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Perioperative neurocognitive disorders, including acute post-
operative delirium and delayed neurocognitive recovery or
postoperative cognitive decline (POCD), represent major
health concerns for elderly patients undergoing anaesthesia
and surgery.! These disorders are associated with poor long-
term outcomes, increased healthcare costs, and increased
mortality.? The lack of effective treatments place a tremen-
dous burden on patients, their families, and our society. Thus,
novel therapies are needed to prevent or treat these disorders.

In this issue of the British Journal of Anaesthesia, Lai and
colleagues® postulate that Kv1.3 channels, which belong to the
super-family of voltage-gated potassium (Kv) channels, are
promising drug targets to mitigate POCD. The goal of their
study was to determine whether inhibiting Kv1.3 channels
expressed in microglia prevented POCD. The results raise
interesting questions that are significant to the field of

DOI of original article: 10.1016/j.bja.2020.05.018.

anaesthesiology, especially given the emerging role of micro-
glia in POCD.

Microglia are the resident immune cells in the brain, where
they account for about 10—15% of all cells.* Potassium chan-
nels, including Kv1.3, are important regulators of microglial
function.” Previous studies in animal models have shown that
microglial activation is necessary for POCD to occur® and also
that Kv1.3 channels are required for microglial activation.” On
the basis of these findings, Lai and colleagues® hypothesised
that blocking Kv1.3 channels would prevent the activation of
microglia and thereby mitigate POCD.

To test their hypothesis, the authors first studied the
effectiveness of a small compound that inhibits Kv1.3 chan-
nels (phenoxyalkoxypsoralen-1 or PAP-1) in preventing POCD
using a well-established mouse model of orthopaedic surgery.
Briefly, healthy mice underwent a sham surgical procedure or
repair of a tibial fracture under isoflurane general anaesthesia.
Some mice were treated with PAP-1 by intraperitoneal injec-
tion before the surgery. Hippocampal-dependent memory
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performance was investigated 3 days later using a classical
trace fear-conditioning paradigm. The results showed that
memory performance was impaired in the surgically treated
mice but not in the sham controls, as reported previously.®’ In
contrast, memory deficits were not observed in surgically
treated mice that received PAP-1.

Next, the authors studied a group of mice that had been
rendered obese by eating a high-fat diet. This mouse model
mimics patients with metabolic syndrome, which is a known
risk factor for POCD.>® Administration of PAP-1 prevented
surgery-induced memory deficits in the obese mice. In addi-
tion, the authors studied genetically modified mice lacking
Kv1.3 channels (Kcna3-/- mice), which exhibited no memory
deficits after surgery. Collectively, these results suggest that
activation of Kv1.3 channels is necessary for POCD in both
normal and obese mice.

Previous studies have shown that both activation of
microglia and neuroinflammation are necessary for POCD.*’
Thus, the authors next investigated whether treatment with
PAP-1 reduced activation of microglia and attenuated neuro-
inflammation after surgery, by examining the hippocampus of
obese mice 24 h after surgery. An increase in microglial size,
which is a known indicator of cell activation, was observed in
the hippocampal dentate gyrus region of vehicle-treated but
not PAP-1-treated mice. Also, levels of the proinflammatory
cytokine interleukin (IL)-6 were increased in the hippocampus
after surgery in controls but not in PAP-1-treated mice. Thus,
PAP-1 administered by systemic injection prevented micro-
glial activation and the increase in IL-6.

Finally, the authors studied whether PAP-1 altered the
formation of bone callus at the fracture site 10 days after
surgery. No differences were observed between mice treated
with vehicle and those treated with PAP-1, which led the au-
thors to conclude that PAP-1 did not impair wound healing.
Notably, the assessment of ‘wound healing’ was limited to an
assessment of the bone callus, measured only once in healthy
mice. As discussed in more details below, PAP-1 inhibits Kv1.3
channels in various cell types including those that play a
major role in immunological processes. The claim that the
drug has no effect on wound healing requires further
characterisation.

Taken together, these results highlight Kv1.3 channels as
novel therapeutic targets for the prevention of POCD. The re-
sults are intriguing given that inhibition of Kv1.3 channels
attenuates brain damage from other causes of injury,
including radiation.’®'! In fact, PAP-1 and other Kv1.3 channel
blockers are currently used for treatment of autoimmune
conditions, including multiple sclerosis, type 1 diabetes mel-
litus, and psoriasis.’* The results reported by Lai and col-
leagues® suggest that these drugs might be ‘repurposed’ for
the prevention of POCD.

While the results obtained support the authors’ initial
hypothesis, the experimental design and results are insuf-
ficient to discern whether PAP-1 inhibited Kv1.3 channels
expressed in microglia vs other cell types. For example, PAP-
1 administered by intraperitoneal injection would also
inhibit Kv1.3 channels expressed in peripheral immune
cells, including T lymphocytes, B lymphocytes, macro-
phages, and tissue dendritic cells, which are the peripheral

sentinels of the immune system.'"'? In addition, Kv1.3
channels are also expressed in neurones.'™'? Indeed, in-
hibitors of Kv1.3 channels are effective in treating a wide
variety of neurologic and non-neurologic autoimmune dis-
orders.’ Proinflammatory cytokines and immune cells in
the periphery can cross the blood—brain barrier and stimu-
late the activation of microglia in the brain after surgery”'3;
thus, inhibiting Kv1.3 channel function may prevent such
changes. Experimental tools are available to determine, in
future studies, whether Kv1.3 channels in the brain and,
more specifically in the microglia, play a pivotal role in the
actions of PAP-1. Such approaches include administration of
PAP-1 or other Kv1.3 channel blockers directly into the hip-
pocampus and use of microglia-selective conditional
knockout of Kv1.3 channels.

The results reported by Lai and colleagues® raise three
important questions about the role of glial cells in periopera-
tive neurocognitive disorders. The first concerns whether
microglia can be targeted to prevent or treat POCD. In
answering this question, the complexities of various micro-
glial ‘states’ must be considered. Microglia are highly hetero-
geneous and respond to injury through complex response
‘states’ that differ in terms of the cell morphology, gene
expression, and release of soluble factors. The state also de-
pends on the location in the brain and the timeline of the
injury.'*'® The exact function of microglia in various disor-
ders, including POCD, may be highly dependent on a particular
state, at a particular time.

In addition, there may be differences between microglial
responses in rodents and humans. In rodent models, drug
strategies aimed at curtailing microglial ‘activation’ have
been shown to attenuate POCD.® However, initial evidence in
humans using positron emission tomography imaging with
['C]PBR28 after surgery suggests that microglia show a sup-
pressive phenotype acutely after surgery,’® rather than a
reactive phenotype as found in rodents.® Thus, targeting
microglial activation in humans may not improve overall
cognitive outcomes. A better understanding of the functional
states of microglia, the time course of development of such
states after surgery, and use of more specific ligands to
interrogate microglial activation in humans would substan-
tially advance the field. Experimental strategies might also
include phenotyping of microglia using single-cell RNA
sequencing in animal models before and after surgery.
Indeed, characterising these activation states together with
the ensuing ‘signalome’ might help identify additional ther-
apeutic strategies.

Microglia do not act alone. Rather, they regulate the func-
tion of the ‘tripartite synapse’, which includes the pre- and
postsynaptic components of neurones and astrocytes.”” The
second key question therefore concerns the role of microglia
in modifying the function of the tripartite synapse, and spe-
cifically their effect on neurones and behaviour. Microglia
closely contact neurones and regulate their activities. They
continuously survey the microenvironment and rapidly
respond to changes in brain tissue homeostasis or cell injury.
Given that both excitatory and inhibitory neurotransmitter
receptors in hippocampal neurones are modulated by neuro-
inflammation,'®'® surgery-induced microglial activation and
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neuroinflammation might directly modulate neuronal and
network activities leading to POCD.

The third question regards the contribution of astrocytes to
microglia-dependent changes in brain function. Microglia
interact with astrocytes, which are the most abundant cells in
the brain. Astrocytes are known to play a key role in POCD.?*?
They form direct contacts with neurones as they regulate
synaptic structure, neurotransmission, and network function.
They release soluble factors, including gliotransmitters and
neurotrophins such as brain-derived neurotrophic factor,
which attenuate behavioural deficits after general anaes-
thesia.?? Surgery-induced microglial activation might directly
or indirectly modulate astrocyte function, leading to neuronal
dysfunction and ensuing POCD. Such cross-talk between as-
trocytes and neurones, which involves a subtype of y-amino-
butyric acid type A (GABA,) receptors that may play a pivotal
role in POCD, has been shown.?°

In summary, Lai and colleagues® have provided the first
evidence that Kv1.3 channels are promising drug targets for
mitigation of POCD. Whether the drug used in their study
inhibited Kv1.3 channels in microglia remains unresolved.
Importantly, the long-lasting impact of surgery on cognition is
unlikely to be as a result of a single protein or cell type. Rather,
itis more probable that multiple factors and cells act in concert
to impair cognitive performance. It is of great interest to deci-
pher the dynamic and reciprocal interactions among microglia,
neurones, and astrocytes. Results from such studies will not
only advance our understanding of perioperative neuro-
cognitive disorders, but also inform a variety of disorders
associated with cognitive decline, including neurodegenerative
diseases such as dementia and Alzheimer’s disease.
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postoperative cognitive dysfunction

The burden of Alzheimer’s disease is enormous: it has been
estimated to be as high as the third leading cause of death and
carries with it tremendous societal costs." There are no
effective treatments to delay the progression of Alzheimer’s
disease, and thus, prevention efforts are paramount.

The potential contribution of anaesthesia and surgery to
the development of Alzheimer’s disease is not clear. However,
a growing body of literature suggests that older adults
commonly experience cognitive changes after surgery,
including delirium and longer-term cognitive decline.? Fortu-
nately, many acute cognitive changes resolve, but there is
likely a subset of vulnerable patients who suffer long-term
cognitive sequelae. As more older adults undergo surgery,
the importance of defining the perioperative contribution to
postoperative cognitive decline is paramount.

A hallmark of Alzheimer’s disease pathology is accumula-
tion of amyloid beta (AB) in the brain. A leading conceptual
model suggests that accumulation of AP is a very early event,
starting decades before symptom onset. This is followed by
appearance of neurofibrillary tangles, consisting largely of the
protein tau, and neurodegeneration reflected by cortical
thinning. Symptoms of memory impairment make their
appearance at this stage.® Preclinical research has shown that
surgery and anaesthesia contribute to the accumulation of Af,
neuroinflammation, and functional impairment, but it is un-
clear if these processes occur in humans and are clinically
relevant. Additionally, although enormous scientific effort has
focused on the prevention of A accumulation, the results of
anti-amyloid therapies in clinical trials focused on cognitive

DOI of original article: 10.1016/j.bja.2020.01.015.

loss have been almost entirely negative, suggesting either poor
timing of the therapy or that other mechanistic pathways are
better targets for therapy.

In this issue of the British Journal of Anaesthesia, Sprung and
colleagues” report a study that examined the association be-
tween exposure to surgery/general anaesthesia (GA) and AP
deposition in a group of 585 older adults (70—91 yr old) in the
Mayo Clinic Study of Aging (MCSA). The authors measured
brain A using Pittsburgh compound B (PiB) positron emission
tomography (PET), and used data from the Rochester Epide-
miology Project medical records linkage system to identify
surgery/GA in 84% of participants retrospectively (n=493). The
authors used multiple approaches to characterise surgery/GA
exposure, including as a yes/no dichotomous variable, by the
number of anaesthetic exposures, and by the duration of
anaesthesia exposure. Parallel analyses were conducted
examining two different windows for surgery/GA exposure:
within the prior 20 yr and since age 40.

Regardless of how surgery/GA was defined and the time
window used to define the exposure, the authors found no
association between exposure to surgery/GA and elevated
brain AP deposition in later life. The authors also examined
how prior surgery/GA related to two neuroimaging-defined
markers of neurodegeneration: MRI-defined cortical thick-
ness and 18-fluorodeoxyglucose (FDG) PET, a measure of
glucose metabolism that typically shows region-specific ab-
normalities years before onset of clinically defined Alz-
heimer’s disease. Whilst the authors did find evidence for an
association between past surgery/GA exposure and reduced
cortical thickness in brain regions known to be vulnerable to
atrophic changes in the context of Alzheimer’s disease, no
association was found with FDG PET.
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