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a b s t r a c t

The ageing population is both a marvel of civilisation and a huge challenge for healthcare provision.
Coupled with surgical and anaesthetic advances, this shift in population distribution has meant that far
greater numbers of elderly patients are undergoing surgery than has ever previously been the case. This
is a double edged sword as the elderly population are more prone to develop perioperative complications
than younger patients.

Postoperative cognitive dysfunction (POCD) is one such complication, and can result in a serious
deterioration in quality of life and an increased duration of hospital stay. It may persist for months or
even years, and could yet prove to be a harbinger for the development of dementia in later life.

The pathogenesis of POCD is still not yet fully understood, though a number of mechanisms have been
postulated and there are several clearly identified risk factor. POCD also does not yet have a standardised
diagnostic classification, and this has proven problematic in terms of research progress. Unsurprisingly,
the complex relationship between POCD and dementia has also yet to be fully elucidated, though there is
considerable overlap in risk factors for the two conditions.

The common theme that runs through the risk factors for POCD is that they all pertain to either a
reduction in functional reserve or a propensity to cerebral injury. Many of these risk factors are non-
modifiable such as age, genotype, history of cerebrovascular disease and preoperative cognitive func-
tion. One exception to this is the development of postoperative delirium, which may also increase the
risk of POCD. Postoperative delirium has myriad potential causes, many of which are treatable, if not
preventable. This makes postoperative delirium an interesting prospect for study, as if it does contribute
to the development of POCD then its early detection and management could produce real improvements
in quality of life for many elderly patients.

This review will outline the existing theories as to the pathophysiology underpinning POCD, the
problems in defining it and the merits of various methods used in its detection. Risk factors precluding
the development of POCD will also be discussed, with a focus placed specifically on age, preoperative
cognitive status and the role of postoperative delirium. Common causes of postoperative delirium and
their potential as modifiable risk factors will be highlighted and the protective or deleterious roles of
common anaesthetic agents, type of surgery and certain individual factors will also be examined. Finally,
the authors have offered some general principles of good practice to guide management in lieu of more
concrete, targeted recommendations.

© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

One of the biggest challenges facing modern medicine is that of
an ageing population [1], and this is set to have far-reaching im-
plications across many, if not all areas of medicine. Coupled with
surgical and anaesthetic advances, this shift in population means
that far greater numbers of elderly patients are undergoing sur-
gery than has ever previously been the case, across a wide range of
specialties [2e4]. In spite of these advances, the elderly popula-
tion are still much more prone to develop perioperative compli-
cations than younger patients [5], presumably due to a higher
prevalence of comorbidities [1]. Postoperative cognitive
dysfunction (POCD) is one such complication, and this can
represent a serious deterioration in quality of life and an increased
duration of hospital stay [6e8]. It may persist for months or even
years, and could yet prove to be a harbinger for the development
of dementia in later life [9].

The pathogenesis of POCD is still not yet fully understood,
though there a number of mechanisms have been postulated and
there are several clearly identified risk factors [6,10]. POCD also
does not yet have a standardised diagnostic classification, and this
has proven problematic in terms of research progress [6,10,11].
Unsurprisingly, the complex relationship between POCD and de-
mentia has also yet to be fully elucidated, though there is consid-
erable overlap in risk factors for the two conditions [9].

The common theme that runs through the risk factors for POCD
is that they all pertain to either a reduction in functional reserve or
a propensity to cerebral injury [12e14]. Many of these risk factors
are non-modifiable such as age, genotype, history of cerebrovas-
cular disease and preoperative cognitive function [15]. One excep-
tion to this is the development of postoperative delirium, which
may also increase the risk of POCD [15,16]. Postoperative delirium
has myriad potential causes, many of which are treatable, if not
preventable [17]. This makes postoperative delirium an interesting
prospect for research, as if it does contribute to the development of
POCD then its early detection and management could produce real
improvements in quality of life for many elderly patients.

This review will outline the existing theories as to the patho-
physiology underpinning POCD, the problems in defining it and the
merits of various methods used in its detection. Risk factors pre-
cluding the development of POCD will also be discussed, with a
focus placed specifically on age, preoperative cognitive status and
the role of postoperative delirium. Common causes of post-
operative delirium and its potential as a modifiable risk factor will
be highlighted. The protective or deleterious roles of common
anaesthetic agents, type of surgery and certain individual factors
will also be examined.
2. Postoperative Cognitive Dysfunction

In the most general terms, POCD can be described as a relative
decline in cognitive function that occurs in patients following sur-
gery [6,7,10]. It can affect different aspects of cognition such as
memory, comprehension and attention, and this varies on an in-
dividual basis [7]. These limitations can constitute a significant
handicap in daily life but this functional decline is usually subtle
and often may go unrecognised by clinicians [18]. However, there
are also more serious ramifications. Alarmingly, one study found
that patients with POCD at discharge were more likely to die in the
first 3 months after surgery [8]. It should be stressed that this is not
a causal link but likely reflects the presence and influence of other
comorbidities as in this study, patients who developed POCD were
more likely to have a history of stroke and to be of an older age.
Importantly however, these patients may also have experienced
additional problems such as lack of compliance with medication or
loss to follow-up due to poor memory.

POCD is actually a remarkably common occurrence. The 1998
landmark study conducted by the International Study of Post-
operative Cognitive Dysfunction (ISPOCD) showed that one week
after surgery 25.8% of patients over the age of 60 had POCD at one
week, while 9.9% of the cohort had POCD after 3 months [10]. Initial
research specifically into POCD focused on cardiac surgery and the
purportedmechanism of injury was thought to be related to the use
of cardiopulmonary bypass (CPB) [19]. We now know this is not the
case as POCD can also occur following many other forms of surgery
[8,10], and although the aetiology is still not entirely clear there are
several prominent hypotheses. It should be noted more generally
that long-term cognitive impairment is a serious and surprisingly
frequent complication that does not just occur as a consequence of
surgery. In survivors of the ICU it has been reported to be as high as
30%, while research has also described it as a phenomenon related
to cancer, lupus and obstructive sleep apnoea [20,21].

Putative causes of POCD are diverse. Among those studied are
microemboli, cerebrovascular disease, upregulation of inflamma-
tory mediators and neurodegenerative changes [6]. The likelihood
is that several pathological mechanisms are probably at play.
Microemboli were once thought to be an important consideration
as they are common following surgery using CPB [22], however, this
theory has to a certain extent been disregarded. Randomised
studies comparing cardiac surgery both with and without CPB
failed to find any association between avoidance of CPB (and the
high likelihood of microemboli) and the incidence of POCD [23,24].
In spite of this, the fact remains that multiple studies demonstrate
associations between the presence of cardiovascular disease risk
factors (to be discussed) and poor cognition [25e28]. This does hint
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at cerebrovascular disease playing a role in deteriorating cognition,
despite data from the ISPOCD study failing to find an association
betweenmany cerebrovascular disease risk factors [10]. This will be
discussed in more detail below.

POCD in elderly patients has also been speculated to be the
manifestation or the exacerbation of a pre-existing process related
to ageing [6] and some evidence suggests that markers of inflam-
mation are upregulated in the ageing brain following surgery,
rendering them vulnerable to injury [13]. One study in particular
showed that elevated levels of plasma IL-6 and CRPwere associated
with poorer cognition, both at baseline and at follow-up [29]. This
study also showed that those with the highest levels of these in-
flammatory markers were more likely to develop cognitive decline.
Another study [30] found a correlation between abnormalities in
cortisol secretion and the onset of POCD, suggesting a potential role
of endocrine stress. In further support of an inflammatory mecha-
nism, animal models of POCD have also revealed that neuro-
inflammation of the hippocampus has been linked to a number of
inflammatory mediators including the release of cytokines such as
TNF-a, IL-1, IL-1B and IL-6 [31e33]. Once again however, this evi-
dence has not yet been verified using clinical studies. Attempts at
perioperative immunomodulation in an attempt to temper the in-
flammatory response have yielded very mixed results, with
decreased complement activation seeming effective in one instance
[34] but not in others [35,36].

All of these postulated mechanisms lead to a decrease in
cognitive reserve. This leaves the brain vulnerable to injury and loss
of function, whether that is permanent or temporary, and this
opens up a novel avenue for research. Cognitive reserve is a hy-
pothetical construct which has been coined in an attempt to help
describe the impacts of changes in the ageing brain and in response
to injury [37]. It represents an important consideration when
contemplating the underlying mechanisms of POCD [12]. An
interesting research question is this: if decreased cognitive reserve
is behind POCD, can this be ameliorated by somehow increasing
cognitive reserve preoperatively? If possible, this could help
expedite postoperative restoration of function in at risk patients.

In spite of the relative abundance of evidence and potential for
further clinical research, it is difficult to draw definitive conclusions
when it comes to a unified pathophysiological model of POCD, and
this may be due in part to the fact that it is such a multifactorial
phenomenon. However, methodological issues have been
hampering research for a considerable length of time [11]. One of
these is that there is no consensus definition of POCD in the liter-
ature; there is no universal diagnostic code with which to classify it
[14]. This has given rise to large disparities in the reported inci-
dence of POCD [6]. There has also been a frustrating lack of con-
sistency in terms of the techniques used to assess cognition [11].
The number of tests, when they are performed and the definitions
of cognitive decline have not been consistent enough to allow a
meta-analysis to be performed. Compounding this, surgical pop-
ulations are incredibly variant, and factors that are at play in one
group may well be absent in others. In order for meaningful
progress to be made in this field these significant methodological
hurdles will need to be overcome.

3. Assessing and diagnosing POCD

Cognitive assessment is carried out for three primary reasons:

� to screen for possible cognitive impairments
� to produce a differential diagnosis of cause
� to rate the severity of a disorder or monitor its progression.

In the case of POCD the main aim of assessment is to simply
qualitatively diagnose the condition. As mentioned above, there is
as of yet no recognised diagnostic criteria for POCD, and this has
limited the usefulness of research. However, this is not to say that
there is not consensus in other areas regarding the detection of
POCD.

The ISPOCD has recognised the need for standardisation, and
reviewed the effectiveness of various methodologies [38]. They
emphasised a need for pre and postoperative testing to establish a
baseline of cognitive function. The points at which testing should
be carried out had also been far from uniform, although a general
consensus seems to have now been reached. Again following
ISPOCD recommendations, assessments are usually carried out at
baseline (both pre- and postoperatively), 7 days and 3 months
postoperatively.

In addition, the ISPOCD group also offered a suitable test battery
that could be used in postsurgical patients. The battery evaluates
memory, sensorimotor speed, cognitive flexibility and various as-
pects of motor function. Tests involved include:

� Mini Mental State Examination (MMSE)
� The Visual Verbal Learning Assessment
� The Concept Shifting Task
� The Stroop Colour Word Test
� The Memory Scanning Test
� Letter-Digit Coding.

This battery of tests, while comprehensive, takes around 45min
to perform [10], and this may explain why it has not been widely
adopted. This is an acceptable duration for research purposes, but is
unlikely to be used by clinicians on a regular basis.

More recently, the Montreal Cognitive Assessment (MoCA) has
been shown to have excellent sensitivity (96%) and specificity (95%)
in the detection of cognitive impairment [39]. The MoCA has also
been validated for use in identifying vascular cognitive impairment
[40], vascular dementia [41] and neurodegenerative conditions
[42]. Importantly, the MoCA has also been shown to be a feasible
tool for use in surgical patients [43], with one study demonstrating
that not only is the test acceptable to elderly patients, it also has
been shown to be superior in both sensitivity and specificity to
other single tests such as the MMSE. In comparison with the
ISPOCD's test battery, the MoCA takes less than 10min to perform
[44] and this gives it potential for identifying POCD in a clinical
setting.

Beyond choice of test, different definitions for POCD have been
created based on how patients perform in cognitive assessments
and the subsequent analysis of these performances [38]. This
commonly uses either a set threshold score, or alternatively a
relative decline in function from preoperative baseline, either
individually (e.g. a 20% decline) or as compared to the cohort mean
(i.e. using Z-scores) [45]. The ISPOCD recommends the measure-
ment of an individual's variation from baseline for use in research
[38], and this is partly why they advocate a battery of tests over a
single test, as this removes the floor/ceiling effect which makes use
of the MoCA alone less appropriate in a research capacity.

4. Risk factors

As the pathogenesis of PCOD has not yet been delineated, risk
factors are important in shedding light on possible ways we can
predict POCD and prevent its development. Given the variety of
surgical and medical context, most of the risk factors studied are
very general so as to be relevant to all patient groups. The most
consistently associated factor with POCD is age [8,10,14,46], but
where others have been suggested, the evidence has been con-
flicting. As well as age, early postoperative delirium and poor
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preoperative cognitive function (especially in the form of diag-
nosed mild cognitive impairment (MCI)) have also been strongly
implicated on multiple occasions [8,10,12,47], and will be discussed
below. There is also evidence demonstrating an association be-
tween cardiovascular risk factors and poor cognition such as dia-
betes, hypertension and cardiac disease [48]. A common theme that
underpins all of these risk factors is that like the postulated
mechanisms of pathogenesis they all constitute either a decrease in
cognitive reserve or some kind of traumatic exposure.

4.1. Increasing age

As mentioned, increasing age remains the most consistently
associated factor with the development of POCD. This was
demonstrated by the ISPOCD study, which showed that age was a
constant association across all three surgical procedure groups that
they studied: major abdominal, non-cardiac thoracic and ortho-
paedic [8].

The majority of studies have looked exclusively at elderly pa-
tients regarding the development of POCD, so a major finding came
when middle-aged patients were the subject of an ISPOCD study
[49]. The working hypothesis was that POCD would be present in
this demographic but at a lower incidence than the older popula-
tion, and this was confirmed. In this study POCD had a prevalence of
19.2% at 1 week and 6.2% at 3 months, significantly lower than the
ISPOCD's findings for the older age group of those over 60 (25.8% at
1 week; 9.9% at 3 months) [10], using the same assessment
techniques.

Despite the consistency with which age is associated with POCD
even this relationship is far from straightforward. Age is not a
causative factor in itself but is rather a descriptive factor, and so this
association is more likely to be related to biological age than
chronological, though this is difficult to directly quantify in clinical
trials. Cardiovascular comorbidities such as hypertension, history of
stroke, diabetes and cardiac abnormalities increase with age [50],
and the brain's functional reserve decreases [51]. Any combination
of these and other risk factors may come into play with increasing
age, and so the fact that there is a relationship between age and
POCD does little to help in the development of preventive
measures.

4.2. Poor preoperative cognitive function

One study reports that pre-existing cognitive impairment exists
in 20% of elderly patients presenting for total hip replacements
[46], while this may be as high as 35% in those presenting for cor-
onary artery bypass grafts (CABG) [52], and so this clearly presents
relatively commonly. Similarly to age, preoperative cognitive
function is a descriptive factor, representing a possible decreased
cognitive function and by extension a decreased functional reserve.
Surrogate measures of cognitive reserve such as educational and
occupational level have been used in an attempt to delineate a
relationship with POCD, and indeed a history of a lower educational
level has been cited as a risk factor for the development of POCD
[8,10,12].

As discussed, POCDmay also represent an exacerbation of a pre-
existing process related to ageing. This same process could present
in patients as impaired cognitive function that simply deteriorates
further following surgery. Indeed, POCD does seem to be more
likely to occur in individuals who suffer from depression and MCI
before their operation [53] and thus pre-existing cognitive
impairment is frequently cited as a major risk factor for the
development of POCD [8,10,54].

MCI is now widely recognised as a precursor to Alzheimer's
disease (AD) [55], which has a prevalence of 7.1% in the UK among
the over 65's [56]. MCI itself is thought to be a very common
occurrence with reports estimating that prevalence could be as
high as 42% amongst older patients [57], although estimates are
highly varied [58]. Typically a patient with MCI will have preserved
independence and will not struggle with activities of daily living,
despite experiencing a subjective memory deficit [59]. It often goes
undiagnosed for several years before the condition deteriorates to
the point when the patient can present with profoundmemory loss
as frank Alzheimer's [55,60]. In a similar fashion to POCD, failure to
complete high school (or equivalent), and thus a low level of
educational achievement, has also been associated with an
increased risk of developing MCI [47]. The question in this case is
whether anaesthesia and surgery exacerbate MCI which may
already be present. Animal studies using rats have suggested that
there is a functional impairment of memory in rats following
exposure to anaesthesia (specifically volatile and gaseous agents)
[61], as well as increased production of amyloid. However, there is
as yet insufficient evidence to ascertain whether this phenomenon
may also occur in humans.

The identification of a link between surgery, anaesthesia, POCD,
MCI, and AD would create a novel opportunity to expedite the
development of both clinical and pharmacological preventive
strategies. This would have an added benefit of early diagnosis of
Alzheimer's for the individual.

Unfortunately, similarly to that which was previously
mentioned, there is a distinct lack of consistency regarding defi-
nitions and assessments of cognitive impairment, preventing sig-
nificant collaboration between the psychogeriatric and anaesthetic
communities. While anaesthetists define pre-existing cognitive
impairment (pre-CI) as a decrease of 2 standard deviations from the
norm in two or more of 7 or 8 cognitive tests [28,52], MCI is defined
as an objective decrease of 1.5 standard deviations on memory
testing alone, when coupled with a subjective complaint of mem-
ory loss [60]. Unfortunately, as a result of these discrepancies data
garnered from large population studies of MCI cannot be applied to
individuals in surgery and anaesthesia.

4.3. Postoperative delirium

Delirium is defined as an acutely altered and fluctuating mental
status with features of inattention and an altered level of con-
sciousness [20] and so it is a separate entity from POCD in this
respect. Delirium is typically classified in terms of motor symp-
toms: hypoactive, characterised by lethargy, decreased alertness
and unawareness; hyperactive, which presents as irritability, rest-
lessness and agitation; or a mixture of the two states [62]. Delirium
is one of the most common neuropsychiatric conditions experi-
enced by the elderly [63], and although incidence seems to vary
wildly it is thought to affect between 25% and 65% of elderly sur-
gical patients [20]. This wide variation in reported incidence results
from discrepancies in population, assessment method and degree
of operative stress [64].

There have been a number of studies that have attempted to
characterise the relationship between postoperative delirium and
POCD. Some of these have found greater decline in cognitive
function at follow-up in patients experiencing delirium relative to
controls. For example, geriatric hip fracture patients with delirium
were shown to be almost twice as likely to have cognitive impair-
ments at a 2-year follow-up [65]. Another study, again commis-
sioned by the ISPOCD [16], found that deliriumwas associated with
an increased incidence of early POCD (adjusted risk ratio 1.6, 95% CI
1.1e2.1), but not long-term POCD (adjusted risk ratio 1.3, 95% CI
0.6e2.4). More generally, hospitalised geriatric medical patients
treated in the Emergency Department with deliriumwere found to
have MMSE scores five points lower than those without delirium 1
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year after discharge [66]. Unfortunately, despite repeated efforts to
recognise an association between POCD and postoperative
delirium, the relationship remains unclear.

Postoperative delirium is a quintessentially geriatric complica-
tion, and it is associated with poor outcomes such as functional
decline, longer hospitalisation, institutionalisation and a higher
mortality [67e69]. Patients who develop delirium during hospi-
talisation have also been shown to have significantly higher mor-
tality at 6 months in comparison to patients who do not develop
delirium [70]. Unlike POCD, postoperative delirium can be diag-
nosed categorically using verified classifications such as the
Confusion Assessment Method (CAM) [71] and those found in the
Diagnostic and Statistical Manual of Mental Disorders (DSM) [72].

Risk factors for the development of postoperative delirium can
be classified by whether they are related to the individual, the
procedure or perioperative factors. Commonly measured patient-
specific risk factors include older age, history of substance abuse
and poor preoperative cognitive function (most commonly quan-
tified using a Mini Mental State Exam) [17]. While these cannot be
reversed, risk factors for developing delirium are additive [73], and
therefore recognising patients with multiple comorbidities should
trigger surgical and anaesthetic teams to implement environmental
and supportive measures that have been proven to prevent its
onset.

In terms of procedure, the more invasive the surgery and the
greater the level of stress placed on the body, the higher the risk is
of developing postoperative delirium [74]. For example, minimally
invasive cataract surgery carries a 4% incidence of postoperative
delirium [75], while vascular surgery came with a much higher
incidence of 36% [76]. This could be due to a number of reasons
including increased risk of infection, a greater postoperative in-
flammatory response or possibly the presence of other comorbid-
ities associated with those who need major surgery, such as
cardiovascular risk factors [77].

It is thought that between 30% and 40% of cases of postoperative
delirium may be preventable [78], and so it is vital that in-
terventions begin in the preoperative period. Perioperative in-
terventions that help protect against the development of
postoperative delirium include prevention of sepsis, fluid and
electrolyte disturbances, GI bleeds and reduction in alcohol intake
[17]. Notably, the perioperative use of sedative and analgesic
medications such as benzodiazepines and opioids such as pethidine
is also associated with the development of postoperative delirium
[79,80]. The fact that there are several common modifiable risk
factors means that there is potential for reducing the incidence of
postoperative delirium. If postoperative delirium is indeed itself a
risk factor for POCD, then it follows that targeting these risk factors
could help to prevent the onset of or reduce the severity of POCD.

Perioperative medication choice in particular represents an
intriguing target for research. Evidence suggests that benzodiaze-
pines and opioids can contribute to the onset of postoperative
delirium [79,81], but as with many other aspects of POCD, evidence
for these drugs' role in POCD is ambiguous. The ISPOCD1 study
suggested that preoperative benzodiazepines may actually have a
protective role against POCD, but this effect was not seen when
prescribed postoperatively [10]. As well as this, a subsequent
ISPOCD2 study [82] was able to demonstrate that postsurgical
blood levels of benzodiazepines and POCDwere not related, using a
multiple linear regression analysis. Interestingly, one recent study
looked at patients who were using anticholinergics and sedative
hypnotics such as benzodiazepines prior to surgery, and found that
this cohort were at an increased risk of developing POCD [14]. This
was the first time this cohort had been studied in relation to POCD,
and given the relatively small sample size used it is certainly worth
seeing if this can be replicated. More generally, given what is
known of the role of benzodiazepines in postoperative delirium
and the ambiguity of the relationship between postoperative
delirium and POCD, further research is certainly warranted.

4.4. Choice of anaesthetic agent

The relationship between the type of anaesthesia used and the
onset of POCD is evolving. A 2011 meta-analysis of 26 randomised
controlled trials [83] found that the type of general anaesthesia did
not contribute to the development of longstanding POCD. This
echoed earlier studies from cataract and hip surgery, which gave no
indication of a major advantage for regional over general [84e86].
The ISPOCD also attempted to address this relationship in 2003 by
looking at epidural versus general anaesthetic in noncardiac sur-
gery, but unfortunately their study was impeded by many patients
not receiving the anaesthetic they were initially allocated [87]. A
2010 meta-analysis of 21 studies asserted that the use of general
anaesthesia may increase the risk of developing POCD [88], how-
ever their data proved to be marginally non-significant (odds ratio
1.34, 0.93e1.95 with 95% confidence).

In the years since research into anaesthesia's role in POCD
began, there has been a great improvement in both peripheral
nerve catheters and ultrasound technology [89,90]. This has led to
major improvements in terms of clinicians' ability to administer
effective continuous peripheral nerve blockade [91]. This has sig-
nificant potential in reducing the incidence of postoperative
delirium, as evidence suggests that perioperative nerve blockade in
orthopaedic surgery reduces reliance on benzodiazepines and
opioid analgesics for pain relief, and this in turn can reduce the
incidence of postoperative delirium by as much as 58% [92,93]. A
systematic review [94] also found that the use of continuous pe-
ripheral nerve blockade could improve patient outcomes such as
improved postoperative sleep and decreased fatigue [95]. This
could in part be responsible for the reduction in postoperative
delirium.

There is also some evidence suggesting that increased depth of
anaesthesia (as measured by EEG) may reduce the incidence of
POCD [96,97], and this has been postulated to result from a
lowering the metabolic needs of the brain, which is neuro-
protective. Animal studies suggested a potential protective role for
inhaled anaesthetics such as xenon [98] and sevoflurane [33] as
seen by reductions cerebral levels of inflammatory cytokines such
as IL-1b.

Unfortunately, these results have not yet translated into clinical
findings. Rather, an association between use of sevoflurane and an
increased risk of developing POCD has been found [14], while
xenonwas shown not to be any more beneficial than propofol [99].
Furthermore, other animal studies demonstrated that volatile and
gaseous anaesthetic agents can cause a functional impairment
[100,101], and both halothane [102] and sevoflurane [61] have been
shown to increase levels of beta-amyloid, the pathological protein
that underpins AD.

Although the evidence concerning the role of various general
anaesthetic agents is conflicting, what is clear is that interventions
which reduce the reliance on opiates, such as nerve blockade, have
great potential, especially in the field of geriatric orthopaedic sur-
gery, and certainly warrant further research.

4.5. Type of surgery

POCD, as with postoperative delirium, seems to be more com-
mon following major surgery than minor surgery. While the inci-
dence of POCD was found to be around 6.8% in minor surgery [103]
it can be over 25% following major surgery [10]. This difference was
greatly reduced in the same studies at the 3 month interval (6.6%
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versus 9.9%) and this suggests that perhaps the extent of surgery
exerts a greater impact on shorter term POCD. Indeed, in cardiac
patients, it was also found that cognitive impairment was compa-
rable at 6 and 12 months between patients who had major surgery
with CPB and those who had percutaneous coronary interventions
[23]. This phenomenon could potentially be a reflection of
increased oxidative stress, differences in the degree of inflamma-
tory response or even simply a reflection of the patient groups
requiring different surgery. It may also turn out after all to reflect
differences in anaesthetic duration or choice of agent. It has been
observed that the greater the surgical trauma the larger the body's
inflammatory response tends to be [104], as represented by serum
levels of Interleukin-6. This finding, together with the association
between surgical trauma and short term POCD and that which is
seen between Il-6 and cognitive impairment [29], gives credence to
the idea that there is a subacute inflammatory component of POCD.
This may at least partly subside over the months and years
following an operation.

The type of patient that requires major surgery and the
comorbidities they possess are also important considerations. For
example, by definition patients who have multiple cardiovascular
risk factors are far more likely to require major cardiac surgery than
those who do not, and as discussed above patients who require
CABG are also far more likely to have pre-existing cognitive
impairment [52]. This implies that in the longer term the inva-
siveness of surgery may not be as important as other factors that
predispose the patient to POCD beforehand.

4.6. Other individual factors

Aside from the major risk factors discussed above, there has
been extensive research into a number of other plausible risk fac-
tors in the development of POCD. Possession of the APOE4 geno-
type [14,105,106], high ASA (American Society of Anesthesiologists)
status [6] and cardiovascular risk factors [6,8,10] have all been
studied and implicated by evidence, and these suggest that in-
dividuals with a lack of cognitive reserve are especially vulnerable
to the development of POCD.

The ASA physical status classification is a commonly used tool in
anaesthetics that is designed to classify the overall severity of an
individual's health problems in a preoperative setting, in order to
assess risk [107]. A patient is ascribed a number between 1 and 6,
depending on their health:

1. No significant health issues
2. Mild systemic disease
3. Severe systemic disease
4. Severe systemic disease that is a constant threat to life
5. A moribund person who is not expected to survive without the

operation
6. A declared brain-dead patient whose organs are being removed

for donor purposes

It is perhaps not surprising that the higher an individual's ASA
status, the more likely they were to develop POCD [8]. This was
seen at both discharge and at 3 month follow-up. Given what has
previously been discussed around reduced cognitive reserve, it
follows that the more systemically unwell a person is, the more
vulnerable they are likely to be to develop any sort of complication,
including brain injury.

However, while this tool has its uses in estimating risk, given its
vague and perhaps subjective parameters, it is not a particularly
robust measure for use in research [108,109]. It also clearly cannot
account well for those with multiple versus single comorbidities
and has no intermediate distinction between mild and severe.
Importantly, its reliability has been suggested to be especially
limited in the elderly population (over 80 years old), resulting from
the fact that most octogenarians have some kind of chronic health
problem [110]. Thus it may prove more useful to look at more
specific risk factors.

As discussed above, it seems likely that cerebrovascular disease
plays some sort of role in the pathogenesis of POCD. Indeed, Monk
et al. [8] found that patients with a history of stroke had a higher
incidence of POCD at 3 month follow up, and this was even true for
those whose stroke had left no residual impairments. Major risk
factors for stroke include hypertension, type 2 diabetes, hyper-
cholesterolaemia, smoking status, atrial fibrillation and ischaemic
heart disease [111]. There is ample evidence to suggest that these
are also involved in the pathogenesis of vascular dementia [26,27],
and more generally with cognitive impairment [28] even in middle
age [25]. In spite of all this evidence, the 1998 ISPOCD study found
no association was seen between any of these and an increased
incidence of POCD [10]. This may be partly explained by their
stringent exclusion criteria, which left out patients with pre-
existing cognitive impairment (MMSE score <23) and also those
who had previously undergone neuropsychiatric testing. These
patients would have been more likely to have previously had
strokes and may have had many of the risk factors mentioned
above. Future studies may consider including this group of at risk
patients.

In terms of genetic predisposition, patients who carry the
apolipoprotein E4 (APOE4) genotype were at more risk of POCD 3
months after major noncardiac surgery (odds ratio 4.74,
CI¼ 1.09e22.19) [14]. This result echoed earlier evidence from
studies of cardiac surgery [105] and endarterectomy (106), but
contrasted with a prominent earlier multicentre ISPOCD study that
failed to find a clear association between APOE4 and POCD [112].
However, although this study had a much larger sample size, it also
recruited much younger patients (those aged over 40 versus those
aged over 65). The deleterious effects of an APOE4 genotype may
not become apparent until older age, and so this may have pre-
vented a significant difference from being identified. Their exclu-
sion criteria also deemed anybody ‘not fit enough for testing’ and so
may have grossly underestimated the incidence of PCOD. It should
be noted too that the results of this study did demonstrate that
APOE4 carried a 20% increase in risk of POCD, but the sample size
would have needed to be greater to know whether this was a true
difference.

APOE4 warrants attention as this genotype has also been
consistently associated with a 3-fold or greater risk of developing
AD [113e115]. In terms of function, APOE is a polymorphic protein
associated with plasma lipoproteins, specifically in neural tissues
[116]. It has long been known of, and is thought to be involved in
the utilisation of cholesterol in the regeneration and maintenance
of myelin, both during development or after injury [117,118]. Po-
tential pathological mechanisms which APOE4 could predispose an
individual towards include proinflammatory cytokine release [119],
increased blood brain barrier permeability, increased amyloid
precursor protein metabolism and alterations in platelet function
[120,121]. Most promisingly, some evidence suggests that posses-
sion of the APOE4 genotype also predisposes both to the develop-
ment of postoperative delirium [122], and a slower recovery time
from delirium [123]. This reinforces hopes of finding a link between
POCD, AD and postoperative delirium.

One possible research avenue in terms of preventing POCD is
that of nootropic agents, so called ‘smart drugs’ used to enhance
cognition. These are growing in popularity especially amongst
student populations [124,125], and there are myriad different drugs
available, though this goes far beyond the scope of this review. To
take one example, piracetam has been studied for decades in
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relation to its cognitive enhancement potential [126]. It has long
been known to have potential in preventing postoperative delirium
[127] and age-related cognitive decline [128], and this may be
through a reduction in damage caused by oxidative stress [129].
This drug is neither a stimulant nor a sedative [130], and is thought
to work in a complex manner by altering membrane properties
through the phospholipid bilayer of neurons [128]. Other agents
such as noopept stimulate expression of neurotropic factors such as
NGF and BDNF [131]. Although most research has been conducted
in animals at this stage, given the promising nature of the results in
just one of the many available agents this would certainly be an
intriguing area for POCD research in the future to focus.
5. Management

Although there has been a great deal of research into the risk
factors, diagnosis and assessment of POCD, there is still a dearth in
terms of guidance for managing it when it does appear. However, it
is important to keep in mind some general principles of good
practice to guide management in lieu of more concrete, targeted
recommendations. Four such principles tie in with what has
already been discussed:

1. Early identification of patients who are at risk of POCD, based on
the risk factors outlined above

2. Preoperative optimisation of at-risk patients (both in terms of
cardiovascular risk factors and potentially in terms of cognition)

3. Minimalisation of intraoperative stress, and thus reducing
analgesic and anaesthetic requirements

4. Timely, holistic employment of perioperative measures aimed at
reducing the incidence of POD

Building on these four principles and relating it to what has
previously been discussed around the phenomenology of POCD, the
below represents a summary of the authors' recommendations for
detecting those at risk and preventing POCD.
5.1. Early identification

� Premorbid patient-specific risk factors such as old age, ongoing
cognitive impairment, and multiple cardiovascular comorbid-
ities should all act as prompts for the patient to be recognised as
at risk.

� Whether or not they have previously suffered from delirium or
have a history of alcohol or drug abuse should also be
considered.

� The nature of surgery being performed is also pertinent. For
example, more invasive and prolonged surgery can be associ-
ated with a higher risk of developing both POCD and POD.
5.2. Preoperative optimisation

� Having identified the at-risk patient, it is important to put
measures in place to make sure they are as physiologically
prepared for surgery as possible, again following general
principles.

� In the case of elective surgery this could begin in primary care,
including interventions such as optimising haemoglobin levels,
maintaining glycaemic control and managing hypertension.

� Specific to POCD and its associated loss of functional reserve,
interventions such as preoperative cognitive training could play
a role, as mentioned previously.
� Emerging nootropic agents have been shown to enhance
cognitive function. Could these have a role in preoperative
optimisation of cognition alongside training?
5.3. Minimalisation of intraoperative stress

� Surgery should be kept as minimally invasive as possible, and
this goes hand-in-hand with a reduced anaesthetic and anal-
gesic burden.

� Efforts should be made to prevent oxygen desaturation, fluctu-
ations in blood pressure and hypothermia, and avoidance of
crystalloid overload.
5.4. Delirium prevention

� As discussed, POD has many causes and requires a multidisci-
plinary approach to be adequately addressed.

� Adequate hydration and nutrition needs to be started as early as
possible postoperatively, and this should be converted to the
oral route as soon as the patient is able.

� Interventions to decrease opioid and benzodiazepine use should
be put in place, and this can include the use of peripheral nerve
blockade, þ/� LA infusions via catheters, in some cases.

� Other key interventions include encouraging a regular circadian
sleep pattern, minimising invasive monitoring and NG tubes,
regular orientation and noise reduction in ward areas.

6. Conclusion

In this review, POCD has been discussed in terms of its patho-
physiology, assessment, diagnosis, management and the major re-
ported risk factors that predispose an individual to it. The
pathophysiology of POCD is likely multifactorial, with inflamma-
tory, vascular, neurodegenerative and even genetic components.

At this point, substantial research has also attempted to eluci-
date the complex relationships between dementia, POCD and
postoperative delirium but important and intriguing questions still
remain. This could, and perhaps should, represent an important
area of study in the future.

Increasing age, poor preoperative cognitive function and type of
surgery remain the most consistent risk factors. Whether post-
operative delirium and the use of anaesthetic agents such as sev-
oflurane constitute major iatrogenic risk factors for POCD is still not
entirely clear, though current evidence and the potential for ther-
apeutic intervention is sufficient to mandate further research.

Moving forward, given that all major risk factors lead to a
reduction in cognitive reserve or represent an insult on the brain,
future research investigatingwhether there are any effectivemeans
of improving cognitive reserve in a preoperative setting could be
very interesting. Although there is potential here, perhaps for both
primary and secondary prevention, until more research is done no
interventions that are supported by robust data can be recom-
mended. In the meantime, the authors advocate a common-sense
approach based on the principles discussed above. Individuals
who are most at risk of POCD need to be identified and where
possible, resources directed to reduce the impact of any ensuing
decline. Following this, the avoidance of the development of
delirium and all that entails should be considered paramount.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.tacc.2018.04.002.

https://doi.org/10.1016/j.tacc.2018.04.002


S. Gold, S. Forryan / Trends in Anaesthesia and Critical Care 24 (2019) 49e5856
References

[1] K. Christensen, G. Doblhammer, R. Roland, J.W. Vaupel, Ageing population:
the challenges ahead, Lancet 374 (9696) (2009) 1196e1208.

[2] S.S. Liu, A.G. Della Valle, M.C. Besulides, L.K. Gaber, S.G. Memtsoudis, Trends
in mortality, complications, and demographics for primary hip arthroplasty
in the United States, Int. Orthop. 33 (3) (2009) 643e651.

[3] M.C. Wang, W. Kreuter, C.E. Wolfla, D.J. Maiman, R.A. Deyo, Trends and
variations in cervical spine surgery in the United States: medicare benefi-
ciaries, 1992 to 2005, J. Am. Gerontol. Soc. 44 (3) (2009) 285e290.

[4] J.T. Anger, A.E. Weinberg, A.L. Smith, M.E. Albo, J. Kim, L.V. Rodriguez,
C.S. Saigal, Trends in surgical management of stress urinary incontinence
among female medicare beneficiaries, Urology 74 (2) (2009) 283e287.

[5] F.E. Sieber, S.R. Barnett, Preventing postoperative complications in the
elderly, Anesthesiol. Clin. 29 (1) (2011) 83e97.

[6] S. Grape, P. Ravussin, A. Rossi, C. Kern, L. Steiner, Postoperative cognitive
dysfunction, Trends in Anaesth. Crit. Care 1 (2) (2012) 98e103.

[7] M.C. Lewis, I. Nevo, M.A. Paniagua, A. Ben-Ari, E. Pretto, S. Eisdorfer,
E. Davidson, I. Matot, E. Eisdorfer, Uncomplicated general anesthesia in the
elderly results in cognitive decline: does cognitive decline predict morbidity
and mortality? Med. Hypotheses 68 (1) (2007) 484e492.

[8] T. Monk, B. Weldon, C. Garvan, D. Dede, M. van der Aa, K. Heilman,
J. Gravenstein, Predictors of cognitive dysfunction after major noncardiac
surgery, Anesthesiology 108 (1) (2008) 18e30.

[9] M.S. Avidan, A.S. Evers, Review of clinical evidence for persistent cognitive
decline or incident dementia attributable to surgery or general anesthesia,
J. Alzheim. Dis. 24 (2) (2010) 201e216.

[10] J. Moller, P. Cluitmans, L. Rasmussen, P. Houx, J. Canet, P. Rabbitt, J. Jolles,
K. Larsen, C. Hanning, O. Langeron, T. Johnson, P. Lauven, A. Kristensen,
A. Biedler, H. van Beem, J. Fraidakis, J. Silverstein, J. Beneken, J. Gravenstein,
Long-term postoperative cognitive dysfunction in the elderly: ISPOCD1
study, Lancet 351 (1) (1998) 857e861.

[11] M. Lewis, P. Maruff, B. Silbert, Statistical and conceptual issues in defining
post-operative cognitive dysfunction, Neurosci. Biobehav. Rev. 28 (1) (2004)
433e440.

[12] I. Feinkohl, G. Winterer, C.D. Spies, T. Pischon, Cognitive reserve and the risk
of postoperative cognitive dysfunction, Deutsches €Arzteblatt Int. 114 (7)
(2017) 110e117.

[13] T.L. Tsai, L.P. Sands, J.M. Leung, An update on postoperative cognitive
dysfunction, Adv. Anaesth. 28 (1) (2010) 269e284.

[14] O.A. Shoair, M.P. Grasso, L.A. Lahaye, R. Daniel, C.J. Biddle, P.W. Slattum,
Incidence and risk factors for postoperative cognitive dysfunction in older
adults undergoing major noncardiac surgery: a prospective study,
J. Anaesthesiol. Clin. Pharmacol. 31 (1) (2015) 30e36.

[15] S. Deiner, J.H. Silverstein, Postoperative delirium and cognitive dysfunction,
Bri. J. Anaesthesiol. 103 (Suppl 1) (2009) i41ei46.

[16] H. Bickel, R. Gradinger, E. Kochs, H. F€orstl, High risk of cognitive and func-
tional decline after postoperative delirium, Dement. Geriatr. Cognit. Disord.
26 (1) (2008) 26e31.

[17] T.N. Robinson, B. Eiseman, Postoperative delirium in the elderly: diagnosis
and management, Clin. Interv. Aging 3 (2) (2008) 351e355.

[18] M. Coburn, A. Fahlenkamp, N. Zoremba, G. Schaelte, Postoperative cognitive
dysfunction: incidence and prophylaxis, Anaesthesist 59 (2) (2010)
177e184.

[19] P.J. Shaw, D. Bates, N.E. Cartlidge, J.M. French, D. Heaviside, D.G. Julian,
D.A. Shaw, Neurologic and neuropsychological morbidity following major
surgery: comparison of coronary artery bypass and peripheral vascular
surgery, Stroke 18 (4) (1987) 700e707.

[20] R.O. Hopkins, J.C. Jackson, Assessing neurocognitive outcomes after critical
illness: are delirium and long-term cognitive impairments related? Current
Opinion, Crit. Care 12 (5) (2006) 388e394.

[21] J.C. Jackson, R.P. Hart, S.M. Gordon, A. Shintani, B. Truman, L. May, E.W. Ely,
Six-month neuropsychological outcome of medical intensive care unit pa-
tients, Crit. Care Med. 31 (4) (2003) 1126e1134.

[22] W. Pugsley, L. Klinger, C. Paschalis, T. Treasure, M. Harrison, S. Newman, The
impact of microemboli during cardiopulmonary bypass on neuropsycho-
logical functioning, Stroke 25 (7) (1994) 1393e1399.

[23] B.O. Jensen, P. Hughes, L.S. Rasmussen, P.U. Pedersen, D.A. Steinbrüchel,
Cognitive outcomes in elderly high-risk patients after off-pump versus
conventional coronary artery bypass grafting: a randomized trial, Circulation
113 (24) (2006) 2790e2795.

[24] D. Van Dijk, E.W. Jansen, R. Hijman, A.P. Nierich, J.C. Diephius, K.G. Moons,
J.R. Lahpor, C. Borst, A.M. Keizer, H.M. Nathoe, D.E. Grobbee, P.P. De Jaegere,
C.J. Kalkman, Cognitive outcome after off-pump and on-pump coronary ar-
tery bypass graft surgery: a randomized trial, J. Am. Med. Assoc. 287 (11)
(2002) 1405e1412.

[25] A. Singh-Manoux, S. Sabia, M. Lajnef, J.E. Ferrie, H. Nabi, A.R. Britton,
M.G. Marmot, M.J. Shipley, History of coronary heart disease and cognitive
performance in midlife: the Whitehall II study, Eur. Heart J. 29 (17) (2008)
2100e2107.

[26] K.M. Hayden, P.P. Zandi, C.G. Lyketsos, A.S. Khachaturian, L.A. Bastian,
G. Charoonuk, J.T. Tschanz, M.C. Norton, C.F. Pieper, R.G. Munger,
J.C. Breitner, K.A. Welsh-Bohmer, Vascular risk factors for incident Alzheimer
disease and vascular dementia: the Cache County study, Alzheimer's Dis.
Assoc. Disord. 20 (2) (2006) 93e100.
[27] R. H�ebert, J. Lindsay, R. Verreault, K. Rockwood, G. Hill, M.F. Dubois, Vascular

dementia : incidence and risk factors in the Canadian study of health and
aging, Stroke 31 (7) (2000) 1487e1493.

[28] C.W. Hogue, T. Hershey, D. Dixon, R. Fucetola, A. Nassief, K.E. Freedland,
B. Thomas, K. Schechtman, Preexisting cognitive impairment in women
before cardiac surgery and its relationship with C-reactive protein concen-
trations, Anaesth. Analg. 102 (6) (2006) 1602e1608.

[29] K. Yaffe, M.S. Lindquist, B.W. Penninx, E.M. Simonsick, M. Pahor,
S. Kritchevsky, L. Launer, S. Rubin, T. Harris, Inflammatory markers and
cognition in well-functioning African-American and white elders, Neurology
61 (1) (2003) 76e80.

[30] L.S. Rasmussen, J.T. O'Brien, J.H. Silverstein, T.W. Johnson, V.D. Siersma,
J. Canet, J. Jolles, C.D. Hanning, H.M. Kuipers, H. Abildstrom, A. Papaioannou,
J. Raeder, A. Yli-Hankala, J.R. Sneyd, L. Munoz, J.T. Moller, Is peri-operative
cortisol secretion related to post-operative cognitive dysfunction? Acta
Anaesthesiol. Scand. 49 (9) (2005) 1225e1231.

[31] N. Terrando, C. Monaco, D. Ma, B.M. Foxwell, M. Feldmann, M. Maze, Tumor
necrosis factor-alpha triggers a cytokine cascade yielding postoperative
cognitive decline, Proc. Natl. Acad. Sci. U.S.A. 107 (47) (2010) 20518e20522.

[32] A.R. Fidalgo, M. Cibelli, J.P. White, I. Nagy, M. Maze, D. Ma, Systemic
inflammation enhances surgery-induced cognitive dysfunction in mice,
Neurosci. Lett. 498 (1) (2011) 63e66.

[33] J. Zhu, J. Xiaojing, S. Enyi, M. Hong, W. Junke, Sevoflurane preconditioning
reverses impairment of hippocampal long-term potentiation induced by
myocardial ischaemiaereperfusion injury, Eur. J. Anaesthesiol. 26 (11) (2009)
961e968.

[34] C. Baufreton, P. Allain, A. Chevallier, F. Etcharry-Bouyx, J.J. Corbeau, D. Legall,
J.L. de Brux, Brain injury and neuropsychological outcome after coronary
artery surgery are affected by complement activation, Ann. Thorac. Surg. 79
(5) (2005) 1597e1605.

[35] J.P. Mathew, S.K. Shernan, W.D. White, J.C.K. Fitch, J.C. Chen, L. Bell,
M.F. Newman, Preliminary report of the effects of complement suppression
with pexelizumab on neurocognitive decline after coronary artery bypass
graft surgery, Stroke 35 (1) (2004) 2335e2339.

[36] D.P. Taggart, S.M. Browne, D.T. Wade, P.W. Halligan, Neuroprotection during
cardiac surgery: a randomised trial of a platelet activating factor antagonist,
Heart 89 (8) (2003) 897e900.

[37] E.M. Tucker-Drob, K.E. Johnson, R.N. Jones, The cognitive reserve hypothesis:
a longitudinal examination of age-associated declines in reasoning and
processing speed, Dev. Psychol. 45 (2) (2009) 431e446.

[38] L. Rasmussen, K. Larsen, P. Houx, C. Skovgaard, C. Hanning, J. Moller, The
assessment of postoperative cognitive function, Acta Anaesthesiol. Scand. 45
(3) (2001) 275e289.

[39] C. Luis, A. Keegan, M. Mullan, Cross-validation of the montreal cognitive
assessment in community-dwelling older adults residing in the southeastern
US, Int. J. Geriatr. Psychiatr. 24 (1) (2008) 197e201.

[40] Y. Dong, V. Sharma, B. Chan, N. Venketasubramanian, H. Teoh, R. Seet, The
Montreal Cognitive Assessment (MoCA) is superior to the Mini-Mental State
Examination (MMSE) for the detection of vascular cognitive impairment
after acute stroke, J. Neurol. Sci. 299 (1) (2010) 15e18.

[41] S. Freitas, M. Simoes, L. Alves, M. Vicente, I. Santana, Montreal cognitive
assessment (MoCA): validation study for vascular dementia, J. Int. Neuro-
psychol. Soc. 18 (2012) 1031e1040.

[42] S. Hoops, S. Nazem, A. Siderowf, J. Duda, S. Xie, M. Stern, Validity of the MoCA
and MMSE in the detection of MCI and dementia in Parkinson disease,
Neurology 73 (2009) 1738e1745.

[43] J. Partridge, J. Dhesi, J. Cross, J. Lo, P. Taylor, R. Bell, F. Martin, D. Harari, The
prevalence and impact of undiagnosed cognitive impairment in older
vascular surgical patients, J. Vasc. Surg. 60 (4) (2014) 1002e1011.

[44] S. Freitas, M. Simoes, L. Alves, M. Vicente, I. Santana, Montreal cognitive
assessment - validation study for mild cognitive impairment and alzheimer
disease, Alzheimer Dis. Assoc. Disord. 27 (1) (2013) 37e43.

[45] J.L. Rudolph, K.A. Schreiber, D.J. Culley, R.E. McGlinchey, G. Crosby,
S. Levitsky, E.R. Marcantonio, Measurement of post-operative cognitive
dysfunction after cardiac surgery: a systematic review, Acta Anaesthesiol.
Scand. 54 (1) (2010) 663e677.

[46] L.A. Evered, B.S. Silbert, D.A. Scott, P. Maruff, D. Ames, P.F. Choong, Preex-
isting cognitive impairment and mild cognitive impairment in subjects
presenting for total hip joint replacement, Anesthesiology 114 (6) (2011)
1297e1304.

[47] P.S. Sachdev, D.M. Lipnicki, N.A. Kochan, J.D. Crawford, A. Thalamthu,
G. Andrews, C. Brayne, F.E. Matthews, B.C. Stephan, R.B. Lipton, M.J. Katz,
K. Ritchie, I. Carriere, et al., The prevalence of mild cognitive impairment in
diverse geographical and ethnocultural regions: the COSMIC collaboration,
PLoS One 10 (11) (2015).

[48] S.B. Rafnsson, I.J. Deary, F.B. Smith, M.C. Whiteman, F.G. Fowkes, Cardio-
vascular diseases and decline in cognitive function in an elderly community
population: the edinburgh artery study, Psychosom. Med. 69 (2007)
425e434.

[49] T. Johnson, T. Monk, L.S. Rasmussen, H. Abildstrom, P. Houx, K. Korttila,
H.M. Kuipers, C.D. Hanning, V.D. Siersma, D. Kristensen, J. Canet, M.T. Ibanaz,
J.T. Moller, Postoperative cognitive dysfunction in middle-aged patients,
Anesthesiology 96 (6) (2002) 1351e1357.

[50] B.J. North, D.A. Sinclair, The intersection between aging and cardiovascular

http://refhub.elsevier.com/S2210-8440(17)30177-6/sref1
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref1
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref1
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref2
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref2
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref2
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref2
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref3
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref3
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref3
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref3
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref4
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref4
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref4
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref4
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref5
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref5
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref5
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref6
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref6
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref6
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref7
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref7
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref7
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref7
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref7
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref8
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref8
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref8
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref8
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref9
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref9
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref9
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref9
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref10
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref10
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref10
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref10
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref10
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref10
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref11
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref11
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref11
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref11
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref12
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref12
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref12
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref12
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref12
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref13
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref13
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref13
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref14
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref14
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref14
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref14
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref14
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref15
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref15
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref15
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref16
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref16
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref16
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref16
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref16
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref17
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref17
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref17
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref18
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref18
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref18
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref18
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref19
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref19
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref19
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref19
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref19
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref20
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref20
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref20
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref20
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref21
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref21
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref21
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref21
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref22
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref22
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref22
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref22
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref23
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref23
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref23
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref23
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref23
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref24
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref24
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref24
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref24
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref24
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref24
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref25
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref25
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref25
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref25
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref25
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref26
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref26
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref26
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref26
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref26
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref26
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref27
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref27
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref27
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref27
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref27
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref28
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref28
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref28
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref28
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref28
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref29
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref29
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref29
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref29
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref29
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref30
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref30
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref30
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref30
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref30
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref30
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref31
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref31
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref31
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref31
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref32
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref32
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref32
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref32
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref33
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref33
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref33
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref33
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref33
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref33
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref34
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref34
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref34
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref34
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref34
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref35
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref35
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref35
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref35
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref35
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref36
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref36
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref36
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref36
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref37
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref37
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref37
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref37
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref38
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref38
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref38
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref38
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref39
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref39
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref39
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref39
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref40
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref40
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref40
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref40
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref40
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref41
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref41
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref41
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref41
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref42
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref42
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref42
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref42
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref43
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref43
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref43
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref43
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref44
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref44
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref44
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref44
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref45
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref45
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref45
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref45
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref45
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref46
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref46
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref46
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref46
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref46
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref47
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref47
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref47
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref47
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref47
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref48
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref48
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref48
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref48
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref48
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref49
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref49
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref49
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref49
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref49
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref50


S. Gold, S. Forryan / Trends in Anaesthesia and Critical Care 24 (2019) 49e58 57
disease, Circ. Res. 110 (2012) 1097e1108.
[51] S. Yaakov, Cognitive reserve in ageing and Alzheimer's disease, Lancet

Neurol. 11 (11) (2012) 1006e1012.
[52] B. Silbert, D.A. Scott, L.A. Evered, M.S. Lewis, P.T. Maruff, Preexisting cognitive

impairment in patients scheduled for elective coronary artery bypass graft
surgery, Anaesth. Analg. 104 (5) (2007) 1023e1028.

[53] A. Bekker, L. Cynthia, S. de Santi, E. Pirraglia, A. Zaslavsky, S. Farber, M. Haile,
M. de Leon, Does mild cognitive impairment increase the risk of developing
postoperative cognitive dysfunction? Am. J. Surg. 199 (6) (2010) 782e788.

[54] B. Silbert, L. Evered, D.A. Scott, Cognitive decline in the elderly: is anaesthesia
implicated? Best Pract. Res. Clin. Anaesthesiol. 25 (1) (2011) 379e393.

[55] J.C. Morris, M. Storandt, J.P. Miller, D.W. McKeel, J.L. Price, E.H. Rubin, L. Berg,
Mild cognitive impairment represents early-stage Alzheimer disease, Arch.
Neurol. 58 (3) (2001) 397e405.

[56] M. Prince, M. Knapp, M. Guerchet, P. McCrone, M. Prina, A. Comas-Herrera,
R. Wittenberg, B. Adelaja, B. Hu, D. King, A. Rehill, D. Salimkumar, Dementia
UK Update, second ed., 2014.

[57] S. Artero, M.L. Ancelin, F. Portet, A. Dupuy, C. Berr, J.F. Dartigues, Risk profiles
for mild cognitive impairment and progression to dementia are gender
specific, J. Neurol. Neurosurg. Psychiatry 79 (2008) 979e984.

[58] A. Ward, H.M. Arrighi, S. Michels, J.M. Cedarbaum, Mild cognitive impair-
ment: disparity of incidence and prevalence estimates, Alzheimer's De-
mentia 8 (1) (2012) 14e21.

[59] R.C. Petersen, G.E. Smith, S.C. Waring, Mild cognitive impairment: clinical
characterization and outcome, Arch. Neurol. 56 (3) (1999) 303e308.

[60] R.C. Petersen, Mild cognitive impairment as a diagnostic entity, J. Intern.
Med. 256 (3) (2004) 183e194.

[61] Y. Dong, G. Zhang, B. Zhang, R.D. Moir, W. Xia, E.R. Marcantonio, D.J. Culley,
G. Crosby, R.E. Tanzi, Z. Xie, The common inhalational anesthetic sevoflurane
induces apoptosis and increases beta-amyloid protein levels, Arch. Neurol.
66 (5) (2009) 620e631.

[62] D. Meagher, Motor subtypes of delirium: past, present and future, Int. Rev.
Psychiatr. 21 (1) (2009) 59e73.

[63] G. Bucht, Y. Gustafson, O. Sandberg, Epidemiology of delirium, Dement.
Geriatr. Cognit. Disord. 10 (5) (1999) 315e318.

[64] M.J. Demeure, M.J. Fain, The elderly surgical patient and postoperative
delirium, J. Am. Coll. Surg. 203 (5) (2006) 752e757.

[65] M.M. Dolan, W.G. Hawkes, S.I. Zimmerman, R.S. Morrison, A.L. Gruber-Bal-
dini, J.R. Hebel, J. Magaziner, Delirium on hospital admission in aged hip
fracture patients: prediction of mortality and 2-year functional outcomes,
J. Gerontol. A 55 (9) (2000) 527e534.

[66] J. Francis, W.N. Kapoor, Prognosis after hospital discharge of older medical
patients with delirium, J. Am. Geriatr. Soc. 40 (6) (1992) 601e606.

[67] P. Galanakis, H. Bickel, R. Gradinger, S. Von Gumppenberg, H. F€orstl, Acute
confusional state in the elderly following hip surgery: incidence, risk factors
and complications, Int. J. Geriatr. Psychiatr. 16 (4) (2001) 349e355.

[68] J.W.W. Thomason, A. Shintani, J.F. Peterson, B.T. Pun, J.C. Jackson, E.W. Ely,
Intensive care unit delirium is an independent predictor of longer hospital
stay: a prospective analysis of 261 non-ventilated patients, Crit. Care 9 (4)
(2005) 375e381.

[69] M. Dasgupta, A.C. Dumbrell, Preoperative risk assessment for delirium after
noncardiac surgery: a systematic review, 2006, J. Am. Geriatr. Soc. 54 (10)
(2006) 1578e1589.

[70] E. Ely, A. Shintani, B. Truman, T. Speroff, S.M. Gordon, F.E. Harrell, S.K. Inouye,
G.R. Bernard, R.S. Dittus, Delirium as a predictor of mortality in mechanically
ventilated patients in the intensive care unit, J. Am. Med. Assoc. 291 (14)
(2004) 1753e1762.

[71] S.K. Inouye, C.H. van Dyck, C.A. Alessi, S. Balkin, A.P. Siegal, R.I. Horwitz,
Clarifying confusion: the confusion assessment method: a new method for
detection of delirium, Ann. Intern. Med. 113 (12) (1990) 941e948.

[72] European Delirium Association ADS, The DSM-5 criteria, level of arousal and
delirium diagnosis: inclusiveness is safer, BioMed Central Med. 12 (141)
(2014).

[73] J. McCusker, M. Cole, M. Abrahamowicz, L. Han, J.E. Podoba, L. Ramman-
Haddad, Environmental risk factors for delirium in hospitalised older people,
J. Am. Geriatr. Soc. 49 (1) (2001) 1327e1334.

[74] L. Ansaloni, F. Catena, R. Chattat, D. Fortuna, C. Francheschi, P. Mascitti,
R.M. Melotti, Risk factors and incidence of postoperative delirium in elderly
patients after elective and emergency surgery, Br. J. Surg. 97 (2) (2010)
273e280.

[75] A. Milstein, A. Pollack, G. Kleinman, Y. Barak, Confusion/delirium following
cataract surgery: an incidence study of 1-year duration, Int. Psychogeriatr. 14
(3) (2002) 301e306.

[76] E. Marcantonio, T. Ta, E. Duthie, N.M. Resnick, Delirium severity and psy-
chomotor types: their relationship with outcomes after hip fracture repair,
J. Am. Geriatr. Soc. 50 (5) (2002) 850e857.

[77] J.L. Rudolph, E.R. Marcantonio, Postoperative delirium: acute change with
long-term implications, Anesth. Analg. 112 (5) (2011) 1202e1211.

[78] S.K. Inouye, S.T. Bogardus Jr., P.A. Charpentier, A multicomponent interven-
tion to prevent delirium in hospitalized older patients, N. Engl. J. Med. 340
(1) (1999) 669e676.

[79] E.R. Marcantonio, G. Juarez, L. Goldman, The relationship of postoperative
delirium with psychoactive medications, J. Am. Med. Assoc. 272 (19) (1994)
1518e1522.

[80] M.J. Dubois, N. Bergeron, M. Dumont, S. Dial, Y. Skrobik, Delirium in an
intensive care unit: a study of risk factors, Intensive Care Med. 27 (1) (2001)
1297e1304.

[81] A. Foy, D. O'Connell, H.J. Kelly, S. Cocking, J. Halliday, Benzodiazepine use as a
cause of cognitive impairment in elderly hospital inpatients, J. Gerontol. 50
(A) (1995) 99e106.

[82] L.S. Rasmussen, A. Steentoft, H. Rasmussen, P.A. Kristensen, J.T. Moller,
Benzodiazepines and postoperative cognitive dysfunction in the elderly, Br. J.
Anaesthesiol. 83 (4) (1999) 585e589.

[83] J. Guay, General anaesthesia does not contribute to long-term post-operative
cognitive dysfunction in adults: a meta-analysis, Indian J. Anaesth. 55 (4)
(2011) 358e363.

[84] U. Karhunen, G. J€onn, A comparison of memory function following local and
general anaesthesia for extraction of senile cataract, Acta Anaesthesiol.
Scand. 26 (4) (1982) 291e296.

[85] J. Riis, B. Lomholt, O. Haxholdt, H. Kehlet, N. Valentin, U. Danielsen,
V. Dyrberg, Immediate and long-term mental recovery from general versus
epidural anesthesia in elderly patients, Acta Anaesthesiol. Scand. 27 (1)
(1983) 44e49.

[86] M.J. Jones, S.E. Piggott, R.S. Vaughan, A.J. Bayer, R.G. Newcombe, T.C. Twining,
J. Pathy, M. Rosen, Cognitive and functional competence after anaesthesia in
patients aged over 60: controlled trial of general and regional anaesthesia for
elective hip or knee replacement, Br. Med. J. 300 (6741) (1990) 1683e1687.

[87] L.S. Rasmussen, T. Johnson, H.M. Kuipers, D. Kristensen, V.D. Siersma, P. Vila,
J. Jolles, A. Papaioannou, H. Abildstrom, J.H. Silverstein, J.A. Bonal, J. Raeder,
I.K. Nielsen, K. Korttila, L. Munoz, C. Dodds, J.T. Moller, Does anaesthesia
cause postoperative cognitive dysfunction? A randomised study of regional
versus general anaesthesia in 438 elderly patients, Acta Anaesthesiol. Scand.
47 (3) (2003) 260e266.

[88] S.E. Mason, A. Noel-Storr, C.W. Ritchie, The impact of general and regional
anesthesia on the incidence of post-operative cognitive dysfunction and
post-operative delirium: a systematic review with meta-analysis, J. Alzheim.
Dis. 22 (1) (2010) 67e79.

[89] A.T. Gray, Ultrasound-guided regional anesthesia: current state of the art,
Anesthesiology 104 (1) (2006) 368e373.

[90] P. Marhofer, V.W. Chan, Ultrasound-Guided regional anesthesia: current
concepts and future trends, Anaesth. Analg. 104 (5) (2007) 1265e1269.

[91] K.J. Walker, K. McGrattan, K. Aas-Eng, A.F. Smith, Ultrasound guidance for
peripheral nerve blockade, Cochrane Database Syst. Rev. 7 (4) (2009).

[92] C.J. Jankowski, D.J. Cook, M.R. Trenerry, D.R. Schroeder, D.O. Warner,
Continuous peripheral nerve block analgesia and central neuraxial anes-
thesia are associated with reduced incidence of postoperative delirium in the
elderly, in: Anesthesiology Annual Meeting, 2005.

[93] S. Kinjo, E. Lim, L.P. Sands, K.J. Bozic, J.M. Leung, Does using a femoral nerve
block for total knee replacement decrease postoperative delirium? BioMed
Central Anesthesiol. 12 (4) (2012) 1e6.

[94] S.S. Liu, C.L. Wu, The effect of analgesic technique on postoperative patient-
reported outcomes including analgesia: a systematic review, Anaesth. Analg.
105 (3) (2007) 789e808.

[95] J.M. Richman, S.S. Liu, G. Courpas, R. Wong, A.J. Rowlingson, J. McGready,
S.R. Cohen, C.L. Wu, Does continuous peripheral nerve block provide superior
pain control to opioids? A meta-analysis, Anaesth. Analg. 102 (1) (2006)
248e257.

[96] E. Farag, G.J. Chelune, A. Schubert, E.J. Mascha, Is depth of anesthesia, as
assessed by the Bispectral Index, related to postoperative cognitive
dysfunction and recovery? Anaesth. Analg. 103 (3) (2006) 633e640.

[97] J. An, Q. Fang, C. Huang, X. Qian, T. Fan, Y. Lin, Q. Guo, Deeper total intra-
venous anesthesia reduced the incidence of early postoperative cognitive
dysfunction after microvascular decompression for facial spasm,
J. Neurosurg. Anesthesiol. 23 (1) (2011) 12e17.

[98] M.P. Vizcaychipi, D.G. Lloyd, J. Wan, M.G. Palazzo, M. Maze, D. Ma, Xenon
pretreatment may prevent early memory decline after isoflurane anesthesia
and surgery in mice, PLoS One 6 (11) (2011).

[99] J. H€ocker, C. Stapelfeldt, J. Leiendecker, P. Meybohm, R. Hanss, J. Scholz,
B. Bein, Postoperative neurocognitive dysfunction in elderly patients after
xenon versus propofol anesthesia for major noncardiac surgery: a double-
blinded randomized controlled pilot study, Anesthesiology 110 (5) (2009)
1068e1076.

[100] D.J. Culley, M.G. Baxter, R. Yukhananov, G. Crosby, Long-term impairment of
acquisition of a spatial memory task following isoflurane-nitrous oxide
anesthesia in rats, Anesthesiology 100 (2) (2004) 309e314.

[101] V. Jevtovic-Todorovic, R.E. Hartman, Y. Izumi, N.D. Benshoff, K. Dikranian,
C.F. Zorumski, J.W. Olney, D.F. Wozniak, Early exposure to common anes-
thetic agents causes widespread neurodegeneration in the developing rat
brain and persistent learning deficits, J. Neurosci. 23 (3) (2003) 876e882.

[102] S.L. Bianchi, T. Tran, C. Liu, S. Lin, Y. Li, J.M. Keller, R.G. Eckenhoff,
M.F. Eckenhoff, Brain and behavior changes in 12-month-old Tg2576 and
nontransgenic mice exposed to anesthetics, Neurobiol. Aging (2007).

[103] J. Canet, J. Raeder, L.S. Rasmussen, M. Enlund, H.M. Kuipers, C.D. Hanning,
J. Jolles, K. Korttila, V.D. Siersma, C. Dodds, H. Abildstrom, J.R. Sneyd, P. Vila,
T. Johnson, L. Munoz, J.H. Silverstein, I.K. Nielsen, J.T. Moller, Cognitive
dysfunction after minor surgery in the elderly, Acta Anaesthesiol. Scand. 47
(10) (2003) 1204e1210.

[104] A.M. Cruickshank, W.D. Frase, H.J.G. Burns, J. Van Damme, A. Shenkin,
Response of serum Interleukin-6 in patients undergoing elective surgery of
varying severity, Clin. Sci. 79 (2) (1990) 161e165.

http://refhub.elsevier.com/S2210-8440(17)30177-6/sref50
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref50
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref51
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref51
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref51
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref52
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref52
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref52
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref52
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref53
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref53
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref53
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref53
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref54
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref54
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref54
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref55
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref55
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref55
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref55
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref56
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref56
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref56
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref57
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref57
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref57
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref57
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref58
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref58
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref58
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref58
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref59
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref59
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref59
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref60
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref60
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref60
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref61
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref61
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref61
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref61
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref61
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref62
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref62
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref62
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref63
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref63
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref63
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref64
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref64
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref64
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref65
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref65
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref65
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref65
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref65
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref66
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref66
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref66
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref67
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref67
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref67
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref67
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref67
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref68
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref68
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref68
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref68
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref68
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref69
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref69
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref69
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref69
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref70
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref70
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref70
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref70
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref70
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref71
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref71
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref71
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref71
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref72
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref72
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref72
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref73
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref73
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref73
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref73
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref74
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref74
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref74
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref74
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref74
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref75
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref75
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref75
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref75
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref76
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref76
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref76
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref76
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref77
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref77
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref77
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref78
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref78
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref78
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref78
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref79
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref79
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref79
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref79
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref80
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref80
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref80
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref80
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref81
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref81
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref81
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref81
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref82
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref82
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref82
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref82
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref83
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref83
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref83
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref83
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref84
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref84
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref84
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref84
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref84
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref85
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref85
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref85
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref85
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref85
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref86
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref86
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref86
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref86
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref86
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref87
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref87
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref87
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref87
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref87
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref87
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref87
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref88
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref88
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref88
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref88
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref88
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref89
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref89
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref89
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref90
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref90
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref90
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref91
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref91
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref92
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref92
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref92
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref92
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref93
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref93
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref93
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref93
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref94
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref94
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref94
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref94
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref95
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref95
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref95
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref95
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref95
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref96
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref96
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref96
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref96
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref97
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref97
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref97
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref97
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref97
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref98
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref98
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref98
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref99
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref99
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref99
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref99
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref99
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref99
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref99
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref100
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref100
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref100
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref100
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref101
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref101
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref101
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref101
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref101
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref102
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref102
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref102
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref103
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref103
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref103
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref103
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref103
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref103
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref104
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref104
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref104
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref104


S. Gold, S. Forryan / Trends in Anaesthesia and Critical Care 24 (2019) 49e5858
[105] B.E. Tardiff, M.F. Newman, A.M. Saunders, W.J. Strittmatter, J.A. Blumenthal,
W.D. White, N.D. Croughwell, R.D. Davis, A.D. Roses, J.G. Reves, Preliminary
report of a genetic basis for cognitive decline after cardiac operations, Ann.
Thorac. Surg. 64 (3) (1997) 715e720.

[106] E.J. Heyer, D.A. Wilson, D.H. Sahlein, J. Mocco, R. Sciacca, A. Rampersad,
R.J. Komotar, J. Zurica, A. Benvenisty, D.O. Quest, G. Todd, R.A. Solomon,
E.S. Connolly, APOE-ε4 predisposes to cognitive dysfunction following un-
complicated carotid endarterectomy, Neurology 65 (11) (2005) 1759e1763.

[107] D.J. Cullen, G. Apolone, S. Greenfield, E. Guadagnoli, P. Cleary, ASA physical
status and age predict morbidity after three surgical procedures, Ann. Surg.
220 (1) (1994) 3e9.

[108] M. Daabiss, American Society of Anaesthetist's physical status classification,
Indian J. Anaesth. 55 (2) (2011) 111e115.

[109] S.R. Haynes, P.G. Lawler, An assessment of the consistency of ASA physical
status classification allocation, Anaesth. Analg. 50 (3) (1995) 195e199.

[110] O. Visnjevac, N.D. Nader, Is ASA classification a valid prognosticator in Oc-
togenarians? Probably not, Anaesth. Clin. Res. 4 (9) (2013).

[111] A.S. Go, D. Mozaffarian, L.V. Roger, E.J. Benjamin, J.D. Berry, M.J. Blaha,
E.S. Dai, C.S. Fox, S. Franco, H.J. Fullerton, C. Gillespie, S.M. Hailpern, J.A. Heit,
V.J. Howard, M.D. Huffman, S.E. Judd, B.M. Kissela, S.J. Kittner, D.T. Lackland,
Heart disease and stroke statistics - 2014 update: a report from the american
heart association, Circulation 129 (3) (2014).

[112] H. Abildstrom, M.D. Christiansen, V.D. Siersma, L.S. Rasmussen, Apolipo-
protein E genotype and cognitive dysfunction after noncardiac surgery,
Anesthesiology 101 (2004) 855e861.

[113] E.H. Corder, A.M. Saunders, W.J. Strittmatter, D.E. Schmechel, P.C. Gaskell,
G.W. Small, A.D. Roses, J.L. Haines, M.A. Pericak-Vance, Gene dose of apoli-
poprotein E type 4 allele and the risk of Alzheimer's disease in late onset
families, Science 261 (1) (1993) 921e923.

[114] J. Raber, Y. Huang, J.W. Ashford, ApoE genotype accounts for the vast ma-
jority of AD risk and AD pathology, Neurobiol. Aging 25 (1) (2004) 641e650.

[115] C. Liu, T. Kanekiyo, H. Xu, G. Bu, Apolipoprotein E and Alzheimer disease:
risk, mechanisms, and therapy, Nat. Rev. Neurol. 9 (1) (2013) 106e118.

[116] V. Leduc, S. Jasmin-Belanger, J. Poirier, APOE and cholesterol homeostasis in
Alzheimer's disease, Trends Mol. Med. 16 (10) (2010) 469e477.

[117] R.W. Mahley, Apolipoprotein E: cholesterol transport protein with expand-
ing role in cell biology, Science 240 (4852) (1988) 622e630.

[118] V. Leduc, D. Domenger, L. De Beaumont, D. Lalonde, S. Belanger-Jasmin,
J. Poirier, Function and comorbidities of apolipoprotein E in Alzheimer's
disease, Int. J. Alzheimer's Dis. 2011 (1) (2011) 1e22.
[119] E.W. Moretti, R.W. Morris, M. Podgoreanu, D.A. Schwinn, M.F. Newman,
E. Bennett, V.G. Moulin, U.U. Mba, D.T. Laskowitz, APOE polymorphism is
associated with risk of severe sepsis in surgical patients, Crit. Care Med. 33
(11) (2005) 2521e2526.

[120] M.S. Parihar, T. Hemnani, Alzheimer's disease pathogenesis and therapeutic
interventions, J. Clin. Neurosci. 11 (5) (2004) 456e467.

[121] D.W. Tsuang, T.D. Bird, Genetics of dementia, Med. Clin. 86 (3) (2002)
591e614.

[122] J.M. Leung, L.P. Sands, Y. Wang, A. Poon, P. Kwok, J.P. Kane, C.R. Pullinger,
Apolipoprotein E e4 allele increases the risk of early postoperative delirium
in older patients undergoing noncardiac surgery, Anesthesiology 107 (1)
(2007) 406e411.

[123] E.W. Ely, T.D. Girard, A.K. Shintani, J.C. Jackson, S.M. Gordon, J.W. Thomason,
B.T. Pun, A.E. Canonico, R.W. Light, P. Pandharipande, D.T. Laskowitz,
Apolipoprotein E4 polymorphism as a genetic predisposition to delirium in
critically ill patients, Crit. Care Med. 35 (1) (2007) 112e117.

[124] R.M. Emmanuel, S.L. Frellsen, K.J. Kashima, S.M. Sanguino, F.S. Sierles,
C.J. Lazarus, Cognitive enhancement drug use among future physicians:
findings from a multi-institutional census of medical students, J. Gen. Intern.
Med. 28 (8) (2013) 1028e1034.

[125] E.J. Vargo, A. Petroczi, “It was me on a good day”: exploring the smart drug
use phenomenon in england, Front. Psychol. 7 (2016) 779.

[126] R.T. Bartus, R.L. Dean, K.A. Sherman, E. Friedman, B. Beer, Profound effects of
combining choline and piracetam on memory enhancement and cholinergic
function in aged rats, Neurobiol. Aging 2 (2) (1981) 105e111.

[127] J. Gallinat, H.J. Moller, U. Hegerl, Piracetam in anesthesia for prevention of
postoperative delirium, Anasthesiol. Intensivmed. Notfallmed. Schmerzther
34 (9) (1999) 520e527.

[128] W.E. Muller, G.P. Eckert, A. Eckert, Piracetam: novelty in a unique mode of
action, Pharmacopsychiatry 32 (suppl. 1) (1999) 2e9.

[129] U. Keil, I. Scherping, S. Hauptmann, K. Schuessel, A. Eckert, W.E. Muller,
Piracetam improves mitochondrial dysfunction following oxidative stress,
Br. J. Pharmacol. 147 (2) (2006) 199e208.

[130] M.T. Tacconi, R.J. Wurtman, Piracetam: physiological disposition and
mechanism of action, Adv. Neurol. 43 (1986) 675e685.

[131] R.U. Ostrovskaya, T.A. Gudasheva, A.P. Zaplina, J.V. Vahitova,
M.H. Salimgareeva, R.S. Jamidanov, S.B. Seredenin, Noopept stimulates the
expression of NGF and BDNF in rat hippocampus, Bull. Exp. Biol. Med. 146 (3)
(2008) 334e337.

http://refhub.elsevier.com/S2210-8440(17)30177-6/sref105
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref105
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref105
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref105
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref105
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref106
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref106
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref106
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref106
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref106
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref106
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref107
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref107
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref107
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref107
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref108
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref108
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref108
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref109
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref109
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref109
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref110
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref110
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref111
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref111
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref111
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref111
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref111
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref112
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref112
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref112
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref112
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref113
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref113
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref113
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref113
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref113
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref114
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref114
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref114
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref115
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref115
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref115
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref116
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref116
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref116
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref117
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref117
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref117
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref118
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref118
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref118
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref118
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref119
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref119
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref119
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref119
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref119
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref120
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref120
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref120
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref121
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref121
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref121
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref122
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref122
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref122
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref122
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref122
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref123
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref123
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref123
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref123
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref123
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref124
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref124
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref124
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref124
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref124
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref125
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref125
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref126
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref126
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref126
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref126
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref127
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref127
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref127
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref127
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref128
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref128
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref128
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref129
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref129
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref129
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref129
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref130
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref130
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref130
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref131
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref131
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref131
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref131
http://refhub.elsevier.com/S2210-8440(17)30177-6/sref131

	Postoperative cognitive decline: A current problem with a difficult future
	1. Introduction
	2. Postoperative Cognitive Dysfunction
	3. Assessing and diagnosing POCD
	4. Risk factors
	4.1. Increasing age
	4.2. Poor preoperative cognitive function
	4.3. Postoperative delirium
	4.4. Choice of anaesthetic agent
	4.5. Type of surgery
	4.6. Other individual factors

	5. Management
	5.1. Early identification
	5.2. Preoperative optimisation
	5.3. Minimalisation of intraoperative stress
	5.4. Delirium prevention

	6. Conclusion
	Appendix A. Supplementary data
	References


