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Recent advances in computational modeling have led to
translational efforts to bridge neuroscience and psychiatry by
applying novel computational methods to characterize abnorm-
alities in brain systems that underlie psychiatric diseases,
including depression. Such work could potentially help identify,
categorize, and predict dimensional processes in depression [1],
as well as understand how rapid-acting antidepressants modulate
brain disease-state networks [2]. Progress in this field has led to
recent attempts to use computational methods to characterize
ketamine’s antidepressant effects in depression [3, 4]. Ketamine
is a noncompetitive N-methyl-D-aspartate receptor (NMDAR)
antagonist that is thought to exert its antidepressant effects
through glutamatergic throughput via α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptors (AMPARs) [5]. Studies
using dynamic causal modeling (DCM)—an approach that fits a
biologically plausible model of neural dynamics to measured
electrophysiological signals—have measured delayed (within
9 h of drug administration) changes in estimates of receptor-
mediated and regional drive following antidepressant-level
ketamine doses. Sets of coupled differential equations govern
DCM dynamics, and model inversion—the fitting of parameter-
ized mean-field neuronal models to data features—results in
parameter estimates that govern unobservable neuronal states
such as the decay times of specific receptor types and receptor-
mediated connectivity between cell populations.
Recent work from our laboratory used a somatosensory

stimulation task in tandem with magnetoencephalography to
measure parameter changes in NMDAR and AMPAR drive
between primary somatosensory cortex and frontal cortex
in unmedicated individuals with treatment-resistant depression
6–9 h post ketamine and post saline placebo. During somatosen-
sory stimulation, amplified top-down NMDAR drive was observed
between frontal cortex and primary somatosensory cortex post
ketamine [3]. This unexpected result has been attributed to
upregulation and drug sensitization effects. Critically, in terms of
antidepressant response, reduced NMDAR and AMPAR drive were
both associated with better antidepressant response immedi-
ately, though only changes in AMPAR drive were associated with
longer-term changes in antidepressant response 2 weeks post
ketamine [3]. This second finding is in keeping with animal
studies demonstrating long-term adaptation involving AMPAR
upregulation [5].
Additional work assessing delayed effects (three to four

hours post-ketamine) used electroencephalography and a visual
grating task to measure changes in long-term potentiation.

Ketamine broadly amplified bottom-up drive between middle
occipital gyrus and both inferior temporal cortex and superior
parietal cortex, while asymmetrically attenuating and amplifying
top-down drive between these same regions [4]. The biologi-
cally plausible model selected for this analysis did not include
parameters modeling receptor-mediated effects, nor did it
directly measure associations between modeled parameter
estimates and antidepressant response.
Taken together, the evidence suggests that recent advances in

modeling offer promise for uncovering how ketamine alters
receptor-mediated connectivity between cell populations and
even decay times of specific receptor types. However, consider-
able research is still needed to further develop and validate
biophysical models of network dynamics. For example, models
which parameterize local changes in excitation–inhibition could
enhance translational efforts linking preclinical and human studies
by measuring in silico associations between pyramidal cell
disinhibition and antidepressant response, a potential biomarker
of antidepressant efficacy [6]. Such knowledge could ultimately
help develop next-generation, rapid-acting antidepressants by
providing a more complete, mechanistic understanding of
ketamine’s antidepressant effects.
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