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FIGURE 2. Neural structures and pathways involved in a neuroception of safety. 

flight), is regulated by the PAG. To support these mobilization behaviors, the sym-
pathetic nervous system is activated and dominates autonomic state. FIGURE 4 illus-
trates the neural circuits involved in response to life threat. In response to life threat, 
the mammalian nervous system promotes immobilization or freezing behavior. 
Freezing, as a defense strategy, is coordinated by the PAG. To inhibit metabolic ac-
tivity during immobilization, autonomic state is under the control of the dorsal vagal 
complex. As proposed by the Polyvagal Theory, the autonomic reactions during each 
adaptive behavioral strategy is hierarchically organized after the phylogeny of both 
the changes in the vertebrate autonomic nervous system and changes in the behav-
ioral repertoire from immobilization to mobilization to social engagement. 

The ability to evaluate whether the environment is safe or if a person is trustwor-
thy is difficult for individuals with a variety of psychiatric diagnoses. Current re-
search suggests that the areas in the temporal cortex (i.e., FG, STS), which are 
assumed to inhibit limbic defense reactions, are not activated in clinical populations 
that have difficulties with social engagement behaviors (e.g., autism, schizophrenia). 
Moreover, individuals with other psychiatric disorders such as anxiety disorders and 
depression, which have as diagnostic features compromised social behavior, have 
difficulties in regulating visceral state (e.g., lower vagal regulation of the heart) and 
supporting social engagement behaviors (e.g., reduced facial expressiveness and 
motor control of the striated muscles of the face and head). Thus, from a theoretical 
perspective, a potential root of several psychiatric disorders might be linked to an in-
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FIGURE 3. Neural structures and pathways involved in a neuroception of danger. 

ability to detect safety in the environment and trustworthiness from interactions and, 
thus, the inability to express appropriate social engagement behaviors. 

The study of attachment disorders such as RAD provides an intriguing test of the 
critical role of neuroception in mediating appropriate attachment and social behav-
ior. RAD is described in both the DSM-IV (American Psychiatric Association, 1994) 
and the ICD-10 (World Health Organization, 1992) psychiatric diagnostic manuals. 
RAD comprises two clinical patterns (i.e., inhibited and uninhibited subtypes). The 
inhibited subtype is characterized by an emotionally withdrawn, unresponsive pat-
tern in which there is an absence of attachment behaviors. The disinhibited subtype 
is characterized by indiscriminate attachment, which often is directed at strangers. 
These patterns have been described in institutionalized and maltreated children.28 

From a neuroception perspective, in both subtypes, the evaluation of the risk in the 
environment is not accurate. 

Recent research on the outcomes of children raised in institutions in Romania has 
stimulated interest in RAD and in developing intervention strategies to remediate 
these devastating disturbances in social development. If an accurate neuroception of 
the environment is necessary for normal social behavior, then what features in the 
environment might potentiate normal social development? A recent study of Roma-
nian toddlers29 provides insight into the process. In this study, indices of RAD were 
evaluated in children as a function of the number of different caregivers. Two groups 
of institutionalized children were evaluated and contrasted with children who were 
never institutionalized. One group consisted of the standard institution unit in which 
20 different caregivers worked rotating shifts with approximately 3 caregivers for 30 
children on each shift. A second group consisted of a pilot unit in which the number 
of children were reduced to approximately 10, and the pool of caregivers was re-
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FIGURE 4. Neural structures and pathways involved in a neuroception of life threat. 

duced to 4. If neuroception of safety is necessary to promote appropriate social be-
havior, then familiarity of caregiver would be critical. By having familiar caregivers, 
the child's detection of the caregiver's face, voice, and movements (the features that 
define a safe and trustworthy person) should trigger the inhibitory pathways to dis-
enable the limbic defense system and foster the behaviors expressed by the social en-
gagement system. In support of this model, the study demonstrated a monotonic 
relation between the number of different caregivers that a child had contact with and 
the indices of RAD. On all measures, the standard unit children were more likely to 
have higher indices of RAD, and on some measures the pilot group did not differ 
from the children who were never institutionalized. Thus, once we understand the 
contextual and social features that inhibit the neural circuits that mediate defensive 
behavioral strategies, we can optimize the developmental consequences of the neural 
circuits that promotes social engagement behaviors. 
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