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Aim of review: The main purpose of this review is to gather the historical evolution on
why people pay more and more concerns about postoperative cognitive dysfunction
(POCD) and the postoperative management of the old people, and provide a synopsis of
the available clinical and preclinical data and summarizes current research that is relevant
to the occurrence of POCD due to anesthetics we are now commonly using. As the whole
world is becoming an aging society, POCD and the physiological and pathological chang-
es caused by aging have a great impact on and the further postoperative outcomes.
Methods: To have a complete understanding of anesthetics and their effects on POCD in
elderly, certain keywords have been used to identify the relevance to anesthesia. The
terms, Isoflurane, Sevoflurane, Desflurane, Ketamine, Propofol, and Dexmedetomidine,
were searched to identify correlations between POCD as postoperative cognitive dysfunc-
tion, cognitive disabilities and elderly. The search consisted of all possible combinations
of one anesthesia term and one cognitive term. This review mainly focused on the results
published in the past 5 years and summarized the entire story in a structured way.
Recent findings: Aging is one of the top risk factors of POCD, and it is mainly connected
to the postoperative brain damage and cognitive deficiency. POCD is associated with nu-
merous of postoperative complications, and anesthetic drugs may play a very important
role in these changes. Though many opinions came out as both volatile and intravenous an-
esthetics might affect and increase the brain damage, the results vary as the different crite-
ria they use. Anesthetics are not the only cause of the onset of POCD, surgery itself may
cause the cognitive dysfunction as well. Dexmedetomidine can contribute to prevent and re-
duce the occurrence of POCD, and additional measures were taken during the whole peri-
operative period and early postoperative recovery would also help keep the patients from
suffering from POCD.
Conclusion: POCD occurs frequently in patients older than 65 years, and it is clearly re-
lated to some postoperative complications. The core mechanism is the aging immune sys-
tem and inflammation. There is plenty to do both in clinically preventing its occurrence in
old patients, and determining its original mechanism in basic science. (Funded by the Na-
tional Natural Science Foundation of China, the Overseas, Hong Kong & Macao Scholars
Collaborated Researching Fund, and the Natural Science Foundation of Shaanxi Province)
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A
round the world, especially some in some
developing countries, populations are un-
dergoing rapid and dramatic aging, which

affects socio-economic challenges, as well as op-
portunities, for individuals, families, govern-
ments, and societies. It has been estimated that
in 2051, the proportion of elderly individuals re-
ceiving anesthetics and surgeries would be over
50% in total (1). POCD, which is short for post-
operative cognitive dysfunction, is now becom-
ing a more and more important topic for elderly
not only during the hospitalization period but al-
so throughout the preoperative period. On
PubMed and Medline, keywords, such as
“POCD”, “postoperative cognitive dysfunction”
and “cognitive disabilities”, were searched to ob-
tain over 500 articles written in the past 5 years
to come to the general conclusion that POCD is
likely to be multifactorial. The occurrence of
POCD could be a result of the effects of surgery,
general anesthesia, or other factors that remain
unclear. Aging, as the most important risk fac-
tors of POCD, is now catching the world’s atten-
tion in regards to perioperative recovery for el-
derly patients. In this review, we summarized the
history of how does aging change the function in
our brain, the mechanism of aging and the occur-
rence of POCD, what is the role of aesthetics in
relation to POCD, and the direction we might
be heading towards in the coming future.

Concept of POCD, POCI and Their Influence
on Elderly

The history of POCD dates back 60 years ago.
The first article on POCD was published in
1955, in which the symptoms of postoperative
behavior disability were found in 10% of elderly
patients, 2% of which showed significant demen-
tia (2). In 1961, an article discussing no changes
in memory and learning abilities was published,
and this started the argument about the whether
there is a relationship between surgery, anesthe-
sia, and postoperative cognitive functions of el-
derly (3).The prevailing biomedical strategy for
reducing the healthcare impact of population ag-
ing has been “compression of morbidity”. With
increasing age, speed in spatial orientation, per-
ceptual speed, numeric ability, verbal ability, and

verbal memory decreases (4). Last year in 2016,
a concept about “Optimal Longevity” was pro-
posed, and people started to seek a way to main-
tain the balance between releasing the bother of
disease affecting the elderly and improving their
quality of life (5). Although doctors now under-
stand the hazards of POCD and have identified
it as a medical problem, the mechanism still re-
mains unclear.

POCD describes a decline in cognitive func-
tion after surgery with a predominance in the el-
derly patient. Not the same as delirium, POCD
could not be diagnosed until the patient has
done the formal neuropsychological testing be-
fore and after surgery, which is not commonly
happening outside a research setting. Partly as a
result of this, there is no International Classifica-
tion of Diseases (10th Revision) code for
POCD, and it is not listed as a diagnosis in the
Diagnostic and Statistical Manual of Mental Dis-
orders, 5th Edition (DSM-V) (6). Some neuro-
psychological testing and psychiatric scales are
used to try to define the cognitive changes
among the patients, for example, the Mini-Men-
tal State Examination (MMSE), the Digit Span
Forward subtest from the WAIS- III, the Stroop
Color Word Test and Hopkins Verbal Learning
Test, Revised (HVLT-R) are the most commonly
accepted and used scales to measure the occur-
rence and severity of POCD (7-9). What’s more,
human cerebrospinal fluid (CSF) biomarkers as
S-100β, IL- 6 may make a difference in neuroin-
flammatory response, which is involved in the
mechanism of POCD, are used as detective
markers for POCD diagnosis these days (10).
Another concept comes up as we describe and
study POCD, which is POCI, short for Postoper-
ative Cognitive Improvement, also plays an im-
portant role in the function of aging brains. Us-
ing the same neuropsychological tests, some pa-
tients would show cognitive performance im-
provement after the surgery. For example, after
carotid endarterectomy, the postoperative resto-
ration of cerebral perfusion would be very help-
ful for POCI (11). Some anesthetics used would
also make various of effects on the geriatric pa-
tients, based on the combination and their dos-
es. Because there are so many factors involved,
it becomes very hard to find a balance between
the dysfunction and improvement in the postop-
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erative management for elderly.

Aging is The Top Risk Factor for Postoperative
Complications

In the 6th national census of population in Chi-
na, it has been reported that over 13% of the
population is over 60 years (12). During the peri-
operative period, the main challenge is to de-
crease the rate of mortality and increase mobility.
Ten years ago, patients over 80 who had devel-
oped one or more complications had a 30- day
mortality rate of 26% compared to a 30-day mor-
tality rate of only 4% for the patients who suf-
fered no complications and recovered smoothly
through the perioperative period. In 2015, the in-
cidence of major adverse cardiac events (MACE)
in elderly Chinese patients with CAD who under-
went non-cardiac surgery was 9.1% (13).

Among all the postoperative complications,
postoperative brain damage and cognitive defi-
ciency begin to attract our attention the most. As
an increasing amount of surgeries are performed
on more patients over 60 years old, the com-
plaints from the patients themselves and their
family members increased. The elderly suffered
from memory loss, difficulties in learning, disori-
entation, and inability to concentrate (14,15). Al-
though people are not sure about whether the an-
esthetic drugs or the surgery itself causing the
postoperative brain damage, scientists identified
the issue from finding out the mechanism of aging
and the changes in brain structure and function.

Potential clues about the relationship between
epigenetic changes and aging come from studies
in Saccharomyces cerevisiae, where epigenetic
changes are a primary cause of the aged pheno-
type. Genomic instability and alterations in gene
expression are hallmarks of eukaryotic aging.
DNA damage- induced redistribution of SIRT1
and other chromatin-modifying proteins may be
a conserved mechanism of aging in eukaryotes.
Oxidative stress, DNA repair factor, growth fac-
tors, and oxidative DNA damage are all linked
to both transcriptional and epigenetic changes
(16). In another issue, altered expression of dif-
ferent inflammatory factors can either promote
or counteract neurodegenerative processes.
Since many inflammatory responses are benefi-

cial, directing and instructing the inflammatory
machinery may be a better therapeutic objective
than suppressing it (17). Neutrophil gelatinase-
associated lipocalin (NGAL) has recently gained
interest as a marker for neuroinflammation
and associated behavioral dysfunction; scientists
also found that NGAL may serve as a sensitive
marker in connecting the peripheral inflammato-
ry state to cognitive changes (18). What’s more,
researchers also focused on the function of the
telomere, accumulating evidence that implicated
telomere damage as a driver of age-associated or-
gan decline and disease risk. The marked rever-
sal of systemic degenerative phenotypes ob-
served in adult mice supported the development
of regenerative strategies designed to restore
telomere integrity (5,19,20). New theories re-
garding the relationship between aging and
brain changes never stopped, and continuing de-
velopment of effective behavioral approaches
for enhancing adherence to healthy aging prac-
tices in diverse populations, and ongoing analy-
sis of the socio- economic costs and benefits of
health span extension will be important support-
ing goals.

Anesthesia and POCD in Geriatric Patients

In order to have a complete understanding of an-
esthetics and their effects on POCD in aging, we
have conducted a literature search. The follow-
ing terms were used to identify relevance to anes-
thesia: Isoflurane, Sevoflurane, Desflurane, Ket-
amine, Propofol, and Dexmedetomidine. The
following terms were searched in order to identi-
fy relevance to POCD as postoperative cognitive
dysfunction and cognitive disabilities. The
search consisted of all possible combinations of
one anesthesia term and one cognitive term, and
we mainly focused on the results recently.

Effects of Potent Volatile Anesthetics on POCD
While there are various pieces of evidence that
many different anesthetic agents may affect cog-
nitive function during aging, the potent volatile
anesthetics are among the most frequently impli-
cated in studies of POCD. Numerous investiga-
tions of isoflurane and several of sevoflurane
have been conducted to explore their potentially
deleterious effects on neurogenesis, with mixed
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results (Table).
Of the 580 articles we searched, almost 60%

percent were focused on the influence of vola-
tile anesthetics and aging brains. On one hand,
articles are being published to explain the neuro-
protection role of volatile anesthetics, while oth-
er specialists are coming up with various mecha-
nisms regarding the neurotoxicity of isoflurane
and sevoflurane. It has been reported that isoflu-
rane exposure impaired retention of memory in
platform location, 1 week after exposure in
young adult rats and resulted in a delayed, al-
though weak, impairment at 4 weeks in middle-
aged rats (21). NMDA receptor-mediated signal-
ing pathways in the hippocampus and cortex of
rats treated with isoflurane/N2O anesthesia at
18-months-old, result in spatial learning deficits
in these animals (22). There is also an article
that discusses how cognitive disorder was miti-
gated by anti- inflammatory agents even 14 days
after isoflurane exposure in aged mice; in addi-
tion, isoflurane-induced upregulation of neuroin-
flammatory cytokinesis was only limited to 48

hours (23). For the function of the blood-brain
barrier (BBB), it has been reported that isoflu-
rane would induce hippocampus BBB disrup-
tion, and may contribute to hippocampus-depen-
dent cognitive impairment in twenty-month-old
rats that randomly received 1.5% isoflurane
(24). TNF- alpha receptor antagonist may serve
as a potential agent for the prevention of anes-
thesia- induced cognitive decline for the 20-
month-old rats that were exposed to 1.3% iso-
flurane for 4 h (25). Another issue regarding iso-
flurane and cognitive impairment in aged rats fo-
cuses on the induction of hippocampal neuroin-
flammation, as calcineurin (CaN) serves an im-
portant role in the initiation of mitochondrial
retrograde signaling, and nuclear factor- kappaB
(NFkappaB) is involved in CaN signaling (26).
Acute sevoflurane anesthesia in normothermic
conditions led to a significant dose- dependent
and reversible hippocampal tau phosphoryla-
tion, which suggested that sevoflurane exposure
is associated with increased tau phosphorylation
through specific kinases activation and spatial
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Table. The Relationship Between Different Anesthetic Drugs, Methods and Cognitive Dysfunction.

Item

Anesthetics

Volatile Anesthetics

Isoflurane

Sevoflurane

Intravenous Anesthetics

Propofol

Ketamine

Lidocaine

Dexmedetomidine

Anesthetic technique

Regional vs. General anesthesia

Surgery

NMDA denotes N-methyl-D-aspartate, BBB Blood-Brain Barrier, TNF Tumor Necrosis Factor, POCD Postoperative Cognitive Dysfunction,
NSE Neuron-Specific Enolase, HMGB1 High Mobility Group Box 1, IL Interleukin, iba1 ionized calcium-binding adapter molecule 1, GluR1 Glu-
tamate Receptor Subunit 1.

Functional impairment

Impair retention memory

Spatial learning deficits

Increase neuroinflammatory

Hippocampus-dependent cognitive impairment

Hippocampal neuroinflammation

Spatial memory deficits

Did not impair their acquisition learning and

retention memory

Cognitive dysfunction

Attenuates the POCD occurrence

Attenuates the incidence rate of POCD

Ameliorating postoperative cognitive impairment

Regional anesthesia is less affected to cognitive function than general anesthesia

Mechanism involved

NMDA receptor mediated signaling pathways

Anti-inflammatory agents

Induce hippocampus BBB disruption

TNF-alpha receptor antagonist

Reversible hippocampal tau phosphorylation

mTOR signaling pathway inhibition

Increases tau phosphorylation

Decreases C-reactive protein concentration

Decreases serum s-100β, NSE and IL-6 levels

Reduce these proinflammatory cytokines

Increase HMGB1, IL-1β, TNF-α and Iba1

Inhibit GluR1 trafficking
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memory deficits. Almost the same as isoflurane,
repeated sevoflurane anesthesia would lead to
persistent tau hyperphosphorylation and signifi-
cant memory impairments, as seen in the reten-
tion phase of the Morris water maze in sevoflu-
rane- anesthetized animals(27). A different arti-
cle focused on young mice that received 3.3%
sevoflurane or 7.8% desflurane and found that
it did not impair their acquisition learning and
memory retention(28). Using rapamycin and
p70 ribosomal S6 protein kinase (p70S6k), peo-
ple found that with sevoflurane exposure, the
postoperative cognitive dysfunction following
surgery may be due to mTOR signaling pathway
inhibition in aged rats (29).

While more than half of the articles are talk-
ing about the influence of inhaled anesthetics
and POCD in aged animals, there are still some
opposing views. An article showed that repeated
exposures of isoflurane on 15-month old mice
had no observable effects on performance of
any operant tasks like fixed consecutive number
(FCN), incremental repeated acquisition (IRA),
and progressive ratio (PR) tasks (30).It has been
found that exposure of sevoflurane for 4 hours
on 20- 24-week old rats would not affect their
swimming and action speed compared to the
12weeks group (31). Another article that discuss-
es sevoflurane and cognitive effects are suggest-
ing that sevoflurane anesthesia can impair short-
term cognitive function, which may be via down-
regulating p- CREB1 and Bcl- 2 expression and
up- regulating Caspase- 8 expression to reduce
hippocampus neuronal apoptosis, but it will be
back to normal a few days later (32). 1 MAC
sevoflurane anesthesia for 2 hours may affect
some part of the memory, but it induces neither
contextual fear memory impairment nor altera-
tions in local population connectivity of medial
prefrontal cortex local field potentials networks
in aged rats (33). Another study about sevoflu-
rane exposure in mice found that hippocampal
IL-1beta and IL-6 increased at 6 hours after sur-
gery, but no impairment of the spatial reference
memory was found (34). These various opinions
regarding the final results of animal tests may de-
pend on the dose of the anesthetics they use, the
exposure time, and also the end point of the fi-
nal test. What’ s more, the marker of how they
define POCD and the level of neuroinflamma-

tion was different as well. There are no criteria
for the definition of POCD in animal model yet,
and the species and sex of these animals may al-
so play some roles in the results.

Effects of Intravenous Anesthetics on POCD
Propofol is one of the most commonly used

intravenous anesthetic and sedative drug in geri-
atric medicine. The data suggest that develop-
mental exposure to propofol may have some ef-
fects on cognitive dysfunction. With the use of 8-
week old rats for 2 hours sedation, propofol in-
creased tau phosphorylation under both normo-
thermic and hypothermic conditions, and tem-
perature control could partially attenuate the hy-
perphosphorylation of tau (35). However, there
are opposing results that discuss how sub- anes-
thetic doses of isoflurane and propofol have no
significant effect on postoperative cognition in
rats with mild cognitive impairment, and its
mechanism is to maintain KCC2 expression in
the hippocampus (36).

Ketamine, which has been widely used in the
past, is not a commonly recommended drug for
normal anesthesia nowadays according to its
side effects known as double vision, nausea,
vomiting and most important, neurotoxicity. Re-
cently, there are several studies show that ket-
amine could attenuate POCD after surgery,
which bring this anesthetic back to the clinic. It
has been reported that a small bonus of ket-
amine before the cardiac surgery would decrease
the incidence rate of POCD after a week, with
the lower Serum C-reactive protein (CRP) level
while there is another groups reported the same
results in the orthopedic surgery (37). Another
study using the small- dose lidocaine combined
with ketamine would also attenuate the inci-
dence rate of POCD by decreased serum S-
100β, NSE and IL-6 levels (38).

Dexmedetomidine has been widely used and
studied clinically, a plenty of scientists have start-
ed to look into its mechanism in our brain and
all kinds of organ protections. A meta- analysis
suggested that perioperative dexmedetomidine
treatment is associated with significantly better
neurocognitive function postoperatively in com-
parison to both saline controls and midazolam
(39). In 2013, the scores on the MMSE for the
Dexmedetomidine and control groups one week
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after surgery were significantly different, which
suggested dexmedetomidine administration may
be an effective method for ameliorating postop-
erative cognitive impairment in elderly patients
who have undergone laparoscopic cholecystecto-
my (40).Further research is required to confirm
the findings of the present study. As a highly se-
lective α2 adrenoreceptor agonist that provides
anxiolysis, sedation, and modest analgesia with
minimal respiratory depression, dexmedetomi-
dine has recently come out of the clinical trial
on patients aged over 65 years who were admit-
ted to the intensive care unit after non- cardiac
surgery. Prophylactic low- dose dexmedetomi-
dine significantly decreased the occurrence of de-
lirium during the first 7 days after surgery. Dex-
medetomidine has shown its outstanding effects
on elderly patients (41). Most of the studies on
dexmedetomidine focused on clinical trials, but
there are still plenty of in-vitro and in- vivo stud-
ies. Splenectomy increased the expression of IL-
1β, TNF-α, Bax and caspase- 3 in the hippocam-
pus, and dexmedetomidine could reduce these
proinflammatory cytokines in 20–22-month old
mice (42). Dexmedetomidine may have a lot
more benefits for general anesthesia, and its
mechanism and clinical usage remains unknown
in some groups of specific patients. For geriatric
patients and their perioperative care, we have
plenty of research to do, even though the bene-
fits of dexmedetomidine for reducing POCD has
been widely accepted.

Anesthetic Technique on POCD
Regional anesthesia and general anesthesia may
affect the outcome of POCD as we thought, but
recent meta-analysis suggested that it is not tak-
en for granted. Twenty-six RCTs including 2,365
patients does not support the concern that a sin-
gle exposure to general anesthesia in an adult
would significantly contribute to permanent
POCD after non- cardiac surgery (43). It has al-
so been supported by another meta-analysis that
there was no effect of anesthesia type on the
odds ratio of developing POD, and the data
would advocate for the use of regional anesthe-
sia wherever possible especially in people other-
wise vulnerable to developing cognitive symp-
toms (44).

The anesthetic we concerned is not the only

risk factor in regards to POCD in the elderly. Ac-
cording to a report in 2012, no matter what
kind of anesthesia, the surgery itself upregulates
high mobility group box- 1 and disrupts the
blood- brain barrier causing cognitive dysfunc-
tion in aged rats (45). The same results came out
last year with a group tested for fear condition-
ing 6 days after the surgery under propofol-bu-
prenorphine or isoflurane- buprenorphine anes-
thesia. The level of IL-1β, tumor necrosis factor
TNF- α, and ionized calcium binding adaptor
molecule 1 (Iba-1) remained the same as the con-
trol group (46). It has been reported that sur-
gery itself would increase proinflammatory cyto-
kines that then inhibit GluR1 trafficking, leading
to learning and memory impairment, and neuro-
inflammation may be the underlying pathophysi-
ology of this dysfunction besides anesthetic
drugs (47). The same result came out in 2014
that the peripheral surgery was able to induce
cognitive impairment independent of general an-
esthesia, and that the combination of peripheral
surgery with aging- or Alzheimer gene mutation-
associated Aβ accumulation was needed for the
POCD to occur (48)).

The Actions in The Future

The top concern nowadays in clinical practice is
how to avoid the risks of catching POCD, and
to try our best to reduce the rate of the compli-
cations and sequelae that may occur in the com-
ing future. In the central mechanism of POCD,
no matter whether it was caused by the surgery
itself, or the dose and duration of anesthetic
drugs, inflammation occurs the most. There is
strong evidence that administration of supple-
mental oxygen and the avoidance of periopera-
tive hypothermia, allogeneic blood transfusion,
hyperglycemia or large swings in blood glucose
levels reduces postoperative infection rates,
which in case, may reduce the rate of POCD in
elderly patients as well. There is also some evi-
dence where the use of regional anesthesia tech-
niques reduce chronic postsurgical pain and that
avoidance of nitrous oxide reduces the long-
term risk of myocardial infarction (49). It has al-
so been reported that using the Bispectral Index
to monitor and control the depth of anesthesia
to remain at an anesthetic depth of 40 to 60 re-
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duces the incidence of postoperative delirium
(50). What’ s more, the impact of preoperative
environmental enrichment to prevent the devel-
opment of cognitive impairment following Sur-
gery in the animal model, which is just one of
the main ideas of enhanced recovery after sur-
gery (ERAS) (51). To continue making further
prospects that large-scale human trials with long-
term follow-ups are required to clarify the associ-
ation between anesthesia and an aging brain,
and trying to figure out the original mechanism
of long- term postoperative cognitive dysfunc-
tion in the elderly.

Summary

Even though much remains to be done and the
fact that there is a great deal of uncertainty as to

the outcome, the investigation into the hypothe-
sis that anesthetics is one of the key reasons of
POCD remains a promising one. There is solid
evidence that under the right conditions anes-
thetics can interfere with brain function, and it
is to be determined what the relevance of this
has to any clinical manifestations of POCD.
Thus, we conclude that further study in this area
is warranted, but that it should be focused on
the areas outlined above.
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