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Foreword

Cognitive dysfunction following anaesthesia for surgery is 
common. Anecdotally many patients complain of cognitive 
problems, either post-operative delirium (POD) or post-
operative cognitive dysfunction or deficit (POCD) (or both), 
and some are wary of the implication of surgery for their later 
cognitive performance. It would appear that POD and POCD 
are unlikely to share the same pathophysiology: delirium is 
well defined with acute onset, whereas POCD has subtler 
effects with longer duration.1 Other than a remote suggestion 
that post-traumatic stress disorder may be implicated, neither 
ICD11 nor DSM V mentions POCD as a separate diagnosis. 
This is surprising given the condition has been known about 
for many decades: a Lancet paper from 1955 expressly 
described adverse cerebral effects of anaesthesia in older 
patients, and subsequent research has identified this concern 
on many occasions.2

One of the difficulties of undertaking research on post-
operative cognition is the multifactorial nature of the prob-
lem. Not only is it necessary to disaggregate delirium from 
longer-term cognitive dysfunction, but it is also essential to 
distinguish temporary from permanent effects. Many patients 
suffer short-term memory loss or difficulties in concentrating 

1Krenk L, Rasmussen LS.  Postoperative delirium and post-operative 
cognitive dysfunction in the elderly  – what are the differences?” 
Minerva Anestesiol. 2011;77(7):742–9.
2Bedford PD.  Adverse cerebral effects of anaesthesia on old people. 
Lancet. 1955;266(6884):259–64.
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in the first 6 weeks to 3 months following surgery, and this 
usually attenuates with time. Some patients, however, seem to 
be permanently affected to varying degrees and show 
increasing signs of dementia; it is presently unclear if this is 
the result of the anaesthesia specifically or whether the dis-
ease was present preoperatively and is exacerbated or 
brought more to the fore as a result of surgery.

The value of this short book is in tackling many of these 
issues logically and comprehensively. POD and POCD are 
both consequences of surgery but, although related, must be 
considered separately. Dementia has now overtaken heart 
disease as the leading cause of death, and anything that can 
be done prophylactically is to be welcomed.3 Understanding 
the specific techniques and drugs that may have implications 
for dementia is thus essential. However, regardless of preop-
erative cognitive status, general cognitive decline is important 
to patients and clinicians, and yet, the reasons for it is insuf-
ficiently known.

One of the critical issues for research in this area is having 
robust and replicable tools for assessing cognitive function. 
As in most areas of medicine, there has been a great deal of 
research over the years, but two problems always emerge: the 
relatively narrow focus of individual research papers and the 
lack of comparability because of differing assessment mecha-
nisms used. Large differences are apparent in the literature 
including test batteries used, intervals between assessments, 
outcomes measured, statistical methods employed and the 
way in which neuropsychological deficits are defined.4 
Assessing cognitive function especially in dementia is impor-
tant for decisions on when to intervene medically or socially, 
as well as in obtaining commensurate results for comparative 
analysis.

3Selbie D, Newton J. Health profile for England: telling a story about our 
health. Accessed on 7 Feb 2018 at https://publichealthmatters.blog.gov.
uk /20 17 /07 /13 /hea l th -prof i l e - for-eng land- te l l ing -a - s tory- 
about-our-health/.
4Rasmussen LS, Larsen K, Houx P, et al. The assessment of post-opera-
tive cognitive function. Acta Anaesthsiol Scand. 2001;45(3):275–89.
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The type of surgery is also relevant to outcomes. Coronary 
artery surgery is especially problematic although other major 
surgical interventions lead to similar outcomes. Minimising 
the use of cardiopulmonary bypass during coronary artery 
bypass grafting may reduce cerebral micro-emboli, in itself a 
good outcome, but it does not reduce POCD at 1 week or 3 
months.5 In one study of noncardiac surgery, roughly 75% of 
patients showed no cognitive decline, whilst of those with 
cognitive deficits, half showed mild effects but 20% had 
severe decline (i.e. 5% overall).6 In a separate paper, older 
people (over 60 years) were described as at significant risk 
for long-term cognitive problems (and worryingly patients 
with POCD at increased risk of death) in the first year after 
surgery. Independent risk factors for POCD at 3 months post-
surgery were increasing age, lower educational attainment, a 
history of cerebrovascular accidents with no residual impair-
ment and POCD at discharge.7

Alternative multifactorial strategies may be required, 
focussing not only on choice of anaesthetic drugs used but on 
post-operative recovery, such as sleep disturbance and envi-
ronmental factors. Identifying inflammatory stress responses 
and multimodal non-opioid pain management may also 
assist.8 However, research on dementia, notably on 
Alzheimer’s disease, has thrown light on other factors, such as 
genetic features, in particular those related to apolipoprotein 
E genotype. Interestingly though, one recent paper suggests 

5Liu YH, Wang DX, Li LH, et al. The effects of cardiopulmonary bypass 
on the number of cerebral micro-emboli and the incidence of cognitive 
dysfunction after coronary artery bypass graft surgery. Anesth Analg. 
2009;109(4):1013–22.
6Price CC, Garvan CW, Monk TG. Type and severity of cognitive decline 
in older adults after non-cardiac surgery. Anesthesiology. 
2008;108(1):8–17.
7Monk TG, Weldon BC, Garvan CW, et al. Predictors of cognitive dys-
function after major non-cardiac surgery. Anesthesiology. 
2001;108(1):18–30.
8Krenk L, Rasmussen LS, Kehlet H. New insights into the pathophysiol-
ogy of post-operative cognitive dysfunction. Acta Anaesthsiol Scand. 
2010;54(8):951–6.
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that the specific patterns of post-operative cognitive deficit 
were found to be independent of apolipoprotein E genotype 
and resembled vascular mild cognitive impairment.9 This 
perhaps supports the conclusions of another research group 
that intraoperative monitoring of anaesthetic depth and cere-
bral oxygenation in noncardiac surgery might assist in reduc-
ing POCD, which they argue is probably more persistent than 
is currently understood.10

Overall, this book addresses a relatively neglected area. As 
the population ages and more people require surgery, it is 
vitally important that more information is obtained on what 
causes POCD and POD, how the occurrence of cognitive 
dysfunctions can be minimised, and what ways surgery and 
anaesthesia can be modified appropriately. Not least, this will 
be because clinicians are faced with increasing difficulties in 
dealing with patients whose ability to consent may be com-
promised. The papers in the book are intended to identify the 
latest best practice and to provide guidance for surgical teams 
in offering the best possible care. All involved will surely find 
valuable directions for future practice.

Lancaster, UK� Christopher Heginbotham

9Ancelin ML, de Roquefeuil G, Scali J, et al. Long-term post-operative 
cognitive decline in the elderly: the effects of anesthesiatype, apolipo-
protein E genotype, and clinical antecedents. J Alzheimers Dis. 
2010;22:S105–13.
10Ballard C, Jones E, Gauge N, et al. Optimised anaesthesia to reduce 
post-operative cognitive decline (POCD) in older patients undergoing 
elective surgery, a randomised controlled trial. PLoS One. 
2012;7(6):e37410.
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Preface

This book has evolved since the publishers approached me in 
2015. Initially, I thought that a ‘state of the science’ on all mat-
ters pertaining to cognitive dysfunction in surgical patients 
could be drawn into a single volume. In my enthusiasm for 
the project, I had ignored the fact that many of the world’s 
leading scientists and clinicians were publishing their own 
data without the need to involve me. What has developed is 
very different from that originally envisaged, but probably 
better.

This book celebrates the cooperation of clinicians and lay-
people that occurs in a well-functioning hospital. Its authors 
are very much involved in the day-to-day management of 
frail elderly patients on surgical wards, and the format, sub-
ject matter, and length should make this a valuable adjunct to 
the ward library.

Lancaster, UK� Andrew Severn 
March 2018
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�Introduction: The Scale of the Dementia 
Challenge

It is said that when Dr Alois Alzheimer made his presenta-
tion entitled “On a peculiar disease process of the cerebral 
cortex”, in which the clinical and neuropathological findings 
in his patient, Auguste D., were first delivered [1], the audi-
ence at the 37th Conference of the South-West German 
Psychiatrists in Tübingen on that November day in 1906 
made no comments and asked no questions. Even following 
Alzheimer’s eponymous immortalization by Emil Kraepelin 
in the 8th edition of the latter’s psychiatry textbook pub-
lished in 1910, and the publication of the first cases in the 
English language in 1912 by Solomon Carter Fuller [2], 
“Alzheimer’s disease” (AD) continued to be viewed as a very 
rare presenile form of dementia. Indeed, it was not until the 
equation of “senile dementia” with “Alzheimer’s disease” in 
the 1960s and 1970s, based on the work of Tomlinson and 

Chapter 1
Dementia and the Health 
of the Nation
Andrew Larner

A. Larner
Cognitive Function Clinic, Walton Centre for Neurology  
and Neurosurgery, Liverpool, UK
e-mail: a.larner@thewaltoncentre.nhs.uk
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Roth in the United Kingdom [3] and Robert Katzman in the 
Unites States of America [4], that the prevalence, morbidity 
and mortality of this condition was realised, transforming AD 
from a rare eponymous condition to an issue of major social, 
economic, and political significance [5].

As increasing age is recognised to be the major (unmodifi-
able) risk factor for the development of AD and other neuro-
degenerative forms of dementia, it is immediately obvious 
that the prevalence of dementia will increase as the popula-
tion ages. Much research effort has been expended in recent 
years in epidemiological studies of dementia prevalence and 
incidence, especially of AD. The large majority of these inves-
tigations have indicated an increasing burden of disease, with 
patient numbers predicted to increase dramatically world-
wide in the coming decades [6–8]. Alongside the human cost, 
to both patients and their carers, these numbers will have 
significant societal and financial cost implications [7, 9]. For 
example, a 2010 global cost of illness study suggested a “base 
case option” figure of US$604 billion, equivalent to the 18th 
largest national economy in the world (between Turkey and 
Indonesia), and larger than the revenue of the world’s largest 
companies (Wal-Mart, Exxon Mobil) at that time. In high 
income countries, which accounted for 89% of the costs but 
only 46% of dementia prevalence, this was mostly due to the 
direct costs of social care, whilst in low and middle income 
countries, which accounted for only 11% of the costs but 54% 
of dementia prevalence, this was mostly due to informal care 
costs [ 9]. Such figures indicate the need to take action now, if 
possible, the moreso if one factors into this consideration the 
likelihood that many dementia cases remain undetected in 
the community (meta-analytic pooled rate of undetected 
dementia in 23 suitable studies was a staggering 61.7%) [10].

This grim epidemiological picture is compounded by the 
current absence of effective treatments for dementia. 
Although cholinesterase inhibitors (donepezil, rivastigmine, 
and galantamine) and memantine are licensed for the symp-
tomatic treatment of AD in many countries, their effects are 
variable and at best modest, with no evidence for a disease 

A. Larner
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modifying effect. Experimental pharmacotherapies, many 
developed on the basis of the predictions of the amyloid 
hypothesis of AD pathogenesis, have failed to translate to the 
clinical arena, despite initially encouraging findings in animal 
models of AD.

Although the possible discovery of effective disease modi-
fying treatments for dementia cannot be ruled out, it seems 
unlikely that the traditional, “reactive”, model of disease man-
agement  – in which patients present with symptoms which 
doctors evaluate, diagnose, and treat  – will suffice in this 
context. Something more proactive is going to be required in 
the future: at the current time it seems likely that preventa-
tive measures constitute a more viable approach. Certainly 
this has been an increasing subject of interest to dementia 
researchers in recent years [11, 12]. Such preventative mea-
sures will require a significant change in the approach to 
medical management, also encompassing political action.

�Dementia Has Predementia  
and Preclinical Phases

In this context, it is worth remembering that dementia is 
a disease process rather than an event (with perhaps the 
exception of the very rare instances of “strategic infarct 
dementia” affecting cognitively eloquent structures). For 
example, in the case of AD it is evident from longitudinal 
studies of individuals harbouring deterministic mutations 
for early-onset disease that changes are occurring in the 
brain for many years prior to the onset of the clinical symp-
toms of cognitive change [13, 14]. The presymptomatic or 
preclinical phase is succeeded by a predementia or prodro-
mal phase (nomenclature of Dubois et  al. [15]); the latter 
has previously been characterised as “mild cognitive impair-
ment” (MCI), and further categorised according to the 
neuropsychological phenotype as amnestic MCI, single non-
memory domain MCI, or multiple domain MCI. However, 
some authorities prefer to diagnose “prodromal AD” or 

Chapter 1.  Dementia and the Health of the Nation
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early AD when possible, based on changes in disease ‘bio-
markers’ that can be identified radiologically or biochemi-
cally (see Table  1.1) and which are now incorporated into 
diagnostic criteria for AD [16].

Other dementing disorders also have a symptomatic but 
predementia phase (e.g. MCI in Parkinson’s disease demen-
tia/dementia with Lewy bodies, vascular dementia, fronto-
temporal dementia [17–19]) and presymptomatic or preclinical 
phases. Hence there is a window of opportunity, lasting 
potentially decades, when interventions might slow or halt 
the pathogenetic processes, thereby delaying or preventing 
the clinical features of dementia.

�Prevention: Individual Risk Prediction

Accurate, individually tailored, prediction of AD diagnosis 
cannot currently be made, with the exception of relatively 
rare individuals with a family history of early-onset AD with 

Table 1.1  Biomarkers of AD at any disease stage
Diagnostic markers (specific for presence of amyloid or tau 
pathology):
Cerebrospinal fluid:

Reduced Abeta1–42
Raised total-tau protein or phospho-tau protein

Amyloid Positron Emission Tomography (amyloid PET):
Deposition of Abeta1-42

[In development: Tau Positron Emission Tomography (tau PET):
Deposition of tau protein]

Progression markers (downstream markers, lacking pathological 
specificity):
Fluorodeoxyglucose Positron Emission Tomography (FDG PET):

Cortical hypometabolism, especially temporoparietal 
distribution.

Magnetic Resonance (MR) imaging:
Atrophy of medial temporal cortex and hippocampus

A. Larner
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an inheritance pattern in keeping with an autosomal domi-
nant disorder. Mutations in three genes have been shown to 
be deterministic for early-onset familial AD (Table  1.2), 
namely amyloid precursor protein (APP), and presenilin 1 
and 2 (PSEN1, PSEN2). If a pathogenic mutation can be 
defined in one or more affected family members, genetic 
counselling and predictive testing (in that order), using a 
model first developed in Huntington’s disease, may be under-
taken in at-risk individuals (“asymptomatic-at-risk AD” 
[15]). A similar approach may be taken in familial frontotem-
poral dementia. It should be emphasized that such cases 
constitute only a small proportion of all dementia, and more-
over that there is at this time no effective disease modifying 
treatment that can be recommended to an individual with a 
predictive dementia diagnosis. The grim prospect of the 
future inevitability of disease may understandably discourage 
some at-risk individuals from accessing predictive testing.

In addition to deterministic genetic mutations, a number 
of genetic predisposing factors, of themselves neither neces-
sary nor sufficient to cause AD, have been identified. Of 
these, the best known relates to apolipoprotein E (ApoE) 
genotypes, one of which (epsilon 4) increases AD risk, 
whereas another (epsilon 2) reduces it. The use of genome 
wide association screens (GWAS) examining many thou-
sands of patients and controls has broadened the number of 
identified possible genetic risk factors for AD [20, 21].

GWAS studies have produced large datasets which allow 
genetic information to be matched with clinical and labora-
tory information and from which an epidemiological frame-
work for individual risk prediction can be constructed. For 

Table 1.2  Genetic factors in AD
Early-onset familial AD
Autosomal dominant disease, deterministic mutations in genes 
coding for:
 � Amyloid precursor protein (APP)
 � Presenilin 1 (PSEN1)
 � Presenilin 2 (PSEN2)

Chapter 1.  Dementia and the Health of the Nation
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example, a recent study [21] constructed a “polygenic hazard 
score” (PHS) for late-onset AD, the most common form of 
the disease, which incorporated 33 single nucleotide poly-
morphisms (SNPs) reported to increase the genetic risk of 
AD in case-control studies, including two variants of the 
ApoE gene. The PHS successfully stratified individuals into 
different risk strata in replication studies undertaken in inde-
pendent patient samples. The age of AD onset predicted by 
the model was strongly associated with the actual age of 
onset. Likewise, PHS also strongly predicted time to progres-
sion to neuropathologically defined AD. Individual genetic 
profile and age could be translated into incidence rates, with 
PHS-predicted incidence strongly associated with empirical 
progression rates. In other words, individual differences in 
risk of developing AD could be quantified as a function of 
patient genotype and age. PHS was significantly associated 
with decreased CSF Abeta1–42 and increased CSF total-tau; 
and with greater neuroradiological volume loss in the medial 
temporal lobes [22].

The implications of this PHS, or any future instrument 
generated by similar means, are many [22, 23]. It may be used 
to estimate individual differences in AD risk across a patient’s 
lifetime and to quantify the yearly incidence rate for develop-
ing AD.  Such information might potentially be used at the 
individual level for the purpose of future planning, and at the 
collaborative level to enrich patient cohorts entering preven-
tion and therapeutic trials (previous clinical trials may have 
failed, at least in part, because of inclusion of age-matched 
controls who were at high risk of progression to disease).

The approach used in this study is illustrative of an emerg-
ing trend, namely the development of “bioprediction” of 
brain disorder. This represents a reorientation of the medical 
concept of “disorder” which rejects the old binary or categor-
ical formulation (disorder/normalcy) in favour of a probabi-
listic model based on present and future risks of harm. Such 
an approach is justified in part by the belief that disease bio-
markers will not map cleanly onto clinical diagnostic catego-
ries. Matthew Baum has explored the bioethical issues, and 
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has proposed a “probability dysfunction” model in which 
disorders are conceptualised as graphs of probability over 
time, the area under which would help to separate out self-
limiting disorders from those with low probabilities of harm 
over longer time periods. “Risk banding”, based on the shape 
of the probability function, is the strategy advocated to deter-
mine the necessity or otherwise for response/intervention 
[24]. PHS may be seen as a probability function which might 
be used to address individual risk of developing AD [23].

�Prevention: Population Screening

The highly sophisticated methods required for genotyping 
and risk prediction may prove difficult to scale up to the 
population level, even though costs of genetic testing have 
fallen significantly in recent years. Hence, other strategies for 
the identification of individuals either in the early stages or at 
risk of dementia, and hence candidates for any identified 
disease modifying intervention, require exploration. To 
prevent dementia requires some form of screening process. 
How this might be effected requires careful consideration.

The classic criteria for disease screening were published under 
the auspices of the World Health Organisation (WHO) nearly 
50 years ago (see Table 1.3) [25]. Guidelines and criteria for devel-
oping screening programmes have also been issued, such as those 
from the UK National Screening Committee (https://www.gov.
uk/government/groups/uk-national-screening-committee-uk-nsc).

Of these conditions, some are fulfilled for dementia, such 
as the importance to public health with significant economic 
cost implications [5–9]. It is also clear that the natural history 
of most forms of dementia encompasses a presymptomatic/
preclinical phase, with disease evolution occurring over many 
years before clinical presentation [13, 14, 17–19]. However, 
many other screening criteria are not (yet) fulfilled for 
dementia. None of the available pharmacotherapies for AD 
have been shown to be more beneficial when applied at the 
presymptomatic/preclinical stage compared to the later 
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symptomatic stages. It is not clear whether healthcare sys-
tems have the capacity and policies to test for dementia and 
deal with the consequences, nor that the cost of case finding, 
including diagnosis and treatment, would be economically 
balanced in relation to possible expenditure on medical care 
as a whole [26].

Hesitation about the initiation of population screening, 
particularly in the absence of a test or examination to detect 
disease with reasonable sensitivity and specificity (with the 
risk of large numbers of either false positive or false negative 
diagnoses), is understandable [27, 28]. There are many exist-
ing cognitive screening instruments [29]. Initially these were 
pen and paper tests but now are increasingly available as 
online instruments, including web-based apps, which might 
even be used in the future for patient self-assessment. 
However, the many shortcomings of such cognitive screen-
ing instruments are well-recognised, not least that tests 
which are too sensitive will identify many false positives 

Table 1.3  WHO screening criteria

The disease/condition sought should be an important public 
health problem.
There should be a recognisable latent or presymptomatic stage 
of the disease.
The natural history of the disease should be adequately 
understood.
There should be a treatment for the condition, which should 
be more beneficial when applied at the presymptomatic stage 
compared to the later symptomatic stage.
There should be a suitable test or examination to detect the 
disease with reasonable sensitivity and specificity.
The test should be acceptable to the population.
The healthcare system should have the capacity and policies in 
place to test for the condition and deal with the consequences.
The cost of case finding, including diagnosis and treatment of 
patients diagnosed, should be economically balanced in relation 
to possible expenditure on medical care as a whole.
Case finding should be a continuing process and not a “once 
and for all” project.

A. Larner
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whilst tests which are too specific risk false negative diagno-
ses, both of which have a cost (emotional and financial). 
Furthermore, whether these screening instruments can 
reduce the acknowledged “dementia diagnosis gap”, the dif-
ference between numbers of observed and expected cases of 
dementia (perhaps 50% in the UK [30]), let alone those at-
risk of dementia, remains to be shown [31].

�Dementia and Cognitive Impairment 
in the Surgical Population

A number of risk factors for AD have been identified which 
might form the basis for effective screening and possible 
intervention in populations presenting for surgery. These 
include vascular risk factors, such as midlife hypertension and 
hypercholesterolaemia, and diabetes mellitus. These vascular 
risk factors suggest possible cerebrovascular components in 
AD pathogenesis, and indeed there is neuropathological evi-
dence of overlap between AD and vascular dementia, indi-
cating that these changes most usually lie on a continuum or 
spectrum rather than representing “pure” conditions [32]. 
Amyloid PET imaging, an AD biomarker, shows amyloid 
deposition is associated strongly with traditional cardiovascu-
lar risk factors [33]. Such findings raise the possibility of 
modifiable risk factors for dementia (AD and vascular) 
which may be addressed, as for cardiovascular disease, even 
at the primary care level. Risk scores for prediction of 
dementia have been previously constructed, based on recog-
nised mid-life vascular risk factors such as hypertension and 
hypercholesterolaemia (Fig. 1.1) [34].

In addition to these risk factors, it has been questioned 
whether the stress response of surgery may affect long term 
cognitive function. Post-operative delirium has been associ-
ated with more rapid cognitive decline, and more severe 
delirium with a greater rate of cognitive decline [35]. Surgery 
may also “unmask” pre-existing but clinically undeclared 
neurodegenerative disease giving the impression of “acute 
onset” [36].

Chapter 1.  Dementia and the Health of the Nation
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The UK National Institute for Health and Care Excellence 
(NICE) issued a guideline in October 2015 whose title sug-
gested a focus on dementia prevention, with recommendations 

a. Control

b. MCI

c. MCI

d. AD

Figure 1.1  Amyloid (18F florbetapir) PET imaging, showing from 
left to right axial, sagittal and coronal brain images. Negative scans 
in a normal control subject (a) and a mild cognitive impairment 
(MCI) patient (b); positive scans in another MCI patient (c) and a 
patient with Alzheimer’s disease (d). (Reproduced with permission 
from Eur J Nucl Med Mol Imaging. 2012 Apr;39(4):621–31. doi: 
10.1007/s00259-011-2021-8. Epub 2012 Jan 18.)
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aimed at the promotion of a healthy lifestyle, e.g. stop smok-
ing, be more physically active, reduce alcohol consumption, 
adopt a healthy diet, and achieve and/or maintain a healthy 
weight [37]. There is some preliminary evidence of falling 
overall prevalence and incidence of dementia in the UK [38, 
39]. Whether this reduction is a consequence of improved pre-
vention and treatment of vascular risk factors, or due to other 
factors (e.g. better education, living conditions) is currently 
unknown [39]. Further longitudinal epidemiological stud-
ies may be required to answer such questions, but these are 
time-consuming and expensive. Pending definitive answers, it 
would not seem unreasonable to promote such interventions 
as likely preservers of brain health [40, 41]. It is argued that 
such “upstream primary prevention” has the largest effect on 
reduction of later dementia occurrence and disability [39].

�Conclusion

The anticipated increase in the numbers of individuals with 
dementia as the world population ages threatens to over-
whelm existing health and social care services. Interventions 
applied now which might contribute to the prevention of this 
eventuality should be welcomed. However, no intervention 
has yet been conclusively proven to reduce dementia risk at 
the individual or population level. Nevertheless, the identifi-
cation of modifiable risk factors, such as midlife hyperten-
sion, hypercholesterolaemia, and diabetes mellitus, suggests 
that a vigorous screening policy to tackle these issues might 
pay long term dividends. Targeting individuals falling within a 
high risk band of a probability function, based on age and 
genotype, might ensure cost effective intervention.

Public health problems require public health solutions, 
which require political as well as clinical resolve and action. 
To this end, it is heartening to see initiatives to address these 
problems sponsored by the UK government, some with 
prime ministerial imprimatur [42–44], and by the interna-
tional community (G8 nations) [45], even if these are by 
nature aspirational and relatively uncosted. It will require 
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long-term commitment and funding from many sources to 
ensure the optimum management of dementia and to guaran-
tee the brain health of all populations.

Acknowledgement  Thanks to Dr. Lauren Fratalia for critical comments 
on this manuscript.
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�Introduction

While surgery and anaesthesia have been known to induce 
variable impairments in cognitive function for decades [1], 
the contribution of drugs delivered during anaesthesia has 
been relatively under-studied. The reasons underlying this 
dearth of research are myriad, however our incomplete 
understanding of dementia pathophysiology has undoubtedly 
hindered the study of these drugs’ effects in this particular 
arena. Ethical and practical difficulties surrounding research 
on human cerebral tissue has necessitated a reliance on ani-
mal studies and human cell culture research which are useful, 
but ultimately imperfect models of human physiology and 
pharmacodynamics, particularly in the context of a disease 
spectrum affecting the function of an organ as complex and 
as relatively poorly understood as the human brain. 
Furthermore, a fully coherent understanding and classifica-
tion of disorders of cognitive function in the postoperative 
period has not been developed; the relationship between 
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emergence delirium, postoperative delirium (POD), postop-
erative cognitive dysfunction (POCD) and new onset demen-
tia or neurocognitive disorder therefore remains unclear.

This chapter will attempt to outline an evidence-based 
assessment of the risks and benefits of those drugs and tech-
niques available to anaesthetists who may be asked to 
deliver safe perioperative care to patients with potentially 
frail brains. Cardiac surgery, where the unique contributions 
of specific cardiac surgery-associated risk factors to POCD 
has been well-documented elsewhere [2], will not be specifi-
cally covered however many of the drugs discussed remain 
of relevance. Starting with pre-operative medications, and 
progressing chronologically through the patient’s journey 
the chapter will conclude with management of pain and 
nausea.

�Pre-operative Assessment

The pre-operative clinic or visit provides the anaesthetist 
with the opportunity to review patients’ cognitive status and 
review their usual medications. Of particular interest in the 
context of cognitive impairment are drugs used in the treat-
ment of dementia such as rivastigmine, donepezil and galan-
tamine. These drugs are anticholinesterases and as such may 
interact with both neuromuscular blocking agents (NMBAs) 
and anticholinesterases used to reverse blockade [3–6]. 
Guidance on whether to continue or withhold these drugs in 
advance of scheduled anaesthesia is inconsistent, however a 
large retrospective study comparing patients taking these 
drugs with matched controls for whom they were not pre-
scribed found no difference in outcome after hip fracture 
surgery [7]. On the other hand, abrupt cessation of these 
medicines can cause severe adverse cognitive and non-
cognitive problems (e.g. paralytic ileus) [8, 9]. A pragmatic 
approach based on the existing evidence therefore would be 
to continue them throughout the perioperative period but 
prepare for potential interactions.
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Polypharmacy in older adults is a major cause of morbidity 
[10] and where possible the anaesthetist may wish to consult 
specialist elderly medicine physicians or experienced phar-
macists regarding other potential drug interactions in the 
perioperative period. The Beers criteria [11], a list of poten-
tially inappropriate medications in older adults produced by 
the American Geriatrics Society is an invaluable resource. 
Many drugs are included in the list as a direct consequence of 
their anticholinergic activity; since dementia pathophysiology 
and central cholinergic transmission are inextricably linked 
[12] drugs with significant anticholinergic effect should be 
avoided where this is practical. Several anticholinergic bur-
den scales are available (including, for example, the Magellan 
scale) which may assist with identifying drugs with obvious or 
more subtle anticholinergic side effects [13].

Patients with dementia are at increased risk of both cogni-
tive and non-cognitive adverse postoperative outcomes [14]; 
this may include increased rates of falls, infection, discharge 
to long-term care facilities, and mortality. The elderly and 
cognitively impaired are also frequently affected by comor-
bid conditions and for these reasons it is important to con-
sider the individual patient holistically when selecting 
pharmacological agents as part of an anaesthetic plan, since 
the effects of these drugs and their interactions with patients’ 
comorbidities may only be detectable in the days or even 
weeks following the operative intervention.

�Premedication

The use of routine benzodiazepine premedication is dis-
couraged due to the increased potential for postoperative 
delirium, cognitive impairment, and falls [11, 12, 15, 16]. 
However, this advice can be tempered with clinical judge-
ment since cognitively impaired patients (particularly those 
with more significant impairment) may suffer distress, anxi-
ety and agitation in the unfamiliar environment of the 
anaesthetic room [17]. This distress may itself contribute to 
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POD. In the few cases where this is likely to be of benefit, 
for example where a confused elderly patient requires seda-
tion for a regional anaesthetic technique, this should be 
limited to the lowest possible dose of a short acting agent 
such as propofol, alfentanil, or if necessary midazolam, 
titrated to effect.

The practice of premedication with anticholinergic agents 
is now fortunately rare: the effects of tertiary amines hyo-
scine, and indeed atropine, are mediated via central, as well 
as peripheral, cholinergic inhibition and thus they are highly 
likely to contribute to a worsening cognitive status. Drugs 
with quaternary amine structures such as glycopyrronium 
do not directly affect the central nervous system and are 
therefore the antimuscarinic of choice for premedication 
where, for example, reduction in airway secretions will be of 
benefit [18].

�Regional Anaesthesia

The evidence to support improved outcomes with regional 
anaesthesia in populations at risk of cognitive impairment 
when compared to general anaesthesia is generally weak [16, 
19, 20] however there are numerous confounding variables 
which may have prevented clear evidence of benefit or harm 
from being detected. Any positive effect which may be gained 
due to improved postoperative mobility or reduced postop-
erative opioid consumption may be offset by the use of ben-
zodiazepines to facilitate block placement, or the development 
and subsequent insufficient treatment of hypotension follow-
ing neuraxial block, leading to a number of adverse neuro-
logical and cardiovascular outcomes. Furthermore, not all 
studies of regional anaesthesia in this population have con-
trolled for depth of sedation used, resulting in a lack of clear 
distinction between cohorts receiving general anaesthesia 
and those receiving both regional anaesthesia and deep 
sedation - which may be tantamount to general anaesthesia 
and has been shown to increase risk of POD [21].
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One well-designed randomised study comparing the clini-
cal progression of amnestic mild cognitive impairment 
(aMCI) and cerebrospinal fluid (CSF) markers associated 
with Alzheimer’s disease found similar rates of both progres-
sion and disease markers in groups undergoing anaesthesia 
with either total intravenous anaesthesia (TIVA) or epidural 
anaesthesia for spinal surgery [22]. Both groups were compa-
rable to nonsurgical control patients who were tested at the 
same time points, while those who underwent general anaes-
thesia with a volatile agent exhibited significantly increased 
levels of progression in their cognitive impairment at 2 years 
(although not to Alzheimer’s disease), and increased CSF 
markers associated with the development of dementia rela-
tive to the other groups postoperatively. Regional anaesthe-
sia might therefore be equivalent to TIVA and superior to 
volatile anaesthesia in appropriately selected members of the 
population at risk of postoperative cognitive impairment. 
Unfortunately the relative impracticality of performing 
regional anaesthesia in patients with significant pre-existing 
cognitive impairment without the use of sedative drugs be a 
serious handicap to its widespread application in patients 
with established dementia.

�Induction of Anaesthesia

Propofol and thiopentone are both considered safe induc-
tion agents in populations at risk of dementia since neither 
drug has significant activity at central acetylcholine (ACh) 
receptors [16, 23] nor do they interfere with amyloid pre-
cursor protein (APP) metabolism in animal models [24]. 
Some controversy exists regarding dose modification of 
propofol in patients with pre-existing cognitive impairment 
as patients with lower mini-mental state examination 
(MMSE) scores have been found to require lower induc-
tion doses [25] however this is difficult to predict reliably. 
The literature therefore broadly recommends that usual 
dose modifications for elderly patients (e.g. up to 50% dose 
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reduction as a slow bolus in the frail elderly) are used in 
this context [16].

Alternative induction agents such as etomidate and ket-
amine have been less thoroughly investigated with regard to 
their effect on postoperative cognitive function. Ketamine in 
particular remains controversial. It is of interest that it has 
been credited with reduction in POD after cardiac surgery 
[26] but this effect has not been consistently described [27]. 
Its clinical profile and propensity for hallucinations and 
nightmares is well known and several authors recommend 
avoiding this drug entirely due to increased POD risk [28, 29]. 
However this evidence remains based upon ‘expert opinion’ 
rather than any trial data. Large-scale trials evaluating the 
relationship between ketamine and cognitive dysfunction 
after surgery, outwith the context of cardiopulmonary bypass, 
are awaited. As both propofol and thiopentone are consid-
ered safe induction agents it may be wise to restrict alterna-
tive drugs to those situations where a clear benefit outweighs 
the potential risk.

NMBAs, both depolarizing and non depolarising such as 
suxamethonium, atracurium, rocuronium and vecuronium, all 
operate via their affinity for nicotinic acetylcholine receptors 
and hence their activity can be affected by the anticholines-
terases used to treat dementia. Suxamethonium and mivacu-
rium metabolism by pseudocholinesterase enzymes may also 
be affected, resulting in prolonged block in the presence of 
these drugs [4]. The phenomenon of Phase 2 depolarising 
block, long considered an obsolete, rarely observed and little 
known side effect of prolonged block after repeated or exces-
sive suxamethonium administration, has become a practical 
issue both with depolarising agents and, if neostigmine is 
administered, after non-depolarising NMBAs even in the 
absence of suxamethonium in patients taking anticholinester-
ases for dementia [5]. Conversely and predictably, if no 
neostigmine is present, these anticholinesterases will confer 
resistance to non-depolarising agents [6].

In patients taking anticholinesterase medication, there-
fore, suxamethonium should be administered at the usual 
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dose, while an increased dose of non-depolarising NMBAs 
should be considered, especially if rapid sequence intuba-
tion with rocuronium is planned [16]. In all cases where 
NMBAs are used for patients also taking anticholinester-
ases, neuromuscular stimulator monitoring is mandatory in 
order to quantify the potentially unpredictable response 
[20]. Sugammadex, a modified gamma-cyclodextrin, is a 
novel agent used for the reversal of aminosteroid 
(rocuronium or vecuronium) paralysis. It is specific for these 
NMBAs as its 3D structure (a tubular molecule with a 
hydrophobic internal cavity) traps these molecules via 
hydrophobic interactions, removing them from their site of 
action (i.e. the neuromuscular junction) and rapidly reverses 
their effect in a dose-dependent manner. The use of sugam-
madex to reverse neuromuscular blockade may be ideally 
suited to this population as it obviates the need for neostig-
mine and therefore any potential interaction. Similarly, the 
combination of rocuronium and potential reversal with 
sugammadex may be the safest strategy should rapid 
sequence induction be necessary in patients on dementia 
treatment as it additionally removes the risk of interaction 
with suxamethonium [20].

�Maintenance of Anaesthesia

The question of whether volatile anaesthetic agents contrib-
ute to the development of POCD or POD, and if so, which 
agents are most or least culpable, is one of the most conten-
tious in this field. When directly compared with total intrave-
nous anaesthesia (TIVA), however, volatile agents have been 
consistently associated with worse cognitive outcomes. This 
includes increased POCD incidence [30], increased severity 
of POD [31], and progression of mild amnestic cognitive 
impairment [22]. No such complications have been attributed 
to the use of the anaesthetic gas nitrous oxide, used in con-
junction with volatile agents [32] despite its possible effects 
on the central cholinergic system.
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There is a reasonable body of evidence comparing indi-
vidual volatile agents in order to ascertain which might be 
most useful, or least harmful, in this population. However, 
many of the studies yield contradictory results, often based on 
different cellular biomarkers whose clinical significance is not 
definitively established. Desflurane has been recommended 
by several authors over the older, more water soluble agents 
such as isoflurane and sevoflurane. In a number of clinical 
studies this has been associated with better outcomes in this 
population such as faster initial recovery, earlier mobilisation, 
and increased patient satisfaction [28, 33]. Increases in the 
brain biomarker Aβ40  in human cerebrospinal fluid have 
been seen with exposure to isoflurane which were not repli-
cated with desflurane [34], while in the laboratory, deleterious 
effects such as caspase activation and generation of reactive 
oxygen species have been observed in animal neurons follow-
ing isoflurane exposure which were not detected with desflu-
rane [35]. It may therefore be reasonable to select desflurane 
where a volatile agent is indicated.

TIVA outcomes appear to be better than those seen with 
volatile agents. This may be the consequence of both avoid-
ance of the deleterious neuronal changes which have been 
observed with volatiles, and the anti-inflammatory effect of 
propofol counteracting the surgical insult. There is some clini-
cal evidence which may support this latter theory: decreased 
interleukin 6 (IL6), cortisol and catecholamine levels have 
been measured in patients undergoing TIVA anaesthesia 
when compared to control patients undergoing volatile-based 
anaesthesia [39, 40] although these particular studies failed to 
demonstrate improved cognitive outcomes associated with 
these changes.

Dosing of all anaesthetic agents - whether depth of anaes-
thesia is estimated with minimum alveolar concentration 
(MAC) values or measured with electroencephalographic 
data such as bispectral index (BIS) - may also affect cognitive 
outcomes. While it is currently unclear if or how exactly the 
anaesthetic requirements change in the cognitively impaired 
beyond that expected in those of increased age [25, 41] it is 
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apparent that deeper anaesthesia and higher doses of anaes-
thesia drugs increase the likelihood of POD and POCD, and 
that this problem can be diminished if anaesthesia depth is 
appropriately targeted using BIS monitoring [21, 36–38, 
42–44].

This has been demonstrated in multiple controlled trials, 
however a meta-analysis illustrating the benefit of BIS use 
resulting in reduced POD incidence is perhaps one of the 
strongest indicators of its usefulness. In Fig. 2.1, a Forest plot 
depicts the results of several trials of BIS monitoring in a 
range of surgical contexts and clearly demonstrates the 
reduction in POD incidence.

�Analgesia and Antiemetics

The effective management of pain appears to be a signifi-
cant factor in the prevention of POD [45] and therefore 
appropriate multimodal strategies to improve postopera-

Sieber et al.

Chan et al.

Radtke et al.

Whitlock et al.

Summary

0.16 0.25 0.40

Odds Ratio

0.63 1.00

Figure 2.1  Meta-analysis of randomized controlled trials assessing 
postoperative delirium with intraoperative Bispectral Index (BIS) 
guidance of anesthesia compared with an alternative approach (i.e., 
usual care or an alternative protocol). Odds ratios  <1 favor BIS 
guidance [21, 36–38]. (Reproduced with permission from Whitlock 
et al. 2014 [36])
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tive analgesia should be employed. Regional techniques are 
discussed above, and these should be considered where 
indicated. Opioid analgesia is likely to provide the main-
stay of most surgical analgesia strategies and is by no 
means contraindicated in this population, however dosing 
should be carefully considered and regularly reviewed. A 
‘start low and go slow’ approach to opioid doses is routinely 
advocated; while this may reduce the risk of inadvertent 
overdosing, those who adopt this strategy must be particu-
larly aware of the risk of underdosing leading to inade-
quately controlled pain and hence increased delirium risk. 
Pethidine and tramadol should be avoided as both are 
associated with POD [46, 47] but fentanyl, morphine and 
oxycodone are considered safe.

Adjunctive analgesic therapies such as clonidine and non-
steroidal anti-inflammatory drugs (NSAIDs) should be used 
with caution. Intravenous clonidine has effects on cognition 
which are generally positive, and it has shown promise in 
reducing delirium in intensive care, although this has not 
been shown in a meta-analysis evaluating its efficacy in pre-
venting POD [48]. However, as a centrally-acting antihyper-
tensive agent it may cause profound hypotension in 
combination with general anaesthesia and thereby adversely 
affect brain perfusion. Of note, it is strongly advised against 
as a first-line antihypertensive by the Beers criteria [11] due 
to the risk of symptomatic bradycardia and orthostatic hypo-
tension. Where appropriate, however, a carefully titrated dose 
might reduce opioid requirements. NSAIDs are generally 
avoided in the elderly due to the substantial risks of gastroin-
testinal, renal, neurological and cardiovascular side effects. 
Although delirium and cognitive impairment are not specifi-
cally associated with NSAIDs, drowsiness, dizziness, and con-
fusion have all been reported. If these drugs are to be used at 
all it should be for short courses only in selected patients. 
Paracetamol should be used to reduce opioid requirements 
and thereby opioid side-effects. Nefopam is associated with 
moderate anticholinergic activity and is therefore best 
avoided [13].
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The use of dexmedetomidine, a highly specific α2-receptor 
agonist with analgesic, antisialagogue and sedative effects, in 
the intraoperative context is a relatively new development 
which may warrant further study. Its use in intensive care to 
treat and prevent delirium has been widely studied [49, 50] 
but evidence regarding its role in the operating theatre is cur-
rently limited. Several small studies which have been pub-
lished have shown mixed results in preventing postoperative 
adverse cognitive outcomes, while a larger randomised trial 
has failed to demonstrate any benefit [51]. The hypothesis 
that by reducing doses of both volatile agents and opioids, 
and through anxiolytic and anti-inflammatory roles this drug 
might improve postoperative cognitive outcomes seems plau-
sible, but this has not been proven and on the state of the 
current evidence it is not possible to recommend its adminis-
tration in this context.

The incidence of postoperative nausea and vomiting 
(PONV) decreases with age such that many patients at risk of 
cognitive impairment will be significantly less likely to expe-
rience it than younger patient undergoing the same proce-
dure [52]. Nevertheless, PONV risk should be assessed and 
appropriate prophylaxis administered if indicated. Several 
antiemetics carry significant anticholinergic burdens, includ-
ing cyclizine, prochlorperazine and metoclopramide [11] 
which should be avoided. Ondansetron and low-dose dexa-
methasone are considered safe and are widely used in the 
elderly.

�Conclusion

Although significant ground remains to be covered, an 
evidence-based approach to perioperative pharmacotherapy is 
much more firmly within our grasp than when adverse 
cognitive outcomes following anaesthesia were first described 
in the 1950s. Broadly speaking, central tenets of an ideal anaes-
thetic strategy would include avoidance of drugs known to be 
associated with delirium such as benzodiazepines, atropine and 
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tramadol, use of short-acting agents and propofol-based anaes-
thesia where appropriate, and effective multimodal analgesia. 
These same principles would be applicable to the general man-
agement of a person known or suspected to have pre-existing 
cognitive dysfunction, from the point of view of preventing 
both the dangerous complication of delirium and potential 
aggravation of the long term cognitive deficit.
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�Introduction

Cognitive decline in the perioperative period can be easily 
dismissed as not a direct anaesthetic issue, partly because it is 
difficult to confirm clear linkages between a chosen anaes-
thetic technique and any cognitive decline and partly because 
agreed definitions of the spectrum of conditions that are 
understood as cognitive decline are lacking. However despite 
this, every anaesthetist will recognise the patient on their post 
op visit who is not mentally quite the same person they vis-
ited prior to surgery: often elderly, having undergone a sig-
nificant surgical procedure, perhaps as an emergency and 
with ongoing issues from their pre exisiting co-morbidities 
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eg polypharmacy, sepsis, anaemia. What part can the anaes-
thetic have had in what was probably an inevitable decline, 
and which may turn out to have no long term consequences 
anyway?

This chapter will provide an introduction to the spec-
trum of disorders that are understood as post operative 
cognitive dysfunction (POCD) and will illustrate why 
anaesthetists should consider post operative cognitive dys-
function as a significant risk for many patients and should 
plan their anaesthetic management and patient counselling 
accordingly.

�What Is Post Operative Cognitive Dysfunction?

A patient with POCD has a significant detectable decline 
from baseline level of performance on at least one neuropsy-
chological domain: POCD as an entity is a disorder of think-
ing and cognition after surgery. Whilst the tests for detecting 
POCD are validated, the definition of the condition is not, 
neither the International Classification of Disease (ICD-10) 
or the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-V) list the condition as a distinct entity. A consensus 
definition is needed and is currently being refined, so in the 
interim it may be easiest thought of as a neurocognitive dis-
order with an as yet unspecified aetiology that begins 7 days 
to 1 year after surgery [1].

The earliest form of cognitive dysfunction observed in the 
postoperative period is delirium. Delirium is an acute confu-
sional state with disturbed thinking and environmental inat-
tention and is considered to occur between 24 and 96 h after 
surgery. Delirium is discussed elsewhere in this book but has 
not yet been definitively linked to long term cognitive 
impairment [2] and it is not necessary to have had delirium 
before developing POCD.

Whereas early POCD may be observed in up to 10% of 
elderly patients for up to 3 months postoperatively, symptoms 
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that persist for 6–12  months are considered indicative of a 
more persistent POCD or long term cognitive impairment. 
Many of the studies examining longer term POCD lack 
longitudinal follow up, matched controls or take account of 
the learning effects of neurocognitive testing [3]. Running in 
parallel to the development of any new cases of POCD are 
patients who may have undiagnosed dementia or other 
chronic decline in cognitive function.

Dementia is expected to double in incidence in the next 
30 years in the UK [4]. Forty-eight percent of unplanned hos-
pital admissions in those over 80 years of age have dementia 
and common reasons for admission include hip fracture, 
chronic limb ischaemia and stroke. Dementia and its impact 
for anaesthetic management is also discussed as a separate 
chapter in this book.

For many people however, any persistent degree of cogni-
tive impairment would be concerning, but some authors have 
suggested that in older patients receiving general anaesthesia, 
there are increased risks of developing dementia. Currently 
the evidence base is not clear, which makes counselling 
patients as to their individual risk of developing POCD 
potentially problematic [5]. There is variation in the tests used 
to assess POCD and in their timing and interpretation. In 
addition the point at which testing is performed may give 
only a short observation of an individual’s cognitive trajec-
tory but will not differentiate between someone whose cogni-
tive trajectory is worsened, unchanged or even improved by 
a surgical procedure. Figure 3.1 illustrates how cognitive tra-
jectory measured at only 2 points in the perioperative period 
may not give a true picture.

Despite the problems of timing of testing, the Z score is 
emerging as the best way of analysing changes in cognitive 
function in the perioperative period. The Z score takes into 
account the pre and post operative cognitive decline of an 
individual and compares it to a control population: it is con-
sidered abnormal if the Z score is two standard deviations 
from the mean [6].

Chapter 3.  Epidemiology, Mechanisms and Consequences



36

Currently there is no clarity as to whether POCD is part of 
a continuum that leads to the development of dementia or a 
separate disease process and there is a need to resolve these 
relationships.
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Figure 3.1  Preoperative and postoperative cognitive trajectories. 
This illustrates possible preoperative and postoperative cognitive 
trajectories for a single patient. Curve (A) illustrates a patient expe-
riencing cognitive decline prior to surgery whilst in contrast curve 
(B) represents a patient with relatively stable cognitive function. A 
number of postoperative trajectory curves (a-e are possible). In 
patient (A), curve (b) represents a continuation of the preoperative 
trend. Curve (a) would be an acceleration of cognitive decline and 
curve (c) would be a reduction in cognitive decline, or even cogni-
tive improvement. Without knowing Patient A’s cognitive trajectory 
in the pre-op period, curves (a–c) could all be interpreted as 
POCD.  For patient (B), curve (c) shows POCD, curve (d) is no 
change from the preoperative course, and curve (e) represents a 
cognitive improvement. Of note curve c can be interpreted as rela-
tive cognitive improvement for patient (A) and relative cognitive 
decline for patient (B), hence the importance of knowing the preop-
erative cognitive trajectory for an individual. (Reproduced with 
permission from Avidan and Nadelson [5])
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�Epidemiology of POCD

The literature quotes a wide range of prevalence of POCD in 
part due to population heterogeneity as well as issues of defi-
nition and testing already highlighted. In patients undergoing 
hip surgery the prevalence has been quoted at 22% but in 
cardiac surgery has been reported as high as 60%: clearly a 
significant number of people may be affected at some point 
in the post op period [7]. Systematic review has indicated a 
prevalence of 12% in a general, adult, non cardiac surgical 
population [8]  – the utility of such a figure for individual 
patient counselling is doubtful.

Identification of risk factors is also problematic but cur-
rent evidence from published studies is summarised in 
Table 3.1.

It is not clear whether POCD is a reversible condition or 
is progressive, but there is no current evidence that would 
suggest it is irreversible. MacLullich reviewed studies pub-
lished since 2004 of over 2000 hospitalised patients in total 
and suggested a link between early cognitive dysfunction and 
more long term impairment [9]. A more recent study report-
ing the follow up of a subgroup of participants in an interna-
tional multicentre study on long term cognitive dysfunction 

Table 3.1  Potential perioperative risk factors for POCD identified 
from published studies
Peri-operative risk factors for POCD
Prior patient factors Perioperative factors

Increasing age Type of surgery: cardiac, 
orthopaedic or vascular

Low education level Post operative respiratory 
complications, infections

History of cerebrovascular 
accident with no residual 
impairment

Time spent with Bispectral 
Index Measured <40 
(inconclusive)

Prior Cognitive Impairment
Poor functional status
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(ISPCOD 1) found no association between a diagnosis of 
POCD at 1 week or 3 months after surgery and more long 
term cognitive impairment or dementia [10].

�Mechanisms of POCD

The mechanisms by which POCD occurs have been largely 
unstudied, with most research focusing on biological linkages 
between use of volatile anaesthetic agents and protein 
changes in the brain associated with dementia type condi-
tions eg Alzheimer’s disease and subsequent neuronal death. 
Moreover in older animals the volatile anaesthetic agents 
isoflurane and sevoflurane damage the brain vascular endo-
thelium and increase blood brain barrier permeability allow-
ing cytokines and pro-inflammatory mediators access to 
neuronal cells with resultant neuronal dysfunction. The trans-
lation between cell culture and animal study models to 
human biology is not yet made, but does at least provide 
some suggestion as to how administration of anaesthetic 
agents in an otherwise well controlled anaesthetic may pro-
duce POCD [11].

Diffusion weighted MRI scanning has provided an addi-
tional suggested mechanism of microemboli occurring 
from the surgical site or use of cardiopulmonary bypass 
circuits and causing cerebral infarctions. Several studies 
have demonstrated new lesions but linkage between the 
lesions, detectable test changes and POCD has not been 
made [12].

The evidence for intra-operative potentially modifiable 
anaesthetic factors is also weak, with no association shown 
between global hypotension and hypoxia and POCD in a 
major international study on post operative cognitive 
dysfunction [13] but some suggestion in cardiac surgical 
populations that cerebral hypoperfusion or hypoxia may be 
contributory [14]. Older people with evidence of brain 
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pathology eg dementia are more sensitive to the hypnotic 
effects of anaesthesia and it is generally recommended that 
intraoperative monitoring of depth of anaesthesia and car-
diovascular physiology is adopted. There is weak evidence 
that processed EEG monitoring reduces the incidence of 
POCD along with use of near infrared spectroscopy to avoid 
low cerebral oxygen saturations [15].

�Consequences of POCD- Why  
Prevention Matters

Whilst POCD may lack definition and clarity of mechanism, 
there is evidence to suggest it is associated with increased 
mortality, impaired quality of life and loss of employment 
[16]. As such POCD should be managed pre-emptively within 
a package of measures designed to prevent its occurrence or 
minimise its impact. This should include a willingness to dis-
cuss risks with patients of a condition that whilst not clearly 
defined, has considerable concern for many individuals. Most 
UK centres have not yet adopted such an approach to proac-
tively managing any form of POCD, but may do so with the 
publication in 2018 of guidance on perioperative care of 
dementia patients from the Association of Anaesthetists of 
Great Britain and Ireland.

Detection of cognitive impairment pre-operatively is a 
significant risk factor for postoperative decline and patients 
over the age of 65 years should be routinely screened if pos-
sible, to allow for decision making and modification of treat-
ment plans [17] as well as referral for more formal cognitive 
testing. The Addenbrooke’s Cognitive Exam (ACE-R) is one 
example of a validated test used by occupational health phy-
sicians that can be used to trigger a more detailed neuropsy-
chiatric assessment or investigation. Currently funding, 
training and time constraints are barriers to more widespread 
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adoption of this planning but development of Commissioning 
for Quality and Innovation (CQUIN) guidance on Dementia/
Delirium by NHS England may also promote more aware-
ness and widen adoption [18].

Additional assessment should include review of alcohol 
and smoking history with modification if necessary and clear 
planning for medication use or omission [19] (Fig. 3.2).

Meta analysis of involvement of care of the elderly physi-
cians in comprehensive medication reviews has shown 
improved cognition after emergency admission to hospital 
so may be considered to be of benefit [20]. Current logic 
would suggest that packages of care designed for frail 
elderly patients would be beneficial and that particular 
attention should be paid to optimisation of general popula-
tion vascular risk factors such as smoking, diabetes and 
hypertension as modifiable factors in reducing the incidence 
of POCD.

Correction of anaemia, electrolyte imbalances and reduc-
tion in fasting times for clear fluids are additional factors of 
general benefit in the at risk groups.

The randomized controlled PREHAB study currently 
being conducted in Canada is examining the impact of pre-
operative rehabilitation prior to cardiac surgery [21]. 
Cognitive function is being assessed as part of this trial and 
may provide some useful information as to whether a pack-
age of preoperative cardiovascular health measures can have 
a positive impact prior to undergoing cardiac surgery, a 
known high risk insult for POCD.

Trials of anaesthetic technique are heterogenous and 
comparisons are difficult: there is no evidence to favour one 
volatile agent over another, neuraxial anaesthesia over gen-
eral or ultra short acting opiates (remifentanil) over other 
short acting agents (fentanyl). There is a clear need for well 
designed trials in this area, and in the interim, the best 
anaesthetic advice is to manage the patient using the most 
suitable and stable technique for that patient in that anaes-
thetist’s hands.
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Figure 3.2  Suggested Flow Diagram for the Perioperative Process 
of Patients at High Risk of POCD. (Developed by C.  Webb, 
M.  Needham, D.  Bryden). (Reproduced with permission from 
Needham MJ and Webb C [19])

Chapter 3.  Epidemiology, Mechanisms and Consequences



42

�Conclusions

Post operative cognitive dysfunction is a condition where 
increasing awareness and concern regarding individual patient 
risks now needs to be matched with agreed definitions and 
assessment tools and processes for diagnosis. Pre-operative 
assessment clinics could take up the challenge of widening 
screening and providing appropriate counselling in addition 
to linking in to packages of care that can be developed in con-
junction with care of the elderly physicians and old age psy-
chiatrists. Whilst there is no clear evidence to point to any 
single anaesthetic technique as protective or associated with 
long term damage, every anaesthetist should consider the 
impact of their planned technique for a patient on the likeli-
hood of them developing POCD and make adjustments to 
drugs, physiological parameters and monitoring accordingly.

POCD is an area where considerably more research is 
needed as the impact on the population in individual and 
economic terms could be considerable.
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�Introduction: The Need for Effective 
Cognitive Assessment

The prevalence and incidence of cognitive decline is pre-
dicted to increase dramatically with the ageing of the world 
population, since increasing age is a significant unmodifiable 
risk factor for cognitive disorders. The assessment of cogni-
tive complaints and the identification of preclinical cognitive 
impairment which might progress to dementia are therefore 
likely to become clinical skills of increasing importance and 
relevance in future years, the more so if effective symptomatic, 
disease modifying and preventative therapies for cognitive 
impairment and dementia disorders are defined. Guides to 
cognitive assessment which are accessible to, and designed 
for use by, all clinicians are available [1]. This chapter aims to 
give a brief overview of the important cognitive domains and 
their assessment, with a particular focus on the use of cogni-
tive screening instruments, the deployment of which may be 
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required if policies to screen for cognitive impairment 
become widely adopted.

�Assessment of the Domains of Cognitive 
Function

Cognitive testing may broadly be divided into “bedside test-
ing” administered by a clinician, and “formal” neuropsycho-
logical assessment administered by a trained clinical 
neuropsychologist. Although there is some overlap in terms 
of purpose, it may generally be said that the former is rela-
tively brief and aims to answer a clinical question, whereas 
the latter is more exhaustive and probes to a finer degree 
performance in the various aspects or “domains” of cognitive 
function (the “instruments of the mind”). “Bedside” cognitive 
testing may answer the clinical requirements in many patients 
with cognitive complaints, with formal neuropsychological 
assessment being reserved for more complex and/or challeng-
ing cases. Formal neuropsychological assessment is required 
to quantify accurately performance on various tests, to allow 
comparison with age-matched controls, and to assess change 
over time when repeated after a suitable time interval (usu-
ally ≥6 months) [2–4]. Since availability of formal neuropsy-
chological assessment as a clinical resource is limited, the 
focus here will be on so-called “bedside” testing (although 
this is best undertaken in a quiet environment,  away from the 
bedside, free of distractions which might adversely impact 
patient test performance).

The cognitive domains amenable to examination by cogni-
tive assessment are typically labelled as:

•	 Global intelligence (IQ)
•	 Memory
•	 Language
•	 Perception (visual, auditory, tactile)
•	 Praxis (skilled learned motor movements)
•	 Executive functions (sometimes labelled “frontal lobe 

functions”)
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These domains may be considered as nodes within an 
extended network which are specialised for particular func-
tions, all of which work in concert, rather than isolation, to 
produce what we understand as consciousness [5].

Meaningful assessment of these cognitive domains cannot 
be undertaken if attentional mechanisms are impaired. 
Attention, or concentration, is a non-uniform, distributed 
cognitive function which may be defined as that component 
of consciousness which allots awareness or vigilance to par-
ticular sensory stimuli, allowing them to reach awareness or 
salience. Attentional resources are finite and hence may be 
directed to or focussed on some sensory channels but not 
others, implying that attention is effortful, selective, and 
closely linked to intention. Impairment of attentional mech-
anisms is the hallmark of delirium, which may or may not be 
associated with evident impairments of level of 
consciousness.

Bedside tests which can probe different brain regions, and 
hence permit some degree of localization and lateralization 
of impaired cognitive function, include:

•		 Verbal and semantic (object meaning) memory – L temporal 
lobe

•	 Visual memory and face recognition – R temporal lobe
•	 Naming and reading – L hemisphere
•	 Praxis, calculation, spelling, digit span – L parietal lobe
•	 Interpretation of fragmented objects and letters, dot 

counting – R parietal lobe
•	 Cognitive estimates, verbal fluency – frontal lobes

Many of these focalized tests are incorporated into the 
various commonly used cognitive screening instruments (see 
next section). Whilst these generic instruments are commonly 
used to provide a total cognitive “score”, specific diagnosis is 
often dependent upon characterising not only the extent but 
also the focality of any deficits, which may have positive pre-
dictive value for different diseases (e.g. recall memory typi-
cally affected early and disproportionately in Alzheimer’s 
disease; visuospatial functions in dementia with Lewy bodies; 
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linguistic and executive functions in the various forms of 
frontotemporal lobar degeneration).

The definition of cognitive domains permits a structured 
approach to the clinical assessment of cognitive function. 
Tests devoted to the assessment of each of the individual 
domains are available, but as the most common cognitive 
complaint encountered by clinicians relates to poor memory, 
the focus here will be on memory testing.

Memory is a non-uniform, distributed cognitive function 
within which a number of functional subdivisions may be 
differentiated. Current taxonomies of memory make a dis-
tinction between declarative memories (also known as 
explicit or conscious memory) and non-declarative memo-
ries (also known as implicit, procedural, unconscious, mem-
ory). “Working memory” or immediate memory is better 
conceptualized as an aspect of attentional mechanisms 
(Fig. 4.1).

Memory complaints usually relate to autobiographical or 
episodic declarative memories, and hence these are the usual 
focus of memory assessments. These are most commonly 
undertaken in “bedside testing” in the context of the admin-
istration of cognitive screening instruments.

Memory

Explicit
(declarative)

memory

Implicit (non-
declarative)

memory

Episodic
(experiences,

events)

Semantic
(facts)

Procedural
(skills)

Priming,
conditioning

Figure 4.1  A simplified taxonomy of memory processes
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�Cognitive Screening Instruments, with a Focus 
on Memory Testing

As the name implies, cognitive screening instruments are 
designed for cognitive screening assessment. Hence they are 
not diagnostic tests, merely indicators of which patients with 
cognitive symptoms may be reassured and which may require 
further investigations. Many cognitive screening instruments 
are available [6–8], and most can be administered within a 
few minutes, usually no more than 20–30, sometimes less than 
5 min (Box 4.1).

What features are desirable in cognitive screening instru-
ments for effective cognitive assessment? Criteria for such 
instruments were specified by the Research Committee of the 
American Neuropsychiatric Association (Table 4.1) [9, 10].

Memory testing may examine either anterograde memory  
(new information given at the time of testing) or retrograde 
memory (information previously committed to memory, such 

Box 4.1  Approximate times to administer some of the most 
commonly used cognitive screening instruments

Clock Drawing Test: <1 min
Six-item Cognitive Impairment Test (6CIT): 2–3 min
Abbreviated Mental Test Score (AMTS): <5 min
Mini-Mental State Examination (MMSE): 5–10 min
Mini-Addenbrooke’s Cognitive Examination (MACE): 
5–10 min
Test Your Memory (TYM) test
(self-administered under medical supervision):	  
5–10 min
DemTect: 8–10 min
Montreal Cognitive Assessment (MoCA): 10–15 min
Addenbrooke’s Cognitive Examination (ACE-III): 
15–20 min
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Table 4.1  Desirable features for cognitive screening instruments

1. � Should take <15 min to administer by a clinician at any level 
of training.

2. � Should sample all major cognitive domains, including 
memory, attention/concentration, executive function, visual-
spatial skills, language, and orientation (see Box 4.2 for the 
item content of some of the most commonly used cognitive 
screening instruments).

3. � Should be reliable, with adequate test-retest and inter-rater 
validity.

4. � Should be able to detect cognitive disorders (i.e. are 
sufficiently sensitive) which are commonly encountered 
by neuropsychiatrists (this latter point a reflection of the 
constituency drawing up the criteria).

5. � Ease of test administration: not much equipment should be 
required for administration beyond a pencil and paper, or 
laptop computer (touch screen).

6. � Ease of test interpretation: clear test cut-offs should be 
specified, such that particular test scores should lead to 
particular actions (i.e. the test is operationalised), such as 
patient reassurance, continued monitoring of cognitive 
function over specified time periods, or immediate 
initiation of further investigations and/or treatment. This 
recommendation stems in part from the fact that scores on 
cognitive screening instruments are non-linear (they have no 
specific units), some test items are more informative/better 
predictors than others, and test scores are subject to ceiling 
and floor effects.

7. � Possibility for repeated (longitudinal) use of the test. 
The availability of variant forms of cognitive screening 
instruments may permit repeated testing over time whilst 
avoiding the potential pitfalls of practice effects [11]. 
Interpretation of repeat testing may be facilitated by 
provision of reliable change indices (RCI) from normative 
population studies [12].
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Box 4.2  Item content of some of the most commonly used 
cognitive screening instruments: MMSE, MoCA, ACE-III, 
MACE

MMSE MoCA ACE-III MACE

Orientation: 
Time

5 4 5 4

Orientation: 
Place

5 2 5 –

Registration 3 – 3 –
Attention/
Concentration 
(serial 7 s, 
DLROW)

5 6 (3 for 
serial 7 s; 2 
repeating 
digits 
forwards or 
backwards; 
1 tapping to 
letter A)

5 (serial 7 s 
only)

–

Memory: Recall 3 5 3 –
Memory: 
Anterograde 
memory (name 
and address)

– – 19 14

Memory: 
Retrograde 
memory

– – 4 –

Verbal fluency: 
Letters and 
Animals in 
1 min

– 1 (letter) 14 7 (letter 
or 
animals 
in 
different 
versions)

Language: 
Naming

2 3 12 –

Language: 
Comprehension

4 – 7 –

Language: 
Repetition

1 2 4 –

(continued)

Chapter 4.  Assessment of Cognitive Function



52

MMSE MoCA ACE-III MACE

Language: 
Reading

– – 1 –

Language: 
Writing

1 – 2 –

Visuospatial 
abilities: 
Intersecting 
pentagons

1 – 1 
(intersecting 
lemnisci)

–

Visuospatial 
abilities: Wire 
(Necker) cube

– 1 2 –

Visuospatial 
abilities: Clock 
drawing

– 3 5 5

Visuospatial 
abilities: Trail 
making

– 1 – –

Perceptual 
abilities:
Dot counting

– – 4 –

Perceptual 
abilities: 
Fragmented 
letters

– – 4 –

Abstraction – 2 – –
Total Score 30 30 100 30

Box 4.2  (continued)

as past life events or facts). In anterograde memory testing 
the initial presentation is called the registration phase, and 
consists of material such as:

•	 a series of unrelated words, as in the Mini-Mental State 
Examination (MMSE) [13], the Montreal Cognitive 
Assessment (MoCA) [14], and DemTect [15];
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•	 a fictional name and address, as in the Abbreviated Mental 
Test Score (AMTS) [16], the Six-item Cognitive Impairment 
Test (6CIT) [17], and the various iterations of the 
Addenbrooke’s Cognitive Examination (MACE, ACE-III) 
[18, 19];

•	 or a sentence, as in the Test Your Memory (TYM) test [20].

After a delay period, during which other tests are under-
taken in order to prevent the simple verbal rehearsal of the 
material which is to be remembered, there follows a recall 
phase. Different tests score the registration and recall phases 
differently, but for purposes of memory testing it is the 
delayed recall aspect which is most significant. Memory 
retrieval may also be probed by the use of cueing (MoCA) or 
by forced choice between correct and incorrect options (rec-
ognition paradigm; ACE-III). Some cognitive screening 
instruments are recognised to be perfunctory in their testing 
of memory (e.g. MMSE).

Tests of retrograde memory usually focus on aspects of 
semantic knowledge such as the names of famous people 
(e.g. Prime Minister, assassinated US President) or the dates 
of famous events (e.g. World War I or II). Tests of personal 
history, recalling memories of significant events from previ-
ous decades of the patient’s life, are difficult to undertake 
unless corroboration can be obtained from a reliable family 
member or friend who knows the patient well. Certainly 
informant accounts can supplement the clinical assessment 
of patients with memory complaints, and cognitive screening 
instruments designed to be completed by informants are 
available [8].

�Factors Affecting Cognitive Assessment

Cognitive screening instruments may be described as “noisy”, 
meaning that factors other than brain pathology may influ-
ence patient performance, i.e. the tests may measure things 
other than what they were designed to measure. Both 
patient-related and test-related factors may be relevant.
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Patient-related factors include age, education, mood state, 
and sensory impairments. Patient age and educational status 
are important determinants of test performance, and some 
cognitive screening instruments attempt to make allowance 
for patient age (e.g. DemTect) or years of education (e.g. 
MoCA) in the overall scoring. Normative data allowing cor-
rection of MMSE scores to account for patient age and edu-
cational level are available but seldom applied in clinical 
practice. Many cognitive screening test items are heavily 
dependent on language, and hence are subject to possible 
educational and cultural biases which present additional chal-
lenges to individuals with limited education or from cultures 
using a different language. Screening tests may need adapta-
tion for these factors, and also for patient ethnicity. Ideally, 
culture-free cognitive screening tests should be developed. 
Patient assessment by means of informant reports may be 
relatively culture-free, as may also be the case for functional 
assessments.

Primary psychiatric disorders such as anxiety and depres-
sion may impact on patient test performance, for example 
because of agitation and inattentiveness or lack of effort. 
Qualitative judgments by the test administrator as to how the 
patient performed the test may need to be taken into account, 
as well as the overall test score.

In addition to mood state, patient fatigue may also impact 
performance, although this is less of an issue when using brief 
cognitive screening instruments compared to the extensive 
test batteries often used in formal neuropsychological assess-
ment which may take hours to perform [2–4].

The presence of primary sensory deficits, such as visual or 
hearing impairment, also requires notice since these deficits 
may impact on the ability to carry out test items which are 
dependent on these sensory modalities. There is an interrela-
tionship between acquired visual or hearing loss and cogni-
tive impairment, and test adaptations are required to allow 
for these deficits [21]. At minimum, it should be ensured that 
if the patient regularly uses eye glasses or a hearing aid these 
should be available when cognitive testing is undertaken.
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Test-related factors include sensitivity, avoidance of floor 
and ceiling effects and of practice effects. Tests should be suf-
ficiently sensitive to detect cognitive disorders. A test which 
is insufficiently sensitive will miss possible cases, hence false 
negatives, whereas a test which is too sensitive will label some 
normals as cases, hence false positives. When defining appro-
priate test cut-offs, particular weight may be given to those 
test accuracy studies which have been conducted in circum-
stances akin to those in which it is planned that the test will 
be used, such as day-to-day clinical practice (“pragmatic” 
studies) [22].

Ceiling and floor effects are best avoided for optimum test 
utility. Ceiling effect is associated with tests which are too 
easy, such that many patients score highly or at maximum, in 
which case they may be erroneously labelled as normal (false 
negatives). Conversely, floor effect describes tests which are 
too hard such that many normals score poorly and may be 
erroneously labelled as cases (false positives). If longitudinal 
cognitive testing is to be undertaken, floor and ceiling effects 
make it difficult to observe any change, respectively any 
worsening or improvement since test scores are already 
approximating to minimum or maximum.

Practice effects describe the improvement in patient per-
formance if the same test is repeated within a short period of 
time due to increased familiarity with the test contents. 
Clearly, for longitudinal monitoring of cognitive function to 
be meaningful such practice effects should be avoided, for 
example by having variant forms of tests or ensuring the 
time between repetitions is sufficient to minimise the risk 
of  practice effects [11]. If not taken into account, practice 
effects may give a false impression of cognitive 
improvement.

Aside from these test-related factors which may influence 
test performance, another shortcoming or criticism which 
may be levelled at cognitive screening instruments is their 
ecological or functional relevance. How often in our day to 
day lives are we required, for example, to subtract 7 s from 
100 serially, or to fold pieces of paper in half and place them 
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on the floor (both tests from the MMSE), and are there sig-
nificant functional consequences if we cannot? Scales spe-
cifically assessing function, as opposed to cognition, are 
available, such as the Instrumental Activities of Daily Living 
(IADL) Scale, although its ability to screen adequately for 
dementia may be questionable [23]. The Free-Cog scale, cur-
rently in development, is an attempt to incorporate assess-
ment of cognition and function in a single instrument (Prof 
A Burns, personal communication, February 2017). 
Combining cognitive and functional scales may facilitate 
dementia diagnosis [24].

�Assessing Postoperative Cognitive 
Dysfunction

These various considerations regarding patient and test fac-
tors which affect meaningful cognitive assessment feed into 
the study of cognitive dysfunction which occurs following 
surgical procedures under anaesthesia. Surgery may “unmask” 
pre-existing but clinically undeclared neurodegenerative dis-
ease giving the impression of “acute onset” [25], or may on 
occasion be associated with the inadvertent damage of mem-
ory eloquent structures within the brain [26]. However, these 
scenarios are unusual, unlike the subtle and long-lasting dete-
rioration in cognitive function seen in some patients which 
Moller and colleagues have designated as postoperative cog-
nitive dysfunction (POCD) [27, 28]. This is distinct from early 
postoperative cognitive dysfunction and delirium which are 
not infrequent sequelae of major surgery in the elderly, per-
haps related to residual effects of analgesia and hypnotic 
medications, pain, and sleep disturbance. POCD is said to be 
the most common cerebral complication after non-cardiac 
surgery in elderly patients. The pathogenesis of POCD is 
uncertain; possible contributing factors include increasing 
patient age, intraoperative hypoxaemia, arterial hypotension, 
metabolic-endocrine stress response, and long-acting seda-
tive use.
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POCD is defined on the basis of test results; it is detectable 
only with the use of neuropsychological testing and hence its 
definition is always open to question depending on which 
test(s) have been used [29, 30]. Diagnosis of POCD requires 
comparison of baseline, preoperative, performance on cogni-
tive testing with repeat testing in the postoperative period. 
Hence this may be seen as equivalent to screening cognitive 
function in the surgical population.

Recommendations for the assessment of suspected POCD 
have been published [30], many of which will be familiar from 
the foregoing discussion about cognitive testing and the limi-
tations of cognitive assessment. These include, inter alia:

•	 Tests should be based on proven sensitivity to detect sub-
tle cognitive dysfunction, test-retest reliability, culture 
insensitivity, and ease of bedside administration.

•	 Tests should be suitable for use in surgical patients, with 
degree of difficulty aimed to minimise floor and ceiling 
effects.

•	 Practice/learning effects should be minimised.

Selection of appropriate timing of baseline testing is 
important, with 1–2 weeks prior to surgery suggested as opti-
mal, to avoid the inevitable anxiety on day of admission. 
Timing of follow-up assessment also needs consideration, 
since in the immediate postoperative period issues such as 
pain, medication, and sleep disturbance may affect test 
performance.

Repeated test use requires more than one test version to 
avoid practice effects. In addition, testing of a suitable norma-
tive population (age- and ability-matched) at the same time 
intervals is recommended to allow correction for practice 
effects and variability between sessions.

The International Study of Post-operative Cognitive 
Dysfunction (ISPOCD) group has suggested a test battery 
for detection of POCD.31 Whether any of the commonly used 
cognitive screening instruments, rather than this extensive 
test battery, would be suitable for the detection of syndromes 
of postoperative cognitive dysfunction has not, to my knowl-
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edge, been examined as yet, although in the ISPOCD recom-
mendations MMSE was used as an initial screen, with 
patients scoring below 24/30 excluded from further assess-
ment [30].

�Conclusion

“Cognitive function” describes a spectrum of mental facul-
ties with broad neuroanatomical substrates. Hence the 
assessment of cognitive function is potentially challenging. A 
structured approach based upon testing various cognitive 
domains is required to capture any focal deficits which, if 
subtle, might otherwise go relatively unnoticed. Formal neu-
ropsychological assessment using extensive test batteries is 
impractical for routine use, so forms of cognitive screening 
using relatively simple instruments is a logical first step to 
determine which patients require more in-depth assessment. 
The chosen assessment schedule should be selected accord-
ing to the patient population to be studied (population-
based, primary or secondary care, patients undergoing 
surgical procedures).
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�Introduction

Delirium is common on the surgical ward and there are many 
unique factors that contribute to it in this setting. Traditionally 
it has not been addressed by surgical teams, with a request for 
consultation from geriatric medicine or psychiatry teams 
being triggered on discovery of acute confusion. This chapter 
describes the changing environment of the surgical ward as 
the diagnosis and management of delirium has become 
democratised. Greater awareness of the problem and the 
effectiveness of getting everyone involved in delirium man-
agement has occurred. A new paradigm for addressing 
delirium on the surgical ward has been established and can be 
replicated in any surgical ward.
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�Significance

Delirium is common among surgical patients. In one review 
of older patients on a surgical ward by de Castro [1], the inci-
dence of delirium was 16.9% (23.2% for acute admission, 
P < .001). Median length of hospital stay was 13 days (range 
3–85) for patients with delirium versus 7 (range 1–54) for 
patients without (P = .002).

The occurrence of delirium after surgery is associated not 
only with an increased risk for prolonged hospital length of 
stay (relative risk [RR], 1.9; 95% CI, 1.4–2.7), but also a 50% 
increased risk of discharge to an institution rather than home 
(RR, 1.5; 95% CI, 1.3–1.7), and an over two-fold increased 
risk of 30-day readmission (RR, 2.3; 95% CI, 1.4–3.7) [2]. In 
the same study delirium was found to exert the strongest risk 
on adverse outcomes at a population level.

The co-occurrence of delirium with cardiac, respiratory, or 
renal complications was associated with a potentiation of 
adverse outcomes such as prolonged length of stay (RR, 3.4; 
95% CI, 2.3–4.8), discharge to an institution rather than home 
(RR, 1.8; 95% CI, 1.4–2.5), and 30-day readmission (RR, 3.0; 
95% CI, 1.3–6.8). Delirium was a greater potentiator for these 
adverse outcomes than traditional surgical complications 
such as returns to the operating room, wound infection, myo-
cardial events, and sepsis.  Delirium is also associated with 

Box 5.1  Common causes of delirium on the surgical ward

Dehydration secondary to bowel obstruction
Post-operative hypoxia
Post-operative pneumonia
Pain related to surgical conditions
Wound or intra-abdominal infections
Electrolyte abnormalities related to ileostomy or fistula
Fast atrial fibrillation related to above problems
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long-term mortality [3]. Even one episode of delirium 
between admission and day three in hospital carries a risk for 
unanticipated ICU admission or in hospital death [4].

�Hazards on the Surgical Ward

In surgical patients a different approach to delirium is neces-
sary. Box 5.1 lists some common causes of delirium in the 
surgical ward setting. The general physician will be accus-
tomed to seeing quite a different list of causes on the medical 
ward. Of note is that fact that opiate toxicity is not listed; this 
much-feared condition occurs very rarely. In fact many surgi-
cal patients do not receive regular pain assessment after 
their care is transferred from the anaesthetic team to the 
surgical team. This potentially results in poor pain control, 
something that in itself can precipitate delirium. Use of a 
tool such as the Abbey pain scale can also help to monitor 
response to analgesia in patients with cognitive impairment 
[5]. Side effects of opiates can however contribute to delir-
ium, in particular constipation and urinary retention. Pain 
can also contribute to behavioural changes in patients with 
dementia, and it is interesting to note that in a nursing home 
setting the systematic use of regular analgesia was associated 
with less agitation [6]. The same principle can be considered 
in the post-operative setting.

Fluid management is a very commonly misjudged practice 
among older patients on the surgical ward. Volume status and 
hydration is difficult to assess – and may be left to the least 
experienced member of the medical team. Unfortunately it is 
very common for intravenous fluids to be prescribed without 
any estimation of fluid and electrolyte requirements. The 
presence of bowel obstruction or fistulae can further compli-
cate fluid balance and senior review should be provided 
regularly.

Another factor that complicates fluid prescription is decid-
ing whether older patients have cardiac dysfunction. Easily 
detected signs such as cardiomegaly on chest x-ray, and raised 
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jugular venous pressure are often missed or ignored. 
Conversely the presence of peripheral oedema is almost uni-
formly considered to be a sign of heart failure, when many 
other factors may be contributing. In unwell surgical patients, 
hypoalbuminaemia is common and when seen in conjunction 
with poor mobility can cause significant leg oedema, even in 
the presence of perfectly normal cardiac function.

�Problems with Our Current Approach

Delirium is often missed, and rates of unrecognised delirium 
still remain around 60% [7]. Characteristically, the patient 
will have been seen by several healthcare professionals 
before it is noticed. This happens particularly when the sub-
type is hypoactive, where the patient may be very quiet and 
does not seem to warrant much attention compared to the 
agitated type where everyone on the ward is aware. As a 
result, the hypoactive type has a poorer prognosis and can 
last for longer periods.

Delirium is also not emphasised – staff sometimes casually 
mention that they observe subtle changes in behaviour. These 
are the valuable observations (often made by care staff) that 
are minimised, yet should prompt an urgent medical review. 
It is worth listening to the views of staff who may be close to 
the patient, doing tasks such as bathing and feeding: their 
observations about subtle changes in behaviour, e.g. ‘not 
quite herself’ or ‘seemed a bit off’ may be valuable predictors 
of a looming crisis. A culture change is needed so that if any-
one notices something amiss cognitively, at any stage, this is 
escalated to the appropriate team.

Falls are strongly related to delirium, and there have been 
calls to introduce delirium prevention quality metrics in an 
effort to help improve falls rates [8]. Rates of postoperative 
delirium varied 8.5-fold across hospitals in one study [9], 
which suggests that some centres have more success than 
others. This variation in care quality needs to be 
eradicated.
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�A New Approach to Delirium

Delirium prevention and management should be led from the 
hospital boardroom and needs to be emphasised across spe-
cialities [10]. Everybody that works in the hospital setting 
should have mandatory delirium training – this can be practi-
cally achieved by embedding it within dementia training. It is 
important not only for clinical staff, but also for those who do 
not have regular direct patient contact, as widespread knowl-
edge is needed. This also includes those in management, and 
there is a strong argument for using electronic records to flag 
patients with delirium as this can help to predict adverse 
events and prolonged length of stay.

�Prevention

Despite good evidence that delirium rates can be lowered by 
implementing preventive measures, they have not been 
widely adopted. A multidisciplinary approach is necessary 
and it is likely that non-pharmacological approaches are most 
successful. Because delirium can be caused by multiple trig-
gers, it is necessary to use a multi-component programme. 
Most of the measures simply involve sensible patient care, e.g. 
early mobilisation, adequate nutrition and hydration, avoid-
ance of constipation, optimisation of pain control, ensuring 
rest at night-time, and ensuring visual or hearing aids have 
been provided if used at home.

The impact of such multi-component interventions can be 
impressive. One study in the elective setting reported rates of 
delirium of 16.7% in the control group and 0% in the inter-
vention group, although numbers were small [11]. In a subse-
quent meta-analysis, a relative reduction of 30% in delirium 
rates was seen [12]. As well as this benefit, a greater than 60% 
odds reduction in falls was found with multicomponent inter-
ventions in another review [13].

The concept of pharmacological prophylaxis against 
delirium has been investigated using several agents, without 
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much success. Dexmedetomidine has been proposed as a 
possible neuroprotective agent to prevent delirium. Liu con-
ducted a randomised trial and showed lower rates of post-
op delirium among older patients with mild cognitive 
impairment undergoing elective hip surgery [14]. However 
the study involved small numbers, and it is possible that any 
benefit seen was due to sedation rather than prevention of 
delirium.

�Screening

Since we are poor at picking up delirium, the sensible solu-
tion is to screen for it. Early detection can certainly help to 
modify the course, so there is logic to this approach. There are 
several tools that one can choose (e.g. the 4AT  – weblink 
https://www.the4at.com/), but all that really matters is that a 
nominated tool is used widely. In practice, this tends to be 
especially important where the usual “delirium profession-
als” such as geriatricians or old age psychiatrists are not see-
ing patients on a regular basis, or where staff are 
inexperienced.

Some health professionals will protest that “there is no 
time for delirium screening” or “there is so much else to do” 
but the answer to this must be that nothing is more important 
than preventing delirium. By doing so, one will likely reduce 
a patient’s length of stay and adverse events, improve their 
quality of life and help to investigate whether they have 
underlying cognitive impairment.

Another really useful question to ask patients is “Have 
you seen anything or heard anything that wasn’t really 
there?” It is frequently surprising how many people will 
answer in the affirmative after a stay in the Intensive Care 
Unit. This is sometimes made even worse by lodging the 
patient in a side room on their own. Remember that this is 
the closest thing to solitary confinement that we can 
legally do and that we have normalised this medical 
behaviour!
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�Risk Stratification

Advanced age is often said to be a risk factor for delirium, but 
it should not in itself prompt concern. Many 90 year olds will 
sail through the perioperative period without any cognitive 
dysfunction, but some 50 year olds with other risk factors will 
have severe delirium. Advanced age is ultimately just a cor-
relation with increasing comorbidity. Even younger people 
can get delirium. How is it that a pregnant 30 year old can 
become delirious when an 80 year old with sepsis may not? 
The simple way to think of this is in terms of two combining 
entities:

	1.	 Cognitive reserve
	2.	 Magnitude of the insult

In graphic terms, the better your reserve the stronger the 
insult needed to trigger delirium. Pre-existing cognitive 
impairment is the single most important reason that people 
are at risk of delirium. Those with more advanced dementia 
are more prone. For such people with low cognitive reserve, 
delirium may be precipitated by relatively innocuous things 
such as constipation, mild dehydration or even a ward move. 
For people who have good reserve it is important to take 
delirium especially seriously  – it signifies that the insult is 
major and thus needs rapid management. An example would 
be hypoxia – even a 30 year old will become confused if the 
oxygen saturation is low enough. It is those patients whom 
one doesn’t expect to become delirious that one needs to 
worry most about. These patients have a worse outcome than 
those that are frail (frailty is the gradual accumulation of 
deficits as individuals age, which results in loss of physiologi-
cal reserve) [15]. In people with good cognitive reserve who 
become delirious, they are very unwell and a detailed search 
for a cause should ensue, with a handover to staff that this 
process should continue if not concluded by the end of a 
shift.

Estimating the delirium risk for patients admitted has two 
advantages. First, it allows high risk patients to be monitored 
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closely so that intervention can occur earlier. Secondly, it 
permits estimation of the severity of the insult that triggers 
it. In a person who becomes delirious despite low estimated 
risk, clinical suspicion should be high for a serious illness. In 
this case, it means that clinicians should act quickly to rule 
out a very serious precipitant such as intra-abdominal 
sepsis.

Happily several precipitants of delirium are easily treated: 
hypoxia, constipation, infection and others will often respond 
well to the usual management. If this helps delirium to 
resolve then one can be reassured that the correct approach 
has been taken.

�The Process of Diagnosis

Delirium diagnosis needs to be democratised  – the most 
junior members of the team should be not only permitted, 
but encouraged, to make the diagnosis. The easy opt out of 
“acute confusion” when written in the notes should mean 
that brief targeted education is directed towards the 
author. Within the hospital environment there are usually 
“newer” staff who are open to the importance of delirium, 
and the more well-established group that may not place 
any importance on it. After all, it has not been afforded 
much attention during their career so why change now? 
This approach should be challenged, and dissemination of 
the multidisciplinary multicomponent approach should be 
undertaken.

�Multidisciplinary Approach to Delirium 
Management

Once a patient is recognised to be “high risk of delirium” 
then a tailored care plan should be put in place. Angel 
described a standardised approach to management of delir-
ium on medical and surgical units [16]. All of the measures 
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described above in the section on prevention also form the 
basis of management of delirium. They are equally effective 
on surgical units as medical wards [17]. By far the most 
important thing is to identify what is the most likely reason 
for delirium to have been triggered. This is rarely simply due 
to surgery itself, and it is more common that there is another 
particular cause.

Box 5.2 shows the factors necessary for successful 
management of delirium. Multicomponent interventions 
such as this are associated with a lower 30 day readmis-
sion rate [18].

�Patient Management

There are several very practical measures that can be taken 
when dealing with a delirious patient. First, bed moves should 
be avoided as they can worsen confusion. In modern hospital 
settings, it is often the case that a patient will have moved at 
least three times within their first 48 h of admission. This must 
be minimised where possible. Regular reorientation is also 
vital: many of us assume that patients have been well 
informed of their management plan and also have the cogni-
tive ability to remember that information. In fact it is quite 
common for people to have no idea where they are, or why 
they are there several days into a hospital admission. This 
may not mean they haven’t been informed, but rather that 
delirium has made it impossible for them to process and 
retain that information. A good approach is to regularly 
remind people of where they are, what day it is, what time it 
is, what is happening in their day, and why they are still in 
hospital. The lack of understanding of why one is in hospital 
can be very distressing and it is easy to understand how this 
can lead to agitation or the feeling that you are being kept in 
against your wishes. These principles of clear communication 
are extremely important. Much reassurance can be provided 
by simply helping confused patients to know what is 
happening.
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�Symptomatic Control

Many sources will refer to control of symptoms as part of the 
management of delirium. Great caution should be exercised 
with this approach as it may prompt omission of thorough 
investigations to find the cause. There is absolutely no point 
in using haloperidol to “manage” behavioural disturbance if 
the reason the patient is confused is their hypoxia. Similarly, 
if a delirious patient is extremely anxious and trying to get 
out of bed, but nobody has actually explained where they are 
and what is happening, then calling the doctor to prescribe 
lorazepam is only making the situation worse.

Many of these so-called treatments for delirium have the 
potential for considerable harm and adverse events. The evi-
dence does not suggest that there is a clear benefit to using 
them [19]. First line measures should always be to build up a 
clear picture of why the patient is delirious then to put in 
place an individualised plan to manage the cause and reduce 
the likelihood of other precipitants. This should particularly 
be done for patients who clearly have a high risk of develop-
ing delirium. Any use of antipsychotic medications should be 
reviewed every day including at weekends, and the dose 
weaned at the earliest possible point. If delirium appears to 
be resolving, then it is appropriate to reduce the dose; but 
staff should be advised that as delirium fluctuates it may be 
necessary to maintain availability of a contingency dose in 
case of exacerbation.

�Rehabilitation During and After Delirium

Delirium increases length of stay and part of the reason for 
this is likely to be the delay in starting rehabilitation in 
patients that need it. It is not uncommon that several days of 
rehabilitation are lost as patients with delirium typically lack 
the attention and focus needed to cooperate with therapy. 
This compounds the effect of the delirium itself, as the longer 
older people stay in bed the longer the rehabilitation period 
they will require.
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Close collaboration is required with the MDT so that 
they can monitor the situation and as soon as the patient is 
able to participate with rehabilitation they can engage with 
staff. It should also be noted that experienced rehabilitation 
staff are in an ideal position to identify patients with delir-
ium as they notice those patients who are disoriented or 
lack attention. Delirium is associated with a gap in func-
tional recovery at 1  month that never resolves out to the 
18-month follow-up [20].

�Ward Design

Modern hospitals are often designed with many side rooms, 
however they should be avoided for delirious patients in 
many cases. Side rooms are a convenient place in which to 
dump “troublesome” patients, including those with delirium. 
This well meaning approach (from the point of other patients) 
is counterproductive. As mentioned above, being isolated can 
exacerbate or promote delirium. Nobody, least of all those at 
risk of or suffering from delirium, should be in a single room 
without mental stimulation. Patients sometimes linger alone 
in a room without any meaningful engagement, sometimes 
not even being aware there is a television. Radio shows, 
music, newspapers, magazines or puzzles can also help, and 
patients should be asked if they have a hobby such as craft 
work or art. Visitors should be encouraged to bring in photos, 
which have the dual advantage of reorientating patients and 
making staff realise that they are treating a real person, with 
an identity, a life and a family that care for them.

�Ward Team

Delirium requires a real team effort to recognise and manage 
it. Everyone has a valid observation, whether health profes-
sional, catering staff or porter. For this reason it is essential 
that regular training sessions are provided and an education 
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board for delirium is also recommended. This can also help 
family members to read more about the condition to under-
stand how it is identified and managed, and helps to reassure 
them that the team is taking it seriously.

While the suspicion of delirium is one for which everyone 
is equipped, the detailed management, once initial surgical 
causes have been addressed does require the input of special-
ists who see every patient who has post-operative “confusion”. 
An ideal approach would be an integrated geriatric team that 
sees all new admissions with the surgical team. This allows 
rapid screening for delirium, frailty and acute illness. A more 
thorough comprehensive geriatric assessment can then be 
undertaken after this brief ward round. Daily geriatrician 
input is required, but this can be provided mainly by a spe-
cialist registrar with consultant support and supervision when 
needed.

�Consent process

Do you mention the possibility of delirium or post-opera-
tive cognitive dysfunction? You should! Who else will? 
Anaesthetists are very well placed to speak about such a 
significant adverse event related to surgery, unless you have 
access to a pre-operative geriatrician review. Tomlinson 
notes that delirium should be considered an integral part of 
a preoperative discussion of risk, as it is an increasingly 
well-recognised complication with potentially devastating 
consequences [21].

Delirium has only recently been recognised in the litera-
ture (and not yet in clinical practice) as a postoperative com-
plication [22]. Since it occurs more commonly than many 
adverse events usually mentioned in the consent process it 
deserves to be mentioned. In high risk patients it also makes 
sense that the possibility of not returning to baseline is also 
outlined. This helps to better inform patients and families 
about the risks of surgery and to plan for possible increased 
care needs.
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�Post-traumatic Stress

None of us should ever underestimate the effect that delirium 
can have on a person’s psychological state. Many patients 
become visibly anxious when asked to recall their delirium, 
such is the profoundly disturbing effect it can have. Some 
centres offer psychological support to help patients to work 
through this. Patients should be asked if they remain bur-
dened with the distress that delirium can precipitate as they 
recover. Hallucinations in particular can remain frightening, 
even several weeks after the symptoms have resolved.

�Follow up

Delirium is likely to be a marker of a vulnerable brain [23]. 
For this reason it marks a sentinel event in a patient’s life 
and should merit further cognitive assessment once recov-
ery has occurred. Full recovery is not always achievable, and 
in fact delirium can cause permanent cognitive changes. 
One study showed the close association between an occur-
rence of delirium and the likelihood of subsequent demen-
tia. During a 5-year follow up period after cardiac surgery, 
26.3% of patients developed dementia. Postoperative delir-
ium had occurred in 87% of those who later developed 
dementia [24].

Delirium in the presence of the pathologic processes of 
dementia is associated with accelerated cognitive decline 
beyond that expected for delirium or dementia alone [25]. 
Patients have linear trajectories of cognitive decline over 
postoperative months 2–36, and these trajectories were sig-
nificantly steeper among participants in one study who devel-
oped delirium compared to those who did not [26]. In 
addition, worse cognitive function prior to surgery is signifi-
cantly associated with faster cognitive decline over follow-up 
[27]. Given its significance, delirium should prompt the per-
son responsible for the discharge of the patient to ensure that 
follow up is made at a local specialist memory clinic several 
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weeks after discharge. Even in persons without dementia, 
cortical atrophy is associated with postoperative delirium 
severity [28].

�Conclusion

Delirium on the surgical ward can be well treated and man-
aged by using multi-component interventions in a multidisci-
plinary team setting. A hospital wide awareness of the 
significance of delirium is required. Surgical patients should 
be evaluated for their delirium risk pre-operatively and 
screened for its presence in the post-operative phase. Ward 
design and staffing should be tailored to the needs of this 
group of patients, whose outcomes can be very poor if the 
condition is not well managed.

Box 5.2  Factors necessary for appropriate management  
of delirium in hospital

Hospital management
 � Boardroom support for delirium programme
 � High level medical and nursing knowledge of 

significance of delirium
 � Funding support for perioperative geriatrician input

Ward level
 � Surgical team support for geriatric input and awareness 

of need to proactively detect and manage delirium
 � Nursing team skilled in management of delirious 

patients
 � Physiotherapist who has experience providing 

encouragement to patients with delirium, who may fear 
getting out of bed

 � Occupational therapist review available, for assessment 
of care needs and cognition, or need for adaptations or 
supportive equipment
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 � Non-medical staff who know to support people with 
delirium, e.g. help with eating/drinking, reassurance and 
reorientation

 � Bladder scanner available 24/7

Environment
 � Well-lit during daylight hours, with low light and noise 

levels to support sleep at night
 � Clear display of time and date
 � Open visiting without restriction for family of patients 

with delirium
 � Television, radio or reading material provided and 

encouraged
 � Familiar objects such as photos of close family/friends, 

blankets

Support & aids
 � Glasses, hearing aids, dentures provided for patient use
 � Call bell and drink within reach
 � Mobility aids individualised for patient needs
 � Appropriate seating provided

Nursing
 � Avoid changes in location while delirious– nurse 

patient in high dependency area with high staffing ratio
 � Close monitoring of fluid input and outputs
 � Offer fluids and snacks regularly
 � Bowel chart kept accurately
 � Daily encouragement to sit out or mobilise if possible, 

in between physiotherapy input
 � Encouragement to use own clothes rather than pyjamas
 � Regular prompts to medical team to remove 

intravenous lines, catheter, drains, other tubes
 � Alert medical team if signs of infection, new or 

changing oxygen requirements, constipation, poor 
urinary output

 � Keep low threshold for identification of “confusion” or 
disorientation and request medical review when present

 � Assess care needs regularly and offer help where 
appropriate

(continued)
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 � Keep sleep chart and encourage sleep when 
appropriate to establish regular routine

Medical
 � Use screening tools to proactively detect delirium
 � Ensure adequate fluid intake, use intravenous fluids if 

necessary but stop as soon as adequate oral intake
 � Review medications for inappropriate prescriptions
 � Screen daily for post-operative infections
 � Obtain collateral history of any previous confusion or 

disorientation
 � If delirium present, proactively ask if any hallucinations 

occurring and offer treatment if so

Communication
 � Use regular introduction – establish a “Hellomynameis” 

culture
 � Inform patient and family of diagnosis of delirium
 � Provide regular reassurance that it is likely to improve 

once the cause is identified
 � Ensure all staff aware of diagnosis of delirium
 � Pre-empt all investigations, blood tests, x-rays etc. with 

full explanation of rationale

Follow up
 � Refer to memory clinic when delirium occurs in patient 

with no prior cognitive dysfunction

References

	 1.	 de Castro SM, Ünlü Ç, Tuynman JB, Honig A, van Wagensveld 
BA, Steller EP, et al. Incidence and risk factors of delirium in the 
elderly general surgical patient. Am J Surg. 2014;208(1):26–32. 
https://doi.org/10.1016/j.amjsurg.2013.12.029. Epub 2014 Mar 26

	 2.	 Gleason LJ, Schmitt EM, Kosar CM, et al. Effect of delirium and 
other major complications on outcomes after elective surgery in 
older adults. JAMA Surg. 2015;150(12):1134–40.

Box 5.2  (continued)

S. O’Hanlon

https://doi.org/10.1016/j.amjsurg.2013.12.029


77

	 3.	 Falsini G, Grotti S, Porto I, Toccafondi G, Fraticelli A,  
Angioli  P, et  al. Long-term prognostic value of delirium in 
elderly patients with acute cardiac diseases admitted to two 
cardiac intensive care units: a prospective study (DELIRIUM 
CORDIS). Eur Heart J: Acute Cardiovascular Care. 2017. https://
doi.org/10.1177/2048872617695235.

	 4.	 Hshieh TT, Yue J, Oh E, Puelle M, Dowal S, Travison T, et  al. 
Effectiveness of multicomponent nonpharmacological delirium 
interventions a meta-analysis. JAMA Intern Med. 2015;175(4): 
512–20. https://doi.org/10.1001/jamainternmed.2014.7779.

	 5.	 Abbey J, Piller N, De Bellis A, Esterman A, Parker D,  
Giles L, et al. The Abbey pain scale: a 1-minute numerical indi-
cator for people with end-stage dementia. Int J Palliat Nurs. 
2004;10(1):6–13.

	 6.	 Husebo BS, Ballard C, Sandvik R, Nilsen OB, Aarsland D. 
Efficacy of treating pain to reduce behavioural disturbances in 
residents of nursing homes with dementia: cluster randomised 
clinical trial. BMJ. 2011;343:d4065. https://doi.org/10.1136/bmj.
d4065.

	 7.	 de la Cruz M, Fan J, Yennu S, Tanco K, Shin S, Wu J, et al. The 
frequency of missed delirium in patients referred to palliative 
care in a comprehensive cancer center. Support Care Cancer. 
2015;23(8):2427–33.

	 8.	 Lee EA, Gibbs NE, Fahey L, Whiffen TL.  Making hospitals 
safer for older adults: updating quality metrics by understand-
ing hospital-acquired delirium and its link to falls. Perm J. 
2013;17(4):32–6.

	 9.	 Berian JR, Zhou L, Russell MM, Hornor MA, Cohen ME, 
Finlayson E, et al. Postoperative delirium as a target for surgical 
quality improvement. Ann Surg. 2017.

	10.	O’Hanlon S, O’Regan N, MacLullich AMJ, Cullen W, Dunne C, 
Exton C, et al. Improving delirium care through early interven-
tion: from bench to bedside to boardroom. J Neurol Neurosurg 
Psychiatry. 2014;85:207–13.

	11.	 Chen CC, Lin MT, Tien YW, Yen CJ, Huang GH, Inouye SK. 
Modified hospital elder life program: effects on abdominal sur-
gery patients. J Am Coll Surg. 2011;213:245–52.

	12.	Martinez F, Tobar C, Hill N.  Preventing delirium: should non-
pharmacological, multicomponent interventions be used? A sys-
tematic review and meta-analysis of the literature. Age Ageing. 
2015;44(2):196–204.

Chapter 5.  Management of Delirium on the Surgical Ward

https://doi.org/10.1177/2048872617695235
https://doi.org/10.1177/2048872617695235
https://doi.org/10.1001/jamainternmed.2014.7779
https://doi.org/10.1136/bmj.d4065
https://doi.org/10.1136/bmj.d4065


78

	13.	Hsieh SJ, Madahar P, Hope AA, Zapata J, Gong MN.  Clinical 
deterioration in older adults with delirium during early hospitali-
sation: a prospective cohort study. BMJ Open. 2015;5(9):e007496. 
https://doi.org/10.1136/bmjopen-2014-007496.

	14.	 Liu Y, Ma L, Gao M, Guo W, Ma Y. Dexmedetomidine reduces 
postoperative delirium after joint replacement in elderly 
patients with mild cognitive impairment. Aging Clin Exp Res. 
2016;28(4):729–36.

	15.	 Dani M, Owen LH, Jackson TA, Rockwood K, Sampson EL, 
Davis D.  Delirium, frailty and mortality: interactions in a 
prospective study of hospitalized older people. J Gerontol A 
Biol Sci Med Sci. 2017;73:415–8. https://doi.org/10.1093/gerona/
glx214.

	16.	 Angel C, Brooks K, Fourie J.  Standardizing Management 
of Adults with delirium hospitalized on medical-surgical 
units. Permanente J. 2016;20(4):27–32. https://doi.org/10.7812/
TPP/16-002.

	17.	 Siddiqi N, Harrison JK, Clegg A, Teale EA, Young J, Taylor J, 
et al. Interventions for preventing delirium in hospitalised non-
ICU patients. Cochrane Database Syst Rev. 2016;3:CD005563. 
https://doi.org/10.1002/14651858.CD005563.pub3.

	18.	 Rubin FH, Bellon J, Bilderback A, Urda K, Inouye SK. Effect of 
the hospital elder life program on risk of 30-day readmission. J 
Am Geriatr Soc. 2017;66:145–9. https://doi.org/10.1111/jgs.15132.

	19.	 Neufeld KJ, Yue J, Robinson TN, Inouye SK, Needham DM. 
Antipsychotic medication for prevention and treatment of 
delirium in hospitalized adults: a systematic review and meta-
analysis. J Am Geriatr Soc. 2016;64(4):705–14.

	20.	Hshieh TT, Saczynski J, Gou Y, Marcantonio ER, Jones RN, 
Cooper Z, et  al. Delirium delays functional recovery follow-
ing elective surgery. Innovation Aging. 2017;1:1326. https://doi.
org/10.1093/geroni/igx004.4860

	21.	 Tomlinson JH, Partridge JSL.  Preoperative discussion with 
patients about delirium risk: are we doing enough? Periop Med. 
2016;5(1):22. https://doi.org/10.1186/s13741-016-0047-y.

	22.	Zenilman ME.  Delirium an important postoperative com-
plication. JAMA. 2017;317(1):77–8. https://doi.org/10.1001/
jama.2016.18174.

	23.	Fong TG, Davis D, Growdon ME, Albuquerque A, Inouye SK. 
The Interface of delirium and dementia in older persons. Lancet 
Neurol. 2015;14:823–32.

S. O’Hanlon

https://doi.org/10.1136/bmjopen-2014-007496
https://doi.org/10.1093/gerona/glx214
https://doi.org/10.1093/gerona/glx214
https://doi.org/10.7812/TPP/16-002
https://doi.org/10.7812/TPP/16-002
https://doi.org/10.1002/14651858.CD005563.pub3
https://doi.org/10.1111/jgs.15132
https://doi.org/10.1093/geroni/igx004.4860
https://doi.org/10.1093/geroni/igx004.4860
https://doi.org/10.1186/s13741-016-0047-y
https://doi.org/10.1001/jama.2016.18174
https://doi.org/10.1001/jama.2016.18174


79

	24.	 Lingehall HC, Smulter NS, Lindahl E, Lindkvist M, Engström KG, 
Gustafson YG, et  al. Preoperative cognitive performance and 
postoperative delirium are independently associated with future 
dementia in older people who have undergone cardiac surgery: a 
longitudinal cohort study*. Crit Care Med. 2017;45(8):1295–303.

	25.	Davis DHJ, Muniz-Terrera G, Keage HAD, Stephan BCM, 
Fleming J, Ince PG, et al. Association of Delirium with Cognitive 
Decline in late life a Neuropathologic study of 3 population-
based cohort studies. JAMA Psychiat. 2017;74(3):244–51. https://
doi.org/10.1001/jamapsychiatry.2016.3423.

	26.	 Inouye SK, Marcantonio ER, Kosar CM, Tommet D, Schmitt EM, 
Travison TG, et  al. The short-term and long-term relationship 
between delirium and cognitive trajectory in older surgical 
patients. Alzheimers Dement. 2016;12:766–75. https://doi.
org/10.1016/j.jalz.2016.03.005.

	27.	 Devore EE, Fong TG, Marcantonio ER, Schmitt EM, Travison 
TG, Jones RN, et  al. Prediction of long-term cognitive decline 
following postoperative delirium in older adults. J Gerontol A 
Biol Sci Med Sci. 2017;72(12):1697–702.

	28.	Racine AM, Fong TG, Travison TG, Jones RN, Gou Y, 
Vasunilashorn SM, et  al. Alzheimer’s-related cortical atrophy 
is associated with postoperative delirium severity in persons 
without dementia. Neurobiol Aging. 2017;59:55–63. https://doi.
org/10.1016/j.neurobiolaging.2017.07.010.

Chapter 5.  Management of Delirium on the Surgical Ward

https://doi.org/10.1001/jamapsychiatry.2016.3423
https://doi.org/10.1001/jamapsychiatry.2016.3423
https://doi.org/10.1016/j.jalz.2016.03.005
https://doi.org/10.1016/j.jalz.2016.03.005
https://doi.org/10.1016/j.neurobiolaging.2017.07.010
https://doi.org/10.1016/j.neurobiolaging.2017.07.010


81© Springer International Publishing AG, part of Springer 
Nature 2018
A. Severn (ed.), Cognitive Changes after Surgery in Clinical 
Practice, In Clinical Practice, 
https://doi.org/10.1007/978-3-319-75723-0_6

�Background

Delirium is a clinical syndrome that is caused by acute brain 
dysfunction, often called acute confusion. In critical illness it 
is associated with worse outcomes, regardless of age, includ-
ing long-term cognitive impairment equivalent to moderate 
traumatic brain injury or mild Alzheimers, increased length of 
hospital stay and costs [1–3]. The longer the patient has 
delirium the worse the outcomes.

�Prevalence

Critically ill patients have the highest risk of developing 
delirium due to multiple risk factors linked with their pre-
senting illness, co-morbidities and admission to a critical care 
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unit itself [4]. The prevalence of delirium in patients in criti-
cal care is reported to be up to 74% in critically ill patients 
with a high severity of illness and approximately 50% in 
patients who require mechanical ventilation for over 
48  hours. Delirium will persist as long as the precipitating 
causes continue, usually infection or drugs. Because delirium 
is so common and has such an adverse impact on key out-
comes it is essential that critical care clinicians take it seri-
ously, diagnose it, manage the causes and reduce the risk 
factors.

�Pathophysiology

The pathophysiology of delirium is not fully established. 
There are a number of theories including neuroinflammation, 
oxidative stress, cerebral hypoperfusion/hypoxia, neuroendo-
crine abnormalities, neurotransmitter dysregulation, network 
disconnectivity, circadian rhythm disruption/melatonin dys-
regulation and aging [5]. These theories are complementary, 
rather than competing, with many overlapping areas and 
reciprocal influence.

Whatever the cause of delirium there are a number of 
core symptoms that fluctuate – inattention, hypo/hyperalert, 
sleep/wake disturbance. The final common pathway theory, 
postulated in 2000, suggests that while the appearance of 
some symptoms may depend on the cause(s), a final com-
mon neural disruption is likely to be responsible for core 
symptoms. Evidence supports a central cholinergic defi-
ciency and associated dopamine excess. Both acetylcholine 
and dopamine pathways overlap significantly, dopamine 
(with serotonin and norepinephrine) mediate responses to 
stimuli modulated by a cholinergic pathway play a key role 
in arousal. In addition oxidative stress leads to significant 
increases in dopamine [6].

This neurotransmitter imbalance has been the main target 
for pharmacological interventions to date. The evidence from 
brain imaging suggests delirium results in ultimate cerebral 
atrophy (Fig. 6.1) [7].
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�Motoric Subtypes

Delirium is classified according to the presenting psychomo-
tor activity of the patient, hypoactive, hyperactive and mixed 
[8]. The most common presentation in critically ill patients is 
as hypoactive delirium in which the patient is quiet, lethargic 
and apparently compliant [9]. As a result delirium recognition 

a b

Figure 6.1  Representative example of lateral ventricle size in 
46-year-old female and 42-year-old female ICU survivors with no 
preexisting cognitive impairment. Axial T1-weighted brain images in 
2 ICU survivors. (a) Depicts relatively normal ventricular volume 
(see arrow) in a 46-year-old female who did not experience delirium 
in the ICU. Patient had a history of respiratory and heart failure. She 
was admitted to a medical ICU due to acute respiratory distress 
syndrome (ARDS) and was subsequently intubated and managed 
through the ICU without ever developing delirium. (b) Depicts 
enlarged ventricles (see arrow) in a 42-year-old female who did 
develop delirium in the ICU. Patient was admitted to the hospital 
after reporting fever and dyspnea with a chest X-ray and other labo-
ratory data confirming community acquired pneumonia and 
ARDS.  The patient was admitted to the ICU and mechanically 
ventilated, experiencing 12 days of delirium and then resolution. 
There was no preexisting history of neurological impairment, and 
surrogate questioning for preexisting cognitive impairment was also 
negative (Gunther et al. [7])
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is a particular challenge for critical care healthcare profes-
sionals. It varies in severity; at its worse these hypoactive 
delirious patients show minimal responses to verbal stimula-
tion and are incapable of engaging with standardized testing 
or even interview. Hyperactive delirium is easily recognised; 
these patients are often combative, insomniac and clearly hal-
lucinating. This form, however, is less common, present in 
from 5% up to 22% of ICU patients with delirium [10]. With 
the mixed presentation the patient symptoms vary from day 
to day or within a day between lethargy to agitation, but 
always with inattention, a core diagnostic feature. If clinicians 
do not routinely screen for delirium using a validated assess-
ment tool they are likely to miss it and so fail to manage take 
steps to manage it.

�Recognition

Clinicians can screen for delirium in intubated and ventilated 
patients who are on or off sedation, using one of two currently 
validated tools the Confusion Assessment Method-ICU 
(CAM-ICU) or the Intensive Care Delirium Screening 
Checklist (ICDSC) [11, 12]. Further information and resources 
to implement either of these assessment tools are freely 
available to download from www.icudelirium.org. Patients who 
are more deeply sedated cannot be assessed for delirium.

�CAM-ICU

The CAM-ICU can be undertaken on any patients who open 
their eyes for more than 10  s to a verbal stimulus, such as 
responding to their name and takes roughly 2 min to under-
take. It assesses four items, delirium can be ruled out at stages 
1, 2 or 4 (Table 6.1):

By contrast the ICDSC does not require the cooperation 
of the patient.
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The ICDSC has eight items of which the presence of 
four is required to establish a diagnosis of delirium 
(Table 6.2):

The information can be gathered over the course of sev-
eral hours and so can be incorporated into a single shift of the 
clinician’s time.

The CAM-ICU and ICDSC are validated to be used in all 
critically ill patients. In around 10% of sedated intubated 
patients the CAM-ICU will be normal once the effect of 
sedation wears off [13].

Table 6.2  The ICDSC 
tool

Level of consciousness
Inattention
Disorientation
Hallucination/delusion/psychosis
Psychomotor agitation or retardation
Inappropriate speech or mood
Sleep/wake disturbance
Fluctuation of symptoms

Table 6.1  The CAM-ICU tool

1. �Recognition of change in mental status
 � Yes, proceed to 2. No change = no delirium, stop assessment.
2. �Inattention – Is the patient able to squeeze the assessors hand 

on the ‘A’s in a sequence of letters?
 � Yes = no delirium, stop assessment. If not (more than 2 

errors) proceed to 3.
3. �Level of consciousness other than awake and aware.
 � Yes = delirium, stop assessment. No proceed to 4
4. �Disorganized thinking – Four yes/no questions and a simple 

command.
 � Fails (more than one mistake) = delirium. Passes = no 

delirium.

For a demonstration see www.youtube.com/watch?v=6WyJ0zL7VkI
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In patients who do not require tracheal intubation or in 
patients who have been extubated an additional more sensi-
tive assessment of inattention can be used such as spelling the 
word ‘lunch’ backwards or saying the months of the year 
backwards [14, 15]. A patient without inattention, a core fea-
ture of delirium, will complete these assessments without 
mistakes.

�Current Advances

There is an increasing interest in the use of EEG in the diag-
nosis of delirium, the classic changes being described as an 
increased delta and reduced alpha2 activity [16]. Recently van 
der Kooi have developed an EEG based tool in non-sedated 
patients [17]. In patients following cardiothoracic surgery 
they observed that the relative delta power using two elec-
trodes in a frontal-parietal derivation can distinguish the 
patients who had delirium from those who did not (Fig. 6.2).

Researchers have developed a test to objectively detect 
inattention in ICU patients who are awake enough to 
maintain eye contact for 10  s, which is implemented on a 
custom-built computerized device. The Edinburgh Delirium 
Test Box-ICU has potential additional value in longitudinally 
tracking attentional deficits because it provides a range of 
scores and is sensitive to change [18].

�Management

�Treat Cause

Once it is recognised a critically ill patient is delirious or that 
delirium is continuing the priority is to determine and treat 
any precipitating cause, there is often more than one. It is 
vital that any drivers of the delirium are removed or at least 
reduced as far as possible. In the critical care environment the 
most common causes of delirium are infection and drugs.

Hence it is important to look for infection, also review 
electrolyte levels, blood gas analysis, glucose levels, and level 
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of vitamins such as vitamin B12, folate, and thiamine; con-
sider the possibility of toxins or illicit drugs; and assess kid-
ney, liver and thyroid function. All medications must be 
reviewed regularly and deliriogenic drugs e.g. with anticholin-
ergic activity reduced or stopped if possible [19].

�Non Pharmacological Management

�Physical Care

Non-pharmacological management of delirium is directed at 
reducing the modifiable risk factors. The effectiveness of mul-
ticomponent preventative bundles on medical and surgical 
wards is discussed elsewhere in this book – currently there is 
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Figure 6.2  Delirium detection using EEG – ScienceDirect [17]
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no evidence that these measures work in critically ill patients 
but the principles of good practice can be extrapolated from 
what has been shown to work elsewhere. In the intensive care 
environment this means that a bundle of holistic and excellent 
clinical care should promote normal brain and physical func-
tion [20]. Essentially the bundle aims to promote normal 
brain and physical function. This includes regular reorienta-
tion of the patient, being able to see a digital clock, facilitat-
ing a good night’s sleep, providing eye glasses and hearing 
aids where needed, avoiding constipation or dehydration, and 
removing any attached monitors, cannulae and tubes as soon 
as they are not needed. Early mobilisation is essential and has 
been demonstrated to reduce delirium and accelerate recov-
ery [21]. Mobilising the patient, from passive range-of-motion 
exercise through to walking will increase cholinergic activity, 
thought to be imbalanced in delirium. As a minimum patients 
need to be sat out of bed as soon as it can be done safely.

�Sedative Drug Burden

In the ICU drugs are a major risk factor to precipitate or 
maintain delirium. Critically ill patients who require mechan-
ical ventilation usually require infusions of sedative and anal-
gesic drugs, with the aim they are pain-free and comfortable, 
with an endotracheal tube in place, when clinical and per-
sonal care is given and for effective ventilatory support. 
These drugs have been implicated in delirium: sedation goal 
directed protocols need be used in all intubated patients. 
National and regional evidence-based recommendations are 
that critically ill patients who require mechanical ventilation 
are kept awake or lightly sedated, unless deeper sedation is 
clinically indicated [4, 22–25]. Only a minority of patients will 
require deep sedation. It has been recommended by an 
expert group that ideally, the patient be awake in order to 
maintain eye contact, interact with caregivers and family 
members and participate in physical and/or occupational 
therapy but permitted to drift off to sleep when uninter-
rupted [26].
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�The Challenge

Only a minority of patients will require deep sedation, how-
ever sedation delivery is a complex health care intervention 
and the majority of UK critically ill patients who require 
mechanical ventilation are kept over sedated. There are a 
number of identified barriers including the absence of knowl-
edge of sedation algorithms, insufficient understanding as to 
the adverse effects of deep sedation and concern about 
patient’s well-being and comfort [27–29]. There is an assump-
tion that more nursing staff would be needed to safely keep 
patients attached to life-saving devices awake or easily 
aroused. There are well-documented issues relating to com-
munication between doctors and nurses, a lack of direction by 
medical staff and not having the means to manage an agitated 
or lightly sedated patient. Nurses describe a lack of support, 
a limited understanding of the indications and impact, and 
consistently concerns around patient agitation. All of these 
issues need to be addressed at a local level if a daily sedation 
target is to be achieved in the majority of patients.

A standard daily sedation goal protocol will generally 
include:

•	 Providing good analgesia, usually alfentanil, fentanyl or 
remifentanil by infusion with additional fentanyl or mor-
phine boluses for nursing interventions as required

•	 Effective management of agitation: reassurance, reorien-
tation and if needed an antipsychotic for delirium or a 
small dose of propofol or benzodiazepine for fear or 
anxiety.

•	 Low dose infusion of sedative infusion, commonly propo-
fol, rate adjusted as needed for general comfort.

�The Drugs

Benzodiazepines are a known risk factor for delirium and are 
best avoided unless patient or staff safety is at risk in severe 
agitation, anxiety or the patient is suffering alcohol with-
drawal. Bolus administration is preferred because of the risk 
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of cumulation of long acting drugs given by infusion [30]. In 
the UK propofol infusions are used in the majority of patients 
and are associated with more favorable outcomes than mid-
azolam [31].

The alpha2-agonists, dexmedetomidine and clonidine, 
achieve sedation via a different receptor-mediated pathway. 
They have less effect on respiratory function, possess analge-
sic effects and it has been suggested dexmedetomidine may 
allow better patient communication [32, 33]. One study using 
it in intubated delirious agitated patients showed a reduction 
in delirium by approximately a day as compared with placebo 
in 72 patients [34]. Dexmedetomidine is expensive compared 
to other agents and licensed for ICU use. In contrast, cloni-
dine is very cheap and while unlicensed for sedation is widely 
used in the UK for management of agitation, as an intrave-
nous bolus or an infusion [35].

�Other Drugs

Many of the drugs given to critically ill patients have anticho-
linergic properties; this includes metoclopramide, ranitidine, 
theophylline, furosemide, digoxin, and analgesics (although 
pain is also a risk factor for delirium). https://www.drugs.com/
article/anticholinergic-drugs-elderly.html#drug-list Given 
that reduced cerebral acetylcholine has been hypothesized to 
be the common final pathway in the development of delirium 
in response to inflammation, anticholinergic drugs are bio-
logically plausible as a risk factor in delirium. While a rela-
tionship between drugs with anticholinergic properties and 
delirium has not been demonstrated, taking into account the 
altered drug handling in critical illness it is good clinical prac-
tice to review all medications with a view to stopping any not 
needed [36].

The data regarding steroids and delirium is inconclusive, 
one large trial observed an increase in risk of delirium in 
critically ill patients, another did not [37]. A single-centre 
substudy within the Dexamethasone for Cardiac Surgery 
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(DECS) trial showed no difference in delirium outcomes in 
the ICU patients randomized to dexamethasone or placebo 
[38]. One recent controlled study found that hydrocortisone 
use in patients with sepsis reduced the incidence of delirium 
although there were some issues regarding number of delir-
ium assessments [39]. Currently there is insufficient evidence 
to support steroid use as a cause for delirium or as a therapy 
to reduce delirium. Given other side effects the wise clini-
cian would reserve the use of steroids for an evidence based 
indication.

�Pharmacological Treatment

There are no drugs to date which have been proven to reduce 
delirium in critically ill patients although drugs may be useful 
to manage agitated symptoms either as a sole therapy or as 
an adjunct to sedative drugs. The first drug of choice in man-
aging agitation as a result of delirium is an antipsychotic.

�Haloperidol

Haloperidol is a butyrophenone, its main action is as a dopa-
mine antagonist. It is the only antipsychotic that can be 
administered intravenously and it is the most used and stud-
ied antipsychotic drug for ICU delirium prevention and treat-
ment. It remains the most commonly used and useful drug in 
the UK, although it is not now licensed for intravenous use 
[40]. A double-blind randomised controlled trial showed 
haloperidol, as compared with placebo, did not decrease 
delirium in critically ill patients, however haloperidol treated 
patients were less agitated [41]. Haloperidol is contraindi-
cated in patients with prolonged QTc because of a potential 
risk of torsades de pointes, a dangerous ventricular arrhyth-
mia and ECG monitoring is needed. It is also contraindicated 
in Parkinson’s disease and can rarely cause neuroleptic malig-
nant syndrome. It is extensively metabolised in the liver.

Chapter 6.  Critical Illness and Delirium



92

Neuroleptic malignant syndrome is a rare but potentially 
fatal side effect. It is usually diagnosed clinically; the patient 
classically develops symptoms of rigidity, high temperature 
and autonomic dysregulation [42]. Blood tests will show an 
elevated creatine phosphokinase levels and leucocytosis. It 
can lead to permanent neurological impairment with survi-
vors left with parkinsonism and cognitive impairment.  The 
treatment of neuroleptic malignant syndrome is mainly sup-
portive; it is directed toward controlling the rigidity and 
hyperthermia and preventing complications (e.g., respiratory 
failure, renal failure). The use of dantrolene is controversial.

Haloperidol is usually given as a slow intravenous bolus, if 
the enteral route can be used then an antipsychotic with less 
side effects such as quetiapine or risperidone would be pref-
erable. Current clinical practice is to use an initial dose of 
2.5–5 mg, wait 30 min and repeat if needed. For end of life 
care it can be used subcutaneously and mixed in the same 
syringe as an opioid and an antiemetic if needed.

�Atypical Antipsychotics

The term ‘atypical’ has been used for those antipsychotic 
drugs manufactured after the 1990s. They bind more loosely 
to dopamine receptors than haloperidol, dissociate more 
readily and demonstrate a high level of serotonin occupancy. 
Olanzapine is the only other antipsychotic that can be given 
parenterally, and it is given by intramuscular injection. It is 
useful for when symptoms need managing in a patient where 
enteral medication is not an option, haloperidol is contraindi-
cated or in units that do not use haloperidol following the 
removal of its license for intravenous use. The National 
Institute of Clinical Excellence (NICE) guidelines suggest 
the use of olanzapine, for the short-term management of dis-
tress (NICE, 2010) [43]. The US Pain, Agitation, and Delirium 
guidelines concluded that there is limited evidence for the 
use of atypical antipsychotics.
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Alternatives to olanzapine are quetiapine and risperidone, 
the evidence to date does not support their use to prevent or 
treat delirium. A recent trial in palliative care showed dis-
tressing behavioural, communication, and perceptual symp-
toms of delirium were significantly greater in those treated 
with antipsychotics (risperidone or haloperidol) than in those 
receiving placebo [44].

�Anti-cholinesterases and Anti-inflammatory Drugs

Given the final common pathway theory of delirium, an excess 
dopamine and a relative hypocholinergic state, rivastigmine, 
an anti-cholinesterase drug, was hypothesised as a useful 
treatment for ICU delirium. However a multi-centre trial was 
stopped early at 104 of a planned 440 patients because there 
appeared to be a signal for harm with increased mortality in 
the rivastigmine group and increased duration of delirium. It 
is not recommended for use in critically ill patients [45].

Simvastatin by virtue of its anti-inflammatory properties 
was investigated in mechanically ventilated patients but was 
shown not to decrease days of brain dysfunction – coma or 
delirium- as compared to placebo in ventilated patients [46]. 
It may be, however, that patients already on statin medication 
are at risk of delirium if it is stopped in critical care [47]. 
Statin medication needs to be continued if possible bearing in 
mind the patient’s liver function and interactions with other 
drugs e.g. amiodarone and macrolide antibiotics.

�Other Considerations

�Patient and Family

Talking to the families of critically ill patients about delirium 
and providing them with information is important. Family 
members and close friends find witnessing delirium in a loved 
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one extremely distressing. There is an information leaflet free 
to download at www.icusteps.org the website of the intensive 
care patient support charity ICUsteps.

In many cases the delirious experience includes terrifying 
hallucinations and patients often remember it in detail. While 
the delirium is ongoing, it is probably helpful to talk to 
patients about their delusions and hallucinations, generally 
by asking “is anything odd going on/happened?”. Delirium 
can be easily mistaken for depression, and it is important not 
to miss delirium [48]. Once the delirium has cleared, talk to 
patients openly about delirium and ask them about percep-
tual disturbances while being sensitive to the fact that some 
patients would prefer not to talk about their hallucinations at 
that time. This opportunity to talk about delirium can be 
repeated in the ICU follow up clinic when survivors often 
want to talk about and understand about their critical illness 
experience.

Establishing a direct link between delirium and post-
traumatic stress disorder post intensive care in critical care 
survivors has been investigated but to date a robust link has 
not been found [49]. Patients who appear distressed or who 
are depressed, have symptoms of post-traumatic stress disor-
der or in whom delirium persists when all medical and drug 
causes have been managed would benefit from referral to a 
hospital liaison psychiatric service.

�Conclusion

Awareness of delirium diagnostic criteria and risk factors will 
assist with prompt recognition and management, improve-
ment in quality of care and so potentially avoiding long term 
consequences. When assessing patients healthcare profes-
sionals need to remember delirium, reduce the risk and treat 
the cause. Critical care patients need individualized manage-
ment of delirium precipitants and supportive strategies. For a 
video summary of the elderly hospitalised patient: https://
www.youtube.com/watch?v=qmMYsVaZ0zo, for additional 
information and resources: www.icudelirium.org.
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Before the advancement of modern medical techniques 
in life saving treatments for palliative care and the exten-
sion of life beyond what was seen as “normal” decisions 
were less complex. We now have “choices” our grandpar-
ents did not. As a society, we have medicalised death. 
Society has moved away from the local community, step-
ping in at the end of life. Lancaster University holds The 
Elizabeth Roberts Oral History Archive. It contains inter-
views carried out in the 1970s with people who were born 
in the 1880s, 1890s and early 1900s and lived in Preston, 
Lancaster and Barrow. Clearly, all those people have now 
died, but what they were born into and recall in the 
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archive is a world before the NHS. In those days, the com-
munity looked after each other; people spoke to each 
other. In the UK we rightly celebrate the NHS but one 
outcome of the NHS is that as a society we have become 
reliant on things being done to us rather than doing things 
for ourselves.

Yet we are living in an era where we also recognise the 
right of a patient to make decisions, but unless there is 
some framework in place that anticipates a time when a 
patient may lose mental capacity then all of the advances 
made with regard to autonomy and informed consent fall 
down if there is a lack of capacity. Talking to a patient 
about treatment options presupposes that the patient con-
cerned has mental capacity and clearly in many acute 
medical situations that is not the case. Advance Care 
Planning is a way of bridging the gap in that regard and 
ensuring that there is in effect a conversation between the 
doctor and patient even if the patient is lacking capacity at 
the relevant time. It is dealt with later in this chapter, but 
first of all let us consider some of the essential elements of 
how the law deals with the difficult problem of patients 
with varying degrees of cognitive dysfunction presenting in 
acute care settings. Hopefully this will equip the clinician 
with understanding of the legal principles underpinning 
medical practice in this vulnerable group of patients.

The issue of mental capacity, i.e. the ability of the 
patient to understand and agree to proposed treatments is 
dealt with in section 1 of the Mental Capacity Act (MCA) 
of 2005 The MCA is a legal framework which has at its 
heart the principle that all persons over 16 are deemed to 
have mental capacity unless proven otherwise. They are 
seen to have autonomy and have the right to be consulted 
on matters of their treatment’. The five principles of the 
MCA can also be stated thus:

	1.	 An assumption of mental capacity for all persons aged 
over 16.

	2.	 The need for there to be supported decision making for 
anyone who may be lacking mental capacity.

	3.	 The recognition that making an unwise decision does not 
necessarily mean there is a lack of capacity.
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	4.	 The need for any decision made on behalf of a person who 
is lacking capacity to be made in “the best interests” of that 
person.

	5.	 If a decision is to be made on behalf of someone who is 
lacking capacity then it should be the least restrictive 
option available.

�The Two Stage Test for Mental Capacity: What 
Is a Valid Decision?

The MCA also sets out a ‘two stage’ test with regard to assess-
ing if a person has mental capacity to make a particular deci-
sion as follows:

	1.	 Is there an impairment or disturbance in the functioning of 
the person’s mind or brain?

	2.	 Is the impairment or disturbance sufficient that the person 
lacks capacity to make the decision?

With regard to the second stage of the test, according to 
Section 3(1) of the MCA person is unable to make a decision 
if they cannot:

•	 understand the information about the decision being made;
•	 retain that information in their minds;
•	 use or weigh up the information as part of the decision 

process or communicate their decision (whether verbally 
or by any other mean).

The process is well explained in non technical language by 
Farmer [1] in his book “Grandpa on a Skate Board” and an 
handy acronym for remembering the principles of assessment 
is the acronym “UR toilet” arising from “understand”, “retain”, 
“weigh up”, “communicate”.

�‘Unwise’ Decisions

The principle enshrined in the MCA that a patient is legally 
entitled to make an unwise decision is the touch point of con-
flict of the MCA with the concept of paternalism. The MCA 
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and in particular the statutory backing for unwise decisions 
therein is a deliberate departure by Parliament from paternal-
ism and is a bold statement about the right of self-
determination. In practice, examples where the right to make 
an unwise decision can cause real issues are in respect of a 
patient declining surgery which in so doing puts their life at 
risk and also the patient who is determined to be discharged 
home into conditions which those caring for the patient con-
sider to be a risk to the patient. In essence – and crucially in 
law- an unwise decision is one reached where the person mak-
ing the decision is able to understand, remember and weigh up 
a set of facts and communicate a decision about those facts, 
even though someone else considering the same facts may 
come to an entirely different – and in the view of others, less 
risky – decision. Further, if a patient has made an unwise deci-
sion at a time they have the mental capacity to do so, that 
decision should not be ignored at later date if the patient later 
lacks capacity. In those circumstances, a “best interests” meet-
ing about the patient should always consider the known views 
of the patient at a time the patient had mental capacity.

�Advance Care Planning: The Medical, Social, 
Ethical and Historical Background

A potential solution to the dilemma faced by clinical staff in 
making proxy decisions about best interest in patients with 
limited cognitive ability is the concept of Advance Care 
Planning (ACP). ACP anticipates the time when a client has 
lost capacity and so may not actively take part at the relevant 
time in decisions about their care. ACP is a way of clients 
sending a message to their future selves and future carers 
about the type of care they would like to receive.

Advance Care Planning (ACP) anticipates the time when 
a client has lost capacity and so may not actively take part at 
the relevant time in decisions about their care. ACP is a way 
of clients sending a message to their future selves and future 
carers about the type of care they would like to receive.
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As we will see, there are some Caveats to that in that no-
one (whether having capacity or not) can demand futile treat-
ment. ACP is not about assisted suicide/dying. At the time of 
writing this Parliament and the Courts have decided that that 
is not legal.

History has had a part to play in the ethics of Advance 
Care Planning. Nazi war crimes and particularly atrocities 
carried out in the name of “medical research” has led to the 
concept of patient autonomy with regard to medical care. We 
now very firmly understand and believe that patients should 
decide for themselves and indeed this has led to the idea of 
“informed consent”.

Here is an extract from Sky News on 27th September 2017:

“Top Judge urges Living Wills for vulnerable, elderly or sick 
people”.

A Senior Judge has suggested people should make “Living Wills” 
in order to set out their wishes in the event of serious incapacitating 
illness. High Court Judge Mr Justice Francis who is based in the 
Family Division suggested there should be a campaign to educate 
people about Living Wills. He said they would resolve cases where 
a single elderly person no longer has the physical or mental capac-
ity to make their own decisions. The Judge’s comments to lawyers 
came amid a Court of Protection Hearing about the treatment of 
an elderly man who is in a minimally conscious state. The Court of 
Protection considers issues about people who lack the mental 
capacity to make decisions. Mr Justice Francis said “it should be 
compulsory that we all have to make Living Wills because these 
cases would be resolved much more easily. We all ought to be 
encouraged to tackle these issues. If there was some sort of cam-
paign to educate people about these sorts of things, I think people 
would actually do something about it.” Mr Justice Francis said that 
man’s family had been in “great conflict” with hospital staff over-
treatment which had led to “intimidation” and “nurses in tears”. He 
said the case was “very, very sad”.

In essence, Advance Care Planning is putting in hand 
arrangements for a patient to speak at a time when they can 
no longer speak or communicate a decision because of a lack 
of mental capacity. It is a ‘message in a bottle’ that a patient 
wishes to wash up just at a time when a crucial decision about 
their future care and/or medical treatment is being made on 
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their behalf. It is a way of a patient having their voice heard. 
There are different types of Advance Care Planning, some of 
which are legally binding and others which are not but even 
if they are not legally binding should be considered to be 
persuasive on anyone caring for a client in the future and 
indeed making a “best interests” decision about the patient.

Encouraging a conversation about Advance Care Planning is 
the first step. Encouraging a patient to talk to their loved ones or 
their care providers about the type of care they would like to 
receive in the future will never be a bad thing. Many people 
simply will not talk about future care. It is a taboo for them and 
so for them whether they get the care they would like in the 
future or not is going to be a lottery. In the time honoured phrase 
“if you don’t ask you don’t get”. Hopefully having a conversation 
with patients when the opportunity arises will lead on to putting 
in place Advance Care Planning which has a legal basis.

�Advance Care Planning: The Legal 
Framework – Options

�Lasting Power of Attorney for Health and Welfare

Sections 9 to 14 of the MCA expanded the role of a legal 
document called Lasting Power of Attorney (LPA) and for 
the first time (2005) made it possible to appoint an Attorney 
to make decisions about health and welfare. Until the 2005 
Act was enacted (ironically it came into force only in 2007) 
the LPA could be applied only to decisions about financial 
matters. An LPA regarding health and welfare is drawn up 
in advance but is activated by the Attorney only when the 
patient (the Donor) is deemed to be lacking in capacity and 
cannot be voluntarily activated by the donor in advance of 
this. It is possible to make reference in the LPA for health 
and welfare to the Attorneys following a “Letter of Wishes” 
or some other guidance in addition to the LPA as to how 
they should carry out their roles. These other documents 
could take the form of an Advance Decision to Refuse 
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Treatment or an Advance Statement. If prepared in the 
appropriate way, an Advance Decision to Refuse Treatment 
is in itself legally binding. An Advance Statement is not 
legally binding in itself but clearly has weight in terms of 
any “best interests” decisions which are made on behalf of 
the client.

�Advance Decision to Refuse Treatment (ADRT)

Sections 24 to 26 of the MCA 2005 set out the requirements 
for a valid ADRT. An ADRT is a legally binding document 
which sets out circumstances where a client would want 
medical treatment to be refused on their behalf. It is legally 
binding so must be followed by any medical professionals 
who are caring for the client in the future. If a client has 
expressly stated that he or she does not want to risk receiv-
ing certain medical treatment and in certain circumstances 
and then treatment is carried out in contravention of those 
wishes then it would amount to an assault. Clinicians will be 
aware that, for example, a Jehovah’s witness who wishes to 
avoid having a blood transfusion will sign a consent form 
specifically scripted to reflect this deeply held conviction. 
Such a form is de facto an ADRT about the particular treat-
ment of blood transfusion and failure to observe this would 
be assault.

Some points to note about ADRTs as per the legislation:

•	 ADRTs are for those aged 18 plus only
•	 A patient must have capacity to make an ADRT
•	 An ADRT should set out refusal of treatment at a time the 

patient lacks capacity
•	 An ADRT may express wishes in layman’s terms (but of 

course the more precise the wording, the less room for 
interpretation)

•	 An ADRT should be in writing and witnessed – with-
drawal of all or part of an ADRT need not be in 
writing

•	 Making an LPA for Health & Welfare automatically 
revokes an earlier ADRT
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�Advance Statement

An Advance Statement (AS) is a document which sets out a 
person’s preferences for future care. It is not legally binding 
and can cover any number of issues from the preferred set-
ting of care to things like food and drink preferences and 
spiritual beliefs. Whilst an Advance Statement is not legally 
binding, it is clearly of high relevance when a decision is being 
made about an incapacitated person because with reference 
to the five principles of the MCA, such a decision has to be in 
the “best interests” of the patient What is in the “best inter-
ests” of a patient is going to be an objective test (is the views 
of the clinical staff unless there is evidence apparent from the 
patient which can turn it into a subjective test. The obvious 
way for a patient to bring his or her own evidence to the 
arena of a “best interests” decision is by making an Advance 
Decision.

�LPA for Health and Welfare v ADRT

An LPA for Health and Welfare takes precedence over an 
ADRT in terms of the chronology of the document. Any 
ADRT made before an LPA for Health and Welfare is 
deemed not to be valid and so a solution is to make an LPA 
for Health and Welfare and then re-sign her ADRT after-
wards. That way, the LPA for Health and Welfare would come 
before the ADRT.

�Do Not Attempt Cardiopulmnary Resuscitation 
(DNACPR) Orders

According to the Resuscitation Council (UK), in the UK 
fewer than 10% of people in whom a resuscitation attempt is 
made outside hospital survive and the figures are only slightly 
above that (between 10% and 20%) for people in hospital.
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The 2014 Court of Appeal decision in Tracey v Cambridge 
University Hospital NHS and Others [2] ruled that patients 
should be consulted in relation to Advance DNACPR deci-
sions save in exceptional circumstances. In other words 
doctors cannot ‘mark’ a patient as “DNACPR” without 
discussing that with the patient first. An Attorney under an 
LPA for Health and Welfare could make such a decision on 
behalf of an incapacitated Donor if allowed under the LPA 
for Health and Welfare (in other words if the Donor has 
gone for so called “Option A” whereby the Attorneys may 
make decisions about the refusal of life sustaining 
treatment).

No-one can demand futile medical treatment and doc-
tors can make it clear that CPR and other medical treat-
ment at the end of life would be futile and so they would 
not carry it out. The 1993 judgement on Airedale 
N.H.S. Trust v Bland [3] and a succession of cases involving 
Jehovah’s Witnesses have also upheld the legal right for 
patients to say ‘no’ to medical treatment. This, of course, is 
acceptable for those with the capacity to say ‘no’. Those 
lacking capacity are left in the hands of the doctors unless 
they have made an LPA for Health and Welfare decisions 
and have discussed matter with their Attorneys or have a 
made an LPA for Health and Welfare and have made an 
ADRT.

Many patients would be surprised to learn that the well-
used phrase “next of kin” has no legal basis whatsoever; 
there is no-one in law who has a right to make decisions 
about another person’s health and wellbeing and the only 
failsafe way that a patient can ensure that their chosen per-
son makes those decisions is by making an LPA for Health 
and Welfare.

What safeguards does the surgical team have if making 
a decision on ‘best interests’ in a patient who lacks capac-
ity? An LPA and its interpretation by the Attorney named 
in the LPA may be sufficient, but in cases of doubt there 
is an additional service upon which a clinician may call. 
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This is the Independent Mental Capacity Advocacy 
(IMCA) service which is available on a 24  h basis. Its 
members, people who act on behalf of patients who lack 
capacity at the request of clinicians, are not legal profes-
sionals but are trained in the interpretation of the Act and 
its implications.

�Clinicians, Capacity and Consent for Surgery

It follows that the process of obtaining informed consent for 
surgery places the medical team under many obligations 
when it is considered desirable to operate on a patient who 
lacks capacity. Decisions on emergency life saving treatment 
may be made without reference to the mental capacity, but 
the majority of such decisions do not fall into such a cate-
gory. Surgery to fix a hip fracture, for example is typically 
undertaken within a widow of opportunity of 24–48 h, theo-
retically allowing the surgical team time to establish whether 
a patient has an existing LPA or ADRT. Planned surgery for, 
for example, bowel cancer gives the team a longer period of 
time period. The process by which the team seeks the exis-
tence of such a document is described as demonstrating 
compliance with the Mental Capacity Act. Conversely, a cli-
nician who sought to ignore the patient’s wishes as expressed 
in an ADRT by failing to enquire of its existence could be 
seen to be acting in contravention of the Act. In practical 
terms it is sensible for a member of the surgical team to 
make enquiries about possible LPA or ADRT part of stan-
dard admission or preoperative assessment preparation, in 
the same way that the team might seek information about 
medical or social history.

It is incumbent on the surgical team to be aware of recent 
changes in the law that have effectively reduced the ability of 
the team to make proxy and paternalistic decisions. It is of 
note that such changes have been recognised in modern 
medical school curricula.
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