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Abstract

The aging population is burgeoning globally and this trend presents great challenges to the current healthcare system as the
growing number of aged individuals receives procedures of surgery and anesthesia. Postoperative cognitive dysfunction
(POCD) is a severe postoperative neurological sequela. Advanced age is considered as an independent risk factor of POCD.
Mounting evidence have shown that neuroinflammation plays an essential role in POCD. However, it remains debatable
why this complication occurs highly in the aged individuals. As known, aging itself is the major common high-risk factor
for age-associated disorders including diabetes, cardiovascular disease, cancer, and neurodegenerative diseases. Chronic
low-grade neuroinflammation (dubbed neuroinflammaging in the present paper) is a hallmark alternation and contributes to
age-related cognitive decline in the normal aging. Interestingly, several lines of findings show that the neuroinflammatory
pathogenesis of POCD is age-dependent. It suggests that age-related changes, especially the neuroinflammaging, are possibly
associated with the postoperative cognitive impairment. Understanding the role of neuroinflammaging in POCD is crucial
to elucidate the mechanism of POCD and develop strategies to prevent or treat POCD. Here the focus of this review is on
the potential role of neuroinflammaging in the mechanism of POCD. Lastly, we briefly review promising interventions for
this neurological sequela.
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Introduction

A syndrome of prolonged cognitive impairment after anes-
thesia and surgery is described as postoperative cognitive
dysfunction (POCD). It is characterized by a disturbance in
memory, intellectual ability, and executive function (Han-
ning 2005; Moller et al. 1998; Newfield 2009). POCD may
follow postoperative delirium (POD) and develop into mild
cognitive impairment and even dementia (Sprung et al.
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2017; Steinmetz et al. 2009). And now POCD and POD
are both recommend to be named postoperative neurocog-
nitive disorder (Evered et al. 2018). It is well established
that advanced age is the most significant risk factor for
POCD after non-cardiac major surgery (Kubota et al. 2018;
Monk et al. 2008; Sprung et al. 2017). As known, aging is
a natural process and with the development of healthcare
system burgeoning aged population is an inevitable trend.
Therefore, there is a considerable increase in the number
of the elderly individuals receiving procedures of surgery
and anesthesia, which poses new challenges to the current
healthcare system.

A wealth of preclinical studies have been emerged to
explore the biological pathophysiological mechanism
involved in POCD (Hovens et al. 2012; Newfield 2009;
Skvarc et al. 2018; Terrando et al. 2015a; Vacas et al. 2017).
Although there is no unanimous agreement with the mecha-
nism of POCD, neuroinflammation gives us insights into
investigating this postoperative sequela (Cao et al. 2010;
Hovens et al. 2014; Skvarc et al. 2018; Terrando et al. 2016;
Vacas et al. 2013; Wan et al. 2010). Neuroinflammation is

@ Springer


http://orcid.org/0000-0001-7442-1826
http://crossmark.crossref.org/dialog/?doi=10.1007/s10787-018-00559-0&domain=pdf
https://doi.org/10.1007/s10787-018-00559-0

28

A.Luoetal.

involved in conditions of brain disorders as well as normal
aging. Interestingly, the low-degrade neuroinflammation in
normal aging, dubbed neuroinflammaging in the present
paper, is one hallmark change in the brain aging (Lopez-
Otin et al. 2013). Neuroinflammaging is revealed by disrup-
tion of blood—brain barrier (BBB), microglial activation,
Al-like astrocytes, and low-grade increase of inflamma-
tory cytokines (Barrientos et al. 2015; Clarke et al. 2018;
Montagne et al. 2015; Schuitemaker et al. 2012). These age-
related alternations contribute, at least partially, to the age-
related cognitive decline in the aged individuals or models
(Bettio et al. 2017; Harry 2013; Montagne et al. 2015; Rawji
et al. 2016). Regarding to the role neuroinflammaging in
the POCD, there is no evidence that definitely demonstrated
neuroinflammaging is involved in POCD in the aged experi-
mental models or individuals, but the findings that the occur-
rence of POCD is age-dependent (Bi et al. 2017; Hovens
etal. 2015; Xu et al. 2014; Yang et al. 2017) indirectly sug-
gest age-related alternations is correlated with pathogenesis
of POCD in the aged. Therefore, the main objectives of this
paper are to delve into the currently available findings that
suggest age-related changes, neuroinflammaging in particu-
lar, contribute to POCD of aged subjects. Simultaneously,
we generally summarize the role of neuroinflammation
in POCD and briefly outline the promising measurement
for this neurological complication following the surgical
procedure.

Neuroinflammation in POCD

Because previous studies reported that increasing age was
the independent risk factor of POCD (Cao et al. 2010;
Kubota et al. 2018; Monk et al. 2008; Zhao et al. 2016),
the present review is focused on aged models. As known,
clinical anesthesia has been shown to minimize the stress
response to perioperative invasive procedures. Therefore,
investigations pertaining to the sole role of general anes-
thetics in POCD were not recruited in this section. On the
other hand, some general anesthetics are immuno-modula-
tors (Stollings et al. 2016) and it is still a matter of debate
whether general anesthetics-mediated immunomodulation is
involved in POCD. However, increasing data supports the
argument that anesthesia and surgery are not the risk fac-
tors for the postoperative cognitive decline after non-cardiac
major surgery (Evered et al. 2011; Hughes et al. 2017). This
suggests that immunomodulation by general anesthetics is
unlikely to be an initiator of activating the neuroinflamma-
tory cascade in POCD. Together, the principal focus of this
section was on seeking the role of neuroinflammation in
aged POCD models.

Extensive studies are aimed at elucidating the exact mech-
anism of pathogenesis of POCD, but it is likely correlated
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with multitudinous factors of neurophysiological changes,
among which activated neuroinflammatory response is the
most significantly concerned. The mechanism underlying
neuroinflammation in POCD includes excessive release of
cytokines (Cibelli et al. 2010; Hu et al. 2018; Terrando et al.
2010; Wan et al. 2007), activation of the glial cell (Hovens
et al. 2015; Rosczyk et al. 2008; Wan et al. 2010), disrup-
tion of blood—brain barrier (BBB) (Cao et al. 2010; Li et al.
2016b; Yang et al. 2017; Zheng et al. 2017), invasion of
peripheral immune cells into the central nervous system
(CNS) (Degos et al. 2013; Hovens et al. 2015; Vacas et al.
2014), and delayed resolution of postoperative neuroinflam-
mation (Terrando et al. 2011; Vacas et al. 2013). Among
these mechanisms, microglial priming is usually considered
as the main culprit of POCD as microglia are at the nexus
of crosstalk between neuroinflammation and abnormal neu-
ronal functioning, neuroapoptosis and synaptic injury (Bar-
rientos et al. 2012; Cao et al. 2010; Hovens et al. 2015; Qiu
et al. 2016; Skvarc et al. 2018). Accumulating data showed
that various perioperative injury factors, such as excessive
production of inflammatory cytokines and reactive oxygen
species, imbalance of cerebral iron metabolism, and down-
regulated type 2 cannabinoid receptors could induce micro-
glial activation (Cibelli et al. 2010; Hovens et al. 2014, 2015;
Hu et al. 2018; Li et al. 2016a; Qiu et al. 2016; Skvarc et al.
2018; Sun et al. 2017; Terrando et al. 2010; Zheng et al.
2017). In turn, activated microglia produced more injury
factors and exacerbated injurious process. In other word,
it forms a vicious cycle and ultimately lead to postopera-
tive neurological sequela (Figure 1, online resource). Taken
together, neuroinflammation, in particular involved with
microglia priming, plays a pivotal role in pathophysiologi-
cal mechanism of POCD in the aged.

However, to our knowledge, there are two controversial
topics in this field. The first one is that the neuroinflamma-
tory response even the microglial priming does not always
mean cognitive injury. It is seems stage-specific in the com-
pletely pathological process of neurodegeneration (Sochocka
et al. 2017). Coincidentally, an unexpected clinical finding
showed a profound decrement of glial activity 3—4 days
after patients received robotic prostatectomy (Forsberg
et al. 2017). This was the first study found postoperative
immunosuppression was correlated with postoperative cog-
nitive impairment. It was unclear this immunosuppressive
phenomenon was primary response or secondary response
to the initial perioperative “cytokine storm”.

The second one is where is the initial change of inflam-
matory cytokines, peripheral or intracerebral? Given that
pure intracerebral cytokines initiate neuroinflammation,
measurements neutralizing the peripherally proinflamma-
tory cytokines may not offer improvement in cognition.
In contrast, preclinical findings showed that peripheral
blockade of proinflammatory cytokines did mitigate the
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cognitive impairment of the models subject to orthopedic
surgery (Cibelli et al. 2010; Hu et al. 2018; Terrando et al.
2010). Of interest, intracisternal administration of inter-
leukin (IL)-1 receptor antagonist or tumor necrosis factor
(TNF)-a receptor antagonist also alleviated postoperative
cognitive decline in aged rodent models (Barrientos et al.
2012; Ma et al. 2015). Of note, a study found that surgery
aggravated preoperative existed neuroinflammation, revealed
by pronounced growing level of TNFa and IL-6, but did not
correspondingly worsen the cognitive injury (Vacas et al.
2017). Surprisingly, the authors pointed out that the existed
neuroinflammation was associated with the postoperative
cognitive decline. There is a possibility that surgery-induced
neuroinflammation did not reach the intensity to result in a
detectable impairment in cognitive performance, because
surgery itself does not causally associated with cognitive
deficit (Hughes et al. 2017). Considering the communi-
cation between peripheral immune system and CNS, the
comprised function and integrity of blood—brain barrier in
POCD should not be neglected. In line with this argument, it
was observed in several studies that the integrity of BBB was
impaired via different molecular mechanisms in aged POCD
models (Bi et al. 2017; He et al. 2012; Terrando et al. 2016;
Wang et al. 2017a; Yang et al. 2017; Zheng et al. 2017;
Zhu et al. 2018). These data present new challenge for fur-
ther investigating the origin of inflammatory response in
POCD. In light of the current evidence, it is difficult to draw
a conclusion from which is the proinflammatory cytokines
originally derived.

As mentioned before, advancing age is unanimously pro-
posed as the independent risk factor for POCD in preclinical
(Bietal.2017; Wang et al. 2018; Xu et al. 2014; Yang et al.
2017) and clinical findings (Kubota et al. 2018; Moller et al.
1998; Monk et al. 2008). Thus, we came up a hypothesis that
any aging-related changes contributed to the POCD in the
aged. In next section, we attempted to evaluate this hypoth-
esis based on the current evidence.

Neuroinflammaging and its emerging role
in POCD

Neuroinflammaging

Aging is the inevitable process of living organisms and char-
acterized by a progressive loss of physiological integrity and
functional decline of organs.

During aging process, every system of the body under-
goes various adaptive changes that increase the vulnerability
to insult. Indeed, it is widely accepted that aging is the major
common risk factor for frailty, decreased physical resilience
as well as chronic diseases, which include neurodegenera-
tive diseases, heart diseases, cancer and so on (Barzilai

et al. 2018; Tchkonia and Kirkland 2018). One important
molecular mechanism underlying these diseases is revealed
by chronic, sterile, and low-grade increase of inflammation
that may not be beyond the physiological range (Fulop et al.
2014; Lopez-Otin et al. 2013; Rawji et al. 2016). This phe-
nomenon is termed as “inflammaging” (Franceschi et al.
2000; Franceschi and Campisi 2014; Vasto et al. 2007). Of
great interest, a chronic, low-level increase of inflammation
together with glial activation was found in the normal aging
brain (Barrientos et al. 2015; Bettio et al. 2017; Norden
and Godbout 2013). This phenomenon is dubbed “neuro-
inflammaging” in several previous studies (Davinelli et al.
2016; Grinan-Ferre et al. 2016; Lana et al. 2016). Until now,
the term “neuroinflammaging” may be just referred to the
nomenclature of “inflammaging” and not universally used
in published literatures. In the present review, we used this
term as an abbreviation in the context with inflammation in
the normal aging brain.

In the setting of physiological aging, there is a nuanced
balance between neuroinflammaging and neuronal function-
ing. However, this fragile homeostasis is easily interrupted
when individuals are subject to pathological insults (Bettio
et al. 2017). In fact, the homeostatic disturbance of neuroin-
flammaging was observed in the pathophysiological mecha-
nisms of neurodegenerative diseases (Bettio et al. 2017; Di
Benedetto et al. 2017; Liang et al. 2017; Pizza et al. 2011).
Accumulating findings suggested that even neurologically
asymptomatic aged individuals demonstrated neuroinflam-
maging as chronic, low-grade increase of neuroinflammatory
mediators, progressive glial activation and partial collapse of
BBB (Lopez-Otin et al. 2013). Therefore, we hypothesized
that the collision of preoperative existed neuroinflammag-
ing with perioperative neuroinflammatory response was key
point to address the conundrum in the pathological mecha-
nism of POCD in the old subject (Figure 2, online resource).
In the next section, we focus on the elements associated
with neuroinflammaging and their potential role in POCD
of the elderly.

Aging BBB and its role in POCD

BBB, composed of cerebral endothelial cells, perivascu-
lar mural cells and pericytes, is a firewall which curtails
the entry of the peripheral neurotoxic substance into brain,
keeps a homeostatic “milieu’” for normal neuronal function-
ing, and reserves proper channels to communicate with other
system outside of the brain (Ballabh et al. 2004). In a tradi-
tional perspective, brain was once thought as an immune-
privileged organ. The brain and the peripheral immune
system were isolated by a relatively impenetrable BBB.
However, the recognition on the communication between
the brain and the immune system has overwhelmingly
changed because of the amazing advance in the interplay of
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brain-immune modulation (Ellwardt et al. 2016; Louveau
2015a, b, 2017). Accordingly, it is now widely accepted that
CNS and the immune system continuously interact with each
other in the context of physiological as well as pathological
context throughout the lifespan (Di Benedetto et al. 2017,
Liang et al. 2017; Schwartz et al. 2013).

However, BBB usually bears the brunt of pathological
insults since it is the interface of peripheral immune system
and brain. It is, therefore, not surprising that BBB damage
is found in extensive studies of neurodegenerative diseases
(Erdo et al. 2017; van de Haar et al. 2015; Zlokovic 2008).
It remains controversial whether BBB leakage occurs in nor-
mal aging of human until Montagne et al (2015) validated
this striking hypothesis. The evidence showed that BBB
breakdown occurred in the early period of brain aging and
initiated in the hippocampus. It is noteworthy that increased
permeability of hippocampal BBB coincides with exacer-
bated mild cognitive impairment (Montagne et al. 2015).
Together, this suggests that loss of cerebrovascular integrity
of BBB during normal aging contributes to early onset of
cognitive deficit.

It is our principal concern whether BBB is involved in
POCD in the aged models or individuals in the present
review. As expected, mounting data showed that BBB was
disrupted in POCD of aged rodent models receiving differ-
ent surgery even only anesthetics exposure (Cao et al. 2018;
He et al. 2012; Li et al. 2016b; Ni et al. 2018; Yang et al.
2017; Zheng et al. 2017). It seems that different molecu-
lar mechanism involved in the disruption of BBB follow-
ing surgery and anesthesia (Bi et al. 2017; Cao et al. 2018;
He et al. 2012; Li et al. 2016b; Ni et al. 2018; Zheng et al.
2017). As BBB became leakier, various perioperative insults
may promote neurotoxic factors into CNS and further dete-
riorate preexisting low-grade neuroinflammation of normal
aging that eventually results in cognitive impairment in the
aged models. This notion was supported by the findings the
disruption of BBB after surgery and anesthesia was age-
dependent (Bi et al. 2017; Yang et al. 2017). It means aging
BBB is susceptible to damage in the aged POCD models.
An elaborate research provide indirect evidence that age-
related BBB injury was possibly associated with peripheral
inflammation-induced cognitive dysfunction (Zhu et al.
2018). Taken together, the increased permeability of BBB
in normal aging possibly contributes to POCD in the aged
models.

Aging microglia and its role in POCD

As a unique population of immune cells resident in the brain,
microglia are associated with a variety of in physiological
and pathological setting in development and neurodegen-
erative diseases (Harry 2013; Salter and Stevens 2017).
They participate in neuroplasticity by synaptic pruning and
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secretion of neurotrophic factors in the development of brain
(Harry 2013). Meanwhile, they are involved with synaptic
loss and tau propagation in age-related neurodegenerative
diseases (Salter and Stevens 2017). Once activated by nocu-
ous stimuli, microglia become amoeboid in morphology and
polarized in phenotype. Of note, a subset of dark microglia
was described as hyperactive microglia with condensed
cytoplasm and postulated to be predominantly associated
with pathological remodeling of neural network (Bisht et al.
2016).

During normal aging, the age-related changes in glial
cells are prior to those in neurons (Soreq et al. 2017). More-
over, interventions targeting senescent glial cells mitigated
tau-mediated pathologies (Bussian et al. 2018). These data
suggested that senescent glial cells play an important role
in the initiation and progression of age-related neurodegen-
eration. In normal aging, microglia are prone to change into
a more primed state that is associated with the increased
proinflammatory profiles in the brain (Grabert et al. 2016;
Li and Barres 2017; Schuitemaker et al. 2012). It showed
that microglial phenotype became de-ramified and was
comparable to activated ones in the brain of aged rodents.
The primed microglia was postulated to be associated with
age-related augmented neuroinflammation, reduced neuro-
genesis, synaptic aberrations and hence cognitive impair-
ment (Salter and Stevens 2017). In summary, age-related
microglial priming may be the underlying mechanism of
age-related neurodegeneration.

There has been an explosion of findings recently giving
us insights into the involvement of neuroinflammation in
POCD of the aged models. As the resident immune cells of
the CNS, microglia are endowed with the natural advantage
to take center stage in research for their roles in the origin
of neuroinflammatory cytokines in aged POCD models. A
host of studies have found that microglia were activated in
hippocampi of aged rodents, resulting in excessive release
of neuroinflammatory cytokines in the brain (Hovens et al.
2014, 2015; Qiu et al. 2016; Rosczyk et al. 2008; Vacas et al.
2013). Interestingly, a study observed that microglia activa-
tion was region-specific in old rats subject to procedure of
major abdominal surgery and those activated in hippocampi
contributed to deficit in spatial memory in the MWM probe
trial (Barrientos et al. 2015). Indeed, activated microglia
was found in some areas of brain including frontal lobe, cin-
gulate cortex, entorhinal cortex, as well as hippocampus in
the normal aging (Schuitemaker et al. 2012). One hallmark
alternation of the aging brain is the chronically, low-grade
increased neuroinflammation (Lopez-Otin et al. 2013). It
remains a matter of debate whether activated microglia is
the original resource of low-grade neuroinflammation in nor-
mal aging, but it is definite age-related neuroinflammation
increased the susceptibility to cognitive impairments follow-
ing an immune challenge such as infection, traumatic brain
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injury, or perioperative stress (Barrientos et al. 2015; Bettio
et al. 2017). Concerning POCD, there are indirect evidence
that the intensity of neuroinflammation is age-dependent in
animal models (Hovens et al. 2015; Yang et al. 2017; Zheng
et al. 2017). However, it is unknown whether is casual link
between aged-related microglial activation and postoperative
cognitive impairment in the aged models. Further work need
to carry out to validate this hypothesis.

Aging astrocytes and its role in POCD

Astrocytes are the largest group of glial cells in the CNS.
They were once considered as support cells in healthy CNS
and passive responders even bystander to neuronal injury
in disease, but now it is widely accepted that they carry out
a variety of essential functions in the brain under healthy
or pathological conditions (Ben Haim and Rowitch 2017;
Dallerac and Rouach 2016; Sofroniew 2014; Sofroniew
and Vinters 2010). Under physiological condition, astro-
cytes are proposed to be one side of “tripartite” synapses
and active drivers of neuron-astrocyte communication so
that modulate synaptic function and integration of neural
circuits (Perea et al. 2009; Stogsdill et al. 2017). With the
harmful stimuli, activated astrocytes are postulated to be
associated with synaptic and cognitive impairment in neu-
rodegenerative and psychiatric disorders (Chung et al. 2015;
Dallerac and Rouach 2016). Therefore, reactive astrocytes
are suggested as potential target for prophylaxis or treatment
of CNS disorders.

With regard to the process of in aging, astrocytes show
molecular and structural phenotype. The structural changes
present as alternation in processes, which become shorter
and stubbier with aging (Castiglioni et al. 1991; Jyothi et al.
2015; Soreq et al. 2017). With respect to molecular pro-
file of changes, aged astrocytes showed various alternation.
Notably, glial fibrillary acidic protein was found increase
in aged astrocytes (Cerbai et al. 2012; Kohama et al. 1995)
and this finding that astrocytes become reactive with aging.
A recent finding that aged astrocytes showed characteristics
of Al reactive astrocyte (a toxic subtype) supported this
notion (Clarke et al. 2018). Furthermore, regulatory gene
for behavioral ageing 1 from aged glia accelerated behav-
ioral deterioration by activating mitochondrial unfolded
protein response in neurons of C. elegans (Yin et al. 2017).
More importantly, several studies suggested that astrocyte
and microglia interacted in a complex manner in aging and
pathological situation. The time points of microglial altera-
tion with aging were similar to those of astrocytes’ (Soreq
et al. 2017). Strikingly, primed microglia induced neuro-
toxic Al astrocytes, which was predominantly present in
neurodegenerative disease (Liddelow et al. 2017). This pro-
cess was dependent on a cluster of cytokines, IL-1a, TNF,
and complement Clq. During normal aging, there was no

significantly increase in A1 astrocytes-related genes in mice
lacking the microglia-derived IL-1a, TNF, and C1q (Clarke
et al. 2018). This suggests that aged microglia promote Al
astrocytes activation in normal aging. Since A1 astrocytes
lose their physiological function, but by contrast, release
neurotoxic factor to neurons and oligodendrocytes, the prop-
erties of Al astrocytes probably contribute to the normal
aging-related cognitive decline and increase the vulnerabil-
ity of brain to hazard insults.

As neuroinflammation plays a critical role of in neuro-
degeneration and microglia are the unique brain-resident
macrophages, most of the research focused on investigating
the role of microglia in POCD of the elderly. However, there
was still fewer attention that was payed to examining the
role of astrocytes in this neurological complication after sur-
gery and anesthesia (Wan et al. 2007, 2010; Xu et al. 2017,
Zhang et al. 2016). It is no finding that A1 astrocytes take
part in neuroinflammation in the POCD in the aged models.
Strikingly, a recent study showed that C3/C3a receptor sign-
aling was activated and contributed cognitive impairment
after orthopedic surgery in adult mice (Xiong et al. 2018).
Release C3a is one characteristic of Al astrocytes formation
(Liddelow et al. 2017). These findings provide the possibil-
ity that astrocytes in normal aging may contribute to, at least
partially, cognitive decline in the aged models after surgery.
Moreover, further studies need to be undertaken to examine
the exact role of aged astrocyte in POCD.

Potential interventions
Anti-neuroinflammatory strategies

In light of the close association of neuroinflammation and
postoperative neurological performance in POCD, anti-neu-
roinflammatory strategies are usually preferentially consid-
ered to prevent or treat this complication.

A series of the potential strategies that targeted neuroin-
flammation to prevent or treat POCD, as well as their cor-
responding mechanisms, are summarized in Table 1 (online
resource).

NSAIDs

Several nonsteroidal anti-inflammatory drugs (NSAIDs),
such as parecoxib, ibuprofen, and acetaminophen were found
to mitigate neuroinflammation and improve cognitive func-
tion. As known, parecoxib is a high-selective cyclooxyge-
nase (COX) 2 inhibitor and reported to have sufficient dis-
tribution in the CNS. Animal models and clinical subject of
administered by parecoxib showed better-preserved cogni-
tive performance. The neuroprotective effect was mediated
by downregulating the expression of IL-1p and TNF-a in the
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brain (Gong et al. 2012; Peng et al. 2012; Zhu et al. 2016b).
Unlike parecoxib, ibuprofen is an inhibitor of both COX
1 and COX 2. Ibuprofen produces analgesic, antipyretic,
and anti-inflammatory effect by inhibiting COX 2 (Kakuta
et al. 2008). Studies in preclinical and clinical settings
have showed that ibuprofen improved postoperative cogni-
tive function (Huang et al. 2018; Le 2016). A recent study
showed that acetaminophen significantly downregulated L-1
B, IL-6, and TNF-a in hippocampi of mice and improved
cognitive performance (Zhao et al. 2017). Together, these
findings suggest that perioperative commonly used NSAIDs
are promising agents to prevent or treat POCD.

Dexmedetomidine

Dexmedetomidine is a highly selective a,-adrenoceptor ago-
nist. It is first licensed to use in sedation and now admitted to
use in anesthesia maintaining in clinical anesthesia (Hoy and
Keating 2011). In tibial fracture model, dexmedetomidine
treatment reduced the expression of IL-1p, IL-6, and TNF-a
and inhibited the activation of astrocytes and microglia in
hippocampi (Paeschke et al. 2017; Zhu et al. 2016a). In clini-
cal settings, dexmedetomidine was showed to improve the
short-term and long-term cognitive function in the elderly
admitted to the intensive care unit after non-cardiac surgery
(Su et al. 2016; Zhang et al. 2018). Furthermore, a recent
meta-analysis supported this hypothesis (Duan et al. 2018).
However, there is conflicted finding that intraoperative infu-
sion dexmedetomidine did not prevent postoperative delir-
ium and cognitive dysfunction in elderly individuals (Deiner
et al. 2017). It is likely that the neuroprotection of dexme-
detomidine is dependent on its dosage and timing of admin-
istration in the clinical context. To sufficiently explore the
promising effect of dexmedetomidine, more concern needs
to be focused on optimizing the administration regimen.

Minocycline

Minocycline is a second-generation tetracycline. It has been
shown to exert both antimicrobial and anti-inflammatory
action (Yrjanheikki et al. 1999). It can easily cross the BBB
and provide neuroprotective effect against insults associ-
ated with aggravated neuroinflammatory response, includ-
ing cerebral ischemia, Alzheimer disease, and neuropathy in
diabetes (Ferretti et al. 2012; Jalal et al. 2015; Vincent and
Mohr 2007). In line with this argument, mounting preclinical
evidence showed that minocycline provided the promising
neuroprotection against this postoperative cognitive impair-
ment by modulating the levels of proinflammatory cytokines
and the activity of microglia (Cibelli et al. 2010; Kong et al.
2013; Li et al. 2013; Sun et al. 2017). However, it needs to
be further examine whether minocycline is effective in the
prevention of POCD in clinical context.
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Ulinastatin

It is identified as a urinary trypsin inhibitor, and widely used
in patients with inflammatory disorders. In clinical trials,
ulinastatin was observed to lower IL-6 and S100beta concen-
trations up to postoperative day 2 and improve the MMSE
score on day 1, day 3, and day 7 after operation (Lv et al.
2016; Wang et al. 2017b).

Other anti-neuroinflammatory measurements

Pretreatment with deferoxamine suppressed microglial
activation, oxidative stress, and inflammatory response and
improved cognitive function in rodent models of POCD (Li
et al. 2016a; Pan et al. 2016). In addition, it was reported
interventions activating SIRT3 (Ye et al. 2018), cannabinoid
receptor type 2 (Sun et al. 2017), TREM2 (Jiang et al. 2018)
and a7 nicotinic acetylcholine receptor (Kong et al. 2015;
Terrando et al. 2015b) showed anti-neuroinflammatory effect
and mitigated cognitive decline in the old POCD models.

Physical strategies

Another encouraging measurement for POCD is to explore
natural anti-inflammatory methods, including dietary restric-
tion, physical exercise and environmental enrichment. Actu-
ally, robust data demonstrate that dietary restriction can pre-
vent the age-related cognitive decline even increase lifespan
expectancy in different species (Cohen et al. 2004; Fontana
et al. 2010). Despite the compelling evidence undergirding
the effectiveness of dietary restriction to improve age-related
cognitive function, it is tough for most individuals to main-
tain this harsh dietary style for the long run. Besides the
dietary restriction method, the practice of physical activ-
ity is also correlated to cognitive improvement in the aging
individuals (Hillman et al. 2008). The beneficial effect of
physical exercise on brain function is mediated by complex
neuro-immuno-endocrine modulation (Gambus et al. 2015;
Trivino-Paredes et al. 2016). The previous findings indi-
cated that rats with low exercise endurance showed persis-
tent memory deficit compared to those with high exercise
endurance (Feng et al. 2013; Gambus et al. 2015). Envi-
ronmental enrichment is an alternate strategy of cognitive
stimulation and can improve hippocampal-dependent spatial
memory in preclinical studies (Schloesser et al. 2010). Of
note, preoperative environmental enrichment reduced cogni-
tive impairment by inhibiting hippocampal neuroinflamma-
tion and age-related microglial phenotype in aged rats after
abdominal surgery (Kawano et al. 2015).

The notion that these physical measurements are effec-
tive in improving cognitive function is summarized from
the preclinical data. It remain elusive whether they work
in the individuals of high risk of POCD. Therefore, more
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investigations should be carried out to examine whether
they could provide a beneficial effect to older individu-
als with high risk of POCD and the potentially biological
mechanism.

Others

Several studies show that polyphenols or antioxidants can
reduce cognitive impairment in the aged models of POCD
(Gogenur et al. 2007; Li et al. 2014; Wu et al. 2017), but
they need to be tested in the clinical settings. In addition,
gut microbiota, supposed to have extensive physiological
and pathological function, was observed that could modu-
late microglia and neuroinflammation (Sampson et al. 2016;
Thion et al. 2018; Vaiserman et al. 2017). Amazingly, two
recently published studies showed that the prophylactic
effect of excise on postoperative neuroinflammation and
cognitive impairment was modulated by gut microbiome
(Feng et al. 2017; Zhan et al. 2018). These findings pave
an attractive way to prevent and treat by intervention gut
microbiome. In addition, the feasibility and effectiveness of
this method need to be examined in the clinical background.

Conclusions

Aging is a natural, but irreversible, process of life and inevi-
tably concomitant with decline of body system. With the
rapid worldwide growing in aging population and advance
in medical technology, POCD, a severe neurological com-
plication with high occurrence in the elderly population,
received explosive interest of experts from perioperative
medicine. Advanced age is an independent risk factor of
POCD, suggesting age-associated changes may be involved
in its pathogenesis. Neuroinflammaging manifests as low-
grade neuroinflammation, microglial activation, BBB dis-
ruption, and Al-like astrocytes, some of which were also
observed in the aged POCD models. Given that neuroinflam-
maging contributes to age-related cognitive decline, the pre-
existed neuroinflammaging in the aged individuals possibly
increases the susceptibility to postoperative stress. And that
the outcome might display as deteriorating cognitive per-
formance in postoperative period. This opens a possibility
to elucidate pathophysiological mechanism of POCD from
the perspective of combining basic condition of individuals
with the perioperative stress. Furthermore, strategies that
delay or counteract neuroinflammaging may pave a way to
prevent or treat POCD in the aged population.
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