experimenters have also used
a single presentation of the US alone as a retrieval cue (Table 1). As
discussed below, these differences in the type, duration and structure of
retrieval cues have been shown to influence test results.

One important feature of most PRE studies in humans is that par-
ticipants are included in the analysis only if they show evidence of
conditioning and extinction. The rationale for this procedure is that it is
only possible to manipulate a conditioned fear if it exists. Also, it is not
possible to assess the return of fear if it has not been diminished at some
point (Oyarzin et al., 2012; Schiller et al., 2013, 2010). Furthermore,
some degree of extinction learning might need to occur for PRE to result
in a long-lasting inhibition of fear. This idea comes from studies that
show that pharmacological adjuncts of extinction (such as the admin-
istration of D-cyclosterine) are ineffective in preventing return of fear
unless there is an optimal degree of within-session safety learning
(Hofmann, 2014). Only a few studies do not report excluding subjects
because of lack of conditioning or extinction, and some have conducted
analyses with both the entire sample and only with subjects fulfilling
these criteria (Table 3). Conditioning and extinction are assessed by
comparing responses to the CS+ with responses to the CS— during the
first experimental phase. Greater responses to the CS+ in comparison
to responses to CS—, as well as an increase in responses to the CS+
from the beginning to the end of the session, are interpreted as evidence
of fear conditioning. Responses are said to have been extinguished
when differences between CS+s and CS— are no longer significant or
when results are in the opposite direction of the conditioning (i.e.,
greater responses to the CS— in comparison with responses to the CS
+).

Regarding the test phase, most studies assess fear return by means of
a reinstatement procedure in which the US is presented alone several
times, followed by presentations of the CS alone. However, it is also
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common for experimenters to utilize spontaneous recovery (presenta-
tions of the CS after some time has passed since extinction) or renewal
(presentations of the CS in a different context than the setting where
extinction took place) tests. In reinstatement and spontaneous recovery
and renewal tests, fear return is assessed by comparing responses to the
CSs (CS+s and CS—) at the end of extinction (last trial or a block of
trials at the end of the session) with responses to the CSs at the be-
ginning of the test (first trial of first block of trials) or by comparing
responses to the different CSs in the test (CS+ vs. CS—) (Fricchione
et al., 2016; Golkar et al., 2017, 2012; Thompson and Lipp, 2017). In
some cases, only responses to the CS+ at the end of extinction are
compared with responses to the CS+ at the beginning of the test
(Johnson and Casey, 2015; Meir Drexler et al., 2014; Warren et al.,
2014). In other cases, a differential score (CS+ - CS—) at the end of
extinction is compared with differential scores at the beginning of the
test (Agren et al., 2017, 2012a, 2012b; Liu et al., 2014; Schiller et al.,
2010; Soeter and Kindt, 2011; Steinfurth et al., 2014).

There are also studies reporting reconditioning (usually called re-
acquisition) and generalization tests. In reconditioning, the CS is paired
again with the US and experimenters assess whether CS+/CS— dif-
ferentiation occurs again (Agren et al., 2012b). In generalization tests,
subjects are presented with visual stimuli that are matched in stimulus
category, valence, and arousal with the CSs utilized in the first two
phases (conditioning and PRE/extinction) to assess whether reduction
of fear conditioned responses generalizes to these stimuli. For example,
Soeter and Kindt (2011) conditioned subjects using pictures of a spider
(CS1+), a gun (CS2+), and a mug (CS—). In the test, subjects were
presented different gun, spider, and mug pictures, and conditioned fear
responses to these stimuli were assessed.

4. Possible boundary conditions to post-retrieval extinction in
humans

4.1. Subjects’ pre-experimental characteristics

A possible source of variation between studies might be related to
the pre-experimental characteristics of participants, such as genetic,
demographic, or psychiatric factors. For example, Agren et al. (2012b)
explored the effects of genetic characteristics on PRE. Specifically, they
assessed whether serotonin- and dopamine-related polymorphisms
could affect the results of PRE. They compared two groups, one with a
10-min and another with a 6-h interval between the retrieval cue and
extinction. They found that reacquisition one day after extinction was
stronger in individuals whose interval between the retrieval cue and
extinction was 6h. In addition, reacquisition in the 6-h group was
predominantly present in val/val homozygotes of the functional
vall58met polymorphism of the catechol O-methyltransferase (COMT)
enzyme and in short-allele carriers of the serotonin-transporter length
5-HTTLPR polymorphism. Carriers of the met allele and long-allele
homozygotes did not display reacquisition regardless of the timing of
extinction. However, a recent study replicating these procedures in a
different population did not find the same associations between COMT
Vall58Met-polymorphism and return of fear (Klucken et al., 2016). By
contrast, another study has shown that persistence in reduction of
conditioned responses after PRE was present only in the Met-allele
carriers of the BDNF val66met polymorphism (Asthana et al., 2015).

Research on the influence of genetic characteristics on PRE shows
great potential. Twin studies suggest that fear conditionability is
moderately inheritable. In addition, there is evidence from experi-
mental reports that both fear conditioning and extinction are influenced
by individual differences in serotonin- and dopamine-related poly-
morphisms (Garpenstrand et al., 2001; Lonsdorf et al., 2009). There are
also studies showing that response systems are differentially affected by
genetic characteristics: whereas individual differences in the con-
ditioning and extinction of fear-potentiated startle were associated with
polymorphisms in 5-HTTLPR and COMT Val158Met genes, the amount
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of conditioning and extinction of skin conductance was independent of
genotype (Lonsdorf et al., 2009). As pointed out by Klucken et al.
(2016), it remains to be seen whether this dissociation between re-
sponse systems and genotype also applies to the effects PRE.

There has been some exploration of the influence of other pre-ex-
perimental characteristics on the effects of PRE such as age and gender.
Johnson and Casey (2015) analyzed the differences between adoles-
cents and adults regarding the effects of PRE. Each age group was di-
vided in two subgroups: a group exposed to a retrieval cue 10 min be-
fore extinction training and a control group exposed to standard
extinction. Adolescents showed diminished extinction learning, but
both adolescents and adults showed diminished recovery of fear when a
retrieval cue was presented prior to extinction. A recent meta-analysis
of PRE found no relation between the age of participants and the di-
rection of the results (Kredlow et al., 2016). Nevertheless, it would be
interesting to explore whether the results are the same when older
persons are assessed. Additionally, since both conditioning and ex-
tinction involving aversive stimuli may be affected by hormones and
women's menstrual cycles (Merz et al., 2012; Milad et al., 2010, 2009),
some authors have performed exploratory analyses within their samples
to determine whether sex could alter the results of PRE, but the results
were negative (Liu et al., 2014; Meir Drexler et al., 2014). However, in
Liu et al. (2014), the authors did not mention whether the menstrual
cycle or contraceptive use was controlled; in Meir Drexler et al. (2014),
all women participants used contraceptives but focusing the analysis on
one sex might have rendered the sample too small for differences to be
detected (19 women divided into two groups). Therefore, further ex-
amination of this issue with proper sample size and procedures to
control for menstrual cycle or contraceptive use is warranted.

An important boundary condition might be related to the presence
of psychiatric symptomatology. A meta-analysis of studies of fear con-
ditioning in human subjects found evidence that individuals with an-
xiety disorders present increased classical conditioning and take longer
to stop responding to conditional stimuli during extinction procedures
than do healthy subjects (Lissek et al., 2005). A positive correlation has
also been found between chronic anxiety levels, as measured by self-
report (Kindt and Soeter, 2013; Spielberger et al., 1970), and an in-
crease in skin conductance responses when CS— is presented after
uncontrollable and unpredictable shocks (Kindt et al., 2009; Soeter and
Kindt, 2010).

The demonstration of the effects of PRE in clinical populations is
especially important if this procedure is to be used in applied situations.
However, to the best of our knowledge, there are only a few studies to
date exploring this issue. For example, Kredlow et al. (2018) compared
the effects of PRE and standard extinction in a mixed sample of healthy
and anxious individuals using SCR as a dependent measure. These au-
thors failed to show attenuation of return of fear both in non-anxious
and anxious subjects, and no measure of anxiety served as a moderator
of the effect of PRE. In another study, subjects reporting a predisposi-
tion to being afraid of spiders showed no reduction of return of fear
after PRE when the CSs were fear-relevant CSs (Fricchione et al., 2016).
Despite these failures to show attenuation of return of fears created in
the laboratory, there is evidence that PRE is effective in attenuating pre-
existing fear of spiders (Bjorkstrand et al., 2016). Therefore, the area
would certainly benefit from other comparisons between healthy
people and psychiatric patients or between two extremes of the same
psychiatric disorder (e.g., high vs. low anxious individuals).

4.2. Learning conditions

4.2.1. Time since initial learning

As previously discussed, studies demonstrating long-lasting reduc-
tion of fear in humans usually use a three-day procedure in which PRE
is conducted one day after conditioning. As such, it is important to ask
whether the procedure can be as effective when learning took place
after more than 1 day (i.e., when memories are older). In humans, this
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has been tested by a study in which participants underwent a differ-
ential fear conditioning by pairing electrical shocks (US) with one of
two colored squares (CS +s) (Steinfurth et al., 2014). Participants were
divided into four groups, two of which underwent traditional extinction
1 or 7 days after conditioning (No Reactivation Day 1 and No Re-
activation Day 7, respectively). The other two groups were exposed to
the post-retrieval procedure, i.e., a single presentation of the CS+
without the US, followed by extinction, which was conducted 1 or 7
days after initial learning (Reactivation Day 1 and Reactivation Day 7,
respectively). On a third day, all groups underwent a reinstatement test.
Participants who underwent PRE showed no evidence of fear recovery
as measured through SCR, regardless of the age of the memory. In
contrast, reinstatement was found in the control groups submitted to
traditional extinction 1 or 7 days after conditioning.

Results from Steinfurth et al. (2014) suggest that PRE might be ef-
fective in reducing the return of older fears. This is consistent with an
experimental study showing the successful reduction of avoidance re-
sponses to pictures of spiders after PRE in subjects with a history of fear
of spiders (Bjorkstrand et al., 2016). However, evidence from experi-
mental studies on rodents suggests that other factors might contribute
to the effects of PRE in > 1 d old conditioned responses. First, a series
of rat studies failed to show reduction of fear with pharmacological
blockage of protein synthesis after a retrieval cue when the number of
CS-US pairings was increased during conditioning or when the interval
between conditioning and post-retrieval pharmacological blockage was
prolonged (eight weeks, (Suzuki et al., 2004). However, if the duration
of the retrieval cue was increased, then the same procedure was ef-
fective in both circumstances. In line with these results, pharmacolo-
gical blockage of protein synthesis after retrieval cues did not reduce
strong conditioned fear in rats 2 or 7 days after conditioning (Wang
et al.,, 2009). As in Suzuki et al. (2004), strong conditioned fear re-
sponses were created by increasing the number of CS-US pairing from 1
(weak protocol) to 10 (strong protocol). Importantly, Wang et al.
(2009) found that the same pharmacological procedure, when con-
ducted 30 or 60 days after strong conditioning, diminished fear re-
sponses (Wang et al., 2009). The implications of these results are that
boundary conditions related to the age of a memory interacts with its
strength: when the memory is too strong, early interventions does not
seem to have an effect, but its resistance to change might be transient.

Another point that should be noted in Steinfurth et al. (2014) is that
they did not include procedures to assess the explicit cognitive
knowledge of the contingency (such as US-expectancy rating), which
can only be acquired in human participants. Only autonomic responses
(skin conductance responses) were acquired in order to resemble the
methods used in rodent studies that inspired their research (e.g., Clem
and Huganir, 2010). As discussed in Section 4.4 (Response Systems),
the inclusion of more than one method of assessment of CR, and
especially verbal ratings, can change conditioning, extinction, and re-
turn of fear. Therefore, it would be important to know whether the
results would be the same if multiple indices of conditioning were used.

4.2.2. Reinforcement rate and number of CS-US pairings

The reinforcement rate during conditioning (i.e., the proportion of
CS trials ending with the US) has been referred to as a variable that
might change the probability of return of fear after PRE (Fricchione
et al., 2016; Golkar et al., 2012; Kindt and Soeter, 2013; Oyarztn et al.,
2012; Soeter and Kindt, 2011; Warren et al., 2014). This variable has
been pointed as a possible explanation for discrepancies across studies
because the first two experiments showing diminished return of fear
after PRE utilized low reinforcement rates during conditioning (38% in
Schiller et al., 2010, and Oyarzin et al., 2012), whereas studies re-
porting failure to produce these effects were conducted with higher
reinforcement rates (75% in Kindt and Soeter, 2013, and 80% in Soeter
and Kindt, 2011). In view of this difference, some authors speculated
that higher reinforcement rates during conditioning might render the
conditional responses more resistant to undergo reconsolidation
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through PRE, therefore making the return of fear more likely (Oyarzin
et al., 2012). However, there are several problems with this hypothesis.
First, return of fear after PRE has been shown in studies in which
conditioning was conducted with high reinforcement rates (for ex-
ample, Agren et al., 2012a; Thompson and Lipp, 2017, who utilized a
reinforcement rate of 100%; or Asthana et al., 2015, who used 80%).
Table 2 shows that there is no apparent relation between reinforcement
rate or number of CS-US pairings and fear reduction after PRE.

As pointed out by Golkar et al. (2012), there is no direct evidence
that high reinforcement rates actually produced stronger conditioning
in experiments on PRE with humans because none of them included an
independent measure of conditioning strength, such as resistance to
extinction, which is the measure used in animal studies (Suzuki et al.,
2004; Wang et al., 2009). In fact, using resistance to extinction as a
measure of the strength of a conditioned response would probably
weakens this proposal. In Schiller et al. (2010) and Oyarzin et al.
(2012), a 38% reinforcement rate was used during conditioning,
meaning that CS-US pairings were intermittent and happened in the
minority of trials, and both studies found diminished conditioned re-
sponses in the test phase. There is experimental data showing that re-
inforcement rates such as the ones used by Schiller et al. (2010) and
Oyarzin et al. (2012) produce conditioned responses that require more
extinction trials to reduce. Therefore, these authors used protocols that
supposedly produce stronger responses if one considers resistance to
extinction a parameter of strength (Bouton, 2004; LaBar et al., 1995;
Schiller et al., 2008). Another point regarding the use resistance to
extinction as a parameter of conditioning strength is that several studies
reporting no return of fear after PRE, only participants who showed
evidence of reduction of CR at the end of the extinction phase were;
therefore, only subjects who did not present resistance to extinction
were included (Oyarzin et al.,, 2012; Schiller et al., 2013, 2010).
Moreover, in animal studies, resistance to extinction is produced by
increasing the number of CS-US pairings and not by manipulating the
reinforcement rate. For example, Wang et al. (2009) showed that ten
CS-US pairings needed more extinction trials for fear to decrease
compared to a single CS-US pairing. In humans, the effect of the number
of CS-US pairings during conditioning on the return of fear after PRE
was manipulated by Kredlow et al. (2018). In this experiment, parti-
cipants underwent differential conditioning with two CSs (CS+ and
CS—), one of which was paired with the US in 60% of the trials (spe-
cifically, 6 out of 10 CS+ presentations were paired with the US). For
one group of subjects, conditioning was conducted once, whereas other
group underwent this conditioning protocol on three consecutive days.
These authors failed to show differences between the two groups re-
garding the return of fear after PRE.

4.2.3. Nature of the CS

Given the possibility of using PRE as a clinical strategy for aug-
menting behavioral treatments for anxiety disorders, some authors have
tried replicating Schiller et al.’s findings utilizing stimuli that resemble
clinical situations. As previously described, Schiller et al. (2010) uti-
lized colored squares as CSs, which are thought to be fear-irrelevant and
less likely to be associated with anxiety in real life (Golkar et al., 2017,
2012; Kindt et al., 2009; Kindt and Soeter, 2013; Soeter and Kindt,
2011). Some authors utilized fear-relevant stimuli as CSs, such as pic-
tures or high definition video-clips of potentially dangerous animals
(tigers, dogs, snakes, spiders) (Fricchione et al., 2016; Golkar et al.,
2012; Kindt and Soeter, 2013; Meir Drexler et al., 2014; Soeter and
Kindt, 2011), or fearful male faces (Golkar et al., 2012). In these stu-
dies, PRE did not prevent return of fear, which led to the hypothesis
that the nature of the CS would explain the divergence of results re-
ported (and that PRE was able to prevent return of fear only when CSs
were fear-irrelevant) (Fricchione et al., 2016; Kindt and Soeter, 2013;
Soeter and Kindt, 2011).

It has been argued that failures to replicate the findings from
Schiller et al. (2010) with fear-relevant stimuli might be related to
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stronger conditioning produced by these stimuli. Evidence supporting
this hypothesis comes from experimental studies demonstrating that
pairing aversive USs with fear-relevant CSs result in conditioning that is
more resistant to extinction (Mineka and Ohman, 2002; Ohman et al.,
1976; Ohman and Mineka, 2001). However, as pointed out by Golkar
et al. (2012), many PRE studies in humans report including only par-
ticipants who showed evidence of extinction (Golkar et al., 2012; Liu
et al., 2014; Oyarztn et al., 2012; Schiller et al., 2013, 2010; Steinfurth
et al., 2014). In other studies, return of fear was prevented by PRE using
fear-irrelevant stimuli and including the whole sample (i.e., no exclu-
sion of non-extinguishers was reported) (Agren et al., 2012a, 2012b;
Asthana et al., 2015). Lastly, there is one report of failure to replicate
findings from Schiller et al. (2010) using both fear-relevant and fear-
irrelevant stimuli (Golkar et al., 2012), suggesting that the fear-relevant
properties of the CS are not sufficient to explain failures to replicate
Schiller et al. (2010).

As previously discussed, some measure of conditioning strength is
necessary for fear-relevant and fear-irrelevant stimuli in PRE experi-
ments. It is noteworthy that recent data suggest that PRE might work on
both fear-relevant and fear-irrelevant stimuli depending on the retrieval
cue utilized and the extinction method (Golkar et al., 2017; Thompson
and Lipp, 2017). Thompson and Lipp (2017) associated both fear-re-
levant (pictures of a spider or a snake) and fear-irrelevant (pictures of a
blue or yellow square) stimuli with an electrical stimulus (US). Subse-
quently, subjects were divided into two groups. One group was exposed
to a retrieval cue consisting of a presentation of the US at half the
physical intensity used during conditioning, followed by a 10-min in-
terval and then extinction training; participants in the other group
(control group) were only exposed to extinction training after a 10-min
period equivalent to the experimental group. The results showed
spontaneous recovery and reinstatement of skin conductance responses
to both CSs (fear-relevant and fear-irrelevant) in the control but not in
the experimental group. As will be discussed later, this US-retrieval cue
procedure has been shown to be effective and to have different effects
than the traditional CS-retrieval procedure (see Section 4.3).

In another recent study, Golkar et al. (2017) paired two CSs (CSa+
and CSb+) with an electrical shock (US) and used a third CS, never
paired with the US, as a control (CS—). On the second day, one of the
previously reinforced CSs (CSa+ ) was presented once 10 min prior to a
vicarious extinction procedure, which consisted of watching a 24-min
video depicting a model in front of a computer screen reacting calmly to
unreinforced presentations of CS. During the video presentation, sub-
jects were connected to stimulation equipment but were never shocked.
The recovery of fear was measured with fear-potentiated startle on the
third day. In the test, subjects showed an increase in responses only to
the CSb+, which was not presented prior to extinction training.

4.2.4. Instructions during experimental phases

Verbal instructions have been shown to establish (Olsson and
Phelps, 2004) or extinguish conditioned responses to aversive stimuli
(Sevenster et al., 2012a). In addition, there are studies demonstrating
that extinction via instructions attenuates return of fear through re-
instatement (Sevenster et al., 2012a). A recent study demonstrated that
instructions about the CS-US contingency prior to fear conditioning
enhanced fear responses during the conditioning and renewal test,
whereas information about the absence of CS-US contingency prior to
extinction and the test promoted diminished fear responses during
these phases; information on the absence of the CS-US contingency only
prior to extinction promoted diminished fear responses during this
phase but did not prevent return of fear in a renewal test (Javanbakht
et al., 2017). In view of this data, it is important to ask whether in-
structions might change the effects of PRE.

Although information on the instructions given to participants is not
always reported, some analyses can be performed. In studies demon-
strating no return of fear after PRE, participants were instructed to pay
attention to the stimuli (CSs and US) and try to determine the relation
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between both during conditioning (Kredlow et al., 2018; Liu et al.,
2014; Schiller et al., 2010). Experiments reporting negative results
usually have more explicit instructions describing that one of the sti-
muli would be followed by the US (Fricchione et al., 2016; Golkar et al.,
2012; Kindt and Soeter, 2013; Soeter and Kindt, 2011). However, there
are exceptions, such as Thompson and Lipp, 2017, who told partici-
pants that one of the CSs would be followed by the US and were able to
prevent return of fear in the test, and Klucken et al. (2016), who told
participants only to pay attention to the computer screen and showed
negative results. One could ask if explicit instructions rendered con-
ditioning stronger, as there is evidence from experimental studies that
conditioned responses are enhanced when verbal instructions regarding
CS-US contingencies are presented (Mertens et al., 2016).

In six out of eight studies reporting no reduction return of fear with
PRE, participants were asked to “remember what they had learned” at
the end of conditioning (Fricchione et al., 2016; Golkar et al., 2012;
Kindt and Soeter, 2013; Meir Drexler et al., 2014; Soeter and Kindst,
2011). There are also exceptions here, such as Thompson and Lipp
(2017) and Golkar et al. (2017), who showed long-lasting fear reduc-
tion, but their procedures are not entirely comparable (specifically,
Thompson and Lipp used a US retrieval cue, while Golkar et al. utilized
vicarious extinction after memory reactivation). According to
Fricchione et al. (2016), asking participants to remember the experi-
mental session allowed for the verbalization of the learning experience.
Participants’ recollection was neither confirmed nor denied by the ex-
perimenters, but it is possible that asking participants to review the
contingences rendered the conditioning more resistant to PRE. As such,
future studies should address the differences between PRE when con-
scious memories are controlled (compared to what happens when one
asks or does not ask for conscious recollection).

4.2.5. Opportunity for verbal covert behavior during PRE

Studies showing prolonged reduction of fear in humans have relied
on extinction training preceded by a retrieval cue. Exposure to a single
CS without the US or a single presentation of the US (at half the in-
tensity used in conditioning) have been used as retrieval cues, which
are presented 10 min to 6 h before extinction training. Several of these
reports describe disconnecting participants from US-delivering devices
after the presentation of the retrieval cue and reconnecting the devices
just before extinction training. During this interval between the re-
trieval cue and extinction training, participants were exposed to a tel-
evision show or video clip (Golkar et al., 2012; Johnson and Casey,
2015; Klucken et al., 2016; Meir Drexler et al., 2014; Oyarzin et al.,
2012; Schiller et al., 2013, 2010; Steinfurth et al., 2014) or were offered
magazines to read (Golkar et al., 2017; Kindt and Soeter, 2013; Soeter
and Kindt, 2011; Thompson and Lipp, 2017). When Schiller et al.
(2010, Experiment 1) used an interval of 6 h between the retrieval cue
and extinction training, participants watched a television program in
the experimental room for 10 min, but no information was given about
where they were or what they did for the remainder of the 6 h interval.

These different procedures utilized during the interval between re-
trieval cue and extinction training might not control for verbal covert
behavior that is related to the CS, the US, or the relation between both,
which could theoretically change the effects of PRE. For example, some
participants might engage in covert verbal behaviors, such as “re-
membering” the CS, the US, or the CS-US contingency. If this occurs
during the manipulated interval, it could maintain (at a covert level)
contingencies that are supposed to be experimentally suppressed and
change the effects of PRE.

There are experimental data supporting the proposal this proposal.
First, classic work has shown that rehearsal, defined as the covert or
overt repetition of information, increases the number of stimuli re-
membered in memory tasks (Atkinson and Shiffrin, 1971; Rundus and
Atkinson, 1970). Second, recent studies have demonstrated that con-
ditioned responses take longer to reduce with extinction after the covert
repetition of the CS-US contingency (Joos et al., 2013). In line with this
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research, a relationship between expectancy report and conditional
responses has been reported: fear return, measured by the startle re-
sponse, was higher when subjects were asked to report on a keypad by
button-press whether they expected the US after the CS at every pre-
sentation of the CS (Warren et al., 2014).

The role of rehearsal in PRE might be especially important when the
retrieval cue is a single presentation of the CS. From a procedural point
of view, the difference between standard extinction and this PRE pro-
cedure is that in the latter, the first and subsequent presentations of the
CS are separated by a greater interval during which participants are
disconnected from stimulating and assessment devices. Therefore, it is
logical to suppose that events occurring during this interval might be
relevant for changing the effects of the intervention. Are these changes
in experimental context or responses emitted by participants during this
interval relevant in determining the function of the first CS presenta-
tion? Do events occurring during this interval determine whether the
first unreinforced presentation of the CS will be an extinction trial or a
trigger for reconsolidation?

The answer to these questions might depend, for example, on the
content of what is rehearsed. Rehearsing the CS-US contingency or the
US and reactions to it have been shown to maintain or even increase
conditioned responses, as measured through US-expectancy rating
(Joos et al., 2012a, 2012b), suppression of operant responses (Joos
et al., 2013), or skin conductance responses (Davey and Matchett, 1994;
Jones and Davey, 1990). Considering these data, one possibility is that
thinking about experimental contingencies might increase the prob-
ability of return of fear, as rehearsal of the CS-US relation could
counteract the prediction error created by the retrieval cue (see Section
4.3 - Retrieval procedures and prediction error). On the other hand,
rehearsing only the CS could not prevent extinction in some experi-
ments (Joos et al.,, 2013) and explicitly instructing participants to
imagine that the CS is presented without the US (a procedure called
imaginal extinction) has been shown to reduce conditioned responses
(Agren et al., 2017). Therefore, it is possible that this type of rehearsal
might be innocuous or even augment the effects of PRE. It is note-
worthy, however, that finding diminished return of fear in the last case
(rehearsing the CS alone) might raise questions about the mechanisms
of PRE. If diminished return of fear is found after participants are in-
structed to rehearse the CS alone, could it be argued that PRE is gov-
erned not by memory reconsolidation but simply by enhanced extinc-
tion?

Searching for strategies to control, at least partially, these covert
behaviors may be a way of investigating the relevance of this variable
to the effectiveness of the PRE procedure. From a translational per-
spective, investigations of the role of verbal covert behavior is im-
portant, as repetitive thought — that is, the covert behavior of thinking
attentively, repeatedly, and frequently about one's self and one's world
— has been associated with anxiety disorders (Segerstrom et al., 2003;
Watkins, 2008).

4.3. Retrieval procedures and prediction error

Evidence from studies using pharmacological interventions have
shown that it is possible to reduce conditioned responses by changing
the parameters or structure of retrieval cues. For example, it has been
demonstrated that depending on the history of learning, the retrieval
cue does not have to be an exact replica of the CSs used in conditioning
(Soeter and Kindt, 2015). Soeter and Kindt (2015) tested this by ex-
posing participants to differential fear conditioning with two CSs, one
of which was paired with the US (CS +). For one group of participants,
the CS+ and CS— were different pictures of spiders (perceptual group),
whereas two stimuli of different categories served as CSs in the other
group, specifically, a picture of a spider and a picture of a snake (ca-
tegorical group). In a second phase of the experiment, both groups were
exposed to a retrieval cue followed by administering propranolol. For
the perceptual group, the retrieval cue used consisted of the word
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“SPIDER,” while in the categorical group, the retrieval cue was a word
referring to the category of the CS+ (that is, the word “SPIDER” for
participants whose CS+ was a spider and the word “SNAKE” for par-
ticipants whose CS+ had been a picture of a snake). The results of this
experiment showed that the differential fear-potentiated startle re-
sponse was eliminated only in the categorical group.

In rats, reduction in conditioned responses was observed when the
US was used as a retrieval cue prior to administering a protein synthesis
inhibitor (Debiec et al., 2010). This observation was later replicated in a
series of experiments on PRE in humans. Liu et al. (2014) conditioned
participants using pictures of colored squares (CSs) and electrical
shocks (US) and exposed them 24 h later to the presentation of a re-
trieval cue followed by extinction. They used a single presentation of
the CS (without the US) or a single presentation of the US (at half the
intensity utilized in conditioning) as retrieval cues. The results of Exp. 1
showed that a US-retrieval cue before extinction can be as effective as a
CS-retrieval cue in reducing fear return in spontaneous and reinstate-
ment tests. These experiments have been replicated very recently in
humans using both fear-relevant and fear-irrelevant stimuli as CSs
(Thompson and Lipp, 2017).

Other results from Liu et al. (2014, Exp. 2 and 3) demonstrated that
the US-retrieval procedure shows some differences in relation to the use
of CS as retrieval cues. Specifically, they showed a long-lasting reduc-
tion of responses to all CSs previously associated with the US, whereas
using a CS as a retrieval cue reduces only responses elicited by that
specific CS (Liu et al., 2014, Exp. 2). They also demonstrated that a US
retrieval cue before extinction can prevent the return of conditioned
responses to all CSs previously associated with it even when extinction
was conducted with only one of the CSs (Liu et al., 2014, Exp. 3).

The issue of which properties of the retrieval cue are critical for
producing long-lasting reduction of fear after PRE has been increasingly
discussed in the literature. One hypothesis, raised to explain why some
retrieval cues are more effective than others, comes from classic the-
ories of conditioning (Sevenster et al., 2013). Specifically, these the-
ories state that changes in the strength of conditioned responses depend
on the generation of a prediction error, that is, a discrepancy between
actual and past events (Rescorla and Wagner, 1972). In line with this
theory, some authors have proposed that a retrieval cue would allow
post-retrieval intervention to effectively change behavior if it shows
that there is something new to be learned (Sevenster et al., 2012b). For
this to happen, retrieval conditions cannot have fully predictable out-
comes; that is, there must be a certain degree of prediction error.

Three experiments from the same laboratory support this hypothesis
(Sevenster et al., 2014, 2013, 2012b). In one study, participants un-
derwent differential conditioning in which one of two pictures of spi-
ders (CSs) was associated with an electrical shock (US) (Sevenster et al.,
2012b). In a second phase of the experiment, participants were exposed
to a retrieval cue consisting of one presentation of the CS without the
US, followed by the administration of propranolol. For one group of
participants (Propranolol group), the retrieval cue was conducted with
shock electrodes attached, which is the usual procedure and is thought
to induce prediction error, since a shock was to be expected based on
the conditioning phase. For a second group, shock electrodes were not
attached, and participants were instructed that the CS+ would not be
followed by US (Propranolol No-Shock Expectation). This procedure
was conducted to promote a situation in which the absence of US was
unsurprising. There was also a third group, which was exposed to the
retrieval cue with shock, but this was followed by the administration of
a placebo (Placebo group). In line with their hypothesis, only the Pro-
pranolol group showed no fear-potentiated startle responses when ex-
posed to presentations of the CS without the US 24 h later.

These authors expanded these results in another experiment in
which two groups of participants were conditioned by associating one
of two pictures (CSs) with an electrical shock (US) in all trials (100%
reinforcement rate), and participants were explicitly instructed that the
CS would be followed by the US (Sevenster et al., 2013). On the second
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day, both groups were presented with a retrieval cue followed by the
administration of propranolol. For one group, however, the retrieval
cue was a single presentation of the CS+ without the US (negative PE
group), whereas the other was exposed to a presentation of the CS+
with the US, as with conditioning (no PE group). Experimenters also
tested a third group (positive PE group), for which conditioning was
conducted by pairing the CS with the US in 33% of trials and by giving
verbal instructions that did not describe which of the two CSs would be
followed by a shock. For this group, the retrieval cue was a single
presentation of the CS with the US. All participants were exposed to a
test on a third day on which the CS was presented without the US
several times, which was followed by a reinstatement test. According to
the hypothesis that prediction error is necessary for post-retrieval am-
nesia to occur, the negative PE group should present diminished return
of fear in the test, since the omission of the US during the retrieval cue
consisted in a mismatch between actual and past events. They also
predicted that the positive PE group would not show fear responses in
the test because the partial reinforcement rate used in conditioning
would not induce asymptotic learning and, as such, a reinforced pre-
sentation of the CS on Day 2 should generate additional learning. In
accordance with these predictions, participants’ US-expectancy ratings,
measured at each presentation of the CS, decreased from the end of
conditioning to the beginning of the test in the negative PE group, in-
creased in the positive PE group, and remained similar in the no-PE
group. Furthermore, only the no-PE group showed return of fear.

A third experiment from the same group was designed to test if
different degrees of mismatch between conditioning, and the retrieval
cue would change the results. In this study, participants were fear-
conditioned with a 50% rate of reinforcement in which CSs were paired
on all even trials but not odd ones. Therefore, USs could be expected at
every other trial. On Day 2, participants received either one, two or four
presentations of the CS without the US, followed by the administration
of propranolol. On Day 3, when CS was presented, attenuation of fear
was observed in the group presented with the CS twice. These results
suggest that retrieval cues are effective only when they induce an op-
timal degree of expectancy violation. Moreover, the transition from
insufficient prediction error to sufficient prediction error appears to be
subtle (Sevenster et al., 2014).

The results from studies in rats have also supported the notion that
some degree of discrepancy between retrieval cues and the original
learning condition are required for a persistent attenuation of fear to be
observed in the test. In these studies, changes in the parameters of
training and retrieval cues, such as the timing of the US relative to the
CS offset or the removal of the US during CS presentation, have been
shown to result in drug-induced amnesia (Alfei et al., 2015; Diaz-Mataix
et al., 2013; Pedreira et al., 2004).

To the best of our knowledge, there are no reports in which the role
of prediction error was directly tested in humans using PRE procedures,
as the studies from Sevenster and colleagues were conducted using
pharmacological interventions after the retrieval cue. However, some
authors analyzed that differences between the stimuli during con-
ditioning and when used as retrieval cues might be a possible source of
failure in studies showing persistent fear reduction with PRE (Agren,
2014; Golkar et al., 2012). For example, Golkar et al. (2012) raised the
possibility that retrieval cues consisting of nonpaired presentations of
the CS prior to extinction were more likely to avoid return of fear if
conditioning was done at a high reinforcement rate. This is because one
nonpaired presentation of a CS after a history of 100% CS-US pairings
would represent a greater mismatch than the same nonpaired pre-
sentation after a history of intermittent and infrequent pairings. How-
ever, as Golkar et al. (2012) pointed out, this hypothesis is at odds with
the fact that several studies demonstrating no return of fear have uti-
lized low reinforcement rates during conditioning (Liu et al., 2014;
Schiller et al., 2013, 2010) (see Table 2). Another possible source of
mismatch between the retrieval procedure and conditioning could be
the duration of the CS. For example, Agren et al. (2012a,b), who
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showed no return of fear after PRE, used a 120 s presentation of the CS
without the US as a retrieval cue (in conditioning, CSs had a 6 s dura-
tion). Nevertheless, most studies demonstrating no return of fear have
used the exact same duration for CSs during conditioning and retrieval
procedures (Johnson and Casey, 2015, 2015; Liu et al., 2014; Schiller
et al., 2013, 2010; Steinfurth et al., 2014).

Some authors have pointed out that an analysis of the relation be-
tween prediction error and return of fear after PRE should consider the
strength of the conditioning. According to this view, the amount of
prediction error (i.e., the amount of discrepancy between the retrieval
cue and the history of conditioning) might have to be greater when
conditioning is stronger (Exton-McGuinness et al., 2015; Fricchione
et al., 2016). However, as discussed previously, confirmation of this
hypothesis requires experimenters to present some sort of independent
measure of strength. Future work should address this issue.

In sum, work is still needed to confirm this hypothesis and the limits
of prediction error on the prevention of fear after PRE. Future studies
should directly test the relation between the degree of similarity be-
tween retrieval cues and the history of conditioning. In addition,
measures of strength also appear to be necessary here to make com-
parisons between the degree of prediction error and the amount of fear
reduction. Lastly, it is necessary to consider the role of verbal instruc-
tion in prediction error.

4.4. Response systems

Several methods have been used to measure conditioned responses
in humans, including skin conductance responses (SCR), fear-po-
tentiated startle (FPS),> US expectancy ratings,” valence ratings,” and
reaction-time tasks (ratings) (Haaker et al., 2014). Although these
measures can covary, there is evidence to suggest that they do not
necessarily work in conjunction (Kindt and Soeter, 2013). For example,
conditioning of SCR was demonstrated with both aversive and non-
aversive USs (electrical shock and a vibrotactile stimulus, respectively),
whereas FPS was only observed when the US was aversive (Hamm and
Vaitl, 1996). Another difference between SCR and FPS is that the
conditioning of SCR was demonstrated only in participants that could
describe the CS-US contingency (i.e., contingency-aware participants),
whereas participants showed FPS conditioning in both aware and
unaware participants (Hamm and Vaitl, 1996; Weike et al., 2007).
There is also evidence of a dissociation between US-expectancy ratings
and FPS. One example is a study analyzing the extinction and

3 Fear-potentiated startle is measured through electromyographic activity
(EMG) of the orbicularis oculi muscle (Kindt and Soeter, 2013; Vervliet et al.,
2013). In this type of measure, it is necessary to present not only the CS and the
US (usually an image and an electrical stimulus, respectively) but also a startle
stimulus, which in many studies is a brief sound stimulus (for example, 95 dB of
white noise lasting 50 ms, as used by Weike et al. (2007). The startle stimulus,
when presented, produces a blink response of a certain magnitude and latency.
This stimulus is presented either alone or superimposed on the CS. Next, the
difference between the blinking magnitude in the absence and presence of the
CS is estimated. If the magnitude of the blink response to the startle stimulus is
greater when superimposed on the CS, a response elicitation is considered to
have occurred (Kindt & Soeter, 2013; Weike et al., 2007).

4 US-expectancy rating is assessed by presenting a scale whose values reflect
the degree of certainty that a CS will be followed by a US. For example, in Kindt
and Soeter (2013), in the presence of the CS, a scale appeared on a computer
screen, ranging from —5 (certainty that the US would not occur) to +5 (cer-
tainty of the presentation of the US), and the subjects were asked to choose the
scale value that corresponded to their belief that a CS would be followed by a
Us.

5Valence rating is assessed by presenting a scale whose value reflects the
degree of pleasantness (or unpleasantness) of a stimulus. For example, in
Thompson and Lipp (2017), participants were shown a 9-point scale (from 1
[unpleasant] to 9 [pleasant]) and were asked to rate the CS and US at different
times throughout the experiment.
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reinstatement of Pavlovian conditioning in which FPS responses and
US-expectancy ratings were measured (Norrholm et al., 2006). In this
study, though almost the entire sample indicated not to be expecting
the US to follow the CS, nearly half of the participants still showed FPS
in the final trials of extinction. Lastly, some studies have shown that
administering propranolol prior to the presentation of a retrieval cue
prevented the return of FPS responses but not skin conductance re-
sponses or US-expectancy ratings (Kindt et al., 2009; Soeter and Kindt,
2011, 2010).

Given this evidence of dissociations between response systems,
some authors have questioned whether PRE might have the same effects
on different measures of learning (Kindt and Soeter, 2013). Moreover, it
has also been questioned whether the presence of multiple measures
can change the results of PRE (Golkar et al., 2012; Kindt and Soeter,
2013; Oyarzin et al., 2012; Warren et al., 2014).

In most studies on PRE, conditioned responses have been assessed
through skin conductance response (SCR), but some experiments have
also utilized fear-potentiated startle (FPS), retrospective or online US-
expectancy ratings, or distress or valence ratings. Usually, only one
measure was used, but some studies reported acquiring multiple mea-
sures (see Table 2). Diminished return of fear after PRE has been seen
almost exclusively when SCR were utilized as a single measure. How-
ever, there have been failures to show diminished return of fear when
only SCR was used. One study demonstrating diminished returned of
fear with FPS was by Golkar et al. (2017), who used vicarious extinction
after presentation of a retrieval cue. All other studies with FPS com-
bined this measure with ratings and sometimes SCR, and the results
were negative. The only study with multiple measures of CR demon-
strating long-lasting return of fear was Thompson and Lipp (2017), who
associated both fear-relevant and fear-irrelevant pictures (CSs) with an
electrical shock (US). The following day, they exposed one group of
participants to a US-retrieval cue prior to extinction and another group
to traditional extinction. The return of skin conductance responses in
spontaneous recovery and reinstatement tests were observed only for
the group exposed to traditional extinction. However, no differences
between groups were found regarding CS-valence, with both groups
rating CS+s as more negative than CS—s.

Failures to show diminished return of fear with FPS have been ar-
gued to be associated with two variables. First, when assessing FPS,
some studies (Kindt and Soeter, 2013; Soeter and Kindt, 2010) utilized a
104 dB sound as startle stimuli. Some authors have argued this stimulus
is intrinsically aversive, and its presence therefore might have created a
more threatening environment, increasing contextual conditioning and
preventing fear attenuation (Oyarzin et al., 2012). Another point re-
lates to the fact that FPS was associated with the US-expectancy rating
in several studies. There is evidence that the presence of a keypad for
online assessment of US-expectancy enhances acquisition, spontaneous
recovery, and reinstatement of FPS (Warren et al., 2014). Warren et al.
(2014) examined the effects of PRE in the presence or absence of a
three-button response keypad to report participant US-expectancy
during each trial. They used a spontaneous recovery test followed by a
reinstatement test. Online expectancy ratings enhanced the degree of
FPS in both the acquisition and extinction phases. However, all groups
displayed some level of spontaneous recovery of FPS, with keypad
groups showing a greater degree of recovery.

In sum, skin conductance responses appear to be more sensitive to
PRE than FPS, but this effect was not found in most studies with mul-
tiple measures of CR. In addition, failure to show persistent reduction in
conditioned responses has also been reported in studies using only SCR
as a dependent measure. There are studies showing long-lasting re-
duction of conditioned responses with FPS and when multiple measures
were used (SCR and valence-ratings), but this was achieved through
vicarious extinction or using the US as a retrieval cue (Golkar et al.,
2017; Thompson and Lipp, 2017). As such, it appears that different
post-retrieval procedures can engage different response systems
(Kredlow et al., 2018).
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5. Summary and conclusions

Recent studies suggest that extinction may have long-lasting effects
when preceded by the presentation of a stimulus that was present when
conditioning occurred (retrieval cue). This stimulus can be the CS itself
or the US and is effective in preventing return of fear only when pre-
sented 10min to 6h before extinction. When combined in a meta-
analysis, the results from human studies show small-to-moderate effects
for preventing the return of a CR relative to standard extinction pro-
cedures using the above procedures (Kredlow et al., 2016). However,
there have been some failures to replicate these results, and these have
been interpreted as evidence that there might be conditions under
which this procedure is thought not to be effective.

Variables identified as possible boundary conditions include pre-
experimental characteristics of participants (genetic or psychiatric),
conditions thought to produce stronger conditioning (time since initial
learning, the percentage and/or number of CS-US pairings, the nature
of CS, or the instruction during experimental phases), the retrieval
procedures (the type of retrieval cue and the likelihood of generating
prediction error), and the response systems assessed. Experimental data
also suggest that experimental studies should address the possible effect
of rehearsal and other covert behaviors on the experimental phases that
could also change the effects of PRE. Further systematic testing of these
boundary conditions seems important. When testing the hypothesis that
certain conditions produce stronger conditioning, it would be important
to show some form of independent measure of strength (resistance to
extinction, for example) in accordance with the proposal of Golkar et al.
(2012).

Uncovering boundary conditions is important because critical dif-
ferences between clinical disorders and laboratory experiments include
many of the factors that have been highlighted. In PTSD or phobias,
patients present conditioning that supposedly is stronger (due to intense
USs), is associated with more complex CSs (and more CSs), and there is
usually a longer period between initial learning and treatment (for
example, PTSD requires symptoms to be present for at least one month).
To use the knowledge gained from these studies to improve treatments
as applied in these situations, it will be necessary to thoroughly analyze
the behavioral manipulations that are needed to prevent the return of
fear.
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