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Abstract: Event-related potentials (ERPs) provide a non invasive and cost-effective tool to investigate the 
neurobiological correlates of psychiatric diseases. Eye movements desensitization and reprocessing (EMDR) 
effectiveness for post traumatic stress disorder (PTSD) is well-known from clinicians, but contrasts with a limited 
knowledge of its underlying mechanism of action. In this short report, we assessed five patients suffering from post-
traumatic stress disorder with event-related potentials in a modified oddball paradigm containing auditory standard, 
target, and novel tones. ERPs were assessed before and after five EMDR sessions. Compared to a control group that 
underwent sham treatment, ERPs of the EMDR-treated patients showed a significant shortening in the post treatment 
recording of P300 latency. We acknowledge that the small size of our sample is a real limitation but these results 
suggests a reduced arousal level after the treatment and a better brain functioning that is consistent with literature 
findings and clinical practice. 
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INTRODUCTION 

The aim of our short report is to compare the 
electrophysiological profile of patients suffering post 
traumatic stress disorder before and after EMDR 
treatment, in search of a specific event-related brain 
potentials profile for post-traumatic stress disorder and 
a better knowledge of EMDR mechanisms of action. 
The small size of our sample incite us to acknowledge 
that our results shall be considered with caution. 

Eye movement desensitization and reprocessing 
(EMDR) is a quite recent innovative, evidence-based 
and effective psychotherapy to improve post-traumatic 
stress disorder (PTSD) symptoms [1] and other 
diseases like tinnitus [2], obsessive-compulsive 
disorder, phantom-limb syndrome all linked with 
previous traumatic experiences. Post-traumatic stress 
disorder (PTSD) is a highly disabling condition that is 
associated with hyper-arousal, intrusive recollections of 
a traumatic event, avoidance of clues associated with 
the trauma, and psychological numbing. PTSD is yet 
commonly under-diagnosed and mistreated. Most 
studies have shown that unrelated to the traumatic 
event, additional risk factors for developing PTSD 
include younger age at the time of the trauma, female 
gender, lower social economic statuts, lack of social 
support, premorbid personality characteristics and 
preexisting anxiety or depressive disorders. Although 
PTSD remains the most widely known disorder, chronic  
 

 

*Address correspondence to this author at the Centre Hospitalier Léon-Jean 
Grégory, avenue du Roussillon 66301 Thuir, France; Tel: 04-68-84-66-20; Fax: 
04-68-84-65-52; E-mail: philippe.raynaud@ch-thuir.fr 

post-traumatic psychiatric disorders have varied clinical 
expressions. Activation of dysfunctional traumatic 
memories generates states of re-experiencing. Hyper 
arousal increases anxious reactivity, and avoidance 
strategies increase anticipatory anxiety, indicating post-
traumatic anxiety disorders as agoraphobia, specific 
phobia, obsessive compulsive disorder, separation 
anxiety and social phobia. Post-traumatic depressions 
and bereavement lead to high risk of suicide, repeated 
suicidal attempts and self-harm behaviour. A stressful 
or traumatic event may cause a co-morbid psychiatric 
disease to relapse and a traumatic experience can also 
provoke delusions. An impairment of the perception of 
physical health may also occur with development of 
somatoform and psychosomatic disorders, 
comorbidities are frequent and severe (addictive 
disorders, post-concussion syndrome). The trauma 
may cause a rupture in the biography of a person, 
leading to social isolation and personality changes [3].  

Event-related potentials (ERPs) are very small 
voltages recorded from the scalp which originate in the 
brain structures in response to specific events or 
stimuli. ERPs are voltage fluctuations that are 
associated in time with some mental or physical 
occurrence.They appear as a series of peaks and 
troughs interspersed in the Electroencephalogram 
(EEG) waves [4]. Recording these voltage fluctuations 
provides a safe and non-invasive approach to study 
psychophysiological correlates of mental processes. 
These potentials can be extracted from the ongoing 
electro-encephalogram by means of filtering and signal 
averaging. ERPs allow the study of the physiological 
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source of psychological processes during their 
dynamics [5]. In current clinical settings, the monitoring 
of post-trauma mental health relies on clinical 
interviews and self-reported symptom checklists.  

Although these standard instruments are generally 
reliable, they are subjective and can be greatly 
influenced by the accuracy of patient reports [6]. The 
development of physiological measures that can 
objectively identify changes in mental health would be 
a valuable asset in achieving better knowledge of 
psychotherapy mechanisms of action. 

METHODS  

Subjects 

Five patients (mean age 37.6, range 32-48, five 
women, all right-handed by self report) who 
experienced severe traumatic events in their clinical 
history, all fulfilling the ICD-10 and DSM V criteria for 
PTSD, were clinically assessed by performing the self-
report post traumatic stress disorder check-list scale 
(PCL-s) (Yao S.N., Cottraux J., 2003). These patients 
were compared to a control group (sham-treated-group 
group) with three women patients , (mean age 58,3 
range 48-72, all right-handed by self report) also 
fulfilling the ICD-10 and DSM V criteria for PTSD, and 
also self-assessed with PCLs, that underwent sham 
treatment. None of the patients received any 
pharmacological treatment during the study (self 
reported). 

All participants agreed to participate and provided 
written informed consent. The research protocol was 
approved by the local ethics committee. 

EMDR Group 

The eight phases of EMDR standard protocol [1] 
were carefully followed to comply with fidelity to 
treatment procedure and the sessions followed the 
standard procedures. In brief, the eight phases of the 
therapeutic protocol were as follows: (1). Client History: 
history-taking, client evaluation, identification of 
traumatic memories, treatment planning; (2). 
Preparation: stabilization and access to positive affects; 
(3). Assessment: guidance to accessing the perceptual, 
cognitive, affective, and somatic components of the 
disturbing memory, as well as to identifying a preferred 
self–referential positive cognition. Rating of feelings 
using the Validity of Cognition (VOC) scale, and of level 
of emotional disturbance by the Subjective Units of 
Disturbance (SUD); (4). Desensitization: focusing on 

the traumatic memory for about 30 s while the therapist 
engages in bilateral stimulation. After each set, the 
client reports any elicited material, which is then 
processed until the SUD score decreases to zero; (5). 
Installation: focusing on the positive cognition while 
recalling the memory and engaging in new sets of 
bilateral stimulation, until the VOC score is 7; (6). Body 
Scan: processing of any residual physical disturbance 
associated with the memories until the body is clear 
and free of any disturbance; (7). Closure: Completion 
of an EMDR session and between sessions is ensured; 
(8). Reevaluation: at the beginning of subsequent 
sessions checking whether results were kept 
unchanged or needed further reprocessing. 

The mean duration of EMDR treatment were 2,7 
months. Each patient was treated by five EMDR 
sessions.  

Sham-Treated Group 

The sham treatment consisted to proceed to slow 
alternative bilateral stimulation during five seconds, 
without any focus on traumatic memory.The mean 
duration of sham treatment were 1,5 months. Each 
patient was treated by five sham sessions. For ethical 
reasons, the patients of the sham-treated group were 
proposed real EMDR treatment when completed the 
study. 

Event-Related Potentials (ERPs) 

ERPs were assessed before (T1) and after (T2) a 
treatment session using the eye movement 
desensitization and reprocessing method for the 
treated group and a sham treatment for the untreated 
group.  

Both groups were assessed with event-related brain 
potentials (ERPs) in a modified oddball paradigm 
containing auditory standard, target, and novel tones. 

The mean duration between ERPs sessions were 
5,8 months (treated group) and 1,7 months (sham-
treated group).  

Unipolar recordings of auditory evoked potentials, 
with reference to the linked mastoids, were obtained 
from electrodes at 5 sites (Fz, Cz, Pz, F3, F4), 
according with the 10–20 electrode system of the 
International Federation of Clinical Neurophysiology [5]. 
A ground electrode was positioned at FPz. Electrode 
impedances were less than 5 kΩ. Each subject was 
presented with four sequences of stimuli with an 
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intensity of 90 dB. Each sequence consisted of 600 
tone stimuli; two were with an ISI of 800 ms and two 
with an ISI of 2,400 ms. Three types of stimuli were 
presented through head- phones: (1) standard stimuli 
were 1,000 Hz sinusoidal tones of 100 ms duration and 
represented 75% of stimuli in each sequence; (2) 
deviant stimuli were 1,300 Hz sinusoidal tones of 100 
ms duration and represented 15% of stimuli in each 
sequence, randomly presented among the standard 
stimuli; and (3) novel stimuli were complex and non 
monotonal, as compared to standard and deviant 
stimuli, with the same duration but with a new different 
spectral content in each novel presentation. Also novel 
stimuli were presented randomly in the sequence of 
standard tones and represented 10% of stimuli.The 
acquisition epoch length was 1,000 ms and included 
200 ms before the stimulus for the baseline automatic 
correction. Signals were band-pass filtered at 0.5–30 
Hz and sampled at 2,000 Hz. Responses were 
averaged separately for each stimulus type in each 
subject and the 0 µV baseline was determined as the 
mean amplitude of the pre-stimulus period. To quantify 
the MMN, the evoked response to the standard tone 
was subtracted from the corresponding deviant 
stimulus response and its amplitude (value relative to 
baseline) and latency at peak were measured over the 
midline electrodes, F3 and F4. Similarly, the P3a 
component of the ERP was obtained by subtracting the 
response to the standard tone from that to the novel 
stimuli and its amplitude (value relative to the baseline) 
and latency at peak were measured over the same five 
electrodes.  

Four ERPs components were studied and there 
changes in term of latency and amplitude were 
recorded. These components were mismatch 
negativity, (MMN) P200, N200 , and P300 (P3a 
component) 

Statistical Analysis 

The statistical analysis was calculated by one-way 
analysis of variance (ANOVA).  

RESULTS  

Clinical Treatment Effects 

As expected by therapist, significant improvement 
were found for all three psychometric variables: post-
traumatic check-list scale, SUD and VOC. 
Psychometric assessment revealed a marked 
improvement of the PTSD symptoms after five EMDR 
sessions with a high degree of significance for each 

variable, whereas, in sham-treated group, we found no 
significant clinical effect after five sessions (Table 2). 
Mean PCLs score is 68,2 (T1) and 66,4 (T2). 

Table 1: Clinical Treatment Effect 

Variable Pre Post Significance (p-value) 

PCL-s 65.4 23.8 <0.01 

SUD 8.7 0.6 <0.01 

VOC 2.4 6.6 <0.01 

 

Electrophysiological Effects 

Our primary goal was to focus on functional 
changes in information processing intuitively expected 
after EMDR therapy. 

In EMDR-treated group we found no significant 
changes from pre to post-treatment sessions for any 
parameters. However, we noticed a shortening of P300 
latency between T1 and T2. These results were 
obtained by subtracting T2 from T1 value. Mean 
shortening is 47,4 ms. 

We also noticed a small but non significant 
enhancement of P300 amplitude. Mean enhancement 
is 0,8 microvolts. We found no significant changes from 
T1 to T2 for MMN latency (p=0,306), MMN amplitude 
(p=0,640), P200 latency (p=0,533), P200 amplitude 
(p=0,908), N200 latency (p=0, 363), N200 amplitude 
(p=0,831), P300 latency (p=0,008), P300 amplitude 
(p=0,524) 

In sham treated-group we found no significant 
changes from pre to post-treatment sessions for any 
parameters between T1 and T2. We also noticed a 
shortening of P300 latency between T1 and T2 but 
about four times smaller than in EMDR treated-group. 
(Mean shortening: 12,4 ms). In other words, according 
to this result, the ability for EMDR-treated group to 
shorten P300 latency in T2 is about four times higher 
than what is yielded by sham-treated group. In 
conclusion, compared to the sham treated control 
group, ERPs of the patients showed a significant 
shortening in the post-treatment recording of P300 
latency (p=0,001). We also noticed a reduction of P300 
amplitude between T1 and T2 (-1microvolt). 

DISCUSSION  

Several questions must be discussed about P300 
processing in PTSD. Recent numerous studies reports 
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Table 2: Neurophysiological Features and Research Agenda 
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Figure 1: T1/T2 latency parameters (in ms). 

 

 
Figure 2: T1/T2 amplitude parameters (in µV). 

 

 
Figure 3: Shortening of latency parameters (T1-T2) in ms. 

abnormal P300 activity in PTSD patients in civilian and 
military populations. What are the main perturbations 
observed? A meta-analytic review of the literature [7] 
suggest that in patients with PTSD, the P300 amplitude 
was attenuated in response to neutral stimuli but was 
enhanced in the context of emotional or trauma-related 
stimuli. One interpretation is that attention in PTSD is 
biased towards threat stimuli at the expense of 
attentional resources for processing emotionally neutral 
information. 

 
Figure 4: Variations of amplitude parameters (T1-T2) in µV. 

In contrast, P300 latency was found to be delayed 
in PTSD patients regardless of stimulus type [8] 
suggesting a general slowing of cognitive processing. 
Is P300 a trait or state marker? 

It is unclear whether P300 ERP is a relatively stable 
trait-like disease marker, or a state-like marker that can 
vary over time as a function of changes in symptom 
severities. Longitudinal studies are required to address 
these questions. The properties of state-like markers 
are perhaps more important for clinical uses as they 
may signal the emergence of post-trauma mental 
problems, guide early intervention, and quantify 
response to treatment.  

Could P300 event-related potential be used as a 
diagnostic biomarker? P300 by itself is unlikely to 
confirm a specific diagnosis. Abnormalities in P300 
have been characterized not only in PTSD but also in a 
wide range of other neurological and psychiatric  
disorders including those comorbid with PTSD such as 
depression, anxiety, alcoholism, dementia, and 
schizophrenia [9]. 
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A previous study have shown that in PTSD patients, 
the current source density of P300 is significantly 
reduced in the inferior frontal gyrus, pre-central gyrus, 
insula, and anterior cingulate compared to healthy 
controls [10]. 

Could P300 assess psychotherapy effectiveness? 

Lamprecht et al. (2004) [11] recorded ERPs using a 
three-stimulus oddball paradigm from 10 patients with 
PTSD before and after the eye movement 
desensitization and reprocessing therapy (EMDR).  

The study revealed a trend of correlation between 
the changes of the P3a amplitude and the clinical 
improvement in symptom scales confounding factors 
impacting the association between subjective symptom 
ratings and objective physiological measures. In a 
recent longitudinal study [8], it was described that 
changes in P300 amplitude as well as latency were 
associated with fluctuations in symptom levels of 
PTSD; changes in P300 amplitude were also 
associated with fluctuations in symptom levels of 
depression and psychosocial functioning: increased 
amplitude and shortened latency of P300 was 
correlated to improved mental health status.These 
findings are in line with the notion that the P300 
amplitude and latency is often inversely related (Polich, 
1992) [12] and high amplitude and short latency 
typically suggest good brain functioning [13]. 

For clinical utility the P300 measures may be 
particularly informative if the inverse amplitude-latency 
relationship holds. Our results are pointing this way. 

CONCLUSION  

EMDR therapy provides clinical improvement and 
significant P300 event-related potentials latency 
shortening. A global normalization of the morphological 
features of the ERPs was observed in the post-
treatment recording of the EMDR-treated group, not in 
the sham-treated group. We found no significant 
difference in P300 amplitude when treated group was 
compared to sham treated group. We observed a 
significant shortening in P300 latency when EMDR 
treated group was compared to sham treated group. 
These results are consistent with literature findings and 
clinical treatment effects, suggesting a global better 
brain-functioning with reduced intrusive thoughts, 
avoidance clues and arousal level after the treatment. 
We hypothesized that the shortening in the latency of 
P300 could easily be used in clinical practice as an 

interesting biomarker to assess effectiveness of 
psychotherapeutic treatment for PTSD patients.  
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