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It is widely thought that phasic and sustained responses to threat reflect dissociable circuits centered on the central nucleus of the
amygdala (Ce) and the bed nucleus of the stria terminalis (BST), the two major subdivisions of the central extended amygdala. Early
versions of this hypothesis remain highly influential and have been incorporated into the National Institute of Mental Health Research
Research Domain Criteria framework. However, new observations encourage a different perspective. Anatomical studies show that the Ce
and BST form a tightly interconnected unit, where different kinds of threat-relevant information can be integrated and used to assemble
states of fear and anxiety. Imaging studies in humans and monkeys show that the Ce and BST exhibit similar functional profiles. Both
regions are sensitive to a range of aversive challenges, including uncertain or temporally remote threat; both covary with concurrent signs
and symptoms of fear and anxiety; both show phasic responses to short-lived threat; and both show heightened activity during sustained
exposure to diffusely threatening contexts. Mechanistic studies demonstrate that both regions can control the expression of fear and
anxiety during sustained exposure to diffuse threat. These observations compel a reconsideration of the central extended amygdala’s
contributions to fear and anxiety and its role in neuropsychiatric disease.
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Introduction
When expressed too intensely or in maladaptive contexts, fear
and anxiety can become debilitating (American Psychiatric
Association, 2013). Anxiety disorders impose a staggering im-
pact on public health and the global economy (Collins et al.,
2011; Whiteford et al., 2013; DiLuca and Olesen, 2014). They
are the most common family of neuropsychiatric disorders
and contribute to the development of depression and comor-
bid substance abuse (Kessler et al., 2012). Existing treatments
are inconsistently effective or associated with significant ad-
verse effects (Bystritsky, 2006; Insel, 2012; Griebel and Hol-
mes, 2013), underscoring the need to develop a deeper
understanding of the neural circuits that control the experi-
ence and expression of fear and anxiety in humans.

Studies of rodents, monkeys, and humans demonstrate that
the extended amygdala—an anatomical concept encompassing
portions of the amygdala and the bed nucleus of the stria termi-
nalis (BST) (Alheid and Heimer, 1988)—plays a crucial role in
assembling states of fear and anxiety in response to a broad spec-
trum of learned and unlearned threats (Calhoon and Tye, 2015;
Fox et al., 2015a; Janak and Tye, 2015; Tovote et al., 2015; Gungor
and Paré, 2016; Oler et al., 2016a) (Fig. 1). Other work suggests
that alterations in the function of this circuit contribute to the
development (Fox and Kalin, 2014; McLaughlin et al., 2014; Fox
et al., 2015a; Swartz et al., 2015) as well as the maintenance of
anxiety and mood disorders in humans (Sheline et al., 2001;
Paulus et al., 2005; Etkin and Wager, 2007; Felmingham et al.,
2007; Hamilton et al., 2012; Phan et al., 2013). Although this vast
literature leaves little doubt that the extended amygdala plays an
important role in evaluating and responding to threat, confu-
sion persists about the respective contributions of its major
subdivisions.

In a series of thoughtful empirical studies and landmark
reviews, Davis, Walker, and Grillon marshalled a wide array of
mechanistic, psychophysiological, and clinical data to suggest
that phasic and sustained responses to threat are mediated by
different parts of the extended amygdala (Davis et al., 1997,
2010; Davis, 1998, 2006; Walker et al., 2003, 2009; Grillon,
2008; Walker and Davis, 2008). In earlier versions of the
model, they emphasized a strict functional segregation (Fig. 2a),
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arguing that the central nucleus of the amygdala (Ce) and BST
represent two phenomenologically and anatomically disso-
ciable systems (Davis, 2006). In this early model, a circuit
centered on the Ce rapidly assembles short-term responses to
explicit threat, such as a light or tone paired with the imminent
delivery of shock. In contrast, a circuit centered on the BST
comes on-line much more slowly and is responsible for or-
chestrating longer-lasting responses to novelty and diffuse
threat, such as a context previously paired with shock or, in
humans, a dark room (Baas et al., 2002). With the accumula-
tion of new data, this hypothesis was revised to allow for a
more nuanced division of labor (Davis et al., 2010). In the
reformulated model, the Ce contributes to both immediate
(“phasic”) and longer-lasting (“sustained”) responses to
threat (compare Fig. 1). Phasic responses are mediated by
projections originating in the medial division of the Ce (CeM).
In contrast, responses to more persistent kinds of danger—
those that are uncertain, psychologically diffuse, or remote in
time in time or space—are mediated by projections from the
lateral division of the Ce (CeL) to the lateral division of the
BST (BSTL). In this reformulated model, the BSTL is rapidly
engaged, between 4 and 60 s following the onset of threat.
Somewhat later, feedback projections from the BSTL inhibit
the CeM, enabling a smooth transition from phasic to sus-
tained responses to threat.

Davis and colleagues’ general hypothesis remains highly influ-
ential. It has been adopted, wholesale or with minor modifica-
tions, by many prominent commentators (Grupe and Nitschke,
2013; LeDoux, 2015; Avery et al., 2016; Lebow and Chen, 2016)
and incorporated into the National Institute of Mental Health
Research Domain Criteria (RDoC) as Acute Threat (Fear) and
Potential Threat (Anxiety). Unfortunately, in RDoC and elsewhere,
Davis and colleagues’ hypothesis is often recast as a simple double-
dissociation: “the amygdala mediates fear, the BST mediates anxi-
ety” (see also https://www.nimh.nih.gov/research-priorities/rdoc/
constructs/potential-threat-anxiety.shtml; https://www.nimh.nih.

gov/research-priorities/rdoc/negative-valence-systems-workshop-
proceedings.shtml) (Kozak and Cuthbert, 2016), following their ear-
lier model. All too often, it is this simpler axiom, with its
corresponding emphasis on strict functional segregation,
that serves as the lens through which neurobiological and clin-
ical research in humans is conceptualized, interpreted, and
evaluated.

Here, we review the contributions of the Ce and BST to fear
and anxiety, focusing most heavily on studies in humans and
nonhuman primates. This emphasis reflects the fact that anx-
iety disorders are defined and diagnosed on the basis of sub-
jective symptoms and studies of humans are essential for
understanding the neural mechanisms supporting the experi-
ence of fear and anxiety (Anderson and Adolphs, 2014; Le-
Doux, 2015). Human studies are also crucial for identifying
the features of animal models that are conserved and, hence,
most relevant to developing improved interventions for hu-
man suffering (Birn et al., 2014). Finally, human studies afford
important opportunities for developing objective biomarkers
of disease or disease risk (Borsook et al., 2006, 2014; Wise and
Preston, 2010; Davis et al., 2015) and for generating novel
hypotheses that can be mechanistically assessed in animal
models (“reverse translation”) (Janak and Tye, 2015; Ferenczi
et al., 2016). Work in monkeys, on the other hand, can be
conceptualized as a bridge, one which links the elegant mech-
anistic and recording studies that can routinely be performed
in rodents to the complex phenomenology of human feelings
and human disease. Monkeys are particularly useful for mod-
eling and understanding the neurobiology of fear and anxiety
because humans and monkeys share similar genes and similar
brains (Gibbs et al., 2007; Preuss, 2007; Freese and Amaral,
2009), which endow the two species with a common repertoire
of complex socio-emotional responses to potential threat and
enables the use of similar behavioral assays (Fox and Kalin,
2014; Kaiser and Feng, 2015; Oler et al., 2016a).

Figure 1. Primate central extended amygdala. Simplified schematic of key central extended amygdala inputs and outputs in humans and other primates. The central extended
amygdala encompasses the central (Ce) nucleus of the amygdala, which lies in the dorsal amygdala, and the bed nucleus of the stria terminalis (BST), which wraps around the anterior
commissure. As shown by the translucent white arrow at the center of the figure, much of the sensory (yellow), contextual (blue), and regulatory (green) inputs to the central extended
amygdala are indirect (i.e., polysynaptic), and often first pass through adjacent amygdala nuclei before arriving at the Ce or BST. In primates, projections linking the Ce with the BST are
predominantly from the Ce to the BST. The Ce and BST are both poised to orchestrate or trigger momentary states of fear and anxiety via projections to downstream effector regions
(orange; for additional detail, see Fig. 2). Portions of this figure were adapted with permission from the human brain atlas of Mai et al. (2007). BL, Basolateral; BM, basomedial; Ce, central;
La, lateral; Me, medial nuclei of the amygdala.
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Figure 2. Early model and inconsistent human imaging evidence. a, Early model emphasizing strict functional segregation in the extended amygdala. In earlier work, Davis, Walker,
and their colleagues noted that the Ce and BST send similar projections to the brainstem and hypothalamic regions that proximally mediate particular elements of fear and anxiety (e.g.,
tachycardia, startle potentiation). Based on the available evidence, they hypothesized that the Ce and BST reflected dissociable circuits that differentially processed specific types of
threat. Although Davis and colleagues subsequently reformulated their hypothesis (Davis et al., 2010), the basic tenets of the 1998 model continue to permeate the literature and NIMH
RDoC initiative. This figure is a redrawing of the schematic shown in Davis (1998) and incorporates elements adapted with permission from the human brain atlas of Mai et al. (2007). b,
Examples of human imaging data inconsistent with the early model of Davis and colleagues. Left, Sustained/long-term activation in the Ce in response to a virtual reality context (30 s)
paired with unpredictable electric shocks. Middle, Ce and BST both show phasic/short-term activation in response to an explicit, unconditioned threat (4 s video clips of an approaching
tarantula). Right, BST activation in response to explicit, conditioned and unconditioned threats. Figure represents the minimum conjunction (logical “AND”) of thresholded maps ( p �
0.005) derived from two imaging meta-analyses: one focused on activation associated with the experience of experimentally induced negative affect (Wager et al., 2008) and the other
focused on activation elicited by aversive Pavlovian conditioned stimuli (Etkin and Wager, 2007). The two meta-analytic maps are freely available at http://www.columbia.edu/cu/
psychology/tor/MetaAnalysis.htm. Portions of the bottom are adapted with permission from Mobbs et al., (2010), Andreatta et al. (2015), and Fox et al. (2015a).
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We begin our review with a brief comment on the importance
of nomenclature for conceptual understanding. We then describe
new and classic anatomical evidence suggesting that the Ce and
the BST form a tightly integrated circuit that is poised to organize
states of fear and anxiety. Next, we highlight recent imaging stud-
ies in monkeys and humans showing that, in many regards, the
Ce and the BST are more functionally alike than different (Fig.
2b). Finally, we review mechanistic data demonstrating that both
regions can control defensive behaviors elicited by sustained ex-
posure to diffuse threat. Together, this rapidly accumulating
body of observations in humans, monkeys, and rodents refutes
longstanding claims of strict phenomenological or anatomical
segregation in the extended amygdala. We conclude by outlining
a roadmap to the most important avenues and strategies for fu-
ture research aimed at understanding the contributions of the
extended amygdala to fear, anxiety, and neuropsychiatric disease.

The conceptual importance of a precise and
consistent vocabulary
The words that we as scientists use to describe nature influence
our ability to communicate and to understand, for better or
worse (Markon, 2015; Schaafsma et al., 2015; Poldrack and
Yarkoni, 2016; Zaki et al., 2016). Establishing the nature and
neurobiological bases of fear and anxiety requires that research-
ers describe both the brain and behavior in a clear, precise, and
unambiguous way.

BST versus BNST
Identifying the mechanisms that give rise to differences in the
function of the central extended amygdala will ultimately require
the synthesis of data acquired from different species, including
optogenetic and chemogenetic manipulations in animals and im-
aging and postmortem gene and transcript mapping studies in
humans and monkeys. Linking these disparate datasets requires a
standardized vocabulary. Already, all of the major brain atlases
for the rat, monkey, and human (Mai et al., 2007; Paxinos et al.,
2009; Paxinos and Watson, 2014), including the more recent and
comprehensive Allen Brain Atlas (http://www.brain-map.org),
use the acronym BST to refer to the bed nucleus of the stria
terminalis. Therefore, we use this nomenclature throughout our
review.

Fear versus anxiety
Inspired by the work of Davis and colleagues (Davis et al., 2010),
as well as psychometric analyses of psychiatric symptoms and
comorbidity (Kotov et al., 2015; Lang et al., 2016), a growing
number of researchers draw a sharp distinction between states of
“fear” and “anxiety” (e.g., Barlow, 2000; LeDoux, 2015). Yet lay
people, scholars in other areas, the American Psychiatric Associ-
ation’s Diagnostic and Statistical Manual (American Psychiatric
Association, 2013), and even domain experts, at least in un-
guarded moments, often use these terms interchangeably or in-
consistently. As one psychiatrist noted almost 40 years ago, “The
word ‘anxiety’ has become confused. It has so many meanings in
so many languages, that…it has come to be a synonym for the
generic term ‘fear’” (Gaylin, 1979, p. 18). Other commentators
have emphasized the difficulty of drawing sharp operational
boundaries between the terms (Perusini and Fanselow, 2015). To
avoid misunderstanding, we use the undifferentiated term “fear
and anxiety” throughout our review. We urge other researchers
to eschew these problematic redefinitions of everyday language
and instead focus on the specific parameters of the threat (e.g.,

probability) and neurobehavioral response (e.g., time course),
including subjective reports of emotional experience.

The central extended amygdala is tightly interconnected and
poised to assemble states of fear and anxiety
In primates, the extended amygdala encompasses a heteroge-
neous collection of nuclei buried beneath the medial temporal
lobe. This includes the Ce, BST, intercalated masses of the
amygdala, medial nucleus of the amygdala, parts of the nucleus
accumbens shell, and cell columns in the substantia innominata
that serve to bridge the Ce and BST (i.e., the sublenticular ex-
tended amygdala [SLEA]) (Alheid and Heimer, 1988). Like other
subcortical structures involved in emotion and motivation (e.g.,
nucleus accumbens, periaqueductal gray), the Ce and BST are
complex and can be partitioned into multiple subregions (for
detailed reviews, see Fox et al., 2015a; Gungor and Paré, 2016),
each containing intermingled cell types with distinct, even op-
posing functional roles (e.g., anxiolytic vs anxiogenic) (Janak and
Tye, 2015). As a consequence, research that relies on lesions,
pharmacological inactivation approaches (e.g., muscimol micro-
injections), or imaging techniques necessarily reflect a mixture of
cells or signals.

Invasive studies of anatomical connectivity first suggested that
the central division of the extended amygdala (i.e., the Ce, BSTL,
and portions of the SLEA) represents a tightly integrated struc-
tural and functional unit. It has long been recognized that the
amygdala is connected to the BST via two major fiber bundles: the
ventral amygdalofugal pathway (VA; sometimes termed the ansa
peduncularis) and the stria terminalis (ST) (Nauta, 1961). Classic
tracing studies showed that VA fibers project through the SLEA
region of the substantial innominata, directly connecting the Ce
to the BST (Novotny, 1977). In parallel, the ST exits the caudal
amygdala to arch dorsally and rostrally over the thalamus, carry-
ing with it a second set of projections from the Ce to BSTL (Klin-
gler and Gloor, 1960; Freese and Amaral, 2009; Oler et al., 2016b).
More recent tracing and diffusion imaging studies in monkeys
have not only confirmed that the Ce and BSTL are structurally
interconnected via these two direct pathways (primarily Ce ¡
BSTL) but have also identified a novel indirect pathway in the
SLEA (Ce7 SLEA7 BSTL) (deCampo and Fudge, 2013; Oler et
al., 2016b). In both monkeys and humans, the Ce and BST also
show persistently high levels of physiological coupling (Oler et
al., 2012; Avery et al., 2014; Birn et al., 2014; Torrisi et al., 2015;
Oler et al., 2016b), suggesting that they represent an evolution-
arily conserved functional circuit.

Invasive tracing studies in monkeys and rodents demonstrate
that the Ce and the BSTL are both well positioned to orchestrate
key signs of fear and anxiety, including alterations in arousal,
behavioral inhibition, and neuroendocrine activity, via dense
monosynaptic and polysynaptic projections to brainstem and
subcortical effector regions (Davis and Whalen, 2001; Freese and
Amaral, 2009; Penzo et al., 2014; Fox et al., 2015a) (Figs. 1, 2). In
human fMRI studies, many of these downstream regions (e.g.,
hypothalamus, periaqueductal gray) also show robust functional
connectivity with the BST (Torrisi et al., 2015).

In sum, converging lines of anatomical and physiological ev-
idence gleaned from in vivo and ex vivo studies of rodents, mon-
keys, and humans indicates that the two major subdivisions of the
central extended amygdala (the Ce and the BST) form a function-
ally coherent circuit that is uniquely poised to integrate and eval-
uate potentially threat-relevant information and assemble states
of fear and anxiety (Fig. 1).
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The central extended amygdala responds to a broad spectrum
of threats
Studies of nonhuman primates have enabled researchers to
obtain concurrent measures of naturalistic defensive behav-
iors, neuroendocrine activity, and whole-brain metabolic activity,

something rarely attempted in humans (Fig. 3a). Well-
established 18-fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) procedures make it possible to examine
changes in brain activity and behavior elicited by a variety of
ethologically relevant threats, including diffusely threatening

Figure 3. Assessing fear- and anxiety-relevant brain function in monkeys and humans. a, BST and Ce are related to sustained threat in young monkeys. In our nonhuman primate
model, we simultaneously assess behavior, neuroendocrine activity, and brain metabolism. At the beginning of the session, the monkey receives an injection of a radiotracer,
18-fluorodeoxyglucose (FDG) and is placed alone in a testing cage. Paralleling behavioral paradigms (e.g., “strange situation”) used to assess fear and anxiety in children, in some
experiments an unfamiliar human experimenter (“intruder”) enters the room and stands motionless outside the cage while presenting his or her profile to the subject. In contrast to other
forms of stress, such as direct threats, the adaptive response in this context is to inhibit vocalizations and freeze, decreasing the likelihood of detection by the intruder. Immediately
following the intruder challenge, plasma is collected for quantifying neuroendocrine activity (e.g., cortisol), and subjects are anesthetized and positioned in a stereotactic device within
the high-resolution, small-bore PET scanner. The PET scanner then measures the amount of FDG uptake during the preceding 30 min behavioral paradigm; regions that were more
metabolically active during the behavioral challenge take up more radiolabeled glucose. Metabolism in the Ce and BST is associated with heightened signs of fear and anxiety (fewer
vocalizations, more freezing, and elevated levels of the stress-sensitive hormone cortisol) during prolonged (30 min) exposure to the human intruder’s profile (n � 592) (Fox et al.,
2015b). b, Automated meta-analysis of “fear” and “anxiety” studies in humans reveals BST and Ce activation. Figure represents the minimum conjunction (logical “AND”) of thresholded
forward inference maps (q � 0.01) automatically generated by Neurosynth (Yarkoni et al., 2011) for studies tagged with the keyword “fear” (298 studies) or “anxiety” (312 studies). c,
Sustained BST activation during the uncertain anticipation of aversive images. Somerville et al. (2013) presented standardized negative or neutral images (3 s) (Lang et al., 1998) in blocks
(118 s) where the timing of presentations was either certain or uncertain. Analyses demonstrated that sustained activation in the BST closely tracked mean differences in self-reported
fear and anxiety across the four blocked conditions (i.e., uncertain-negative � certain-negative � uncertain-neutral � certain-neutral). Portions of this figure were adapted with
permission from Somerville et al. (2013) and Fox et al. (2015b).
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contexts (i.e., a novel testing cage) and more explicit cues (i.e.,
an unfamiliar human intruder’s profile) (Kalin and Shelton,
1989; Fox and Kalin, 2014; Fox et al., 2015a; Oler et al., 2016a).
Using this approach, we have demonstrated in studies incor-
porating as many as 592 individuals that metabolic activity in
both the amygdala and the BST is associated with heightened
signs of fear and anxiety (more freezing, fewer vocalizations,
and elevated levels of the stress-sensitive hormone cortisol)
during sustained (30 min) exposure to either diffusely threat-
ening contexts (Fox et al., 2005, 2008; Kalin et al., 2005) or
intruder threat (Kalin et al., 2005; Jahn et al., 2010; Oler et al.,
2010; Shackman et al., 2013; Fox et al., 2015b) (Fig. 3a). Im-
portantly, we used chemoarchitectonic techniques (i.e., sero-
tonin transporter binding, quantified in vivo using PET in an
independent sample) to more definitively localize the func-
tionally defined region of the amygdala to the Ce. Metabolic
activity in the Ce and BST is heritable; and BST metabolism, in
particular, is genetically correlated with behavioral and endo-
crine measures of intruder-elicited fear and anxiety (Fox et al.,
2015b).

In sum, a considerable body of nonhuman primate research
reveals similar functional profiles in the Ce and BST. Both regions
show elevated metabolism during prolonged exposure to poten-
tially dangerous contexts and cues, and this activity predicts con-
current variation in fear- and anxiety-relevant defensive
behaviors and endocrine activity. Although imaging research in
monkeys, which has relied heavily on FDG-PET techniques, lacks
the temporal resolution needed to cleanly dissociate phasic from
sustained neural responses (Fig. 3a), it provides an important
translational framework for the kinds of mechanistic research
that we describe later in the review.

A growing body of fMRI research in humans suggests that
the Ce and BST are similarly engaged by a range of threat-
related cues and contexts. There is ample evidence that the
amygdala, including the Ce, is recruited by a variety of threat-
related cues, including aversive images, Pavlovian shock-cues,
and emotional faces (Costafreda et al., 2008; Sergerie et al.,
2008; Fusar-Poli et al., 2009; Mechias et al., 2010; Vytal and
Hamann, 2010; Sabatinelli et al., 2011; Lindquist et al., 2012,
2016). Work using high-resolution fMRI (�1.5 mm 3) indi-
cates that the dorsal region of the amygdala in the region of the
Ce is particularly sensitive to aversive images (Hrybouski et
al., 2016). Increased activation in the dorsal amygdala, in turn,
is associated with elevated signs (e.g., startle potentiation, skin
conductance) and symptoms (i.e., ratings) of arousal in re-
sponse to acute threat (e.g., Pavlovian threat cues) (LaBar et
al., 1998; Knight et al., 2005; Cheng et al., 2006, 2007; van Well
et al., 2012; Wood et al., 2014; Kragel and LaBar, 2015). Fur-
thermore, multivoxel classifier analyses suggest that the dorsal
amygdala is an important component of a larger circuit that
supports heightened distress and negative affect in response to
aversive images (Chang et al., 2015).

The human imaging literature indicates that the BST, like the
Ce, is recruited by a broad spectrum of potentially threat-relevant
cues. As shown in Figure 3b, an automated meta-analysis gener-
ated using Neurosynth (Yarkoni et al., 2011) reveals that studies
of “fear” (298 studies) and “anxiety” (312 studies) consistently
report activation in the vicinity of the Ce and the BST, although
the latter region is rarely labeled as such for a variety of reasons
(e.g., due to omission from automated labeling tools) (Fox et
al., 2015a). Paralleling the Ce, BST activation and functional
connectivity covary with threat-elicited changes in cardiovas-
cular activity, skin conductance, and self-reported fear and

anxiety (Somerville et al., 2013; McMenamin et al., 2014; Al-
varez et al., 2015; Banihashemi et al., 2015). Together, this
physiological evidence shows that both subdivisions of the
central extended amygdala are recruited by a variety of threat-
related cues and predict concurrent changes in peripheral
physiology and emotional experience, converging with the re-
sults of imaging research performed in monkeys.

Recent fMRI studies have begun to more directly assess the
relevance of the Davis model, which was largely derived from
rodent studies, to humans. As shown in Figure 2a, Davis and
colleagues originally hypothesized that the Ce and BST differ in at
least two crucial ways: the kind of threat each is most sensitive to
(certain/specific vs uncertain/diffuse) and the time course of
their response (phasic vs sustained). Consistent with this hypoth-
esis, several studies have demonstrated that the BST shows a per-
sistent hemodynamic response during the uncertain anticipation
of noxious reinforcers, such as shock or aversive images, whereas
the dorsal amygdala shows more transient responses (Alvarez et
al., 2011; Grupe et al., 2013; Somerville et al., 2013; McMenamin
et al., 2014; Herrmann et al., 2016). In one of the most compelling
examples, Somerville and colleagues presented either aversive or
neutral images (3 s) in relatively long blocks (118 s) where the
timing of image presentations was either certain or uncertain
(Fig. 3c). These unique design features are important because
they afford a crucial opportunity to double-dissociate phasic (to
3 s certain threat) from sustained (i.e., to 118 s uncertain threat)
responses in the same individuals. Analyses revealed transient
activation in the amygdala in response to the negative images,
whereas the BST showed persistent activation during negative-
versus-neutral blocks and during uncertain-versus-certain blocks.
Furthermore, the level of sustained activation in the BST closely
tracked mean differences in self-reported fear and anxiety across the
four blocked conditions (i.e., uncertain-negative � certain-nega-
tive � uncertain-neutral � certain-neutral). Despite some limita-
tions (e.g., perceptual confounds, failing to test the Region �
Condition interaction), these results are consistent with the idea that
the central extended amygdala is functionally segregated, providing
important support for the translational relevance of Davis and col-
leagues’ original model.

On the other hand, a growing number of human imaging
studies are difficult to reconcile with the early Davis model.
Several studies have found heightened amygdala activation
during the anticipation of uncertain threat (Andreatta et al.,
2015; Williams et al., 2015). For example, Andreatta et al.
(2015) observed sustained activation, verified using a finite
impulse response model, in the region of the Ce during expo-
sure to a virtual-reality context (30 s) paired with unpredict-
able electric shocks (Fig. 2b). Other work has revealed phasic
responses in the region of the BST to punctate threats, such as
a 4 s video clip of a tarantula that appears to approach the
subject’s foot (Mobbs et al., 2010; Choi et al., 2012; Grupe et
al., 2013; Klumpers et al., 2015). Likewise, a recent large-scale
imaging study (n � 168) reported phasic activation of the BST
in response to 4 s cues that coterminated with shock delivery
(Klumpers et al., 2015), consistent with evidence that a sub-
stantial proportion of BST neurons exhibit short-latency
responses during exposure to both acute threat and diffusely
threatening environments in rodents (Gungor and Paré,
2016).

On balance, the neuroimaging literature demonstrates that
the Ce and the BST show similar functional profiles. Human
studies provide compelling evidence that both subdivisions of the
central extended amygdala respond to a broad spectrum of aver-
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sive stimuli, including the anticipation of uncertain threat, and
are correlated with concurrent changes in peripheral physiology
and emotional experience. Across studies, both regions show
transient responses to clear and immediate threat (�10 s) and
both show sustained responses in contexts associated with uncer-
tain, longer-lasting threat (�30 s). In studies of monkeys, both
regions show increased metabolic activity during sustained expo-
sure (30 min) to novel contexts and potential threat. The upshot
of this work is that claims of strict phenomenological and ana-
tomical segregation in the central extended amygdala (i.e., “the
amygdala mediates fear [phasic responses], whereas the BST me-
diates anxiety [sustained responses];” Fig. 2a), as described in the
earlier model of Davis and colleagues, are clearly unwarranted.
Although the nature of their differential contributions remains
unclear, both subdivisions of the central extended amygdala ap-
pear to play an important role in evaluating threat and promoting
feelings of fear and anxiety.

The central extended amygdala is a crucial substrate for fear
and anxiety
Converging lines of mechanistic evidence gleaned from studies of
monkeys, rodents, and humans demonstrate that the Ce is a
crucial substrate for fear and anxiety. In monkeys, excitotoxic Ce
lesions markedly reduce the defensive behaviors and endocrine
activity normally elicited by sustained exposure to the human
intruder’s profile or by acute exposure to a live snake (Kalin et al.,
2004). Conversely, genetic manipulations that increase Ce
metabolism (i.e., via viral vector-mediated overexpression of
corticotrophin-releasing hormone) potentiate defensive re-
sponses during prolonged exposure to intruder threat (Kalin et
al., 2016). These experimental observations in monkeys dovetail
with evidence that humans with circumscribed amygdala damage
show a profound lack of fear and anxiety to diffusely threatening
contexts (e.g., walking through a haunted house) as well as
more acute threats (e.g., spiders, snakes, Pavlovian threat cues)
(Bechara et al., 1995; Feinstein et al., 2011). Furthermore, pa-
tients report abnormally low levels of dispositional fear and anx-
iety on standardized psychometric measures (Feinstein et al.,
2011), consistent with more informal clinician ratings of temper-
ament (Tranel et al., 2006).

Although the causal contribution of the BST to fear and anx-
iety in monkeys or humans has yet to be explored, surgical lesions
to the orbitofrontal cortex (OFC) in monkeys have been shown
to disrupt freezing during sustained exposure to intruder threat,
and this appears to be mediated by a downstream reduction in
BST metabolic activity (Kalin et al., 2007; Fox et al., 2010). Hu-
mans with OFC damage also show reduced blood flow to the BST
(Motzkin et al., 2015), further suggesting that these two regions
work closely together to orchestrate and regulate responses to
sustained threat (Fig. 1).

As described in much more detail in the accompanying review
by Gungor and Paré (2016) and other recent commentaries (Cal-
hoon and Tye, 2015; Janak and Tye, 2015; Tovote et al., 2015),
mechanistic work in rodents suggests that the circuits supporting
phasic and sustained responses to threat are highly overlapping.
For example, inactivation of the Ce attenuates phasic responses to
acute threat (Wilensky et al., 2006; Ciocchi et al., 2010; Li et al.,
2013) and learning-dependent plasticity within the CeL is re-
quired for the acquisition of Pavlovian fear conditioning (Cioc-
chi et al., 2010). But there is also evidence that excitotoxic BST
lesions can attenuate defensive responses elicited by cues as
short as 20 s (Kiyokawa et al., 2015). Likewise, both regions play a
critical for role in regulating sustained responses to diffusely

threatening contexts (Moreira et al., 2007; Zimmerman et al.,
2007; Duvarci et al., 2009; Zimmerman and Maren, 2011; Jen-
nings et al., 2013; Kim et al., 2013). Other work demonstrates that
the CeL and BST both contribute to the overgeneralization of fear
and anxiety to Pavlovian safety cues (Duvarci et al., 2009; Ciocchi
et al., 2010). Although researchers have sometimes interpreted
null effects as indicating that the BST is “not necessary for” or
“not involved in” triggering phasic responses to briefly presented
(�60 s) threat cues or contexts (e.g., Hammack et al., 2015), the
degree to which the experimental (e.g., lesion) and control
groups are statistically equivalent (Seaman and Serlin, 1998) re-
mains unexplored. Moreover, the translational relevance of
much of this work remains unknown, making it an important
avenue for future research in humans or monkeys.

Collectively, these observations demonstrate that the Ce and
the BST both regulate sustained defensive responses elicited by
prolonged exposure to threatening cues and contexts, contrary to
earlier versions of the Davis model. This body of research also
reveals a critical role for the CeL in triggering phasic responses to
acute threat, and highlights a potentially important role for the
BST in assembling states of fear and anxiety in response to rela-
tively brief threat cues. Both findings are at odds with the refor-
mulated Davis model. Finally, work in rodents indicates that both
subdivisions of the central extended amygdala are mechanisti-
cally involved in the overgeneralization of fear- and anxiety-
related responses to acute safety cues. The latter observation is
particularly interesting because overgeneralization is known to
confer elevated risk for the development of anxiety disorders
(Craske et al., 2012; Lenaert et al., 2014; Barker et al., 2015) and
consistently distinguishes anxiety patients from psychiatrically
healthy control subjects across a range of specific diagnoses
(Kheirbek et al., 2012; Lissek, 2012; Grupe and Nitschke, 2013;
Duits et al., 2015).

An integrative perspective on fear and anxiety
The anatomical, physiological, and mechanistic evidence that
we have reviewed shows that the central extended amygdala is
a tightly interconnected functional unit, one that is poised to
assemble states of fear and anxiety in response to a variety of
aversive challenges. Imaging studies show that activity in the
Ce and the BST covaries with signs and symptoms of fear and
anxiety. Both subdivisions are engaged by uncertain, ambigu-
ous, or temporally remote threat. Both show phasic responses
to fleeting challenges and both show heightened activity dur-
ing sustained exposure to novelty or threat. Mechanistic stud-
ies demonstrate that the Ce and BST both play a critical role in
controlling sustained responses to diffuse or uncertain threat.
These observations make it clear that claims that the central
extended amygdala is strictly segregated are no longer tenable
and suggest the need to reevaluate the Research Domain Cri-
teria constructs of Acute Threat (Fear) and Potential Threat
(Anxiety). This perspective is not a new theory. Indeed, much
of the data and many of the ideas that we have described are
already well-known among select groups of neuroscientists. It
is instead a synthesis of earlier suggestions and new data into a
clear working hypothesis about the contributions of the Ce
and the BST to fear and anxiety. In the next section, we delin-
eate the kinds of evidence that will be required to refine it and,
ultimately, to understand the differential contributions of cir-
cuits centered on these two regions to fear, anxiety, and hu-
man disease.
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A roadmap to future challenges
Research conducted in the half-decade since the publication of
the reformulated Davis model has yielded a number of impor-
tant and exciting new insights into the contributions of the Ce
and the BST to fear and anxiety. Still, it is equally clear that our
understanding remains far from complete and that consider-
able work remains if we are to understand the precise func-
tional architecture and relevance of the central extended
amygdala to fear and anxiety. Here, we outline some of the
most crucial challenges for future research and some specific
strategies and guidelines for addressing them.

Rigorous methods
Understanding the neurobiology of fear and anxiety requires
that we determine how the Ce, the BST, and other brain re-
gions represent and respond to different kinds of threat.
Threats differ along several major dimensions — probability,
imminence (i.e., physical distance or temporal latency), and
duration (Fanselow and Lester, 1988; Blanchard et al., 1989;
Fanselow, 1989, 1994; Blanchard et al., 2001; Mobbs and Kim,
2015; Mobbs et al., 2015) — and there is compelling evidence
that these dimensions are psychiatrically relevant (Davis et al.,
2010; Craske et al., 2012; Bradford et al., 2013; Duits et al.,
2015; Shackman et al., 2016). Yet, we know remarkably little
about how the brain represents and differentially responds to
them. Although important strides have been made (Mobbs et
al., 2010; Somerville et al., 2013), conceptual progress has been
slowed by the use of paradigms and assays that confound these
dimensions (e.g., if vs when threat will occur; brief cues vs
prolonged contexts).

Drawing strong inferences about the neural systems sup-
porting phasic and sustained responses to different dimen-
sions of threat requires the use of well-matched tasks, both in
humans (Luck, 2005; Shackman et al., 2006) and in animals
(Hammack et al., 2015). Tasks must be equated for motor
requirements and perceptual characteristics, including paired
reinforcers (e.g., shocks, aversive images). Investigators
should be cautious when comparing neural activity or behav-
ior across tasks that markedly differ in duration or number of
trials (i.e., in the variance of the read-out), as in paradigms
where long blocks are compared with brief events. Parametric
manipulations of threat probability (if threat will occur), im-
minence (when or where it will occur), and duration (as in
Mobbs et al., 2010; Bradford et al., 2013) would be particularly
useful. The use of dynamic parametric tasks (e.g., where threat
imminence or probability is smoothly and continuously var-
ied) would also afford powerful new opportunities for under-
standing the kinds of uncertainty most relevant to fear and
anxiety (Bach and Dolan, 2012; de Berker et al., 2016) and for
identifying circuits involved in triggering behavioral and
physiological “phase transitions” (Mobbs and Kim, 2015;
Mobbs et al., 2015) (e.g., from vigilance to behavioral inhibi-
tion to active defense). Putative double dissociations need to
be rigorously assessed by testing the appropriate Region �
Condition interaction (as in Somerville et al., 2010). Absent
that, claims of anatomical dissociation are unwarranted.
Likewise, concluding that a particular brain region is “not
involved” in a complex, multidimensional psychological func-
tion, like “fear,” based on a null statistical test or a single assay
is unwarranted (Seaman and Serlin, 1998; Button et al., 2013a;
for more general statistical recommendations, see Button et
al., 2013b).

Human studies also provide a crucial opportunity to estab-
lish the neural mechanisms underlying subjective symptoms
of fear and anxiety, something that cannot be assessed in ani-
mal models (Anderson and Adolphs, 2014; LeDoux, 2015). To
this end, it is will be critical for human studies to verify the
presence of target emotions separately for each task (Shack-
man et al., 2006) and examine relations with ongoing neural
activity (Heller et al., 2014). For correlational techniques, such
as fMRI, trial-by-trial relations between neural signals and
emotional experience provide one of the strongest and most
direct links between the brain and emotion (Lim et al., 2009;
Atlas et al., 2010). Multivoxel classifier approaches, in which
machine learning techniques are used to identify patterns of
activation predictive of subjective states, are also likely to be
fruitful (Wager et al., 2013; Woo et al., 2014; Chang et al.,
2015).

Neuroanatomy
Understanding the contributions of the extended amygdala to
fear and anxiety in humans requires that neuroimaging re-
searchers begin to more fully engage with its neuroanatomical
complexity. Although imaging studies reporting amygdala ac-
tivation number in the thousands, far fewer studies report
activations in the BST. This discrepancy partially reflects the
fact that automated tools for assigning anatomical labels to
activation clusters do not yet include the BST, although prob-
abilistic anatomical masks have recently become available
(Avery et al., 2014; Torrisi et al., 2015). As a consequence,
investigators without a strong background in neuroanatomy
may not realize that a cluster encompasses the BST or may
mis-assign it to neighboring regions in the basal ganglia. Even
those familiar with the BST often remain cautious in assigning
this label, given the limited spatial resolution afforded by
fMRI (Shmuel et al., 2007; Chaimow et al., 2011) (i.e., the
upper limit of resolution at 3 Tesla, the field strength of most
MRI scanners, is �3.5 mm). Researchers should continue to
approach cluster labeling with caution. Provisional BST clus-
ters should always be compared with an atlas (e.g., Mai et al.,
2007). Diffusion-weighted imaging approaches can be used to
enhance confidence that an activation cluster includes the BST
(e.g., via tracing of the amygdalofugal pathway linking the Ce
to the BST). It can also be helpful to assess whether provisional
BST clusters lie outside of neighboring regions incorporated
in automated atlases (i.e., a Boolean NOT with nucleus ac-
cumbens, globus pallidus, and caudate) (Fox et al., 2015b).
Traditional and automated atlases can also be used to assign
more specific labels to clusters that encompass the amygdala.
In vivo chemoarchitectonic techniques (i.e., serotonin trans-
porter expression quantified using PET) can be used to more
definitively localize the CeL (Oler et al., 2010; Shackman et al.,
2013). Regardless of the anatomical label ultimately assigned
(e.g., “basal forebrain/BST” or “dorsal amygdala in the vicin-
ity of the Ce”), it is clear that increased attention to the func-
tional neuroanatomy of the central extended amygdala will
reveal important information relevant to understanding the
neurobiology of fear and anxiety.

Coordinated cross-species research
Much of the data that we have reviewed comes from brain
imaging studies. Aside from unresolved questions about the
origins and significance of the measured signals (Logothetis,
2008; O’Herron et al., 2016), the most important limitation of
these techniques is that they cannot address causation. A cru-
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cial challenge for future studies is to develop a mechanistic
understanding of the distributed neural circuits that support
the expression of normal and pathological fear and anxiety. In
particular, virtually nothing is known about the causal contri-
bution of the BST to fear and anxiety in primates, including
humans. Addressing these fundamental questions mandates
coordinated research efforts in humans and animals. For ex-
ample, mechanistic techniques (e.g., viral vector, chemoge-
netic, or optogenetic techniques) in animal models can be
combined with the same whole-brain imaging strategies rou-
tinely applied in humans, enabling the development of inte-
grated, bidirectional translational models of fear and anxiety
(compare Borsook et al., 2006; Fox et al., 2010; Desai et al.,
2011; Casey et al., 2013; Ferenczi et al., 2016). Combining
targeted mechanistic interventions with whole-brain imaging
is particularly valuable for determining whether changes in
behavior are mediated by alterations in the function of down-
stream regions (e.g., BST), as occurs following OFC lesions in
monkeys (Fox et al., 2010) or OFC damage in humans (Motz-
kin et al., 2015). The development and refinement of bidi-
rectional translational models of fear and anxiety that incor-
porate optogenetic or chemogenetic techniques would also
open the door to identifying the specific molecules, cells, and
subregions of the central extended amygdala that mediate ef-
fects detected in imaging studies (compare to Ferenczi et al.,
2016). Combining fMRI in humans with cognitive-behavioral,
neurofeedback, or pharmacological interventions (e.g., anx-
iolytics) would provide another opportunity for understand-
ing how regional changes in brain activity alter circuit
function and, ultimately, the signs and symptoms of fear and
anxiety (Paulus et al., 2005; Stoeckel et al., 2014; deBetten-
court et al., 2015; Duff et al., 2015; Schnyer et al., 2015). Like
other psychological processes and psychiatric disorders, fear
and anxiety reflect the coordinated activity of distributed neu-
ral circuits (McMenamin et al., 2014; Janak and Tye, 2015;
Shackman et al., 2015). Thus, it will also be crucial to under-
stand how the Ce and BST functionally interact with one an-
other (Gungor and Paré, 2016) and with other regions
involved in fear and anxiety (Fox et al., 2010, 2015b; Shack-
man et al., 2011; Cavanagh and Shackman, 2015) to evaluate
and respond to different dimensions of threat.

The real world and the clinic
Most studies of fear and anxiety rely on a limited number of
well-controlled, but highly artificial, manipulations (e.g., elec-
tric shock), collected under unnatural conditions. Although
these methods have afforded a number of important insights,
the real-world relevance of the central extended amygdala and
other brain systems that control the expression of fear and
anxiety remains unclear. Recent work combining fMRI with
experience-sampling techniques underscores the value of this
approach for identifying the neural circuits underlying varia-
tion in naturalistic mood and behavior (Forbes et al., 2009;
Berkman and Falk, 2013; Lopez et al., 2014; Heller et al., 2015),
a depth of understanding that cannot be achieved in animal
models or using isolated measures of brain function. Although
there is emerging evidence that the BST is sensitized in pa-
tients with anxiety disorders (Straube et al., 2007; Yassa et al.,
2012; Münsterkötter et al., 2015), nothing is known about the
contribution of the BST to the first emergence of psychopa-
thology. Prospective longitudinal imaging studies would pro-
vide a valuable opportunity to discover the relevance of central
extended amygdala function to the development of patholog-

ical fear and anxiety (Admon et al., 2009; McLaughlin et al.,
2014; Swartz et al., 2015).

In conclusion, a wide variety of evidence demonstrates that the
central extended amygdala plays a crucial role in evaluating and
responding to a range of threat-related cues and contexts. Across a
variety of imaging paradigms, the Ce and BST have both proven
sensitive to uncertain or temporally remote threat; both covary with
threat-elicited changes in behavior, physiology, and emotional expe-
rience; both show phasic responses to acute threat cues; and both
show heightened activity during sustained exposure to novel or dif-
fusely threatening contexts. Work in rats and mice shows that both
regions can control sustained responses to threat and that both re-
gions are critically involved in the overgeneralization of phasic fear
and anxiety to safety cues. In light of this evidence, the claim that that
extended amygdala is strictly segregated into fear- and anxiety-
related subdivisions is no longer tenable. Put simply, the Ce and BST
are more alike than different. Developing a more detailed under-
standing of their common and distinct functions is important and
promises to enrich our understanding of the central extended
amygdala’s role in emotion and temperament and accelerate the
development of improved intervention strategies for pathological
fear and anxiety.

Response from Dual Perspective Companion Authors–
Nur Zeynep Gungor and Denis Paré

Shackman and Fox’s perspective paper is an important and
insightful contribution to the fear and anxiety literature.
First, it reviews recent human fMRI and monkey PET stud-
ies, highlighting an emerging picture: contrary to earlier
views, activation of Ce and BNST occurs in response to both
short, highly probable and long, uncertain threats. Thus,
the former notion that Ce and BNST are differentially in-
volved in fear versus anxiety is impeding rather than facili-
tating our understanding of negative emotional states.

Second, Shackman and Fox remind the human research
community that BNST, not only the amygdala, should be
considered in fear and anxiety studies. They draw attention
to the fact that BNST is often mislabeled or ignored in hu-
man studies due to obstacles, such as low spatial resolution
or omission from automated labeling software. This is in-
deed unfortunate because one of the main advantages of
fMRI is visualization of the whole brain in vivo. Although
such noninvasive methods do not allow mechanistic inves-
tigations of BNST-Ce interactions, they can generate invalu-
able data regarding the experimental conditions that
activate this network. For instance, threatening stimuli can
be more easily manipulated along certainty, duration, and
imminence dimensions in human studies than in rodent
studies. Moreover, brain activation in response to such
stimuli can be compared within the same subjects. And a
vast array of experimental manipulations can be used to
reveal the functional connectivity between BNST and Ce,
potentially guiding the design of rodent experiments by
“reverse translation.” Last, human studies can relate func-
tional assessments of BNST and Ce activity to verbal reports
of subjective feelings, measures of personality, and clinical
diagnoses.
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Therefore, we support Shackman and Fox’s call to make
BNST an integral part of human fear and anxiety re-
search and agree that integrative approaches across spe-
cies are needed. Using rodents, much research has been
conducted on BNST in the past decade, thanks to the
influential model put forward by Walker and Davis. As
we have explained in our perspective paper, BNST and Ce
are comprised of many subnuclei and cell types that exert
antagonistic effects on behavior. However, investigating
the precise interactions between these elements is exclu-
sively the realm of animal research, at least for the time
being.

Last, Shackman and Fox remind us of the confusion sur-
rounding the terms fear and anxiety. The demarcation
between the two is not always clear, and some use these
terms interchangeably. Although we believe that fear and
anxiety can be distinguished based on the threat’s immi-
nence, probability, and duration, we agree that, in some
circumstances, the undifferentiated term “fear and anx-
iety” is a better choice. At least, this approach will con-
tribute to extinguish strict dichotomous views of
negative emotional states and promote the idea of com-
mon underlying neural substrates.
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Shackman and Fox • Central Extended Amygdala and Fear and Anxiety J. Neurosci., August 3, 2016 • 36(31):8050 – 8063 • 8059

http://dx.doi.org/10.1073/pnas.0903183106
http://www.ncbi.nlm.nih.gov/pubmed/19666562
http://dx.doi.org/10.1016/0306-4522(88)90217-5
http://www.ncbi.nlm.nih.gov/pubmed/3059226
http://dx.doi.org/10.1016/j.neuroimage.2010.11.057
http://www.ncbi.nlm.nih.gov/pubmed/21111828
http://dx.doi.org/10.1038/tp.2015.84
http://www.ncbi.nlm.nih.gov/pubmed/26125154
http://dx.doi.org/10.1016/j.cell.2014.03.003
http://www.ncbi.nlm.nih.gov/pubmed/24679535
http://dx.doi.org/10.1016/j.cortex.2014.09.014
http://www.ncbi.nlm.nih.gov/pubmed/25460498
http://dx.doi.org/10.1523/JNEUROSCI.0057-10.2010
http://www.ncbi.nlm.nih.gov/pubmed/20881115
http://dx.doi.org/10.1016/j.neuroimage.2014.01.017
http://www.ncbi.nlm.nih.gov/pubmed/24444996
http://dx.doi.org/10.1038/npp.2015.185
http://www.ncbi.nlm.nih.gov/pubmed/26105138
http://dx.doi.org/10.1007/s00213-002-1011-8
http://www.ncbi.nlm.nih.gov/pubmed/12021826
http://www.ncbi.nlm.nih.gov/pubmed/22781958
http://dx.doi.org/10.1093/scan/nsu073
http://www.ncbi.nlm.nih.gov/pubmed/24847113
http://dx.doi.org/10.1111/psyp.12517
http://www.ncbi.nlm.nih.gov/pubmed/26332665
http://dx.doi.org/10.1037/0003-066X.55.11.1247
http://www.ncbi.nlm.nih.gov/pubmed/11280938
http://dx.doi.org/10.1126/science.7652558
http://www.ncbi.nlm.nih.gov/pubmed/7652558
http://dx.doi.org/10.1177/0963721412469394
http://www.ncbi.nlm.nih.gov/pubmed/24478540
http://dx.doi.org/10.1038/mp.2014.46
http://www.ncbi.nlm.nih.gov/pubmed/24863147
http://dx.doi.org/10.1016/S0149-7634(01)00009-4
http://www.ncbi.nlm.nih.gov/pubmed/11378177
http://dx.doi.org/10.1038/nrd2027
http://www.ncbi.nlm.nih.gov/pubmed/16604100
http://dx.doi.org/10.1126/scitranslmed.3008320
http://www.ncbi.nlm.nih.gov/pubmed/25122640
http://dx.doi.org/10.1177/0956797613499923
http://www.ncbi.nlm.nih.gov/pubmed/24145332
http://dx.doi.org/10.1038/nrn3475
http://www.ncbi.nlm.nih.gov/pubmed/23571845
http://dx.doi.org/10.1038/nrn3475-c4
http://www.ncbi.nlm.nih.gov/pubmed/23820778
http://dx.doi.org/10.1038/sj.mp.4001852
http://www.ncbi.nlm.nih.gov/pubmed/16847460
http://dx.doi.org/10.1038/nn.4101
http://www.ncbi.nlm.nih.gov/pubmed/26404714
http://dx.doi.org/10.1038/nrn3621
http://www.ncbi.nlm.nih.gov/pubmed/24135697
http://dx.doi.org/10.1016/j.jphysparis.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24787485
http://dx.doi.org/10.1016/j.neuroimage.2010.09.037
http://www.ncbi.nlm.nih.gov/pubmed/20868757
http://dx.doi.org/10.1371/journal.pbio.1002180
http://www.ncbi.nlm.nih.gov/pubmed/26098873
http://dx.doi.org/10.1037/0735-7044.120.5.1187
http://www.ncbi.nlm.nih.gov/pubmed/17201461
http://dx.doi.org/10.1101/lm.632007
http://www.ncbi.nlm.nih.gov/pubmed/17626906
http://dx.doi.org/10.1016/j.neuroimage.2011.08.102
http://www.ncbi.nlm.nih.gov/pubmed/21939773


ing of conditioned fear in central amygdala inhibitory circuits. Nature
468:277–282. CrossRef Medline

Collins PY, Patel V, Joestl SS, March D, Insel TR, Daar AS, Daar AS, Anderson
W, Dhansay MA, Phillips A, Shurin S, Walport M, Ewart W, Savill SJ,
Bordin IA, Costello EJ, Durkin M, Fairburn C, Glass RI, Hall W, et al.
(2011) Grand challenges in global mental health. Nature 475:27–30.
CrossRef Medline

Costafreda SG, Brammer MJ, David AS, Fu CH (2008) Predictors of
amygdala activation during the processing of emotional stimuli: a meta-
analysis of 385 PET and fMRI studies. Brain Res Rev 58:57–70. CrossRef
Medline

Craske MG, Wolitzky-Taylor KB, Mineka S, Zinbarg R, Waters AM, Vrshek-
Schallhorn S, Epstein A, Naliboff B, Ornitz E (2012) Elevated respond-
ing to safe conditions as a specific risk factor for anxiety versus depressive
disorders: evidence from a longitudinal investigation. J Abnorm Psychol
121:315–324. CrossRef Medline

Davis J, Maes M, Andreazza A, McGrath JJ, Tye SJ, Berk M (2015) Towards
a classification of biomarkers of neuropsychiatric disease: from encom-
pass to compass. Mol Psychiatry 20:152–153. CrossRef Medline

Davis M (1998) Are different parts of the extended amygdala involved in
fear versus anxiety? Biol Psychiatry 44:1239 –1247. CrossRef Medline

Davis M (2006) Neural systems involved in fear and anxiety measured with
fear-potentiated startle. Am Psychol 61:741–756. CrossRef Medline

Davis M, Walker DL, Lee Y (1997) Roles of the amygdala and bed nucleus of
the stria terminalis in fear and anxiety measured with the acoustic startle
reflex: possible relevance to PTSD. Ann N Y Acad Sci 821:305–331.
CrossRef Medline

Davis M, Walker DL, Miles L, Grillon C (2010) Phasic vs sustained fear in
rats and humans: role of the extended amygdala in fear vs anxiety. Neu-
ropsychopharmacology 35:105–135. CrossRef Medline

Davis M, Whalen PJ (2001) The amygdala: vigilance and emotion. Mol Psy-
chiatry 6:13–34. CrossRef

de Berker AO, Rutledge RB, Mathys C, Marshall L, Cross GF, Dolan RJ,
Bestmann S (2016) Computations of uncertainty mediate acute stress
responses in humans. Nat Commun 7:10996. CrossRef Medline

deBettencourt MT, Cohen JD, Lee RF, Norman KA, Turk-Browne NB
(2015) Closed-loop training of attention with real-time brain imaging.
Nat Neurosci 18:470 – 475. CrossRef Medline

deCampo DM, Fudge JL (2013) Amygdala projections to the lateral bed
nucleus of the stria terminalis in the macaque: comparison with ventral
striatal afferents. J Comp Neurol 521:3191–3216. CrossRef Medline

Desai M, Kahn I, Knoblich U, Bernstein J, Atallah H, Yang A, Kopell N,
Buckner RL, Graybiel AM, Moore CI, Boyden ES (2011) Mapping brain
networks in awake mice using combined optical neural control and fMRI.
J Neurophysiol 105:1393–1405. CrossRef Medline

DiLuca M, Olesen J (2014) The cost of brain diseases: a burden or a chal-
lenge? Neuron 82:1205–1208. CrossRef Medline

Duff EP, Vennart W, Wise RG, Howard MA, Harris RE, Lee M, Wartolowska
K, Wanigasekera V, Wilson FJ, Whitlock M, Tracey I, Woolrich MW,
Smith SM (2015) Learning to identify CNS drug action and efficacy
using multistudy fMRI data. Sci Transl Med 7:274ra216. CrossRef
Medline

Duits P, Cath DC, Lissek S, Hox JJ, Hamm AO, Engelhard IM, Hout MA, Baas
JM (2015) Updated meta-analysis of classical fear conditioning in the
anxiety disorders. Depress Anxiety 32:239 –253. CrossRef Medline
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Tovote P, Fadok JP, Lüthi A (2015) Neuronal circuits for fear and anxiety.
Nat Rev Neurosci 16:317–331. CrossRef Medline

Tranel D, Gullickson G, Koch M, Adolphs R (2006) Altered experience of
emotion following bilateral amygdala damage. Cogn Neuropsychiatry 11:
219 –232. CrossRef Medline

van Well S, Visser RM, Scholte HS, Kindt M (2012) Neural substrates of
individual differences in human fear learning: evidence from concurrent
fMRI, fear-potentiated startle, and US-expectancy data. Cogn Affect Be-
hav Neurosci 12:499 –512. CrossRef Medline

Vytal K, Hamann S (2010) Neuroimaging support for discrete neural cor-
relates of basic emotions: a voxel-based meta-analysis. J Cogn Neurosci
22:2864 –2885. CrossRef Medline

Wager TD, Barrett LF, Bliss-Moreau E, Lindquist K, Duncan S, Kober H,
Joseph J, Davidson M, Mize J (2008) The neuroimaging of emotion. In:
The handbook of emotion, Ed 3 (Lewis M, Haviland-Jones JM, Barrett LF,
eds), pp 249 –271. New York: Guilford.

8062 • J. Neurosci., August 3, 2016 • 36(31):8050 – 8063 Shackman and Fox • Central Extended Amygdala and Fear and Anxiety

http://dx.doi.org/10.1073/pnas.1009076107
http://www.ncbi.nlm.nih.gov/pubmed/21059963
http://dx.doi.org/10.3389/fnins.2015.00055
http://www.ncbi.nlm.nih.gov/pubmed/25852451
http://dx.doi.org/10.1016/j.brainresbull.2006.10.004
http://www.ncbi.nlm.nih.gov/pubmed/17259015
http://dx.doi.org/10.1016/j.cortex.2014.11.013
http://www.ncbi.nlm.nih.gov/pubmed/25569763
http://dx.doi.org/10.1002/da.22382
http://www.ncbi.nlm.nih.gov/pubmed/26115440
http://www.ncbi.nlm.nih.gov/pubmed/14478601
http://www.ncbi.nlm.nih.gov/pubmed/411830
http://dx.doi.org/10.1038/nature17965
http://www.ncbi.nlm.nih.gov/pubmed/27281215
http://dx.doi.org/10.1038/nature09282
http://www.ncbi.nlm.nih.gov/pubmed/20703306
http://dx.doi.org/10.1007/s00429-016-1198-9
http://www.ncbi.nlm.nih.gov/pubmed/26908365
http://dx.doi.org/10.1001/archpsyc.62.3.282
http://www.ncbi.nlm.nih.gov/pubmed/15753241
http://dx.doi.org/10.1101/lm.039180.115
http://www.ncbi.nlm.nih.gov/pubmed/26286652
http://dx.doi.org/10.1523/jneurosci.4166-13.2014
http://dx.doi.org/10.1016/j.biopsych.2012.10.003
http://www.ncbi.nlm.nih.gov/pubmed/23164370
http://dx.doi.org/10.1146/annurev-psych-122414-033729
http://www.ncbi.nlm.nih.gov/pubmed/26393866
http://dx.doi.org/10.1016/j.neuroimage.2010.10.011
http://www.ncbi.nlm.nih.gov/pubmed/20951215
http://dx.doi.org/10.1016/j.tics.2014.11.007
http://www.ncbi.nlm.nih.gov/pubmed/25496670
http://dx.doi.org/10.1186/s13587-015-0016-y
http://www.ncbi.nlm.nih.gov/pubmed/25905002
http://dx.doi.org/10.1037/1082-989X.3.4.403
http://dx.doi.org/10.1016/j.neubiorev.2007.12.002
http://www.ncbi.nlm.nih.gov/pubmed/18316124
http://dx.doi.org/10.1037/1528-3542.6.1.40
http://www.ncbi.nlm.nih.gov/pubmed/16637749
http://dx.doi.org/10.1038/nrn2994
http://www.ncbi.nlm.nih.gov/pubmed/21331082
http://dx.doi.org/10.1073/pnas.1214364110
http://www.ncbi.nlm.nih.gov/pubmed/23538303
http://dx.doi.org/10.1017/S0140525X14001010
http://www.ncbi.nlm.nih.gov/pubmed/26786470
http://dx.doi.org/10.1016/S0006-3223(01)01263-X
http://www.ncbi.nlm.nih.gov/pubmed/11704071
http://dx.doi.org/10.1016/j.neuroimage.2006.12.030
http://www.ncbi.nlm.nih.gov/pubmed/17306989
http://dx.doi.org/10.1016/j.biopsych.2010.04.002
http://www.ncbi.nlm.nih.gov/pubmed/20497902
http://dx.doi.org/10.1093/cercor/bhr373
http://www.ncbi.nlm.nih.gov/pubmed/22250290
http://dx.doi.org/10.1016/j.neuroimage.2007.06.023
http://www.ncbi.nlm.nih.gov/pubmed/17681799
http://dx.doi.org/10.1016/j.nicl.2014.07.002
http://www.ncbi.nlm.nih.gov/pubmed/25161891
http://dx.doi.org/10.1016/j.neuron.2014.12.055
http://www.ncbi.nlm.nih.gov/pubmed/25654256
http://dx.doi.org/10.1002/hbm.22899
http://www.ncbi.nlm.nih.gov/pubmed/26178381
http://dx.doi.org/10.1038/nrn3945
http://www.ncbi.nlm.nih.gov/pubmed/25991441
http://dx.doi.org/10.1080/13546800444000281
http://www.ncbi.nlm.nih.gov/pubmed/17354069
http://dx.doi.org/10.3758/s13415-012-0089-7
http://www.ncbi.nlm.nih.gov/pubmed/22451349
http://dx.doi.org/10.1162/jocn.2009.21366
http://www.ncbi.nlm.nih.gov/pubmed/19929758


Wager TD, Atlas LY, Lindquist MA, Roy M, Woo CW, Kross E (2013) An
fMRI-based neurologic signature of physical pain. N Engl J Med 368:
1388 –1397. CrossRef Medline

Walker DL, Davis M (2008) Role of the extended amygdala in short-
duration versus sustained fear: a tribute to Dr. Lennart Heimer. Brain
Struct Funct 213:29 – 42. CrossRef Medline

Walker DL, Toufexis DJ, Davis M (2003) Role of the bed nucleus of the stria
terminalis versus the amygdala in fear, stress, and anxiety. Eur J Pharma-
col 563:199 –216. CrossRef Medline

Walker DL, Miles LA, Davis M (2009) Selective participation of the bed
nucleus of the stria terminalis and CRF in sustained anxiety-like versus
phasic fear-like responses. Prog Neuropsychopharmacol Biol Psychiatry
33:1291–1308. CrossRef Medline

Whiteford HA, Degenhardt L, Rehm J, Baxter AJ, Ferrari AJ, Erskine HE,
Charlson FJ, Norman RE, Flaxman AD, Johns N, Burstein R, Murray CJ,
Vos T (2013) Global burden of disease attributable to mental and sub-
stance use disorders: findings from the Global Burden of Disease Study
2010. Lancet 382:1575–1586. CrossRef Medline

Wilensky AE, Schafe GE, Kristensen MP, LeDoux JE (2006) Rethinking the
fear circuit: the central nucleus of the amygdala is required for the acqui-
sition, consolidation, and expression of Pavlovian fear conditioning.
J Neurosci 26:12387–12396. CrossRef Medline

Williams LE, Oler JA, Fox AS, McFarlin DR, Rogers GM, Jesson MA, David-
son RJ, Pine DS, Kalin NH (2015) Fear of the unknown: uncertain an-
ticipation reveals amygdala alterations in childhood anxiety disorders.
Neuropsychopharmacology 40:1428 –1435. CrossRef Medline

Wise RG, Preston C (2010) What is the value of human FMRI

in CNS drug development? Drug Discov Today 15:973–980. CrossRef
Medline

Woo CW, Koban L, Kross E, Lindquist MA, Banich MT, Ruzic L,
Andrews-Hanna JR, Wager TD (2014) Separate neural representa-
tions for physical pain and social rejection. Nat Commun 5:5380.
CrossRef Medline

Wood KH, Ver Hoef LW, Knight DC (2014) The amygdala mediates the
emotional modulation of threat-elicited skin conductance response.
Emotion 14:693–700. CrossRef Medline

Yarkoni T, Poldrack RA, Nichols TE, Van Essen DC, Wager TD (2011)
Large-scale automated synthesis of human functional neuroimaging data.
Nat Methods 8:665– 670. CrossRef Medline

Yassa MA, Hazlett RL, Stark CE, Hoehn-Saric R (2012) Functional MRI of
the amygdala and bed nucleus of the stria terminalis during conditions of
uncertainty in generalized anxiety disorder. J Psychiatr Res 46:1045–1052.
CrossRef Medline

Zaki J, Wager TD, Singer T, Keysers C, Gazzola V (2016) The anatomy of
suffering: understanding the relationship between nociceptive and
empathic pain. Trends Cogn Sci 20:249 –259. CrossRef Medline

Zimmerman JM, Maren S (2011) The bed nucleus of the stria terminalis
is required for the expression of contextual but not auditory freezing
in rats with basolateral amygdala lesions. Neurobiol Learn Mem 95:
199 –205. CrossRef Medline

Zimmerman JM, Rabinak CA, McLachlan IG, Maren S (2007) The cen-
tral nucleus of the amygdala is essential for acquiring and expressing
conditional fear after overtraining. Learn Mem 14:634 – 644. CrossRef
Medline

Shackman and Fox • Central Extended Amygdala and Fear and Anxiety J. Neurosci., August 3, 2016 • 36(31):8050 – 8063 • 8063

http://dx.doi.org/10.1056/NEJMoa1204471
http://www.ncbi.nlm.nih.gov/pubmed/23574118
http://dx.doi.org/10.1007/s00429-008-0183-3
http://www.ncbi.nlm.nih.gov/pubmed/18528706
http://dx.doi.org/10.1016/S0014-2999(03)01282-2
http://www.ncbi.nlm.nih.gov/pubmed/12600711
http://dx.doi.org/10.1016/j.pnpbp.2009.06.022
http://www.ncbi.nlm.nih.gov/pubmed/19595731
http://dx.doi.org/10.1016/S0140-6736(13)61611-6
http://www.ncbi.nlm.nih.gov/pubmed/23993280
http://dx.doi.org/10.1523/JNEUROSCI.4316-06.2006
http://www.ncbi.nlm.nih.gov/pubmed/17135400
http://dx.doi.org/10.1038/npp.2014.328
http://www.ncbi.nlm.nih.gov/pubmed/25502633
http://dx.doi.org/10.1016/j.drudis.2010.08.016
http://www.ncbi.nlm.nih.gov/pubmed/20813202
http://dx.doi.org/10.1038/ncomms6380
http://www.ncbi.nlm.nih.gov/pubmed/25400102
http://dx.doi.org/10.1037/a0036636
http://www.ncbi.nlm.nih.gov/pubmed/24866521
http://dx.doi.org/10.1038/nmeth.1635
http://www.ncbi.nlm.nih.gov/pubmed/21706013
http://dx.doi.org/10.1016/j.jpsychires.2012.04.013
http://www.ncbi.nlm.nih.gov/pubmed/22575329
http://dx.doi.org/10.1016/j.tics.2016.02.003
http://www.ncbi.nlm.nih.gov/pubmed/26944221
http://dx.doi.org/10.1016/j.nlm.2010.11.002
http://www.ncbi.nlm.nih.gov/pubmed/21073972
http://dx.doi.org/10.1101/lm.607207
http://www.ncbi.nlm.nih.gov/pubmed/17848503

	Contributions of the Central Extended Amygdala to Fear and Anxiety
	Introduction
	The conceptual importance of a precise and consistent vocabulary
	BST versus BNST
	Fear versus anxiety
	An integrative perspective on fear and anxiety
	A roadmap to future challenges
	Rigorous methods
	Neuroanatomy

	Coordinated cross-species research
	The real world and the clinic

