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Purpose of review

Postoperative cognitive dysfunction (POCD) is a well recognized perioperative syndrome, with
approximately 15% of patients over the age of 60 years displaying objectively measured decrease in
cognitive function as a consequence of anesthesia and surgery. The exact cause, however, remains
unknown. This review aims to update anesthesiologists on the recent advancements in the understanding of
the pathophysiology of POCD.

Recent findings

Recent evidence suggests that the observed predilection to POCD is likely mediated by a neuro-
inflammatory response – with surgery being a major contributing factor. The blood–brain barrier, a highly
specialized endothelial layer, is exquisitely sensitive to an inflammatory insult and implicated in the cause
of other neurocognitive syndromes also characterized by neuro-inflammation such as cerebral malaria.
Inflammatory changes may disrupt the blood–brain barrier and facilitate migration of macrophages into
the brain, damaging synapses and neurones and ultimately lead to POCD. This review explores the
important question of causality – the potential relationship between inflammation, endothelial dysfunction,
and postoperative cognitive decline.

Summary

Recent research points to a central role of a neuro-inflammatory cascade in POCD, with endothelial
dysfunction potentially aggravating the insult. Investigating the genomic and molecular mechanisms that
underlie the intervariation in the inflammatory response to surgery, improving the identification of
appropriate endothelial and inflammatory biomarkers, and developing endothelial modulatory and anti-
inflammatory (prevention and resolution) strategies are key areas of future translational research. This is
important as the elderly, who show increased susceptibility to this and other perioperative illness
syndromes, represent an ever-increasing proportion of patients presenting for surgery.
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INTRODUCTION

Although postoperative cognitive dysfunction
(POCD) is a well recognized perioperative syn-
drome, a consequence of anesthesia and surgery,
the exact cause remains unknown. Approximately
15% of patients over the age of 60 years will display
objectively measured decreases in cognitive func-
tion after anesthesia and surgery and that, in com-
mon with cognitive decline in community studies,
the incidence increases with age and is somewhat
protected by higher intelligence and education [1].
We also know that POCD not only follows cardiac
surgery, but also persists after noncardiac surgery
[2], and may even be the consequence of minor
noninvasive procedures under sedation.
illiams & Wilkins. Unau
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These observations have altered our think-
ing regarding the cause of POCD. Thus, cardio-
pulmonary bypass (CPB), long held to be an
important element of POCD, can no longer be held
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KEY POINTS

� Surgical trauma is an initiator of an inflammatory
cascade.

� POCD is likely the consequence of this inflammatory
cascade disrupting the endothelial (and blood–brain
barrier) integrity, triggering an associated chemokine
response in the brain, and precipitating a
neuroinflammatory response, with macrophage
infiltration.

� Basal endothelial dysfunction may predispose or prime
the blood–brain barrier to increased cellular
permeability, neuroinflammatory cascade, and POCD.

� Potential therapeutic targets may be found in reducing
the inflammatory response or stabilizing the blood–
brain barrier.

Cardiovascular anesthesia
accountable. This was highlighted by van Dijk et al.
[3] who demonstrated that the incidence of POCD
was the same for off-pump as for on-pump surgery,
these findings have since been confirmed by others
[4]. A review on the aspects of CPB on neurological
dysfunction by Hogue et al. [5] failed to implicate
any particular component of CPB in POCD. In
particular, microemboli now appear to be highly
unlikely candidates as a cause of POCD [6,7].

It is important that we address the cause of
POCD, especially since the elderly, who show
increased susceptibility to this and other peri-
operative syndromes, represent an ever-increasing
proportion of patients who present for surgery.
Although anesthesia is often implicated as a major
contributor to POCD, it is relevant to realize that
in the clinical situation, surgery or at least some
invasive procedure usually accompanies anesthesia.
Even for clinical research purposes, it is difficult to
administer one without the other. Thus, although
anesthesia is often implicated on the basis of
circumstantial evidence, the contribution of surgery
itself cannot be discounted.

To separate the contribution of anesthesia and
surgery toward POCD development, researchers
have turned to animal models. Although there
is experimental animal evidence that anesthetic
agents may contribute to cognitive decline, there
are also animal studies that implicate surgery as a
major mechanism in the cause of POCD. Cibelli et al.
[8], measuring memory function in mice, compared
fear conditioning in three groups: surgery and anes-
thesia combined (tibial fracture of the hind-paw and
open intramedullary fixation under general anes-
thesia), anesthesia alone, and control animals. The
surgery group displayed memory impairment that
opyright © Lippincott Williams & Wilkins. Unautho
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was not evident in either the anesthesia alone or
control animal groups.
MECHANISMS OF POSTOPERATIVE
NEUROCOGNITIVE DYSFUNCTION: THE
ROLE OF SYSTEMIC INFLAMMATION

The mechanism for the observed predilection to
POCD in the surgical mouse model appears to be
mediated by the inflammatory response. In the
aforementioned study, Cibelli et al. [8] reported
that plasma proinflammatory cytokines, interleukin
(IL)-1b and IL-6, peak at 6 h after surgery, increasing
by seven-fold and 20-fold, respectively, compared
with the baseline levels and remained elevated 24-h
postoperatively. The anesthesia alone and control
animal groups showed no change in cytokine levels
at any time point. Preoperative administration of
minocycline (an antibiotic with anti-inflammatory
properties) reduced cytokine levels to presurgery
levels with consequent abolition of memory impair-
ment. Similar reversal of memory impairment after
surgery was also evident after treatment with inter-
leukin antagonists.

Eckenhoff and Laudansky [9] proposed that
anesthesia and surgery exert an effect on the central
nervous system (CNS) via a burst of inflammatory
mediators (typically TNF-a, IL-1b, and IL-6, and
muted anti-inflammatory responses from IL-4,
IL-10, and TGFb), which communicate with the
CNS by vagal afferents and by crossing the blood–
brain barrier (Fig. 1). The result is an exaggerated
and detrimental neuro-inflammatory response
which may damage synapses and neurones, and
ultimately lead to POCD [9]. Terrando et al. [10]
highlighted this mechanism of neuroinflammation
as a consequence of the systemic inflammatory
response, demonstrating that peripheral surgery dis-
rupts the blood–brain barrier via release of TNF-a.
This facilitates the migration of macrophages into
the hippocampus. Further studies have shown that
TNF-a initiates a peripheral cytokine cascade result-
ing in NF-kB-mediated cognitive decline and that
prophylaxis with antitumor necrosis factor (TNF)
antibody attenuates these inflammatory pathways
[11].

These animal experiments also support obser-
vations on the microglial priming hypothesis [12],
which maintains that microglia in the diseased or
aged brain are ‘primed’ by chronic, smouldering
subclinical neurodegeneration and switch their
phenotype to produce neurotoxic molecules in
response to systemic inflammatory signals [13]. In
the diseased brain, systemic inflammation thus
leads to an exaggerated inflammatory response,
resulting in increased neurodegeneration through
rized reproduction of this article is prohibited.
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FIGURE 1. A schematic representation of the relation between inflammation, endothelial dysfunction, microglial priming, and
neurocognitive dysfunction.
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expression and transcription of inflammatory
factors by brain microglia. Lipopolysaccharide
(LPS), a bacterial endotoxin, produces exaggerated
behavioral responses and increased CNS cytokines
in a neurodegenerative mouse model compared
with controls [14]. Brain microglia are activated
by LPS-induced peripheral inflammation to produce
chronically elevated inflammatory factors, with
TNF-a playing a key role in the transmission [15].
In these mouse models, LPS challenges initiate
increased cytokine transcription [16], exacerbate
CNS inflammation, and increase tau phosphoryl-
ation [17]. Eckenhoff and Laudansky [9] has likened
this to a mine which has been fused and is lying in
wait. The trigger for this ‘mine’ is the occurrence of
an acute inflammatory episode that follows infec-
tion, major illness, or anesthesia and surgery. Fur-
ther research is required as to how chronic low-grade
inflammatory disease, harbored by many elderly
and manifesting as diabetes, atherosclerosis, hyper-
tension, etc., may relate to this priming hypothesis
and fuel POCD. Another clinical example is seen
in cirrhotic liver disease, in which patients with
hepatic encephalopathy (compared with patients
without encephalopathy) exhibit an altered intesti-
nalmicrobiome,endotoxemia, and increased inflam-
mation [18].

Proinflammatory cytokines, traditionally
thought of as signaling molecules of the inflamma-
tory immune system, are interestingly also endo-
genously produced in the brain and might interact
with the growth factors, thereby influencing the
Copyright © Lippincott Williams & Wilkins. Unau
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neuronal and synaptic growth as well as neural
plasticity.

Spurred by the limited success achieved with
pharmacological strategies aimed at altering the
monoamine availability, researchers are now explor-
ing a possible role for proinflammatory cytokines
and growth factors in major depression [19]. Such
cytokines and growth factors might be useful bio-
markers for individualized treatments of depressive
illnesses, POCD and other perioperative syndromes
including acute kidney injury, in which great inter-
individual variability in the inflammatory response
and subsequent oxidative stress occur in response to
surgical insult.
MEASUREMENT OF PERIOPERATIVE
SYSTEMIC INFLAMMATION

Research on the stress response to surgery has
typically focused on the hormonal response (growth
hormone and thyroid hormones, pituitary-adrenal
axis, vasopressin, and prolactin) [20]. This research
has been concerned with metabolism, gluconeogen-
esis, protein synthesis, catabolism, and regional
blood flow and less on the immunologic con-
sequences of inflammation. The emerging role of
inflammatory mediators as a key instigator of POCD
indicates that this avenue of investigation may
improve our understanding of the cause, preven-
tion, and treatment of POCD.

The anesthesia-surgical process is an acute, pre-
dictable initiator of inflammation; yet, descriptions
thorized reproduction of this article is prohibited.
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of the changes in levels of peripheral inflammatory
markers after surgery are fragmented. Reports of
changes in IL-6 after surgery appeared as early as
1992, with an increase in IL-6 levels associated with
poor postoperative outcome [21,22]. In cardiac
surgery, Parolari et al. [23] compared the inflamma-
tory response between on-pump and off-pump
surgery. They reported that TNF-a and IL-6
increased in both groups from protamine adminis-
tration up to 8 days following surgery, whereas
C-reactive protein (CRP) and fibrinogen did not rise
until after surgery but then remained elevated for
8 days. In orthopedic surgery, IL-6 and CRP have
been shown to increase after surgery [24], with these
increases occurring regardless of whether spinal
anesthesia or general anesthesia is administered
[25], thereby abrogating the part played by general
anesthesia in the inflammatory response.

The magnitude of the inflammatory response
may be an important factor in POCD. A study inves-
tigating the relationship between early postopera-
tive serum CRP levels, as a marker of systemic
inflammatory response, and 2-year neurodevelop-
ment-associated outcomes among survivors under-
going the Norwood procedure reported that both
cognitive and language scores significantly and
negatively correlated only with peak CRP level
[26]. This underpins the impact of magnitude of
systemic inflammatory response on postoperative
cognitive function in susceptible brains. As such,
future studies on postoperative organ dysfunc-
tion are required to delineate the impact of
interindividual differences (high versus low inflam-
matory phenotype) and consequent magnitude of
the oxidative stress in response to surgery.

Although the inflammatory process resulting
from surgery and anesthesia can be tracked over
time by serial measurements of inflammatory
mediators, this requires serial blood sampling and
analysis for many different proteins that play an
interrelated part in inflammation and innate
immunity. A practical alternative is to use endo-
thelial function as a proxy for the inflammatory
cascade.
PERIOPERATIVE ENDOTHELIAL
(DYS)FUNCTION AND POSTOPERATIVE
NEUROCOGNITIVE DYSFUNCTION

Interestingly, risk factors are similar for cardiovas-
cular disease and neurocognitive dysfunction. Both
disease states are underpinned by an inflammatory
process, with endothelial dysfunction likely playing
a central role in the pathogenesis of each.

The endothelium, a delicate monolayer of cells
lining all the blood vessels, is a highly responsive
opyright © Lippincott Williams & Wilkins. Unautho
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sensor-effector organ. Through the secretion of a
multitude of mediators, the endothelium controls
vascular tone, interacts with the inflammatory-
coagulation cascades, promotes antiaggregation,
regulates immune cellular trafficking, and is crucial
to angiogenesis [27

&

]. In brief, the endothelium is a
major determinant of vascular homeostasis. It is
easily damaged by intrinsic and extrinsic factors,
and given its low proliferative potential and limited
capacity for self-repair, is dependent on circulating
bone-marrow-derived endothelial progenitor cells
for regeneration [27

&

].
Endothelial dysfunction has been implicated as

a central pathophysiological feature in a number of
disease states. It is one of the earliest events in the
pathophysiological process leading to atheroscler-
otic vascular disease, is identified as a central com-
ponent in the pathogenesis of disease states such as
diabetes mellitus and sepsis [28,29], and is increas-
ingly associated with postoperative morbidity
[30,31

&

].
Endothelial cell functions are sensitive to

noxious stimuli [32], many of which are common
to the perioperative period, including hypoxia
(e.g., ischemia–reperfusion injury), exposure to
endotoxins, inflammatory cytokines, various micro-
particles, and through direct injury from surgical
manipulation or hemodynamic shear stress (Fig. 2).
Injury alters the endothelial phenotype (with loss
of the ability to synthesize and release mediators,
e.g., nitric oxide), tipping the balance of endo-
thelial-derived factors to disrupt barrier function,
enhance vasoconstriction, coagulation and leuko-
cyte adhesion, and promote smooth muscle cell
proliferation. These responses to injury are likely
to exist as protective mechanisms. However, if the
underlying basal endothelial reserve is limited, the
injury severe or persistent, or the host response
exaggerated, then the altered phenotype may result
in barrier disruption. This results in a loss of circu-
latory homeostasis, reduced tissue oxygen supply
and end-organ dysfunction, and culminates in an
increased risk of perioperative illness syndromes,
including POCD.

The endothelium acts as the selective barrier
between the vessel lumen and the interstitial space.
In the brain specifically, structural and functional
alterations of blood–brain barrier endothelial cells
have been associated with increased microvascular
permeability and impaired microcirculation in
inflammatory and infectious disease states. Terrando
et al. [10] highlighted that neuroinflammation as a
consequence of the systemic inflammatory response
(e.g., after peripheral surgery) disrupts the blood–
brain barrier to facilitate the migration of macro-
phages into the CNS.
rized reproduction of this article is prohibited.
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FIGURE 2. The surgical proinflammatory and pro-oxidant milieu may result in both functional and structural alterations in the
endothelium, resulting in hemostatic dysregulation and impaired local tissue perfusion, with consequent microvascular and
macrovascular related postoperative complication. As such, increased blood–brain barrier permeability may predispose to
increased inflammatory cell migration and consequent neurocognitive dysfunction (illustration courtesy of Dr Marissa
Ferguson). Reproduced with permission from [27&].
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In the recent research conducted in the
critically ill patient population, Hughes et al. [33

&

]
reported a negative association between systemic
endothelial function and intensive care associated
delirium. This prospective study of 140 critically ill
patients reported that those with lower vascular
reactivity [as measured by peripheral artery tonom-
etry (PAT)], and indicative of worse systemic endo-
thelial function, had increased duration of acute
brain dysfunction. These findings may result
directly from altered microvascular vasomotor
function, with altered blood–brain barrier per-
meability. This reduced blood flow and increased
permeability may increase neuronal inflammation
and tissue damage, modulating the synthesis of
neurotransmitters and altering the expression of
neurotransmitter receptors.

The aforementioned study raises the important
question of causality – the potential relationship
between inflammation, endothelial dysfunction,
and postoperative cognitive decline. Pre-existing
Copyright © Lippincott Williams & Wilkins. Unau
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(basal) endothelial dysfunction may predispose or
‘prime’ the blood–brain barrier to greater insult
from the inflammatory cascade. Alternatively,
deterioration in endothelial function may be an
epiphenomenon of the inflammatory and innate
immune process, similar to that which is seen in
sepsis (which represents the archetypical inflamma-
tory stimulus and also leads to endothelial dysfunc-
tion) [34]. It is not entirely clear whether endothelial
dysfunction in the perioperative setting is ‘cause
and effect’ from the circulating inflammatory insult
or from a pre-existing inflammatory state attributed
to comorbidities such as obstructive sleep apnea
[35], diabetes mellitus [29] or cardiovascular disease
[36], or a combination.

Extrapolation of these findings in critically ill
patients to the perioperative inflammatory insult
suggests that the ability to measure systemic endo-
thelial function may provide indirect information
on blood–brain barrier function and the magni-
tude of the deleterious perioperative inflammatory
thorized reproduction of this article is prohibited.
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process. Both these processes have the potential to
produce downstream effects on cerebral function.

Elucidation of this answer proposes that the
measurement of endothelial function in the perio-
perative period may prove to be a useful resource in
both predicting those patients who may be suscept-
ible to cognitive decline after surgery and in tracking
the endothelial changes in this period. Although a
single preoperative measurement may be predictive,
serial measurements may likely be more useful in
tracking acute endothelial decline, especially in
high-risk patients such as those with diabetes or
cardiovascular disease. Hu et al. [37

&&

] prospectively
evaluated 106 patients undergoing abdominal
surgery under general anesthesia and measured
endothelial function longitudinally over the course
of the perioperative period. Endothelial func-
tion was significantly lower postoperatively, with
recovery to baseline values only occurring by day
7 postoperatively. Patients undergoing laparoscopic
surgery had less impairment than those undergoing
laparotomy, consistent with reduced inflammatory
response, and potential cardiovascular and neuro-
cognitive benefit.
MEASUREMENT OF PERIOPERATIVE
ENDOTHELIAL FUNCTION

The complexity of the endothelium’s multitude of
activities is reflected in the relative difficulty to track
and monitor its function. Research on perioperative
endothelial biomarkers (e.g., endothelial micropar-
ticles) is in its infancy and is complicated by the
large number of extrinsic and intrinsic factors con-
tributing to measured levels of these biomarkers. No
one single blood measurement exists to reflect endo-
thelial function alone. Hence, indirect assessment of
endothelial function through examination of endo-
thelial vasodilator influences in response to hyper-
emia-induced shear stress is commonly used [38].
Options for measuring reactive hyperemia include
PAT, brachial artery reactivity testing (BART), and
digital thermal monitoring (DTM). None of these
tests is perfect in its ability to measure endothelial
function and the logistical applicability from the
research setting to the perioperative environment
often proves less than ideal.

The EndoPAT (Itamar Medical Ltd, Franklin,
Massachusetts, USA) device as used by Hughes
et al. [33

&

] in their ICU study of delirium has the
advantages of being portable and less operator
dependent than BART that requires a vascular ultra-
sound laboratory and expertise to measure flow-
mediated dilation (FMD). The EndoPAT technique,
based on a system of inflatable latex air cuffs placed
on the middle finger, measures hyperemia-induced
opyright © Lippincott Williams & Wilkins. Unautho
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peripheral vasodilator response using fingertip pulse
amplitude tonometry for noninvasive assessment of
microvascular function [39]. Impairment of pulse
amplitude hyperemic response has been demon-
strated among patients with coronary artery endo-
thelial dysfunction [40] and those with multiple
traditional metabolic risk factors [41]. Although
its validity varies in different clinical settings, it
holds promising potential use in the periopera-
tive period. It remains contentious whether pre-
dominantly microvascular hyperemic responses,
as measured at the fingertip by DTM or EndoPAT
techniques, correlate with the gold standard of
BART FMD, a macrovascular measure. One study
investigated pulse waveform analysis and refuted
the claims that large (macrovascular) and small
(microvascular) arterial stiffness are substitute
measures for sonographic assessments of brachial
FMD [42]. Moreover, large clinical trials are yet to
investigate whether either of these noninvasive
techniques are a useful clinical tool – to refine
preoperative patient risk assessment and care.
Potential perioperative strategies

If indeed POCD results from the inflammatory
process and associated endothelial dysfunction, then
themagnitude and incidence may vary depending on
both the extent of the inflammatory process and the
susceptibility of each patient. These are impacted
upon by factors such as the degree of surgical insult,
the magnitude of inflammatory response, genetic
polymorphisms [43], underlying (basal) endothelial
function, and microglial priming.

The relationship between endothelial dysfunc-
tion and postoperative morbidity has been estab-
lished, with measures of endothelial dysfunction
improving risk prediction for adverse postoperative
events after vascular surgery [30] and thoracic [31

&

]
surgery. To our knowledge, data describing such a
relationship between systemic endothelial dysfunc-
tion and POCD is lacking, but is supported by the
recent findings in critically ill patients.

Currently, there is limited human data on the
relationship between the levels of inflammatory
mediators and POCD. Increases in IL-6, IL-10, and
CRP were higher in patients undergoing open
colonic resection compared with laparoscopic resec-
tion [44]. Similar results implicating the degree of
surgical stress were also observed when unilateral
knee arthroplasty showed a smaller rise in IL-6 than
bilateral knee arthroplasty [45]. Hudetz et al. [46]
measured IL-6 and CRP during coronary artery
bypass grafting surgery and found that cognitive
decline was associated with increased levels of these
mediators. Susceptibility to POCD may vary with
rized reproduction of this article is prohibited.
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age and the intrinsic state of microglia. For example,
Alzheimer’s disease, even in the preclinical form,
may be associated with an ongoing inflammatory
process in the microglia, which would lead to cog-
nitive vulnerability [47]. In contrast, some patients
may already have an ongoing inflammatory process
in the periphery (e.g., metabolic syndrome and
atherosclerosis), which are known to be associated
with elevated inflammatory mediators, likely con-
tributing to POCD through the microglial priming
hypothesis.

Given the mounting evidence that inflammatory
mediators have a central action in POCD, it behoves
us as anesthesiologists to understand the inflamma-
tory processes in our patients, how it may change in
response to surgery, what molecular mechanisms
lead to cognitive dysfunction, and what strategies
can be used to reduce the inflammatory response.
The importance of understanding the surgical
inflammatory response is further highlighted in
the developing field of oncoanesthesiology, in which
anesthesia technique and perioperative strategies,
potentially including anti-inflammatory strategies,
may impact early risk of recurrence during the
first two postoperative years after cancer surgery
[48–51]. Inflammatory mediators [including pro-
staglandins (PGE2) and growth factors], involved in
tissue injury and postoperative wound healing,
may mediate lymphovascular angiogenesis and
lymphatic dilation, and thereby potentially mediate
metastatic progression [52–55].

This bidirectional communication between
the brain and immune system following surgery
identifies pivotal molecular mechanisms that can
be targeted to prevent and resolve postoperative
neuroinflammation and cognitive decline. Broad
strategies may include reducing the inflammatory
response after surgery by optimizing fluid replace-
ment [56] or administration of anti-inflammatory
adjuncts such as statins [57]. More targeted strat-
egies in the future may pursue three key areas:
blocking the inflammatory response, promoting
resolution of the inflammatory response, or stabil-
ization of the endothelial blood–brain barrier.

Blocking the inflammatory response

Using a mouse model of surgery-induced cognitive
decline, Vacas et al. [58

&&

] clearly demonstrated the
importance of the following therapeutic targets:
tissue trauma, damage-related signaling (alarmins),
cytokine cascade, chemoattractant neural signaling,
and bone-marrow-derived mobilization of phago-
cytes. They reported that alarmins (a group of
damage-related proteins), especially high-mobility
group box 1 protein (HMGB1), an ubiquitous
nucleosomal protein, are released by surgical trauma
Copyright © Lippincott Williams & Wilkins. Unau
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into the circulation and independently activate
the inflammatory response, promoting cytokine
expression and chemoattractant (CMP-1) expres-
sion in the hippocampus of the brain. The latter
promotes neuroinflammation through activation
and trafficking of circulating bone-marrow-derived
macrophages to the brain. They reported that thera-
peutic strategies targeting HMGB1 (antibodies) and
depletion of bone-marrow-derived macrophages
reduced the magnitude of cognitive decline in this
surgical mouse model.

Resolving the inflammatory response

Resolvins are potent endogenous lipid mediators
biosynthesized during the resolution phase of
acute inflammation that displays immunoresolvent
actions. Using a mouse model of surgery-induced
cognitive decline, Terrando et al. [59

&

] demonstrated
that systemic prophylaxis with aspirin-triggered
resolvin D1 modulated a proinflammatory milieu,
with abolished signs of synaptic dysfunction and
improved memory decline following surgery.
Delayed therapy, 24 h after surgery, also attenuated
the signs of neuronal dysfunction postoperatively.

Stabilizing the endothelial blood–brain
barrier

In a mouse model of cerebral malaria, postcapillary
venules (but not capillaries or arterioles) exhibited
platelet marginalization, extravascular fibrin depo-
sition, CD14 expression, and extensive vascular
leakage [60

&&

]. Blockage of LFA-1-mediated cellular
interactions prevented leukocyte adhesion, vascular
leakage, neurological signs, and death from cerebral
malaria. Endothelial barrier-stabilizing mediators
(Imatinib and FTY720) inhibited vascular leakage
and neurological signs, and prolonged survival to
cerebral malaria. Thus, it appears that neurological
signs and coma in cerebral malaria are due to
regulated opening of paracellular–junctional and
transcellular–vesicular fluid transport pathways at
the neuroimmunological blood–brain barrier. This
study highlights the importance of endothelial
stabilization and blood–brain barrier integrity in
preventing inflammation/infection induced brain
injury.
CONCLUSION

In the perioperative setting, assessment of endo-
thelial dysfunction may not only be an indirect
measure of systemic inflammation, but also has
the potential to indicate susceptibility of brain
dysfunction, including POCD and even delirium.
Further translational research into the genomic
and molecular mechanisms that underlie the
thorized reproduction of this article is prohibited.
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intervariation in the inflammatory response to
surgery, the pathogenesis of POCD as a periopera-
tive syndrome, improved identification of appropri-
ate endothelial and inflammatory biomarkers, and
the development of endothelial modulatory and
anti-inflammatory strategies represent the future
fields of investigation.
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