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Increase of precuneus metabolism correlates with reduction of PTSD
symptoms after EMDR therapy in military veterans: an 18F-FDG PET
study during virtual reality exposure to war
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Abstract
Purpose The prevalence of posttraumatic stress disorder (PTSD) is higher among veterans, and can lead to disastrous conse-
quences such as suicide. Eye movement desensitization and reprocessing (EMDR) is recommended in first-line psychotherapies
for PTSD. Virtual reality exposure (VRE) coupled with 18F-FDG PET imaging can highlight the activated brain regions during
stress exposure. The objective of this study is to identify, after EMDR therapy, the regions of brain metabolism that evolve during
the stress exposure of a war scene with symptomatic remission in a group of military veterans suffering from PTSD, and to
secondarily search for predictive metabolic features.
Methods We recruited 15military veterans suffering from PTSDwho performed an 18F-FDGPETsensitized by the exposure to a
virtual war scene, before (T0) and after (T1) EMDR therapy. Statistical parametric mapping was used to compare brain metab-
olism before and after treatment and to study correlations between metabolism and evolution scores on PTSD clinical scales
(PTSD Checklist Scale, PCLS; Clinician-Administered PTSD Scale, CAPS).
Results The metabolic activity of the precuneus was increased after EMDR therapy (p < 0.005 uncorrected, k > 180) and
correlated with clinical improvement with the CAPS scale (r = −0.73 and p < 0.001). Moreover, the precuneus metabolic value
before therapy predicted the clinical improvement on the PCLS scale (T1-T0) after EMDR (r = −0.667 and p < 0.006).
Conclusion The clinical improvement in military patients with PTSD after EMDR is related to increased precuneus metabolism
upon VR stress exposure.

Keywords Posttraumatic stress disorder . Brain metabolism . PET . Eye movement desensitization and reprocessing . Virtual
reality exposure .War . Veterans

Introduction

Posttraumatic stress disorder (PTSD) is a condition that can
develop following an exposure to traumatic events. The

rates of PTSD in veterans are higher than in the civilian
population, at close to 35% of Army and Marine troops
after deployment [1].
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The pathophysiology of PTSD has been studied with
neuroimaging, and paradigms such as script-driven imag-
ery and visual emotional stimuli, demonstrating brain ab-
normalities in the fear network, in the reward and motiva-
tion network, and in the default mode network [2].

Eye movement desensitization and reprocessing
(EMDR) therapy is recommended in first-line psychother-
apies for PTSD. EMDR includes associations of cognitive,
emotional, and physical assessments of actual distress to
the traumatic scenery during bilateral alternating stimula-
tions (auditory, visual, tactile stimuli alternating between
the two sides of the body). Previous studies have shown
functional changes in structures involved in the fear net-
work, using fMRI [3] and EEG [4] on activation tasks after
EMDR.

Displaying more ecological environments is now pos-
sible with virtual reality exposure (VRE), which allows
patients to be immersed in a computer-generated virtual
environment mimicking real-life in laboratory conditions.
VRE provides the unique opportunity to study pathophys-
iological changes in an ecologically relevant setting dur-
ing simulated trauma event exposure. Interestingly, VRE
can also be associated with 18F-FDG PET imaging to
measure brain metabolism during confrontation with the
traumatic event [5]. Indeed, the use of 18F-FDG brain
PET imaging for activation studies has been recently pro-
posed to investigate brain metabolic changes during stim-
uli tasks such as olfactory stimulations [6] or VRE tasks
[7].

The objective of this study is to identify, after EMDR
therapy, the regions of brain metabolism that evolve dur-
ing stress exposure to a war scene with symptomatic re-
mission in a group of military veterans suffering from
PTSD, and to secondarily search for predictive metabolic
features.

Materials and methods

Participants

Military PTSD patients were recruited in the military hos-
pital Sainte-Anne at Toulon, France. Diagnosis of PTSD
was established according to the DSM-IV TR [8]. We ex-
cluded patients with present and/or past neurological or
psychiatric conditions, with the exception of anxiety and
depressive disorders if their occurrence was connected
with PTSD. Patients with an addictive disorder, even in
re la t ion to PTSD, were exc luded . We used the
Posttraumatic Stress Checklist Scale (PCLS) [9], which is
a brief and self-report questionnaire for evaluating the se-
verity of the three main syndromes of PTSD, and the
Clinician-Administered PTSD Scale (CAPS) [10], which

is a structured interview providing a categorical diagnosis,
as well as a measure of the severity of PTSD symptoms as
defined by the DSM.

All the soldiers included had PTSD related to war combat
(Afghanistan and Mali). None had received formal exposure
or cognitive-behavioural therapy before the EMDR proce-
dure. Socio-demographic characteristics, including comorbid-
ity, medications, and duration of illness, are described in
Table 1.

EMDR procedure

EMDR therapy was performed according to the standard pro-
tocol. Sessions were planned every 7 to 15 days according to
the availability of patients and therapists. Patients could re-
ceive a maximum of eight EMDR sessions depending on their
clinical course. All patients were symptom-free and no longer
diagnosed with PTSD after EMDR therapy, as assessed by a
psychiatrist diagnosis according to DSM-IV criteria and clin-
ical PTSD scales.

18F-FDG-PET acquisition and analysis

18F-FDG PET was performed using an integrated PET/CT
camera (Discovery 710, GE Healthcare, Waukeskha, WI,
USA) with parameters previously described [7]. Each sub-
ject was confronted with intense trauma cues, consisting of
the attack on their group by insurgents during a patrol in an
artificially created village in Afghanistan, with several vir-
tual soldiers wounded (screen captures in Fig. 1). Patients
were exposed to the environment approximately 10 min
before the injection. 18F-FDG (150 MBq) was injected in-
travenously 1 min before their unit was assaulted, and the
virtual exposure immersion was maintained after injection
for approximately 7 min. Thereafter, patients were placed
in a quiet environment with their eyes closed but continued
to feel the stress of the VRE. PET images, acquired in a
lying position as recommended in standard practice, started
30 min after the injection and ended 15 min later. Finally,
patients were asked to indicate the fear felt during the
VRE. The degree of fear was measured by an SUD for
subjective units of discomfort ranging from 0 (no distur-
bance) to 10 (maximum disturbance) as previously de-
scribed [7].

Whole-brain statistical analysis was performed at the voxel
level using SPM8 software (Wellcome Department of
Cognitive Neurology, University College, London, UK) as
previously reported [7]. SPM (T) maps were generated for
comparison before and after EMDR therapy using paired t-
tests (p < 0.005 uncorrected, k > 180). Mean values of metab-
olism were extracted at the individual level for significant
cluster(s) to calculate correlations with clinical scores (PCLS
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and CAPS scores at T0 (before therapy), T1 (after therapy)
and T1–T0).

Statistical analysis

Spearman correlations were performed between the PCLS and
CAPS scores at T0, T1, for T1–T0 and the metabolism of
significant cluster(s) extracted from the paired-SPM analysis
performed before and after EMDR and their related changes.
We applied a Bonferroni correction (k = 8 and p < 0.00625).
Scores on clinical scales were compared by paired t-tests. A p
value < 0.05 was considered significant.

Results

Patients and changes in PET metabolism after EMDR
therapy

The EMDR group was composed of 17 military partici-
pants (mean age 36.8 ± 5.9 years). Of all patients enrolled,
two were excluded from the analyses, one having not com-
pleted EMDR therapy and the other not being able to re-
peat the second PET after therapy. Significant clinical im-
provements were noticed after EMDR as described in
Table 1 for PTSD scales (PCLS, CAPS) and SUD scores
(p < 0.001 for all scores). The second 18F-FDG PET was

Table 1 Socio-demographics and clinical characteristics of the military patients

EMDR group (n = 15) P value

Socio-demographic characteristic

Age (years ± SD) 36.8 ± 8.88

Duration of illness (years ± SD) 5.8 ± 0.75

Duration of EMDR therapy, number of sessions (sessions ± SD) 4.46 ± 0.54

Mean delay between the two FDG-PET (months ± SD) 3.05 ± 0.78

Use of psychiatric medications

Selective serotonin reuptake inhibitors n = 5

T0 T1

Psychometric scales

Subjective unit of discomfort (mean ± SD) 6 ± 2.26 1.2 ± 1.42 0.001

Posttraumatic Stress Checklist Scale (mean ± SD) 62.13 ± 8.18 24.4 ± 8.05 0.001

Clinician-Administered PTSD Scale (mean ± SD) 78.06 ± 12.25 13.86 ± 12.68 0.001

Comorbidity in the MINI (Mini International Neuropsychiatric Interview)

Major depressive disorder n = 9 n = 0 0.005

Panic disorder n = 2 n = 0 > 0.05

Agoraphobia n = 12 n = 2 0.005

Obsessive compulsive disorder n = 1 n = 0 > 0.05

Fig. 1 Screen captures of the
virtual environment created for
the 18F-FDG PET scan sensitized
by virtual exposure consisting of
an attack on their group by
insurgents during a patrol in
Afghanistan with several
wounded
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performed during the month in which the patient was de-
clared in remission for PTSD.

There was a positive correlation between the evolution of
the SUD (T1–T0) and the PCLS (T1–T0), r = 0.74 and
p < 0.001. The more disturbances decreased during the VRE,
the higher the symptoms improved after EMDR therapy.

The comparison between the patients assessed with 18F-
FDG PET before and after EMDR therapy showed an in-
creased metabolism in the bilateral precuneus with a right-
predominance after treatment (p < 0.005 uncorrected, k >
180), as shown in Fig. 2. No decreasedmetabolismwas found.

Relationship between clinical improvement
after EMDR and precuneus metabolism

There was a negative correlation between the difference in
metabolic values (T1–T0) of the precuneus and the evolution
of the CAPS (T1–T0), with r = −0.73 and p < 0.001. The
higher the metabolic value of the precuneus increased after
EMDR, the more the symptoms improved.

There was a negative correlation between the metabolic
value in the significant cluster precuneus before EMDR and
the evolution of the PCLS (T1 – T0), with r = −0.667 and
p < 0.006. The higher the precuneus metabolism before
EMDR, the more the PCLS scores decreased at the end of
the therapy. The two correlations are depicted in Fig. 3.

No other correlation was found between the clinical scores
and precuneus metabolism.

Discussion

The objective of this study was to identify the regions of brain
metabolism that evolve after EMDR therapy with symptom-
atic remission during stress exposure of a war scene in a group
of military veterans suffering from PTSD. One of the most
novel aspects is the use of PET imaging combined with
VRE sensitization to measure brain metabolism during the
interaction with the traumatic event. Therefore, this study
highlights the exciting opportunity to use PET imaging to
investigate brain metabolism during virtual exposure, and pro-
vides additional information on the pathophysiological re-
sponse of EMDR therapy on PTSD. In comparison to fMRI,
the competitive advantage of 18F-FDG brain PET imaging is
to possibly capture an activation paradigm outside the acqui-
sition scanner, during the radiopharmaceutical injection, and
thus possibly develop complex paradigms involving for ex-
ample VRE. Following this line, this approach could be ex-
tended to other virtual environments or neuropsychological
conditions.

The SUD evolution correlated with the evolution of the
PCLS. This validates that our virtual environment was effec-
tive in reactivating PTSD symptoms before therapy and that
there was no fear response after EMDR.

The precuneus was the sole brain structure with increased
metabolism after symptom remission. This increased metabo-
lism was correlated with symptom evolution as measured by
the CAPS. The precuneus metabolism measured before ther-
apy also predicted the clinical evolution after EMDR therapy.

Fig. 3 Significant correlation between PET metabolism of the precuneus
and changes in clinical scale scores (PCLS T1-T0 and CAPS T1-T0). The
red correlation shows that the higher themetabolic value of the precuneus
increased after EMDR, the symptoms were more reduced. The correla-
tion in black shows that the higher the PET metabolism of the precuneus
before EMDR, the more the PCLS scores decreased at the end of the
therapy. Precuneus T1–T0 vs CAPS T1–T0 (r = −0.73 and

p < 0.001) Precuneus at T0 vs PCLS T1–T0 (r = −0.667 and
p < 0.006).
CAPS: Clinician Administered PTSD Scale. PCLS: Posttraumatic Stress
Disorder Checklist Scale

Fig. 2 After EMDR, in comparison to the baseline PET performed before
EMDR, a significant increase in precuneus metabolism was exhibited
(p < 0.005 uncorrected, k > 180) during virtual reality exposure. After
EMDR therapy, patients demonstrated increased metabolism in the
precuneus prevailing on the right side
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The precuneus is implied in autobiographical memory,
multisensory integration, and future-oriented thinking [2]. In
a recent meta-analysis of non-VRE studies, it appears to be a
key structure that regulates the fear network in fear condition-
ing and extinction protocol [11]. Due to its functions, we can
assume that the precuneus can modulate the subjective expe-
rience of anxious and fearful states to reprocess the traumatic
memory and discharge it from its emotional load [11]. The
memory is then perceived as a scene in which the patient is
no longer involved instead of repeatedly reliving the memory.
In other words, the subject becomes a neutral observer of the
traumatic scene.

The main limitation of this study is the low number of
participants (n = 15). Further experiments should reproduce
our results with a wait-list group, and go further by exploring
the precise functions of the precuneus during EMDR therapy
not only before and after therapy, but also during the EMDR
sessions.

In conclusion, this study shows that precuneus metabolic
improvement while reliving war combat correlates with a re-
duction in PTSD symptoms after EMDR therapy. Moreover,
precuneus metabolism before therapy was a predictor of
symptom evolution. Our results could suggest therapeutic im-
plications leading to the use of rTMS or neurofeedback for
modulating precuneus activity.
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