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Post-traumatic stress disorder is a common mental disorder, with high lifetime prevalence approximately 6—-10% .
The prevalence of PTSD in trauma-exposed people has been approximately 20%. PTSD is induced by traumatic
stress including life threatening, actual or threatened severe injury, and sexual violence. In DSM-V criteria, PTSD
has the following symptoms: intrusion of unwanted memory updates related to traumatic stress, avoidance for
reminders, negative alterations in mood, and hyper-arousal. Conservatively, fear-conditioned learning involving the

amygdala has been considered one of the causative factors.

PTSD thalamus fMRI morphology EMDR

| 1. Introduction

Volumetric neuroimaging studies of PTSD have identified different atrophic areas, such as the hippocampus,
anterior cingulate cortex (ACC), posterior cingulate cortex I, insular cortex [, orbitofrontal cortex B, ventromedial
prefrontal cortex 4!, occipital cortex 2, calcarine sulcus [, or amygdala . It is difficult to determine which region is
most important because it is unclear whether the traumatic stress or the predisposition of the patient contributes
more strongly to the pathology. Although brain volume reduction in thalamus has rarely been reported in research
targeting PTSD, brain atrophy in the bilateral thalamus has been reported in pain study & It was reported that
psychological torture induced pain [, and pain itself should be considered as one of the stress contents. It is
difficult to rule out that thalamus has possibility of volumetric change induced by stress, and our group, in fact,
observed stress-induced brain atrophy in the thalamus 19,

The thalamus was originally thought to act as a hub relaying sensory information to the cortices and occasionally
playing a role in processing this information. However, this view has gradually changed, and the thalamus is now
considered to have many functions, acting as a sensory hub between other subcortical nuclei and the cortices and
contributing to sleep and wake awareness, motor control, and cognition. Thalamic functional abnormalities are
thought to contribute to the dysregulation of sensory filtering, circadian rhythms, levels of alertness, and
consciousness 4. |t has been mentioned that fearful stimulation activates the thalamus 2. In the context of fear-
related learning, sensory processing, including visual processing in the thalamus, has been investigated with
respect to its impact on amygdala function and output, rather than as an important psychological or
pathophysiological process that shapes the development of PTSD 13l However, our animal voxel-based
morphometry (VBM) study revealed the induction of brain atrophy in the thalamus by severe stress 141, In addition,
recent research works revealed the efficacies of interventions via visual technique: visual neurofeedback using
implicit fear exposure 131681 and visual game task (26!,
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| 2. Therapeutic Implications Targeting the Thalamus

In fact, a recent clinical study reported that trauma-exposed control patients without worsening PTSD exhibited
depleted resting-state functional connectivity between the thalamus and the postcentral gyrus, while both healthy
controls and PTSD patients did not exhibit such depletion 2. A smaller pulvinar in similar traumatized control
patients has been also reported (18], Defective pulvinar functioning may thus result in a failure of fear processing
(291 and | believe that reduced pulvinar function may contribute to preventing the development of PTSD. On the
other hand, the functional amygdala seed connectivity study in PTSD indicates the enhancement of connectivity
between centromedial amygdala and pulvinar, although the depletion between basolateral amygdala and SC was
detected 29, |n addition, recovered PTSD patients showed that the lower tract strength of the amygdala—thalamus
connection was normalized during recovery, while that of amygdala—hippocampus connection remained low 21,
PTSD patients also display disrupted regional activity of the thalamus, including the dorsal medial thalamus, and
future research should investigate whether this may hinder overwriting traumatic memories with memories of

ordinary daily life.

Taken together, | assume promising research: first, suppressing this pathway as a direction of preventing the
progression of PTSD; second, activating retinotectal pathway followed with minimal stress exposure paradigm for
desensitization of thalamus amygdala connectivity; and third, activating geniculovisual cortex pathways to reduce
contribution of retinotectal pathway in visual fear processing.

In addition, | also would like to bridge the physiology of thalamus to therapeutic implications and consider the

contribution of the physiology of thalamus to proposed therapeutic interventions.

2.1. EMDR

EMDR can be described as a methodology that extends PE. It is thought to take advantage of the fact that eye
movements facilitate learning, but the mechanism has long been unclear, and many EMDR researchers
themselves have relied on cognitive behavioral therapy as the basis for its effectiveness. However, a recent animal
study revealed that projection from the SC to the mediodorsal thalamus may contribute to the processing of
conditioned fear 22, and especially mediodorsal thalamus may contribute in reactions to fear memory [23124]25]
Saccade eye movement is used for the desensitization of traumatic memory in EMDR therapy, and a recent animal
study demonstrated that visual bilaterally alternating sensory stimulation, such as EMDR stimulation, provided a
fear-reducing effect, with sustained activation from the SC to the mediodorsal thalamus 28, This result may partly
explain the therapeutic mechanism of EMDR. Despite the finding that limited pulvinar function may exert a
preventative effect toward PTSD, the EMDR animal model exhibited enhanced functioning of the SC and
mediodorsal thalamus. The SC and mediodorsal thalamus activation may have a therapeutic effect by promoting
the exposure and desensitization of the thalamus—amygdala complex. Following EMDR treatment, patients also
showed a significant reduction in gray matter volume in the left thalamus region 24, suggesting that the treatment
may have modified the laterality that was induced by PTSD. | consider that the efficacy of EMDR for treating PTSD
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supports the idea that the thalamus may be the key site of PTSD pathogenesis. See Figure 1 as a chematic

summery.

Trauma survivor without PTSD

or functionally depleted
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Figure 1. The schematic summary of retinotectal pathway and hypothetic mechanism of EMDR. Because of
reports low morbidity rate of trauma survivors with smaller pulvinar, atrophy or dysfunction of pulvinar may have
brought prevention of progression in PTSD. PTSD patients indicate enhanced connectivity between thalamus and
amygdala, depleted between thalamus and ACC. EMDR intervention enhances the activity of retinotectal pathways
and promotes the effects of exposure. Red arrow indicates enhanced connectivity and blue arrow indicate reduced.

SC: superior colliculus, ACC: anterior cingulate cortex.
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2.2. Functional MRI Neurofeedback Technique

A therapeutic approach targeting unconsciousness has been proposed 28, and one that attempts to reprogram the
unconscious using an fMRI-based technique called decoded neurofeedback (DecNef) has been tried 1326l |
conclusion, | could not find any literature which indicates contribution of thalamic change in this method. Tasks
involving the unconscious are complicated: they require computational calculation of brain activity in the higher
visual cortex during fear and control stimuli that attempt to stimulate brain activity in the higher visual cortex to
approximate that observed during fear stimuli without using direct visual stimulation as non-explicit fear stimulation.
This approach may have been inspired by prolonged exposure therapy, but the activity in the amygdala does not
appear to be significantly altered in the learning phase. Only an acute BOLD signal response in the amygdala
under a fear-target confrontation was demonstrated 14!, Based on our belief that the retinotectal pathway is more
important than the geniculovisual cortex pathway in the processing of visual fears, | assume that this intervention

achieves therapeutic benefits by reducing the contribution of the retinotectal pathway.

2.3. Visual Task Games

The visiospatial game task followed with minimal exposure has been applied for prevention of PTSD via proof
randomized control trial 18, There is a debate that the therapeutic mechanisms via competition for limited working
memory resources by the task 22 and | also could not find any literature describing contribution of thalamic change
for this intervention. Although these studies were not designed for action on the thalamus, it seems difficult to rule
out that it is undergoing some action on the thalamus via visual task. At present, there is no evidence that the
thalamus is affected by this task; however, it is certainly a task including discrimination and spatial cognition, and it
can be reasonably speculated that the geniculovisual pathway would be used. It is interesting whether this
intervention might produce preventative effect via reducing contribution of retinotectal pathway in the phase of

PTSD progression.

2.4. Hyperbaric Oxygen Therapy (HBOT)

| would like to introduce an intervention method that is neither medications nor exposure. It has been shown in a
randomized control trial that treating patients with a history of childhood sexual abuse with HBOT results in an
improvement of PTSD symptoms and psychological distress, as well as an improved FA value (based on MRI-DTI)
in the anterior thalamic radiation, left thalamus, and left insula Y. This treatment was originally designed to treat
fibromyalgia; however, it was subsequently suspected to have activated the entire thalamus, and may thus have
additional therapeutic effects for PTSD. HBOT may also promote the exposure and desensitization of thalamus—
amygdala complex. This treatment is expected to have few serious side effects, and | consider that HBOT is thus a

promising intervention for PTSD, which requires further research.

2.5. Oxytocin Administration

Oxytocin is a neurochemical agent that is thought to improve human interaction and has been experimentally

applied to PTSD therapy. Oxytocin administration enhanced the activity of the left thalamus in both patients and
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controls during a distraction task (resetting negative feelings with a working-memory task) and was negatively
correlated with error rates in this task in PTSD patients B, Oxytocin administration also decreased the functional
connectivity between the left thalamus and the amygdala in male PTSD patients and trauma-exposed controls,
although female patients indicated enhanced connectivity between left thalamus and the amygdala B, The
mechanism of influencing on thalamus amygdala connectivity with sexual variation has been unknown and the

potential efficacy of oxytocin administration should be further investigated.

2.6. Other Medications

Conventionally used medications may have some effect on the thalamus, but these interventions do not yield
satisfactory therapeutic effects. Several studies have thus indicated a relationship between the thalamus and
PTSD. These findings provide only a seed for future research, and are not sufficient to establish any new
interventions. Selective serotonin reuptake inhibitors (SSRIs) have been established as a treatment option for
PTSD, and the mediodorsal thalamus is a serotonin-rich area. Although one animal study showed that chronic
predator-scent exposure altered serotonin and dopamine levels in the thalamus B2, another did not show a
noticeable effect in the thalamus [23l. Prazosin: o -1 adrenergic antagonist treatment has been already established
as intervention to hyper arousal and nightmares in PTSD 4], Oral propranolol administration (1 mg/kg) improved
PTSD symptoms following the enhancement of activation of the thalamus and amygdala 2. Noradrenergic system
is intimately connected to the thalamus, and it is an interesting and promising area for future research seeking the
relationship between the noradrenergic modulation and alteration of the thalamus in PTSD patients. A significant
correlation between re-experiencing and thalamic (3, nicotinic acetylcholine receptor binding using single-photon
emission computed tomography (SPECT) has already been described B8 The micro-opioid system in the
dorsomedial thalamus has also been found to contribute to fear extinction 7. However, these have not yet been
targeted in medication research.
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