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Cognitive changes can occur in all age groups

after illness and surgery, but are more common

at the extremes of age. Despite an established

association with poor short- and long-term

outcome and an increased morbidity and mor-

tality,1 new cognitive change frequently goes

unrecognized. However, its significance should

not be underestimated and perceptions that

nothing can be done are misguided. The main

risk factors for perioperative cognitive change

are well recognized:

† increasing age;

† poorer level of education;

† severity and duration of surgery.

By identifying patients at high risk, clinicians

can modulate the mechanisms of cognitive im-

pairment through tailored management. The

increased survival of high-risk patients after

major anaesthetic, surgical, and critical care

interventions makes the preservation of cogni-

tion a high priority, since patients need not

only to survive to hospital discharge but also to

survive to discharge cognitively intact.

Cognition and cognitive
change

Cognition can be defined as the mental activ-

ities involved in acquiring and processing infor-

mation, that is, the mental processes required

for everyday living. It enables the individual to

solve problems, make plans, and is not the

same as intelligence. Changes in cognition are

commonly categorized into three distinct clinic-

al conditions—delirium, postoperative cogni-

tive decline (POCD), and dementia. These are

separate entities and are often distinguished by

the timing and duration of symptoms (Fig. 1).

Delirium

Any acute disturbance of the state of mind

should be described as delirium. The syndrome

is defined in the Diagnostic and Statistical

Manual of Mental Disorders IV (DSM IV) as

an acute onset fluctuating change in mental

status characterized by a reduced awareness of

the environment and disturbance of attention.

DSM IV further sub-classifies the delirium

according to cause:

(i) delirium due to a general medical

condition;

(ii) substance-induced delirium—the cause of

anaesthesia emergence delirium;

(iii) delirium due to multiple aetiologies;

(iv) delirium not otherwise specified.

Frequently complicating the course of hospita-

lized patients, delirium can manifest as hypoac-

tive [seen in 64% of surgical intensive care unit

(ICU) patients but often missed], hyperactive

(5–22% of cases), or mixed psychomotor beha-

viours. It is often transient but can be associated

with hallucinations, delusions, and impairment

of memory. Although hypoactive delirium is

often misdiagnosed as depression, disorientation

and true cognitive impairment are not typical of

depressive illness. Postoperative symptoms typ-

ically arise on days 1–3 after surgery, common-

ly after an initial lucid postoperative phase, and

wax and wane during the course of the day.

Emergence delirium increases the risk of patient

and staff injury and is seen early after the cessa-

tion of anaesthesia, being more common at the

extremes of age.

Many factors predispose and contribute to

delirium, as detailed in Table 1.2 Risk factors

commonly associated with the perioperative

period include a change in environment, visual

or hearing impairment, substance withdrawal,

severe acute or chronic illness, dehydration,

electrolyte imbalance (particularly hypomag-

nesaemia), narcotics (including tramadol and

meperidine),3 sedative, anticholinergic and

other drug use (including corticosteroids,
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digoxin, and diuretics), immobility, blood loss, transfusion, and in-

fection (Table 2).

Studies have consistently demonstrated a prevalence of post-

operative delirium between 5% and 15%,4 with considerably

higher rates after emergency surgery, such as hip trauma surgery

where rates of 4–53.3% have been reported.5 Although transient in

90% of cases, postoperative delirium is not benign and can trigger

a cascade of events culminating in increased dependence, mortal-

ity, and more persistent cognitive impairment in !10% of cases.

Postoperative cognitive decline

POCD is a much more subtle condition and diagnosis can be diffi-

cult. No agreed definition exists, although the fact that anaesthesia

can have a lasting effect on cognition was first described in 1955.6

Clinically, POCD can be defined as impairment of cognitive func-

tions, including memory, learning, concentration, and speed of

mental processing. Affecting surgical patients in all age groups

over the short term, POCD manifests days or weeks after surgery

and shows faster resolution in younger populations,7 although it

may be permanent. Usually expressed by patients as a new inabil-

ity to complete once easily attainable tasks, symptoms include dif-

ficulty staying focused on a task, inability to multitask, difficulty

finding words and recalling information recently acquired. In more

severe cases, POCD can cause a catastrophic loss of cognitive

function, with associated increased mortality, risk of prematurely

leaving work, and dependence on social welfare.8

Neuropsychological testing is required to detect POCD and,

because of the multiple mental processes, or domains, involved in

cognition, formal testing requires the use of multiple tests (a test

battery). The criteria required to test positive for POCD have

varied widely between studies, but the z-score is considered the

most rigorous and was used in the landmark International Study on

Postoperative Cognitive Dysfunction (ISPOCD1) study.9 A z-score

is a dimensionless unit that indicates how far an individual’s per-

formance in a test deviates, in terms of standard deviation, from

the average performance of a control population. Z-scores enable

normalization of data derived from multiple tests in the test

battery, with the control group providing the correction required

for learning effect. Both control and trial groups undergo neuro-

psychological testing before and after operation, typically at 1

week and 3 months. In clinical practice, preoperative baseline

scores are needed to diagnose POCD, with the patient acting as

their own control. POCD is defined as a z-score of 2 or more.

Many risk factors for POCD have been described, with the

strongest being increasing age (more than 60 yr),7 duration of

surgery, and the extent of surgical trauma. Estimates of the inci-

dence of POCD vary with the type of surgery and definition of the

condition. Highest risk accompanies major vascular, orthopaedic,

and cardiac surgery. ISPOCD1 identified POCD in 25.8% of

patients at 1 week after major non-cardiac surgery and in 9.9% of

patients at 3 months after surgery. This compares with 3.4% and

2.8% in the respective control groups of similar patients who had

not undergone surgery. Most research has investigated patients

post-cardiopulmonary bypass (CPB), but studies were often flawed

Fig 1 Triggers and timeline of postoperative cognitive change.

Table 2 Risk factors for postoperative cognitive change15

Administration of benzodiazepines or narcotics

Rectal or bladder catheters

Visual or hearing impairment

Central venous catheters

Hypo- or hyperglycaemia (,80 or .120 mg dl21)

Hypo- or hypernatraemia (,135 or .145 mmol litre21)

Hypothermia or fever (,36 or .388C)

Use of physical restraints

Age more than 70 yr

Tube feeding or total parenteral nutrition

Prior history of depression

Cardiogenic or septic shock

Raised urea: creatinine ratio

Renal failure (creatinine .176 mmol litre21)

History of congestive heart failure

History of stroke, epilepsy

Drug overdose or illicit drug use within a week

Alcohol abuse within a month

Transfer from a nursing home

Malnutrition (,80% predicted ideal body weight or baseline albumin ,25 g litre21)

Liver disease (bilirubin .34 mmol litre21)

Hypo- or hyperthyroidism

Human immunodeficiency virus infection

Table 1 Risk factors predisposing to delirium2

Patient characteristics Male gender

Increasing age

Pre-existing cognition Depression

Dementia

Cognitive impairment

History of delirium

Functional impairment Poor oral intake of diet and fluid

Functional dependence

Immobility

History of falls

Sensory impairment Visual and hearing impairment

Drugs Alcohol and other substance withdrawal

Poly-pharmacy

Narcotics, including tramadol and meperidine

Sedatives

Drugs with anticholinergic effects, including

steroids, digoxin, and diuretics

Medical conditions Severe acute or chronic illness

Multiple co-morbidities

Electrolyte disturbance, including

hypomagnesaemia

Chronic renal and liver failure

Neurological disease, including stroke

Trauma

Terminal illness

Cognitive decline after anaesthesia and critical care

106 Continuing Education in Anaesthesia, Critical Care & Pain j Volume 12 Number 3 2012

 by guest on D
ecem

ber 11, 2016
http://ceaccp.oxfordjournals.org/

D
ow

nloaded from
 



because of inconsistent methodology and definitions of POCD.

Recent studies comparing ‘on’ and ‘off pump’ cardiac procedures

have shown no difference between the two groups. There was a

33.3% and 35.5% 5 yr prevalence of POCD after off-pump and

on-pump procedures, respectively (P¼0.79), confirming that

POCD is independent of CPB-related cerebral embolic damage.

The prevalence of POCD is lower after minor (6.6%) and day-case

surgery, where the physiological stress response is typically less

intense.

The role of anaesthesia in POCD remains unclear. A recent

meta-analysis concluded that general anaesthesia increased the risk

of developing POCD marginally but not significantly, compared

with non-general anaesthesia.10 There was also no influence of an-

aesthesia on the incidence of postoperative delirium.

Dementia

DSM IV defines dementia as an insidious and progressive disorder

characterized by impairment of memory and at least one other cog-

nitive domain, including language, handling complex tasks, reason-

ing, or orientation. The deterioration must be severe enough to

interfere with daily function and independence, and cannot be

better explained by another diagnosis. Delirium is frequently mis-

diagnosed as dementia, although dementia is chronic and asso-

ciated with irreversible brain pathology. Patients with pre-existing

dementia are at higher risk of postoperative cognitive complica-

tions, including delirium and sleep disturbance.

There is an emerging body of evidence to associate dementia

with surgery and anaesthesia.11 Anaesthetic drugs, notably volatile

agents, are known to modulate Alzheimer’s pathogenesis in vitro

and in animal models, and neuroinflammation, as seen after oper-

ation, is a feature of Alzhiemer’s dementia. However, no link has

yet been proven in humans.

Cognitive function and critical illness

The systematic assessment and recording of cognitive function in

critical care patients is recommended in guidelines issued by The

Intensive Care Society, but information regarding cognitive func-

tion after discharge is lacking. Delirium can be one of the first

manifestations of pending severe illness and is common in the in-

tensive care unit, affecting 80.3% of ventilated patients in one

study.12 POCD is increasingly being recognized as a significant

long-term problem in ICU survivors. Those surviving sepsis have

increased risk of cognitive decline of large magnitude, with more

severe deficits occurring in those who were healthier beforehand.13

Contributors to cognitive change during critical illness include

the toxic effects of sedatives and narcotics, hypoperfusion, delir-

ium, hypoxia, glucose dysregulation, metabolic derangements, and

inflammation. Attempts should be made to document pre-existing

cognitive function in all patients, using sources including family,

general practitioner, and medical notes, since those with existing

deficits are at a higher risk of developing cognitive change.

Pathophysiology

The understanding of the cellular and subcellular events that under-

lie pathological cognitive change is evolving rapidly and several

pathways are implicated.

Anaesthetic drugs are known to produce long-term changes in

gene and protein expression that continue beyond the duration of

clinical anaesthesia and trigger various biochemical cascades in-

cluding apoptotic pathways that mediate cell death. Stress response

hormones of the adrenocortical axis have recognized effects on

memory and behaviour, modulating synaptic transmission and

neuronal circuit plasticity. Mediators of the acute phase response,

including cytokines and heat shock proteins, have well-described

effects on behaviour and learning. Reactive oxygen species and

oxidative stress, as seen in severe sepsis, are also associated with

decreased cognitive function.

Direct modulation of centres that process information recently

acquired by the autonomic nervous system, notably the vagus, are

known to influence cognitive processing and autonomic dysfunc-

tion is a common feature of critical illness. Furthermore, an

inflamed blood–brain barrier lacks integrity and allows further

neuro- and synaptotoxic insults within the central nervous system.

Assessment of cognitive function

Many tests have been used in the assessment of cognitive function,

although not all have been fit for purpose. The test must be reli-

able, repeatable, and have high test–retest reliability, making it

suitable for characterizing changes over time. Tests should have a

short (,30 min) administration time, have parallel versions (mul-

tiple tests for each domain, used at subsequent test application and

partly compensating for practice effect), and be relatively portable.

Most of the tests in common use show ceiling or floor effects

(patients achieve high scores easily or score does not decrease,

despite worsening cognition), making them unsuitable for detect-

ing the mild impairment of POCD.

Testing for delirium

The Confusion Assessment Method (CAM) is a validated way of

establishing if delirium is present. It is simple to apply and can be

conducted across multiple settings. The CAM-ICU was designed

as a bedside tool to be used in patients receiving ventilatory

support. It includes a four-feature assessment (acute mental

status changes, inattention, disorganized thinking, and altered

consciousness), and has a high sensitivity (93–100%) and a speci-

ficity (89–100%). The test is also simple, can be performed by all

ICU staff, and takes ,1 min to complete. An alternative is the

Intensive Care Delirium Screening Checklist.

Testing cognition

The widely used ‘paper and pencil’ tests of cognition, some devel-

oped over 100 yr ago, have recently been superseded by
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computerized versions, such as the CogState battery of tests (www.

cogstate.com). Computerized testing offers the advantage of

standardized test administration (reducing sources of response bias)

and accurate and secure capturing of reaction times and data.

Testing for dementia

A commonly used bedside test is the Mini-Mental State

Examination (MMSE). The MMSE is useful as a preoperative

screening tool for patients with existing cognitive deficits that are

at increased risk of developing delirium and POCD. Acute cogni-

tive change worsens the cognitive decline and outcome of patients

with dementia.14 Developed as a screening tool for dementia,

MMSE tests global cognitive functions, including orientation,

recall, attention, calculation, language manipulation, and construc-

tional praxis. The test utilizes a customizable set of questions that

assess orientation, and simple commands that test comprehension.

The maximum total score is 30 and a score of ,24 is suggestive,

but not diagnostic, of dementia or delirium.

The MMSE is not adequately sensitive for mild cognitive

deficit and POCD, and can be influenced by age, education, lan-

guage, motor, and visual impairments. Although easily repeatable,

the MMSE is also not a good tool for assessing a progressive

decline in cognitive function over time since small changes in the

score, which may represent a practice effect or measurement error,

are of uncertain clinical significance.

Neuroradiology

Positron emission tomography and magnetic resonance imaging

(diffusion-weighted and perfusion sequences) show potential for

translation into clinical practice. Useful in the identification of

tissue and cellular changes associated with cognitive change, for

example, regional microglial activation and global cerebral haemo-

dynamic change, imaging techniques show early diagnostic

potential.

Preventative and treatment strategies

Prevention of cognitive change is the most effective way to reduce

its complications. However, many predisposing factors, such as

age, chronic illness, and pre-existing cognitive impairment, cannot

currently be modified acutely. One study showed that in a typical

critical care setting, the mean number of identified risk factors for

delirium was 11, with a range of 3–17 risk factors per patient.15

Prevention of POCD

Preventative measures recommended when managing elective sur-

gical patients include:

† careful and thorough preoperative discussion of the risk of

cognitive change, with appropriate informed consent;

† preoperative psychological assessment, to establish baseline

cognitive function;

† preoperative measurement of haemoglobin and electrolytes,

with appropriate correction, notably of hypomagnesaemia

which is common in elderly patients undergoing elective

surgery;

† avoidance of dehydration secondary to prolonged fasting;

† administration of regular prescribed medication on the day of

surgery, notably statins and drugs used in the treatment of

neurodegenerative disorders such as Parkinson’s and

Alzheimer’s disease;

† maintenance of normothermia, normoxia, and normocarbia in

the perioperative period.

Through support of the body’s basic needs of nutrition, sleep, and

exercise, the measures used in surgical cases can equally be

applied in other ward environments. Interventions to aid orienta-

tion include ensuring that patients have access to their glasses,

hearing aids and familiar personal objects, ongoing contact with

family and familiar staff members, and a consistent, planned struc-

ture to daily activities.

Multi-component approaches to reduce iatrogenic cognitive

decline may include those listed below.

† Sedation strategies: Avoid or use minimal sedation. Sedation

scoring allows more accurate sedation titration on the ICU

and, in association with daily sedation holds, should be part

of routine management. Benzodiazepines are strongly asso-

ciated with an increased incidence of delirium and should be

avoided whenever possible. Short-acting sedative agents such

as remifentanil and dexmedetomidine have less effect on cir-

cadian rhythms and may have beneficial roles in optimization

of patient sedation during critical care.

† Sleep hygiene: Sleep disturbance is a common feature in hos-

pital environments and is accompanied by circadian rhythm

disruption. Patients show long sleep-onset, sleep fragmenta-

tion, frequent arousal, and marked slow wave and random eye

movement sleep deprivation. Important causes of sleep dis-

ruption include metabolic derangement, drugs (notably high-

dose opioids), and disruption caused by the environment and

clinical care. Attempts at sleep hygiene, such as discouraging

daytime sleeping to normalize day/night cycles, are consid-

ered beneficial. Melatonin production is decreased in the crit-

ically ill and oral supplementation (0.3–10 mg nocte) has

been shown to increase nocturnal sleep in critical care

patients.

† Physical rehabilitation: Immobility is recognized as a risk

factor for delirium and the causes of immobility should be

remedied where possible. Regular review of invasive lines

and catheters and encouraging patients to mobilize when they

are able are important steps towards risk reduction. Daily ex-

ercise activity, such as the use of exercise bikes at the

bedside, aids sleep and improves psychological wellbeing.
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Treatment

For all forms of cognitive change, a search for precipitating causes

is the first line of action. Pharmacotherapy is indicated for

symptom control and to prevent harm. A cautious trial of low-dose

haloperidol is effective treatment for symptomatic delirium, but

not for its prevention. The optimal dosing regime is not well

defined, but starting with a small i.v. or i.m. dose, such as 2.5 mg,

and doubling every 20–30 min as required, is generally recom-

mended. A regular maintenance dose can then be established.

Where haloperidol is contraindicated (such as in parkinsonian

patients) or poorly tolerated, newer atypical antipsychotics such as

olanzapine (5 mg orally) or risperidone have been shown to have a

similar efficacy and fewer side-effects. Benzodiazepines should be

avoided as they aggravate the patient’s clinical condition.

Summary

POCD can occur after illness and surgery in all age groups but is

more common in the elderly. As the population ages and increasing-

ly survives major surgical and critical care interventions, active cog-

noprotective measures become a priority. Well-established risk

factors include being more than 60 yr of age, undergoing prolonged,

major surgery, and having a lower level of education. High-risk

patients should be identified early so that their treatment can be opti-

mized to modulate the underlying processes that mediate cognitive

change and maximize their chance of maintained cerebral function.
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