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It has been two decades since the first publication on the
antidepressant effects of the glutaminergic drug ketamine
appeared (Berman et al., 2000). This heralded the era of fast-acting
antidepressants discarding the old belief that antidepressant treat-
ments simply needed 6–8 weeks to take effect. Since this early
report, many other fast-acting antidepressants have been
described such as nitric oxide (glutamatergic), scopolamine (an-
timuscarinic agent) and accelerated prefrontal rTMS protocols. His-
torically, however, the first indication for a role of glutamatergic
drugs with rapid effects in depression originate from 1959 when
it was observed that D-cycloserine (a tuberculosis antibiotic)
caused rather rapid mood improvement in 30 of 37 patients, a find-
ing that was soon after replicated (reviewed in Krystal et al., 2013).
Another well-known fast-acting ‘antidepressant’ was first
described around that same time, namely sleep deprivation ther-
apy (SDT), which also results in immediate alleviation of depres-
sive symptoms in about 40–60% of patients (Bunney and Bunney,
2012), albeit depressive symptoms often reappear after the first
recovery sleep.

Next to the more conventionally used selective serotonin reup-
take inhibitor (SSRI), or selective serotonin and noradrenalin reup-
take inhibitor (SNRI) antidepressant treatments, this means an
extension of the family of antidepressant treatments, with quite
different mechanisms of action. However, how to decide what
treatment a given patient would benefit from the most? Given
the current ‘stepped care’ approach, often utilized due to lacking
objective biomarkers to base a treatment choice on, the study by
Meyer and colleagues in this issue of Clinical Neurophysiology is
an important step in the right direction. Meyer and colleagues used
data from two clinical trials that investigated the efficacy of keta-
mine in Major Depressive Disorder (MDD), where they investigated
how baseline heart rate (HR) and heart rate variability (HRV) were
associated with clinical response. It is known that the acute effects
of ketamine result in increasing sympathetic tone, which they con-
firmed by higher HR and lower HRV after 30 and 60 min of keta-
mine infusion. Furthermore, plasma ketamine and norketamine
levels were significantly associated with HR and HRV changes, con-
firming the direct sympathetic action (and maybe disengagement
of the parasympathetic system) of ketamine. Therefore, ketamine
is among the many antidepressant treatments that has been shown
to have an impact on autonomic parameters such as HR and HRV.
However, could it be that, rather than simply viewing this as a
non-specific drug ‘side effect’, baseline autonomic function or reac-
tivity of the autonomic nervous system (ANS) could carry more
important information related to MDD relevant functional net-
works? For example, it is known that from a bottom-up perspec-
tive, vagal nerve stimulation exerts antidepressant effects and,
from a top-down perspective, pre-frontal rTMS and tDCS result in
parasympathetic activation, highlighting activation of the frontal-
vagal pathway involved in MDD (see Fig. 1, also reviewed in
Iseger et al., 2020). Therefore, a relatively ‘simple’ psychophysio-
logical measure such as HR and HRV could reflect engagement or
disengagement of this frontal vagal network (without the need
for an fMRI), and possibly inform treatment decisions. That - most
interestingly – was exactly what Meyer and colleagues found;
higher baseline HR was associated with better clinical response
to ketamine as assessed the next day with a medium effect size
of d = 0.61 (albeit only for partial response using a 30% cut-off).
In prior work, Olbrich and colleagues already described that
dynamic changes of ANS arousal were specifically associated with
response to the SNRI Venlafaxine, while no such effect was
observed for SSRIs (Olbrich et al., 2016). Thus, ANS measures might
become instrumental in future precision or stratified treatment
strategies in psychiatry. Further systematic validation of differen-
tial ANS measures for a wider range of antidepressant would thus
be an important step, and likely, such data is already available from
safety measures (e.g. ECG recorded in clinical trials) or EEG/ECG
recordings, but largely overlooked in many studies.

While the pharmacological mode of action between some of the
above described fast-acting antidepressants are rather different
(e.g., ketamine as a glutamatergic agent vs. scopolamine as an
antimuscarinic agent), behaviorally they do seem to have in com-
mon that they are all highly ‘sedating’ (ketamine in higher doses
is an anesthetic; scopolamine often causing drowsiness and sleepi-
ness), and essentially a similar ‘sedating state’ is induced by sleep
deprivation. This association between sleep deprivation and the
rapid antidepressant effects of ketamine has been illuminated
recently in more detail as well, where common gene expression
patterns between SDT and ketamine have been reported and sen-
sitivity to the antidepressant effects of ketamine was related to cir-
cadian factors (see: Morgan, 2017), suggesting possible overlap
between several of these fast-acting antidepressants. In their dis-
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Fig. 1. Depicting the frontal-vagal pathway comprising the Dorsolateral Prefrontal Cortex (DLPFC), subgenual anterior cingulate cortex (sgACC), vagal nerve and other
structures (reviewed in: Iseger et al., 2020).
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cussion, Meyer and colleagues also draw upon the parallels
between these fast-acting antidepressants and a possible shared
mechanism related to vigilance/drowsiness or sleep pressure,
which makes one wonder if the same lessons learned from extend-
ing the effects of SDT using chronotherapy (sleep phase advance
and light therapy; e.g., see: Bunney and Bunney, 2012), would also
aid in extending the antidepressant effects of ketamine and other
fast acting antidepressants? All-in-all, an exciting future awaits
of more targeted treatment options where psychophysiology is
likely to play an important role.
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