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Abstract

Perioperative neurocognitive disorder is a decline in cognitive function of patients after anesthesia and surgery. It
seems to be a comprehensive effect of the combination of psychological state before the operation, neurotoxic-
ity of narcotic drugs, inflammation caused by the operation, and sleep deprivation after surgery. The glymphatic
pathway is a newly discovered system that clears metabolic waste from the brain. The clearing efficiency of the
glymphatic pathway can be influenced by sleep deprivation, some narcotic drugs (like dexmedetomidine and
ketamine), and neuroinflammation. We hypothesize that the glymphatic system may play a pivotal role in the oc-
currence and development of perioperative neurocognitive disorder.

Introduction

Perioperative neurocognitive disorder (PND) is a decline in cogni-
tive function of patients after anesthesia and surgery, characterized
by impairment of executive function, memory, attention, language
comprehension, and other cognitive domains. PND can be present
as delirium for days or for more than 12 months, and in a minority
of patients the impairment can continue or reemerge.! Previously,
it was called postoperative cognitive dysfunction (commonly re-
ferred to as POCD) but a change to PND was recommended in
20182; this change better aligns PNDs with the phenotypically
similar neurocognitive diagnoses listed in the Diagnostic and Sta-
tistical Manual of Mental Disorders, version 5. Unified and effec-
tive approaches for the prevention and treatment of PND in clini-
cal practice are lacking because its exact mechanism has not been
clucidated completely.

The glymphatic pathway was first described in 2012.3 It is a
system that clears waste, including amyloid-f3 (af}) and tau protein,
from the brain. It also serves as a glia-lymph system for waste
clearance in the brain that differs from the cerebrospinal fluid
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(CSF) system. Since its discovery, more and more researchers
have focused on it, finding that the glymphatic function may be
involved in neurodegenerative diseases and neurological recov-
ery after stroke or traumatic brain injury.* Decreased glymphatic
influx has been observed secondary to subarachnoid hemorrhage,
acute ischemia, and multiple microinfarcts.

Hypothesis: Glymphatic System May Play A Pivotal Role in
PND

Despite the consensus on the nomenclature and diagnostic cri-
teria of PND, whether anesthesia and surgery can be considered
as etiologies is still controversial. Given the particularity of the
glymphatic system and the complexity of possible changes after
anesthesia and surgery, we herein speculate that the glymphatic
system may play a pivotal role in the occurrence and development
of PND. New ideas for clinical prevention and treatment of PND
should consider the changes in the glymphatic pathway after anes-
thesia and surgery.

Evaluation of the Hypothesis

Cognitive changes after surgery have been described in one form
or another for more than 50 years, initially as a complication af-
ter cardiac surgery. Many later studies found that some patients
undergoing non-cardiac surgery also suffered cognitive decline,
although the incidence after non-cardiac surgery was lower.> Pa-
tients, especially elderly patients, suffered cognitive decline after
many kinds of surgery, but because of differences in assessment
tools and methods, the reported incidence of POCD varied greatly.
Following the 2018 recommended change to PND, when the diag-
nosis process and method were given,? Daiello ez al.® found that
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Table 1. Possible risk factors of perioperative neurocognitive disorder®
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Factor classification

Possible risk factors

Anesthetic factors

Anesthetic method

Neurotoxicity of narcotic drugs

Perioperative anesthesia management

Surgical factors

Length of surgery

Type of surgery: major surgery

Postoperative infection and other complications

Pain

Length of hospitalization

Patient factors Advanced age

Apolipoprotein E gene

Lower education level

Nutritional status

Perioperative psychological factors

Effects of other diseases (stroke/cardiovascular disease)

postoperative delirium and postoperative cognitive dysfunction
may be distinct manifestations of perioperative neurocognitive
deficits.

The possible risk factors of PND are shown in Table 1.5 The
main pathogenic processes of PND are neurotoxicity of narcotic
drugs, postoperative inflammatory response (neuroinflammation),
and dysregulation of neurotransmitters and comprehensive func-
tion.”® Investigations into PND have been focused excessively
on the neurotoxicity of narcotic drugs. Anesthesia-related fac-
tors, including the type of anesthetic method (general vs. regional)
and intraoperative pathophysiological changes (hypotension and
hypoxemia), are not considered pathophysiological factors of
PND.® Many details, such as patients’ psychological state before
their operations, their expectations, the effectiveness of surgery,
surgical complications, and the surgery’s psychological impact on
patients were overlooked. The human body is very complex, and
preoperative anxiety has been associated with an increased risk
of PND.! Pain can affect patients’ quality of life and cognitive
level, and, similarly, sleep deprivation is associated with PND.!!
To date, PND has been considered as a cognitive decline after an-
esthesia and surgery, in which something must have changed in the
patients’ brains. However, while the exact change is not known,
postoperative neuroinflammation may play an important role.

Surgery means tissue destruction, upon which the damaged tis-
sues can activate the peripheral immune system; meanwhile, high
molecular group Box 1 protein (HMGBI) is passively released
from traumatized tissue. The HMGB1 can bind to pattern recogni-
tion receptors on bone marrow-derived monocytes to induce trans-
location of the transcription factor nuclear factor (NF)-kB into the
nucleus, which can up-regulate the transcription and translation of
proinflammatory cytokines,'? such as interleukin (IL)-1, IL-6, and
tumor necrosis factor (TNF)-a. The peripheral cytokines can stim-
ulate microglia through the vagus nerve to produce proinflamma-
tory cytokines in the central nervous system (CNS)!3; meanwhile,
the cytokines can increase permeability of the blood-brain barrier,
which allows cytokines and potential neurotoxins to penetrate into
the CNS.” The cytokines and neurotoxins also can activate the mi-
croglia and trigger neuroinflammation, which cause PND by inter-

fering with long-term potentiation to impair synaptic plasticity.®
Although neuroinflammation seems to be the main mechanism of
PND, we still do not know why some patients get PND, while oth-
ers do not, and young people often have surgery with significant
amounts of tissue damage yet rarely develop PND. Because the
pathophysiological mechanism is not clear, we have no effective
pathway to prevention and therapy of PND. Clinical research has
found that dexmedetomidine'* and ketamine!S may confer better
postoperative neurocognitive function after anesthesia and sur-
gery, but the exact mechanism is not yet known.

The glymphatic pathway may play a pivotal role in the occur-
rence and development of PND. Metabolic waste removal from
the CNS is essential for maintaining brain homeostasis and normal
function. The traditional view is that the clearance of metabolic
waste from the brain mainly depends on two routes: through the
blood-brain barrier into the blood circulation, and through diffu-
sion into the CSF circulation. Affected by the molecular weight
of metabolites, both routes have difficulty in effectively removing
the metabolites produced by brain parenchyma. How to metabo-
lize the metabolites in the brain quickly and effectively has been
a question in the neuroscience field. The discovery of the brain
glial lymphoid pathway may provide a powerful answer to these
questions. The glymphatic pathway mainly includes a periarterial
CSF inflow pathway, an outflow channel of perivenous tissue fluid
and aquaporin-4 (AQP-4) on astrocytes connecting the above two
channels.'® It plays an important role in the clearance of brain me-
tabolites, but the clearance rate of metabolites with different mo-
lecular weights varies and the glymphatic pathway is influenced
by many factors, such as drugs, sleep, and neuroinflammation.!”-18

The deposition of af} protein, tau protein and other toxic pro-
teins is an important cause of Alzheimer’s disease. The radiation
(marker of isotope clearance) of af} protein in the whole brain was
found to significantly increase after AQP-4 was knocked out by
gene knockout technology,® indicating that the glymphatic path-
way involved in AQP-4 could effectively remove af protein. Us-
ing a similar approach, the researchers found that the glymphatic
pathway was effective in removing tau protein and lactate.!® This
series of studies demonstrated that the brain glymphatic system
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is involved in the pathogenesis of CNS diseases, especially some
degenerative diseases.?’ On this basis, the latest research has found
that sleep can effectively increase the clearance of aP protein.!”
Its mechanism is to increase the flow of CSF and accelerate the
transport and clearance of a3 protein by affecting the glymphatic
pathway and increasing the interstitial space. These studies may
partly explain why sleep deprivation after surgery can affect cog-
nitive function. Moreover, a clinical study found that the effect of
one night’s sleep deprivation on the brain’s af burden resulted in
a higher ap accumulation than with chronic sleep deprivation.?!
We need to pay more attention to the effect of sleep deprivation on
patients undergoing surgery, especially elderly patients.??

Similar to sleep, ketamine/methylthiazide can enhance the
clearance of af protein by the glymphatic pathway. Benveniste
et al.® found that glymphatic transport was enhanced by 32% in
rats anesthetized with dexmedetomidine plus low-dose isoflurane,
which shows that anesthetics can also affect the transport of the
glymphatic pathway. The mechanism may not be the unconscious
state caused by anesthetics but may be the repression of norepi-
nephrine or another release. These studies can explain why dex-
medetomidine and ketamine can confer better postoperative neuro-
cognitive function after anesthesia and surgery. Sleep deprivation
and pain caused by surgery can influence the clearance efficiency
of the glymphatic pathway, causing patients’ cognition to decline.
The influence of neuroinflammation after surgery should also be
considered.

As mentioned, AQP-4 connects the two channels and transports
metabolic waste to the CSF. However, recent research has found
that the human brain contains meningeal lymphatics, which can
regulate the CNS lymphatic drainage and neuroinflammation.?*
The meningeal lymphatics govern the inflammatory processes
and immune surveillance of the CNS. The discovery of menin-
geal lymphatics not only provides the tissue basis for brain im-
munity but also provides theoretical support for the new pathway
of metabolite excretion: that is, some metabolites may enter the
peripheral lymphatic system directly through meningeal lymphat-
ics after passing through the glymphatic pathway. We know the
glymphatic system has a relation to meningeal lymphatics, and
the outflow channel of the glymphatic system interlinks the me-
ningeal lymphatic vessel.?’ The glymphatic pathway may involve
and influence neuroinflammation through meningeal lymphatics.
Therefore, the neuroinflammation caused by surgery also relates
to the glymphatic pathway, as we know neuroinflammation is an
important mechanism of PND.

As mentioned above, neuroinflammation plays an important
role in the development of PND and synaptic plasticity is the key
mechanism, but this makes it hard to explain why young people
rarely develop PND and postoperative delirium, which is acute
after surgery. The role of synaptic plasticity is long-term, but it
should take a long time to work. There are likely to be other mech-
anisms. Astrocytes are connected to the vascular wall through
AQP-4 to occupy a crucial position in the blood-brain barrier
and also astrocytes are connected with the synapses of neurons
to communicate and transmit information.?¢ The structure and
function of astrocytes are associated with aging.'® Increased brain
barrier permeability and activated microglia after surgery may
work on astrocytes through endoplasmic reticulum stress and Th1
cells,” which can affect the function of AQP-4 and the glymphatic
system. The proinflammatory cytokines can also act directly on
AQP-4. The rapid accumulation of metabolites in the brain can
cause acute and chronic changes in brain function,?” which may
cause PND. The interaction mechanisms between peripheral in-
flammation, microglia and the astrocyte need more research. Nar-
cotic drugs, pain and sleep deprivation can affect the glymphatic
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system themselves, although the underlying mechanisms are still
poorly understood.

Future direction

PND seems to be a comprehensive effect of anesthesia, surgery,
sleep deprivation and pain related to an operation, and the devel-
opment of PND likely involves a complicated interaction between
patient- and procedure-related variables. No single pathophysi-
ological process has garnered universal support as a single causa-
tive factor for PND but it must have a single pathophysiological
process—it is just that we do not know it yet. From the perspective
of current basic and clinical research, the single pathophysiologi-
cal process may be the glymphatic system, because the glymphatic
system has a relation to almost all the variables caused by anesthe-
sia and surgery, such as pain, narcotic drugs, sleep deprivation and
inflammation but more research is needed.

Conclusions

In view of the above analysis, although the exact pathophysi-
ological mechanism of PND is still unclear, we believe that the
glymphatic system may play a pivotal role in the occurrence and
development of PND. Next, we need to systematically research the
changes in the glymphatic system after anesthesia and surgery to
provide new ideas for prevention and treatment of PND.
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