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In their paper, Baas et al. (2014), take the rather unique opportunity to conduct a human fear con-
ditioning experiment in subjects with stimulation electrodes in the nucleus accumbens and internal
capsule. Here, we argue that it might be premature to draw the strong conclusion that deep brain
stimulation (DBS) does not impact contextual anxiety.We will elaborate on two aspects of the study
that were not thoroughly discussed in the original paper, but that might help explain why no effects
were found. Firstly, we will focus on the neuroanatomy and, secondly, on the behavioral procedure.

The authors did not mention the precise location of the stimulation contact, but previous work
from the same group allowed us to piece together a more detailed view of the actual stimulation site.
While the distal lead tip was implanted in the nucleus accumbens, the active contact was located
in the ventral part of the anterior limb of the internal capsule (ALIC) (van den Munckhof et al.,
2013). The authors stated that these active contacts overlap with the bed nucleus of the stria termi-
nalis (BST), or are at least in close proximity to this nucleus. Moreover, they hypothesized that they
would be able to stimulate the BST and/or its connections and thereby affect contextual anxiety in
their patients. However, a closer examination of the neuroanatomy shows that it is unlikely that
the authors could sufficiently influence the BST (Figure 1). With monopolar stimulation, it can be
estimated that the stimulated volume extends 4.4mm (the average stimulation amplitude used in
these patients was 4.4 V) from the center of the electrode (Mädler and Coenen, 2012). The ante-
rior tip of the BST is located 3.4mm from the active contact, in theory allowing the researchers
to stimulate the most anterior millimeter of the BST (which has a total anterior-posterior extent
of about 6.5mm). Importantly, it appears that this most anterior BST portion is not the essential
location with regard to (unpredictable) threat. Rather, it seems that more posterior parts of the
BST, further away from the contact and outside of the stimulated volume, are involved in human
threat paradigms (Figure 1) (Straube et al., 2007; Somerville et al., 2010; Alvarez et al., 2011). In line
with this, we previously found that BST lesions clearly reduced startle potentiation in a rat context
conditioning paradigm, but more anterior lesions (closer to the target of Baas et al., 2014) did not
(Luyten et al., 2011).

Although we do not exclude that some fibers in the internal capsule might project to
(the bed nucleus of) the stria terminalis, it is clear that the ALIC is a complex collection
of fibers with various destinations (Lehman et al., 2011). By stimulating this fiber bundle,
or, by analogy, calling several telephone lines at once, it is uncertain who will answer the
phone. Targets of adjacent fibers might even have opposite functions (Rodriguez-Romaguera
et al., 2012), thereby canceling out a behavioral effect. Therefore, it is probably a stretch
to assume that one can specifically manipulate BST activity through ALIC stimulation.
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FIGURE 1 | 3D visualization of the relevant anatomical locations. Black

dots indicate the positions of the anterior commissure, the distal lead tip and

active contact in Baas et al. (2014), and the peak hyperactive BST subregions

in previous studies looking at threat activation of the BST. The gray sphere

indicates the estimated stimulated volume (about 4.4mm radiating from the

center of the electrode). Coordinates (in mm) are based upon (Mai et al., 2008).

Taken together, it seems highly unlikely that the authors could
precisely and sufficiently influence relevant parts of the BST,
given the location of their stimulation contacts.

Note that, if one would actually stimulate the human BST,
this might produce various, and even contrasting effects, such
as an overall decrease of anxious mood and associated somatic
symptoms (as indexed by the Hamilton Anxiety Rating Scale
in the DBS for OCD study Baas et al., 2014), but no effect on
anxiety tests with a more specific scope. In this regard, it is
important to keep in mind that the BST is an extremely com-
plex structure involved in various autonomic, neuroendocrine
and behavioral responses (Dumont, 2009). Neuroanatomically,
we can distinguish numerous subdivisions (Ju and Swanson,
1989; Moga et al., 1989; Alheid et al., 1998) with divergent neu-
rophysiological characteristics (Haufler et al., 2013; Rodriguez-
Sierra et al., 2013) and connections (Weller and Smith, 1982;
Dong and Swanson, 2004, 2006). Even though there is con-
vincing evidence from local lesion or inactivation experiments
(Hitchcock and Davis, 1991; Lee and Davis, 1997; Sullivan et al.,
2004) and imaging studies (Alvarez et al., 2011; Luyten et al.,
2012) that the BST mediates sustained anxiety responses, ear-
lier papers already suggested that BST subdivisions may have
different, sometimes even opposing functions. For instance, elec-
trical stimulation of the medial part of the BST increased plasma
corticosterone levels, while stimulation of the lateral part had
the opposite effect (Dunn, 1987). Similarly, electrical stimu-
lation of the medial BST was found to increase blood pres-
sure and heart rate, whereas stimulation of the lateral part

decreased these cardiovascular parameters (Dunn and Williams,
1995).

Recently, major progress has been made in untangling the
neuronal circuits of the BST using optogenetics, which allows for
very precise manipulation of specific neuronal populations (Deis-
seroth, 2011; Johansen, 2013). Kim et al. found that photostim-
ulation of the basolateral amygdala inputs into the anterodorsal
BST inmice resulted in anxiolytic effects (Kim et al., 2013). Opto-
genetic activation of the oval nucleus of the BST, which is sur-
rounded by the anterodorsal part, was anxiogenic, as indicated
by a decrease in time spent in the open arms of the elevated plus
maze. Activation of the dorsal BST as a whole, including both
the oval and anterodorsal parts, was found to be anxiogenic as
well. In addition, Jennings et al. demonstrated that photostimu-
lation of the glutamatergic connections between the ventral BST
and ventral tegmental area was anxiogenic, whereas activation of
the GABAergic projections in the same area resulted in anxiolytic
effects (Jennings et al., 2013).

The optogenetic approach will undoubtedly continue to
deepen our understanding of the BST, as it enables us to par-
cel out the roles of certain subdivisions or even cell types in
the BST (Sparta et al., 2013). This, however, does not mean
that research using long-standing techniques such as lesioning
or electrical stimulation is redundant, especially given the clin-
ical relevance of these methods for the treatment of psychiatric
disorders with capsulotomy (Gabriëls et al., 2008; Lopes et al.,
2014) or DBS (Denys et al., 2010; Greenberg et al., 2010). In
fact, it might be interesting to combine these “old” and “new”
techniques, as this may shed light on the poorly understood
mechanisms of DBS (Fenoy et al., 2014; Okun, 2014). Finally,
we should keep in mind that, although the overall BST neurocir-
cuitry in humans and other animals is largely analogous (Avery
et al., 2014), it remains to be seen if and how these recent optoge-
netic and neurophysiological findings can be extrapolated to the
human BST.

Apart from these neuroanatomical concerns, we feel that Baas
and colleagues could have increased their chance of finding an
effect of DBS on context conditioning by promoting the pre-
sumed BST activation with their behavioral paradigm. Most evi-
dence for a role of the BST in contextual anxiety comes from
animal research (Sullivan et al., 2004; Luyten et al., 2012; Sink
et al., 2013). To increase the translatability of these animal data,
and therefore the chance of finding an effect of BSTmanipulation
in human subjects, it seems advisable to maximize the compara-
bility of both paradigms. Here, we will discuss three aspects of the
authors’ paradigm that differ from the rodent literature: the low
complexity of the contexts, the use of instructed threat, and the
intertwined acquisition and test phases.

In the real world, anxiety-evoking events occur in a complex
environment that consists out of multiple stimuli and engages
all our sensory modalities (Huff et al., 2011). For instance, war
veterans suffering from post-traumatic stress disorder may be
reminded of their traumatic experience by loud noises, the smell
of smoke, the sight of a helicopter, etc. Likewise, in animal
research, subjects are usually completely immersed in a physi-
cal context. In human fear conditioning, virtual reality is a useful
tool to mimic these animal studies, as well as the complexity of
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real-life experiences (Baas et al., 2004). Notably, a key study that
found human BST activation in response to unpredictable threat
(Alvarez et al., 2011) used a virtual reality conditioning paradigm,
with different environments through which the participants were
passively guided, requiring complex contextual processing. In
contrast, the current study used very simple context representa-
tions. Participants were given written instructions on a computer
screen regarding the context they were in and the course of shock
administration. We do not claim that a complex context is nec-
essary for BST involvement, but it is an aspect that distinguishes
the paradigm of Baas et al. (2014) from studies finding BST acti-
vation, both in animals and humans. Note that other groups have
even proposed fully immersive, 3D virtual reality to bridge ani-
mal models of context conditioning and real-life human anxiety
to a greater extent (Huff et al., 2011).

As mentioned above, Baas et al. (2014) provided clear
information about shock likelihood and contingencies, using
instructions that remained on the screen during the entire test
session. This approach might rely less on experiential learning
than other human fear conditioning studies (Fonteyne et al.,
2009) and, more importantly, than animal conditioning studies
of BST involvement. Interestingly, there are some preliminary
indications that instructed vs. classical conditioning might have
divergent neural correlates (Klucken et al., 2009; Mechias et al.,
2010).

Regarding the timing of acquisition and expression, it is note-
worthy that in rodent context conditioning, training and testing

usually take place on 2 days. Due to practical concerns, how-
ever, human conditioning experiments are often carried out in
one session (but see Huff et al., 2011; Sevenster et al., 2012).
This may lead to confounded results, since acquisition still takes
place when the expression of fear/anxiety is being measured. Fur-
thermore, long-term processes including protein synthesis are
required for consolidation of fear conditioning (Hoeffer et al.,
2011), favoring the use of a 2-day protocol. Finally, we believe
that a stronger temporal distinction between training and test-
ing can be particularly valuable when exploring the therapeu-
tic mechanisms of DBS. Since DBS is a curative rather than a
preventive technique, it will mainly affect expression and not
acquisition of patients’ deep-rooted anxieties. Therefore, a use-
ful approach would be to stimulate only during the testing phase
of a human fear conditioning paradigm, without interfering with
acquisition.
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