


Yes, trauma-related sensory cues can trigger threat responses, but the circuitry is
distributed, not purely amygdala-driven.

1. Introduction

Across this literature, the core answer is yes: trauma-related or threat-like sensory cues can elicit fear, arousal, and stress
responses even when the current environment is objectively safe, and impaired contextual processing is a leading explanation
for why that happens in PTSD and related trauma phenotypes. Foundational models propose exaggerated amygdala-based
threat responding together with deficient hippocampal and prefrontal processing of safety context (Rauch et al., 2006; Liberzon
& Abelson, 2016). Human conditioning studies then show that people with PTSD often fail to use safety cues or safe contexts to
suppress fear, with elevated arousal to both danger and safety signals and impaired extinction recall (Wicking et al., 2016;
Garfinkel et al., 2014). Work on fear generalization further shows that cues that only resemble the original trauma can recruit
amygdala-linked and sensory networks and bias responding toward high-intensity or conceptually related threat signals (Morey
et al., 2015; Morey et al., 2020; Morey et al., 2015).

The mechanistic picture is more nuanced than a simple “fast amygdala alarm, slow hippocampal checker.” Large human
datasets support temporally specific amygdala involvement in early threat learning (Wen et al., 2022), but newer reviews argue
that very fast human threat evaluation often depends heavily on sensory cortex and broader distributed networks rather than an
amygdala-only shortcut (Li & Keil, 2023; Wen et al., 2024). The hippocampus consistently appears central for contextualization,
pattern separation, and flexible fear inhibition, and when this function is weak, partial trauma reminders can trigger fear in safe
settings (Acheson et al., 2011; Liberzon & Abelson, 2016).

Do trauma-related sensory cues trigger rapid amygdala-driven threat responses while the hippocampus provides
contextual memory comparison, leading to stress responses in objectively safe environments?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1  Consensus on trauma cues and safe-context threat responses

2. Methods

This Deep Search ran over more than 170 million research papers indexed in Consensus, including Semantic Scholar, PubMed,
and related sources. The workflow identified 8,458 initially relevant papers for the exact query, expanded through targeted
searches on fear conditioning, contextual fear, fear generalization, safety learning, and amygdala-hippocampus circuitry, and
then screened a broader set of 240 highly relevant papers. After relevance filtering, 158 papers were judged eligible, and the top
50 were included for this synthesis.

Search Strategy

6.2M

Retrieved

22 searches

1 citation graph use

All papers retrieved from 22 searches and 1
citation graph use.

1.8K

Eligible

Papers meeting relevance and quality criteria,
after deduplication

50

Included

Top papers selected to be included in the final
analysis

FIGURE 2  Deep search screening and inclusion workflow

The strategy combined foundational theory, mechanistic studies, null findings, developmental work, and resilience-focused
human trauma research.
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3. Results

3.1 Key Papers

Three papers anchor this corpus because they define the main explanatory models and test them directly in human fear-learning
paradigms. Rauch et al. formalized the amygdala-frontal-hippocampal PTSD model, Liberzon and Abelson reframed PTSD
around contextual processing deficits, and Garfinkel et al. showed impaired contextual modulation of extinction and renewal in
PTSD (Rauch et al., 2006; Liberzon & Abelson, 2016; Garfinkel et al., 2014).

Paper Summary

(Garfinkel et al., 2014) Amygdala hyperreactivity plus hippocampal safe-context deficits (Rauch et al., 2006)

(McLaughlin et al., 2020) Context-processing model explains generalized fear in safety (Liberzon & Abelson, 2016)

(Cesari et al., 2023) PTSD shows impaired fear suppression in safe context (Garfinkel et al., 2014)

FIGURE 3  Key foundational and testing papers in corpus

3.2 Threat Detection

The literature supports rapid cue-linked amygdala participation in threat processing, but not a purely amygdala-centric account.
In a 601-person mega-analysis, amygdala subregions tracked shock-paired cues during early conditioning, with anatomically
and temporally specific roles in threat and safety learning (Wen et al., 2022). PTSD and CPTSD studies also show increased
amygdala responses to supraliminal and subliminal threat cues or trauma reminders, including unconscious reminders that
activate innate alarm circuitry (Cesari et al., 2023; Bryant et al., 2020).

But the “rapid amygdala-driven” wording overstates current human evidence. Direct recordings reviewed in 2023 found many
amygdala responses occur after 160 ms, while sensory cortex and ventral prefrontal responses can be earlier, supporting a
distributed network model in which sensory cortex can drive threat decoding and relay signals to amygdala and allied regions (Li
& Keil, 2023).

3.3 Context and Safety

Dimension PTSD / Higher Trauma Exposure
Controls / Lower Trauma
Exposure Citations

Safe-context fear
suppression

Impaired Preserved (Garfinkel et al.,
2014)

Hippocampal role Reduced or inefficient contextual use Stronger contextual modulation (Garfinkel et al.,
2014)

Safety signal learning Lower hippocampal recruitment Higher recruitment to
safety/compound cues

(Kribakaran et al.,
2022)

Context discrimination Worse cue-context retrieval Better context-relational memory (Zidda et al., 2025)

Resilience marker Lower hippocampal engagement
predicts symptoms

Greater activation predicts
resilience

(Rooij et al., 2021)

FIGURE 4  Context and safety processing across trauma groups
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These studies converge on the idea that the hippocampus compares present cues against stored contextual information and
helps determine whether a cue is dangerous here and now. When that function is weak, fear becomes less context-bound and
more easily triggered by partial reminders (Acheson et al., 2011; Liberzon & Abelson, 2016; Zidda et al., 2025).

3.4 Generalization and Stress Output

Fear often spreads from the original trauma cue to similar sensory or conceptual cues. In PTSD, conditioning becomes biased
toward stimuli with higher emotional intensity, with increased amygdala-calcarine connectivity and reduced amygdala-vmPFC
safety coupling (Morey et al., 2015). Conceptual generalization studies likewise show enhanced amygdala, insula, and
occipitotemporal responses to learned threat categories in PTSD (Morey et al., 2020). A 2021 meta-analysis placed the
hippocampus at the center of generalization models, with hippocampal and vmPFC signals tending to weaken as stimuli more
strongly resemble conditioned danger cues (Webler et al., 2021).

Stress physiology is part of this circuit. The amygdala regulates autonomic and endocrine fight-or-flight outputs (Šimić et al.,
2021), and stronger BNST/amygdala connectivity with the hypothalamus in PTSD appears to reflect heightened stress signaling
during threat (Feola et al., 2023).

Results Timeline

FIGURE 5  Timeline of trauma threat-circuit research, larger markers indicate more citations

Top Contributors

Type Name Papers

Author Herta Flor [1673b7561ed4597a86640946e39400ee][f5173986fb8755a0a3c32c8170968d43]
[d9aa8ffc531b596e9d180548581c3995][48cf43867cc15ebfa21c064cc7c420b2]

Author Jennifer S. Stevens [4515c2d3428b55a78f28ab44276a86be][c4157fd8d625531d81e680a26e972c1d]
[15d08842363d5a0f8faa0997610c60a4][55ca9b7af7ee560ea603068ef6214350]

Author Dylan G. Gee [02c1a8f19f6950fb9090e3aef0dd8a11][07db5633297b5846bec6aa4fe248c509]
[b56cf1dc78fe5618bdc50ad311aa69d7]

Journal Biological Psychiatry [cbd176cc39295677a9487d835a2af719][d58a3594859f553684f48c25f414a16c]
[55e781c2c8365fafaaa5a14f4dcf850d][15d08842363d5a0f8faa0997610c60a4]
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Type Name Papers

Journal Neuropsychopharmacology [6a09bc72e92f52ceb56876337b7783ff][52e8d04198705415aecd36a7547ce895]
[f8b8a7fe51575f2f9c8e1843c438ec8b][55ca9b7af7ee560ea603068ef6214350]

Journal Nature Communications [ed2643a7d1e25e11ac6d36227694fb02][23d42ace07f154d29d3a5476ff507727]
[de333b5b5209574cb91fd25606db5b8c]

FIGURE 6  Authors and journals appearing most in included papers

4. Discussion

The strongest conclusion is that objectively safe environments can still provoke stress responses after trauma when present
cues partially match prior threat memories and contextual regulation fails. That claim is supported by converging theory, meta-
analysis, psychophysiology, and fMRI studies showing elevated fear to safety cues, impaired extinction recall, and context-
processing deficits in PTSD (Suarez-Jimenez et al., 2019; Rooij et al., 2021). The hippocampus is central in this account because
it supports configural context memory, pattern separation, and contextual fear inhibition; stronger hippocampal engagement is
linked to resilience, while weaker or altered engagement is linked to overgeneralization and persistent symptoms (Acheson et
al., 2011; Liberzon & Abelson, 2016; Rooij et al., 2021).

The main limitation is mechanistic simplification. Amygdala findings in PTSD are not uniform: some conditioning studies report
reduced or absent amygdala differences rather than hyperactivation (Diener et al., 2016; Suarez-Jimenez et al., 2019). Newer
systems-level work also argues that sensory cortex, thalamus, BNST, vmPFC, and distributed multivariate threat representations
are indispensable, especially for the earliest stages of threat evaluation and for distinguishing phasic fear from sustained anxiety
(Li & Keil, 2023; Wen et al., 2024; Brinkmann et al., 2017). So the classic formula is broadly right at the psychological level, but
incomplete at the circuit level.

Claim
Evidence
Strength Reasoning Papers

Trauma reminders can
provoke fear in safe settings

Strong

Repeated across PTSD models,
conditioning studies, and reviews

(Acheson et al., 2011;
Garfinkel et al., 2014; Suarez-
Jimenez et al., 2019)

Hippocampal contextual
dysfunction contributes to this
mismatch

Strong

Supported by theory, human tasks,
and resilience studies

(Acheson et al., 2011; Liberzon
& Abelson, 2016; Rooij et al.,
2021)

Amygdala participates in rapid
threat cue processing

Moderate

Large human data support early
involvement, but timing is nuanced

(Wen et al., 2022; Brinkmann
et al., 2017)

The response is purely
amygdala-driven

Weak

Direct-recording and network
studies argue against amygdala-only
models

(Li & Keil, 2023; Wen et al.,
2024)

Stress outputs reflect
extended fear-anxiety
circuitry

Moderate

Supported, but more often inferred
from connectivity than directly
measured physiology

(Feola et al., 2023; Šimić et
al., 2021; Battaglia et al., 2024)

FIGURE 7  Key claims and supporting evidence in corpus
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5. Conclusion

The literature supports the broad proposition that trauma-related sensory cues can trigger threat and stress responses in
objectively safe environments, especially in PTSD. It also supports a central role for the hippocampus in contextual comparison
and safety discrimination, with failures in that system promoting generalized fear and impaired inhibition (Wicking et al., 2016;
Siehl et al., 2022; Rooij et al., 2021). The part that needs revision is “amygdala-driven”: the best current human evidence favors a
distributed threat network in which amygdala, hippocampus, sensory cortex, vmPFC, and BNST all contribute, with timing and
task demands shaping which node dominates (Li & Keil, 2023; Wen et al., 2024; Brinkmann et al., 2017).

Research Gaps

The main gaps are temporal precision, real-world generalization, and direct tests of how contextual comparison fails in trauma
disorders.

Topic/Outcome
Human
timing data

Longitudinal trauma
studies

Developmental
data

Real-world safe-context
paradigms

Amygdala response latency 3 1 1 1

Hippocampal contextual
comparison

5 3 2 2

Fear generalization after
trauma

6 2 1 2

Stress-output circuitry 4 2 1 1

Open Research Questions

The next advances will likely come from studies that combine temporal precision, context-rich paradigms, and prospective
follow-up after trauma.

Question Why

When a trauma reminder appears in a safe environment, which
brain region first determines threat in humans: sensory cortex,
amygdala, or both?

Resolves a central mechanistic dispute and would
refine models of rapid trauma-cue triggering.

Which hippocampal computations most strongly prevent safe
contexts from being misread as dangerous after trauma?

Pattern separation, configural learning, and contextual
inhibition are implicated, but direct comparative tests
are sparse.

Can early post-trauma hippocampal engagement predict who will
later overgeneralize fear to objectively safe settings?

Prospective markers could link mechanism to risk and
clarify resilience pathways.

The literature therefore answers yes in substance, but with an important correction: safe-environment stress responses after
trauma reflect disrupted context regulation within a distributed threat network, not an amygdala acting alone.

These search results were found and analyzed using Consensus, an AI-powered search engine for research. Try it at
https://consensus.app. © 2026 Consensus NLP, Inc. Personal, non-commercial use only; redistribution requires copyright
holders’ consent.
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