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A B S T R A C T   

Objective: Pharmacologic and behavioral interventions that block reconsolidation of reactivated fear memory 
have demonstrated only limited success in modifying stronger and long-standing fear memories. Given the ef
ficacy of Eye Movement Desensitization and Reprocessing (EMDR) in treating PTSD, pursuit eye movements are a 
promising and novel intervention for studies of human memory reconsolidation. Here, we examined the efficacy 
of pursuit eye movements in interfering with reconsolidation of conditioned fear memories. 
Methods: We conducted a 3-day differential Pavlovian fear conditioning procedure in healthy adults, using videos 
of biologically prepared stimuli (tarantulas), partly reinforced with electrical shocks while recording skin 
conductance response (SCR) as a measure of autonomic conditioned responses. Fear conditioning was performed 
on Day 1. On Day 2, 38 participants were randomized into groups performing pursuit eye movements either 
immediately after fear memory reactivation, when the fear memory was stable, or 10 min later, when the fear 
memory was assumed to be more labile. On Day 3, fear memory strength was assessed by SCR to both reactivated 
and nonreactivated fear memories. 
Results: Strong differential conditioning to the spider stimuli were observed during both fear acquisition and fear 
memory reactivation. Reactivated fear memory conditioned responses of participants performing pursuit eye 
movements after a 10-min delay were significantly smaller in the reinstatement phase (0.16 μS; 95% CI [0.02, 
0.31]). 
Conclusions: Pursuit eye movements were effective in reducing fear-conditioned SCR in reinstatement. This result 
supports the theoretical proposition that EMDR can interfere with reactivated fear memory reconsolidation.   

1. Introduction 

Memory consolidation is a time-dependent stabilization process 
leading to permanent storage of newly acquired memories. Consolida
tion processes involve stabilization of changes in synaptic efficacy, 
which are dependent on neural production of new RNA and proteins 
(Kandel, 2004). Reactivation of a consolidated memory can return the 
memory to a labile state from which it must be restabilized in order to 
persist. This stabilization process has been termed “reconsolidation”. 
Like consolidation, reconsolidation requires protein-dependent synaptic 

plasticity for renewed storage of the memory. 
Manipulating these phenomena may be useful in clinical contexts. 

Various pharmacologic and behavioral interventions can modify or 
block the reconsolidation process in animals (Nader and Hardt, 2009). 
Based on animal and human reconsolidation studies it is believed that a 
window allowing destabilization of the fear memory trace lies between 
10 min and 1 h after reactivation (Jones and Monfils, 2013). Although 
extinction can reduce, or even eliminate, conditioned fear, it typically 
does so by inhibiting the expression of fear memories, not by erasing 
them. As such, extinguished fear may relapse under various conditions 
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including renewal, i.e., encountering of the conditioned stimulus (CS) in 
a new context which can provoke fear recovery (Bouton, 2004; Maren 
et al., 2013; Vervliet et al., 2013), or reinstatement, i.e., encountering 
the US associated with a conditioned and extinguished stimulus in 
absence of the CS itself (Bouton, 2004; Bouton and Bolles, 1979; West
brook et al., 2002). This return of conditioned and extinguished fear, 
hence, can rise major challenges to therapies employing extinction in e. 
g., anxiety disorders or posttraumatic stress disorder (PTSD). In contrast 
to extinction, reconsolidation blockade or interference is believed to 
erase, or at least diminish, fear memory traces (Pedreira and Romano, 
2013). 

In contrast to the hundreds of animal studies conducted in the last 
decade, only about a dozen studies have investigated reconsolidation of 
a reactivated fear-memory in healthy humans. These studies commonly 
employed designs involving Pavlovian differential fear conditioning on 
the first day, memory reactivation followed by a memory-weakening 
intervention on the second day, and memory strength testing on the 
third day. Inherently fear-irrelevant geometric stimuli are often used as 
conditioned stimuli (CS) and electric shocks or sound bursts are used as 
unconditioned stimuli (US). Potentiation of the eyeblink startle response 
and/or skin conductance response (SCR) often serve as measures of 
conditioned responses (CR). 

Propranolol, a beta-adrenergic blocker, given prior to memory 
reactivation can eliminate subsequent startle fear responses in healthy 
individuals (Kindt et al., 2009; Sevenster et al., 2012, 2013; Soeter and 
Kindt, 2010, 2011). Also, propranolol administration prior to a trau
matic memory reactivation sessions using written trauma narratives 
once a week for 6 consecutive weeks reduces symptom levels in PTSD 
patients more than placebo (Brunet et al., 2018). However, the effect of 
propanolol application in the latter study was measured using clinical 
parameters of PTSD symptoms rating. Conceivably, other factors in this 
study design may have contributed to PTSD symptom reduction. 

In contrast, a behavioral approach for interfering with memory 
reconsolidation could involve extinction training, consisting of repeated 
presentations of unreinforced CS while a reactivated memory is still in a 
labile state (Schiller et al., 2010). Although this behavioral intervention 
yielded mixed results, some studies have shown associated abolition of 
SCRs (Oyarzún et al., 2012; Schiller et al., 2010; Steinfurth et al., 2014). 

A difficulty associated with the most common procedures for testing 
reconsolidation blocking interventions for clinical applications is that 
fear memories resulting from traumatic experiences as in patients with 
PTSD are generally stronger and longer standing than laboratory fear 
memories induced in healthy individuals. PTSD may involve overly 
consolidated and persistently disturbing memories that will not fade 
(Keane et al., 1985). Fear memories established using naturalistic 
stimuli may result in memories that are better analogues to those 
resulting from pathological fear conditioning. Therefore, their use may 
result in more successful translation of the tested interventions to clin
ical treatment studies. Recently, we developed a novel experimental 
assay in which the relative strengths of various pharmacological and 
behavioral reconsolidation-based interventions can be compared 
(Spring et al., 2015). By incorporating several innovative design modi
fications into a differential Pavlovian fear conditioning design, we were 
able to create stronger fear memories in typical human participants. 
First, we enhanced CS ecological salience by not using still pictures 
(Kindt et al., 2009; Soeter and Kindt, 2010), but 12-s, high-definition 
video clips of crawling tarantulas. As already described by Seligman in 
his concept of biological preparedness (Seligman, 1971), it is precisely 
evolutionary sources of fear (e.g., dangerous animals) that favor the 
development of a strong fear activation and conditioning, even though 
nowadays contemporary hazards (e.g., motorcycles, cars) are much 
more likely to be a cause of potential trauma (Mineka and Öhman, 
2002). Second, we limited our participant sample to candidates who fell 
within the upper half of the distribution of typical participants on a 
spider phobia questionnaire, for whom the CSs are likely to be especially 
salient. Third, in order for a participant who completed the initial 

acquisition phase of the experiment to proceed to the remaining phases, 
we required that they show strong evidence of conditioning to two 
different CS+ stimuli applying a stringent cut-off (Spring et al., 2015). 
Using the present experimental design, one-time pre-reactivation pro
pranolol 10 min after fear memory reactivation failed to diminish 
conditioned strong fear memories (Spring et al., 2015). The same is true 
for extinction training performed 10 min after fear memory reactivation 
(Fricchione et al., 2016) that had no measurable reconsolidation- 
blocking effects on fear conditioned SCRs. One explanation for the 
failure of propranolol and extinction training to weaken fear memory in 
these studies is that these interventions may not have been powerful 
enough to affect the strong fear memories created with this novel pro
cedure. These results motivated a search for alternative, more effica
cious, interventions. 

Eye Movement Desensitization and Reprocessing (EMDR) has proven 
to be effective in PTSD treatment (Bisson and Andrew, 2007), possibly 
by blocking memory reconsolidation (Oren and Solomon, 2012). 
Embedded in a standardized psychotherapy treatment protocol, desen
sitization and reprocessing of traumatic memories is effected by voli
tional triggering of a target memory, followed by pursuit eye movements 
repeated until a substantial reduction of subjective distress is achieved 
(Shapiro, 2001). A series of randomized-controlled trials conducted 
since the introduction of EMDR in 1989 reveals compelling evidence 
that EMDR is effective in treating PTSD with effect sizes for traumatic 
stress symptom reduction following treatment of − 1.40 (standardized 
mean difference), which is similar to Prolonged Exposure and Cognitive 
Processing Therapy (Bisson and Andrew, 2007). In fear conditioning and 
extinction paradigms, prior research has demonstrated effects of EMDR 
(Rousseau et al., 2019) and bilateral alternating stimulation of the eyelid 
mimicking EMDR (Wurtz et al., 2016) in PTSD patients. In these studies, 
neutral visual images (Rousseau et al., 2019) and images of a Rorschach 
inkblot test (Wurtz et al., 2016) served as conditioned stimuli. Its 
effectiveness makes EMDR and its components a promising therapeutic 
candidate worthy of systematic testing of its ability to interfere with 
memory reconsolidation. 

We tested pursuit eye movements, a core feature of EMDR, as a 
reconsolidation-based intervention for reducing the effects of fear con
ditioning memories during renewal and reinstatement in typical 
humans, using biologically prepared CSs in fear-sensitive subjects, 
incorporated in our novel differential Pavlovian fear conditioning 
design. For this, we performed pursuit eye movement after fear memory 
reactivation without delay (control condition) and with a 10-min delay 
(active condition) prior to fear memory testing during renewal and 
reinstatement. We hypothesized that during both, renewal and rein
statement, fear-conditioned SCRs in the active condition would be 
reduced by performing pursuit eye movements 10-min after reactivation 
- during the time when a reactivated fear memory is assumed to be in a 
labile state (Jones and Monfils, 2013). 

2. Method 

2.1. Participants 

Participants were recruited from a pool of healthy participants 
identified from previous research studies and advertising. We included 
male and female participants between 18 and 60 years of age with 
manageable, non-phobic fear of spiders, as determined by scores above 
the mean (male: 8.06; female: 10.46) on the German-adapted Spider 
Phobia Questionnaire (SPQ) (Hamm, 2006) and the absence of specific 
spider phobia criteria from the Structured Clinical Interview for DSM-5 
Axis I Disorders (SCID-I) (American Psychiatric Association, 2013). Prior 
to enrollment, participants were screened by email for the following 
exclusion criteria: 1) a current or past neurological or other medical 
condition affecting the brain, 2) current use of vasoactive or psychoac
tive medication, 3) current psychiatric disorders, 4) inability to follow 
the procedures of the study, e.g. due to language problems, 4) 
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pregnancy. Participants deemed to be eligible based on pre-screening 
information were scheduled for a diagnostic assessment for current 
psychiatric disorders using the Mini International Neuropsychiatric 
Interview (Lecrubier et al., 1997). 

Among the 155 participants enrolled, 107 (69%) were excluded prior 
to experimental procedures because they exhibited inadequate differ
ential conditioning (see Stimuli), and 5 (3%) dropped out. Of the 43 
remaining participants, five did not complete the procedure or had 
inadequate SC data quality, resulting in a final sample of 38 (Fig. 1). 
Sociodemographic data and mean SPQ scores are presented in Table 1. 
The study protocol was approved by the Institutional Review Board of 
the Canton of Zurich, Switzerland. All participants provided written 
informed consent according to the Helsinki Declaration. 

2.2. Approach for testing the persistence of the (latent) fear memory after 
the intervention 

Traditionally, the persistence of the (latent) fear memory following 
extinction is demonstrated by experimental manipulations that succeed 
in reviving its expression. These manipulations include: 1) waiting a 
sufficient period of time for the conditioned response (CR) to reappear 
(spontaneous recovery) (Bouton, 1993; Pavlov, 1927; Rescorla, 2004); 
2) presenting the CS in a context other than the context in which the CR 
was extinguished (renewal) (Bouton, 2004; Maren et al., 2013; Vervliet 
et al., 2013); 3) administering the US alone and then re-testing for the 
CR (reinstatement) (Bouton, 2004; Bouton and Bolles, 1979; Westbrook 
et al., 2002); and 4) showing that the CR to a previously conditioned and 
then extinguished CS is more readily re-acquired (savings) (Bouton, 
2002). In contrast to extinction, a fear memory that has been reduced by 
blocking its reconsolidation typically does not show these four phe
nomena. Hence, renewal and reinstatement were used for testing 
whether pursuit eye movements during reconsolidation impacted the 

persistence of the fear conditioning memories. In contrast to our pre
vious study (Spring et al., 2015), where reinstatement was tested in 2 
trials after presenting the shock alone, reinstatement was here tested in 
12 trials to increase statistical power for detecting potential group 
differences. 

As previously (Spring et al., 2015), we used SCR for measuring CR. 
SCR is considered to be a very robust and direct measure of sympathetic 
activity (Wallin, 1981) with superior properties of reflecting PTSD 
associated fear, more than e.g., eye blink startle (Spring et al., 2015). As 
an objective parameter, SCR reflects fear response more reliable than e. 
g., subjective fear ratings. 

2.3. Stimuli 

In the differential Pavlovian fear conditioning design that we used, 
there was one non-reinforced stimulus (CS-) and two reinforced stimuli 
(CS + R, CS + N). Adequate differential fear conditioning was defined as 
a SCR difference between a CS+ and CS- >0.1 μS (Spring et al., 2015), 
which was tested in the psychophysiological laboratory prior to the 
experimental procedure. The aim of this screening procedure was to 

Fig. 1. Flow chart of study participants.  

Table 1 
Demographic characteristics of the sample.  

Group 

Measure Delay(N = 19) No Delay (N = 19) p 

Mean SD Mean SD 

Age (years) 24.47 5.62 23.05 5.08 0.419 
Education (years) 15.05 2.82 15.53 4.18 0.685 
Spider Phobia Questionnaire 16.40 3.97 18.71 4.68 0.379  

N % N % p 
Female 16 42.1 17 44.7 1.000  
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identify participants with high SC reactivity to biologically prepared 
fear-relevant stimuli before entering the experimental phase. The 
screening procedure used videos of spiders in natural outdoor contexts 
as the CSs, the experimental procedure used spider videos in indoor 
contexts. For the pre-experimental conditioning assessment, subjects 
were given instructions similar to those given on Day 1 of the experi
mental phase. See also supplemental information describing task 
procedures. 

Stimuli in the experimental procedure were the same as previously 
used by Spring et al. (2015), comprising nine high-definition video clips 
(Virtually Better Inc., Decatur, GA) depicting one of three tarantulas 
shown in one of three contexts: kitchen, living room, and office (Fig. 2, 
top half). The use of the different contexts on Day 1 has less relevance for 
the current study than for those studies that were originally used to test 

mechanisms of extinction, i.e., inhibition of the original CS-US associ
ation (Pavlov, 1927) vs. unlearning of the original CS-US association 
(Rescorla and Wagner, 1972). Because our procedure follows that of 
previous reconsolidation work by Spring et al. (2015) and Fricchione 
et al. (2016), we chose to use the same conditioning paradigm for better 
comparability. 

Two of the three tarantulas always served as a CS+, either the to-be- 
reactivated CS+ (CS + R) at Day 2 or the not-to-be-reactivated CS+ (CS 
+ N). The third tarantula served as the CS− . The tarantula used to 
represent the CS− , CS + R, and CS + N was the same across participants. 
Video clips included 4 s of context alone with no tarantula, followed by 
8 s of context plus tarantula. CS+ presentation was partly reinforced in 
acquisition (i.e., 63%). The CS- was never followed by shock. A 20-s 
interval between stimulus presentations consisted of a black screen. A 

N+SCR+SC-SC

Context Kitchen Context Bedroom Context Office 

Fig. 2. Depiction of tarantula and context stimuli (top half) and three-session differential fear conditioning procedure (bottom half). Fear conditioning occurs on Day 
1 using two different conditioning stimuli (CS+, with CS + R = CS+ reactivated; CS + N = CS+ not reactivated.). Trials were partly reinforced (i.e., 63% rein
forcement, acquisition). One of the two CS + s (CS + R) was reactivated on Day 2, followed by ten 30 s sets of pursuit eye movements, either 0 or 10 min later. On Day 
3, post-intervention reactivity to the conditioned stimuli was tested. Lightning bolts represent unsignalled presentations of the US alone. Shading colors represent the 
context in which the stimuli were presented: blue = kitchen, green = living room, grey = office. Video clips included 4 s of context alone with no tarantula, followed 
by 8 s of context plus tarantula. CS+ presentation was partly reinforced. The CS- was never followed by shock. A 20 s interval between stimulus presentations 
consisted of a black screen. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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“highly annoying, but not painful” 0.5 s electrical shock was used as US, 
varying in intensity from 30 to 150 V according to the level set by each 
participant. Average level of intensity across participants was 80 V. The 
procedure was implemented using E-Prime Professional 2.0 (Psychology 
Software Tools, Inc., Sharpsburg, PA). 

2.4. Experimental phases 

The experimental phases comprised a screening procedure, followed 
by the experimental procedure spanning three consecutive days (Fig. 2, 
bottom half). Experimental procedures were performed during fMRI 
with a 5-min baseline period to record physiological levels and a 10-min 
resting scan prior to the experimental procedures. fMRI results are not 
reported in this paper. 

2.5. Fear conditioning screening procedure 

Subjects who were eligible based on psychometric assessment per
formed a differential fear-conditioning procedure using video clips of 
spiders as conditioned stimuli. The procedure consisted of two sequen
tial components: (1) three unreinforced presentations of each CS 
(habituation), followed by (2) eight presentations of each CS+, with five 
of the CS + R and CS + N presentations followed by shock (i.e., 63% 
reinforcement, acquisition). CS + R and CS + N were presented sepa
rately in blocks and interspersed pseudo-randomly with eight pre
sentations of CS− . The order of presentation of CS + R and CS + N trial 
blocks was counterbalanced across subjects. Subjects who did not meet 
the defined cutoff for demonstrating a differential conditioned response 
(Spring et al., 2015) were withdrawn prior to Day 1. Subjects who met 
the cutoff were randomized to either the active or control conditions for 
the experimental procedure. 

2.6. Day 1 (habituation, acquisition) 

Day 1 comprised the same fear conditioning procedure as in the 
screening procedure except that 1) no context only stimuli were pre
sented, and 2) 12 (instead of 8) trials of each CS were presented during 
acquisition with a 63% reinforcement rate. Day 1 CS presentations 
occurred in all three contexts during habituation, and in the kitchen 
context during acquisition. 

2.7. Day 2 (intervention) 

Day 2 consisted of a single, unreinforced presentation of the CS + R 
video clip, followed by no delay (control condition) or a 10-min delay 
(active condition) (Schiller et al., 2010). Other than the delay, which 
distinguished the two conditions, the eye movement intervention was 
the same in the two conditions. Specifically, it consisted of ten 30-s sets 
of pursuit eye movements that were separated by a fixation point pre
sented for 20 s. The duration of the eye movement intervention was 6 
min. For the pursuit eye movements, subjects were instructed to pursue 
a horizontally moving white dot (1 Hz) on a black background. Day 2 CS 
+ R presentation took place within the living room context. 

2.8. Day 3 (renewal and reinstatement phase) 

Day 3 consisted of three sequential components: (1) two unrein
forced presentations of each of the CS + R, CS + N, and CS− pseudo- 
randomly interspersed (renewal test), and (2) three unsignaled pre
sentations of the US alone, followed by (3) twelve unreinforced pre
sentations each of the CS + R, CS + N, and CS− pseudo-randomly 
interspersed (reinstatement test). Ordering of CS + R and CS + N pre
sentations, within the full set of trials that included CS− presentations, 
was counterbalanced across subjects. All Day 3 CS presentations 
occurred in kitchen context. 

2.9. Task procedures 

Prior to the experiment, participants viewed still images of the three 
tarantulas serving as CSs, accompanied by these instructions: “During 
the experiment, it will be important that you are able to tell these spiders 
apart. To do this, try focusing on the legs. For this spider, note the 
alternating black and white stripe pattern. For this spider, note the or
ange highlights. For this spider, note that the legs are solid black.” 
Participants were connected to the shock stimulator and SC recording 
electrodes and were instructed to lay still, keep their eyes open, and be 
attentive to the stimuli presented on the screen. After completing the 
experimental procedures, participants were debriefed. 

2.10. Electrical shock deliverance and acquisition of physiological data 

The US was delivered using a Biopac transcutaneous aversive finger 
stimulator (STMISOLA) through shock electrodes attached to the middle 
segments of the second and third fingers on the hand opposite to that on 
which the SC recording electrodes were attached. SC responses were 
recorded using a Biopac modular instrument system (Biopac Systems, 
Inc., Goleta, CA, USA) with an MRI-compatible electrodermal activity 
amplifier (EDA100C-MRI) using disposable radiotranslucent Biopac 
electrodes (EL509) filled with isotonic gel placed on the hypothenar 
surface of the subject's nondominant hand. The SC signal was sampled at 
1000 Hz and digitized by an analog-to-digital converter (MP150). The 
analog amplifier low-pass cut-off frequency was 1 Hz for the EDA100C- 
MRI. 

2.11. Data analysis 

2.11.1. Analysis of psychophysiological data 
SCR for the CS interval was calculated for each trial by subtracting 

the mean SC during the 2 s prior to CS onset (context alone presentation) 
from the peak SC during the 8 s CS interval. These differences reflect 
changes in SC beyond those resulting from presentation of context alone. 
In the screening procedure, the SCR data were scored to determine 
whether a definable differential SCR was obtained for both the CS + N 
and CS + R during the acquisition phase. Averaging SCRs across 
respective CS+ and CS− trials, we calculated a difference score between 
the CS+ and CS− trials. 

2.11.2. Statistical methods 
Differences in sociodemographics and SPQ scores between groups 

were tested using t-tests for dimensional variables and chi-square tests 
for nominal variables. For testing differences in SCRs to CS + R relative 
to CS + N between groups, we conducted a separate linear mixed model 
on SCRs during acquisition, renewal, and reinstatement with stimulus 
type (CS + R, CS + N), group (delay, non-delay) as fixed effects and 
subject as a random effect. To assess group differences in reactivation, 
we conducted a linear regression model on SCRs to CS + R with group as 
fixed effect. We calculated 95% CIs for estimates obtained from linear 
mixed models. 

3. Results 

3.1. Acquisition (Day 1) and reactivation (Day 2) of CS 

CS + R (blue) and CS + N (red) were associated with larger SCRs 
(0.44, 95% CI [0.22, 0.67] and 0.28, 95% CI [0.01, 0.57] μS, respec
tively; Supplemental Table 1), compared to their respective CS- (green) 
trials during acquisition on Day 1, indicating successful fear condition
ing (Fig. 3). 

SCRs associated with CS + R and CS + N during acquisition were not 
significantly different (Table 2, Figs. 4 and 5), which suggests that the 
strength of fear conditioning was similar in both groups. On Day 2, SCR 
associated with the reactivated CS + R was on average 0.50 μS (95% CI 
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[− 0.04, 1.04]) larger in the delay group compared to the non-delay 
group, which was, however, not statistically significant. 

3.2. Renewal and reinstatement phase (Day 3) 

During renewal on Day 3, SCRs to CR + R relative to CS + N did not 
differ between groups (− 0.18 μS, 95% CI [− 0.55, 0.20]). However, 

Fig. 3. Group mean skin conductance (SC) responses to CS + R (blue), CS + N (red), and CS- (green) trials during the familiarization and acquisition (Day 1), 
reactivation (Day 2), renewal and reinstatement (Day 3) phases. Bars represent standard errors. μS, microsiemens. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 

Table 2 
Results of mixed effect linear models of SCR to CS + R and CS + N (μS).  

Day Test phase Comparison Estimate SE df F 95% CI  

1 Acquisition 
CS + R vs. CS + N  0.15  0.12  35  1.73 − 0.07, 0.38 
No delay vs. Delay  0.01  0.25  35  0.00 − 0.48, 0.48 
CS + R vs. CS + N x No delay vs. Delay  − 0.00  0.17  35  0.00 − 0.34, 0.32  

2 Reactivation No delay vs. Delay  − 0.50  0.32  33  2.41 − 1.04, 0.04  

3 Renewal 
CS + R vs. CS + N  0.28  0.13  34  4.57 0.02, 0.54 
No delay vs. Delay  − 0.09  0.34  34  0.07 − 0.75, 0.57 
CS + R vs. CS + N x No Delay vs. Delay  − 0.18  0.19  34  0.86 − 0.55, 0.20  

3 Reinstatement 
CS + R vs. CS + N  − 0.02  0.05  34  0.10 − 0.11, 0.08 
No delay vs. Delay  − 0.03  0.09  34  0.10 − 0.21, 0.15 
CS + R vs. CS + N x No Delay vs. Delay  0.16  0.07  34  5.08 0.02, 0.31  

L. Jellestad et al.                                                                                                                                                                                                                                



International Journal of Psychophysiology 166 (2021) 9–18

15

when testing for CR effects after administering the US alone (reinstate
ment), we observed on average 0.16 μS (95% CI [0.02, 0.31]) smaller 
SCR to CS + R, compared to CS + N, in participants who performed eye 
movements with a 10-min delay, compared to participants with no delay 
(Table 2). As can be seen in Fig. 5 (Reinstatement), the significant 
interaction is driven by larger SCR to CS + R in the No Delay group of 
participants, compared to SCR to CS + R in the Delay group of partici
pants and SCR to CS + N in both groups. 

4. Discussion 

4.1. Summary of results 

We tested the potential efficacy of pursuit eye movement as a new 
candidate reconsolidation-blockade intervention in a differential fear 
conditioning paradigm (Spring et al., 2015). For this, the effect of pur
suit eye movements performed with a 10-min delay after a conditioned 
fear stimulus (active condition) and without delay (control condition) 
was compared with regard to their memory reconsolidation blocking 
potential. Following previous studies using the same paradigm 

(Fricchione et al., 2016; Spring et al., 2015) video clips of crawling ta
rantula served as conditioned stimuli, SCR response as the index of 
conditioned fear. To induce stronger fear memory, this paradigm used 
biologically prepared CSs in fear-sensitive subjects and employed a 
stringent cut-off for measurable SCR response to two CS+ stimuli. In the 
following experimental procedures, they served to estimate memory 
reconsolidation blockage as reactivated (CS + R) and non-reactivated 
(CS + N) CS. After fear conditioning (Day 1), a single trial of CS + R 
was presented, followed by a 10 min delay (active condition) or no delay 
(control condition) before a subsequent set of pursuit eye movements 
(Day 2). The blockage of fear memory relapse was evaluated in renewal 
and reinstatement on Day 3. 

We hypothesized that pursuit eye movements executed after a 10- 
min delay following fear memory reactivation, when the reactivated 
memory was in a labile state, would result in successful reduction of 
fear-conditioned SCRs in renewal and reinstatement. We observed that 
participants who performed eye movements 10 min, compared to 
immediately, after viewing the tarantula video clip on Day 2 (CSR + R), 
showed a smaller CS+ SCR when testing CS reinstatement on Day 3. This 
finding suggests that a brief session of pursuit eye movements is effective 

Fig. 4. Grand means for skin conductance (SC) time courses to CS + R (blue), CS + N (red), and CS- (green) trials which are paired (dotted line) and non-paired (solid 
line) with an electrical shock during acquisition (Day 1), reactivation (Day 2), renewal and reinstatement (Day 3). Ribbons represent standard errors. μS, micro
siemens. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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in disrupting fear memory reconsolidation. Unexpectedly however, we 
saw no reduction of conditioned SCR in the renewal phase. We do not 
currently have a clear explanation for these discrepant results. 

4.2. Relation to previous studies 

The magnitude of mean SCRs was calculated in line with previous 
studies using spider stimuli (Milad et al., 2005; Orr et al., 2000). We 
observed that CS + N and CS + R during Day 1 acquisition were very 
similar to those observed in two previous studies employing similar 
methods (Fricchione et al., 2016; Spring et al., 2015). The same is true 
for the mean SCR magnitude seen during Day 2 reactivation of CS + R, 
supporting the validity of the fear conditioning and fear memory reac
tivation procedure used in our study. 

Previous studies found no measurable reconsolidation blocking ef
fect on fear-conditioned SCRs with propranolol given prior to CS + R 
reactivation (Spring et al., 2015) and extinction training performed 10 
min after CS + R reactivation (Fricchione et al., 2016). The failure to 
reduce fear-conditioned SCR was seen both, in the renewal, as in the 
reinstatement and extinction phase. Regarding the latter, both studies 
first examined SCR across all CS presentations (reinstatement and 
extinction). Additionally, to avoid a potential attenuation of differences 
in SCR to the CSs by rapid extinction, only the first two CS presentations 
in the reinstatement phase were considered. In contrast to these previ
ous studies, we observed a reduction of fear-conditioned SCR response 
when measuring reinstatement using data from all 12 CS presentations, 
when pursuit eye movements were performed 10 min after CS + R 
reactivation (active condition). 

4.3. Possible neural mechanisms 

Although the biological mechanisms underlying EMDR effects are 
not clear, one proposition is that pursuit eye movements block recon
solidation (Van den Hout and Engelhard, 2012), suggesting that 
engaging the fronto-parietal oculomotor orienting system interferes 
with the process of memory reconsolidation. There are a number of 
mechanisms through which eye movements could have their effects. 
First, the observation in healthy individuals that negative episodic 
memory is experienced less vividly with reactivation followed by pursuit 
eye movements suggests interaction between those systems (van den 
Hout et al., 2014). Second, an interaction with working memory and its 
limited resources in supporting cognitive processing has been postulated 
as a cause for the reduced emotional salience of memories associated 
with simultaneous task performance (van den Hout et al., 2014; van 
Veen et al., 2016). Third, other tasks associated with directed attention, 
including vertical (instead of pursuit) eye movements, auditory 
distraction, and manual drawing can also interfere with reconsolidation 
(Gunter & Bodner, 2008). Last, a neural model linking smooth pursuit 
eye movements and EMDR possibly underlying processes on memory 
reconsolidation has been recently postulated (Calancie et al., 2018). 

From these lines of evidence, it is likely that pursuit eye movements 
may not have any unique therapeutic effects, as different effective var
iants of EMDR therapy utilize a range of distracting tasks. Nevertheless, 
performing tracking eye movements strongly engages neural systems 
that are largely co-extensive with those underlying attention and 
working memory processes and may thereby interfere with the recon
solidation of labile fear memories. 

Fig. 5. Mean skin conductance (SC) responses to CS + R and CS + N during acquisition (Day 1), reactivation (Day 2), renewal, and reinstatement phases (Day 3) in 
subjects who performed pursuit eye movements after CS + R reactivation at Day 2 with either a 10 min delay or no delay. Error bars represent standard errors. μS, 
microsiemens. 

L. Jellestad et al.                                                                                                                                                                                                                                



International Journal of Psychophysiology 166 (2021) 9–18

17

4.4. Application to PTSD 

Since PTSD remains a treatment-refractory condition in more than 
one-third of cases (Bradley et al., 2005; Breslau et al., 1998), the effi
ciency of existing treatments, including EMDR, need to be improved. 
Our observation that pursuit eye movements only reduce fear- 
conditioned SCR when performed with a 10-min delay after re- 
activation when the memory is labile, but not immediately when the 
memory is more stable, suggests that pursuit eye movement may be 
effective by interrupting memory reconsolidation. This finding supports 
the theoretical proposition that pursuit eye movements as a core 
mechanism of effective EMDR treatment in PTSD involves interference 
with reactivated traumatic memory reconsolidation. 

In future studies, the effect of pursuit eye movements on memory 
reconsolidation with an additional pharmacological agent such as the 
β-adrenergic blocker propranolol or mifepristone, could be worthwhile 
testing. One-time pre-reactivation propranolol failed to diminish 
conditioned strong fear memories using the present experimental pro
cedure (Spring et al., 2015), yet, it has shown efficacy in other study 
designs using fear-conditioned startle fear response or self-rating of 
PTSD symptoms. Incorporated in the presented differential Pavlovian 
fear conditioning paradigm, combining a pre-reactivation attribution of 
propranolol with pursuit eye movement could have a synergistic effect 
on the blockade of memory reconsolidation and potentiate the observed 
effect. Moreover, the glucocorticoid antagonist mifepristone may reduce 
reconsolidation of reactivated fear memories by blocking the enhancing 
effect of glucocorticoids on reactivated memory reconsolidation (Meir 
Drexler et al., 2015) and its effect may even be potentiated by pursuit 
eye movements. To validate the effect of pursuit eye movements on 
memory reconsolidation and translate the paradigm into an adapted 
more clinical context, specific trauma-related stimuli could be used in a 
defined cohort of patients, e.g., patients with PTSD after car accident or 
trauma-exposed individuals without PTSD. Although SCR is recognized 
as a particularly appropriate index of fear in PTSD, it would also be 
worthwhile to complementary evaluate other fear indices in future 
studies using the same paradigm, e.g., a combination of objective indices 
like SCR response with subjective markers such as subjective fear rating 
as an essential marker of distress in the clinical context. 

4.5. Limitations 

The high exclusion rate in our study (72%) is noteworthy. Our 
exclusion rate is similar to our first study (70%) (Fricchione et al., 2016), 
and higher than our second study (42%) (Spring et al., 2015) which both 
used the same fear conditioning paradigm. However, it is not the pur
pose of this study to generalize the results to the entire population. 
Rather, we think that these results correspond more to individuals who 
are in need of clinical intervention, e.g., due to an aversive conditioning 
event as in PTSD, and who are likely to be more conditionable (Fric
chione et al., 2016). Compared to other fear conditioning paradigms, the 
selected stimulus and screening procedure could have resulted in a 
generally higher exclusion rate. For instance, the chosen CS- could have 
been an aversive stimulus on its own for the fear-sensitive population of 
our study which resulted in lower differential fear-conditioning. 

One consideration related to the fear stimuli used in this study is 
related to the use of video clips of actual tarantulas having different 
appearances and movements, which might explain the somewhat larger 
(although not significant) SCRs we observed to CS + R compared to CS 
+ N stimuli during acquisition. Although using simulated tarantulas 
presented in a virtual environment would have allowed finer equaliza
tion of stimulus properties, the fear evoked by simulated tarantulas 
would likely have been lower. Another limitation is that we did not 
investigate the effects of eye movements without CS + R reactivation, or 
CS + R reactivation without eye movements, on fear memory strength. 
While it seems counterintuitive that isolated eye movements would have 
an influence on un-reactivated fearful memories, CS + R reactivation 

without accompanying shock might have initiated CS + R extinction and 
thereby reduced the conditioned response. Even so, this would not have 
influenced our main finding regarding delayed versus non-delayed eye 
movement effects. Finally, EMDR procedures involve many more ele
ments than the pursuit eye movements tested as its core feature in our 
and prior studies (Wurtz et al., 2016). For instance, EMDR is applied by a 
therapist and also addresses cognitive distortions. Consequently, the 
conclusions that can be drawn from our results regarding biological 
mechanisms of EMDR are limited to those related to eye movement 
effects. 

4.6. Conclusions 

Taken together, we provide novel evidence that pursuit eye move
ments interfere with reactivated fear memory reconsolidation and 
thereby diminish the conditioned fear response. These results provide a 
promising starting point for systematic testing of ways to improve the 
reconsolidation blocking effect of eye movements in healthy participant 
or PTSD studies. The study represents a translational step between an
imal work and testing promising interventions in individuals with PTSD. 
The ultimate goal is to optimize existing treatment, such as EMDR, and 
develop novel treatments for PTSD based on the same, or similar, neural 
mechanisms. 
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