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Abstract

Background Patients undergoing major vascular sur-

gery are at high risk of postoperative delirium and

postoperative cognitive dysfunction (POCD). Apolipopro-

tein E (APOE) is involved in central acetylcholine

synthesis, and patients bearing the e4 genotype (APOE-e4)

are at increased risk of both vascular dementia and

peripheral vascular disease. The purpose of this study was

to evaluate the associations among delirium, POCD, and

APOE-e4 in patients undergoing open aortic repair.

Methods Following Research Ethics Board approval

and written informed consent, we recruited a cohort of

patients C 60 yr of age undergoing open aortic repair.

Apolipoprotein E genotyping and a battery of nine neuro-

psychometric (NP) tests were performed prior to surgery.

Delirium was assessed on postoperative days two, four,

and discharge using the Confusion Assessment Method.

Neuropsychometric testing was repeated at discharge and

again three months following surgery. A group of non-

surgical patients was used to adjust NP scores using reli-

able change index methodology. Logistic regression was

used to evaluate independent predictors of both delirium

and POCD.

Results Eighty-eight patients underwent surgery, 78

completed NP testing on discharge, and sixty-nine com-

pleted NP testing at three months. Delirium was noted in

36% of patients after surgery, while POCD was noted in

62% at discharge and 6% at three months. Delirium pre-

dicted POCD at discharge (odds ratio 2.86; 95%

confidence intervals 0.99 to 8.27) but not at three months.

Apolipoprotein E-e4 genotype was not associated with

either delirium or POCD following adjustment for

covariates.

Conclusion Both delirium and POCD are common fol-

lowing open aortic repair; however, the APOE genotype

did not predict either condition. This trial has been regis-

tered with ClinicalTrials.gov (NCT00911677).

Résumé

Contexte Les patients subissant une chirurgie vasculaire

majeure courent un risque élevé de manifester du delirium

postopératoire ainsi qu’un dysfonctionnement cognitif

postopératoire (DCPO). L’apolipoprotéine E (APOE)

intervient dans la synthèse centrale de l’acétylcholine, et

les patients possédant le génotype e4 (APOE-e4) présentent

un risque accru de démence vasculaire et de maladie

vasculaire périphérique. L’objectif de cette étude était
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d’évaluer les associations entre le delirium, le DCPO et

l’APOE-e4 chez les patients subissant une chirurgie

ouverte de l’aorte.

Méthode Après avoir reçu l’approbation du Comité

d’éthique de la recherche et le consentement éclairé par

écrit des patients, nous avons recruté une cohorte de

patients de C 60 ans subissant une chirurgie ouverte de

l’aorte. Le génotypage de l’apolipoprotéine E et une

batterie de neuf tests neuro-psychométriques (NP) ont été

réalisés avant la chirurgie. Le delirium a été évalué aux

jours postopératoires deux et quatre ainsi qu’au congé à

l’aide de la Méthode d’évaluation de la confusion. Les tests

neuro-psychométriques ont été refaits au moment du congé

puis trois mois après la chirurgie. Un groupe témoin de

patients non chirurgicaux a été utilisé pour ajuster les

scores NP à l’aide d’une méthodologie fiable d’indice de

changement. La régression logistique a été utilisée pour

évaluer les prédicteurs indépendants de delirium et de

DCPO.

Résultats Quatre-vingt-huit patients ont subi une

chirurgie, soixante-dix-huit ont subi les tests NP au congé,

et soixante-neuf ont subi les tests NP à trois mois. On a

observé du delirium chez 36 % des patients après la

chirurgie, alors que le DCPO a été observé chez 62 % au

congé et 6 % à trois mois. La présence de delirium a

constitué un prédicteur de DCPO au congé (rapport de

cotes 2,86; intervalles de confiance 95 % 0,99 à 8,27) mais

pas à trois mois. Le génotype de l’apolipoprotéine E-e4 n’a

pas été associé au delirium ou au DCPO après ajustement

pour tenir compte des covariables.

Conclusion Le delirium et le DCPO sont des événements

fréquents après une chirurgie ouverte de l’aorte; toutefois,

le génotype APOE n’a pas permis de prédire leur survenue.

Cette étude a été enregistrée au ClinicalTrials.gov

(NCT00911677).

Delirium is a transient fluctuating disturbance of con-

sciousness, attention, cognition, and perception1 that

frequently complicates the course of hospitalized patients. A

review of 80 primary studies revealed that delirium develops

in 36.8% (range 0-73.5%) of surgical patients.2 Recent

estimates suggest that treatment of delirium adds US$ 2,500

to hospital stays of patients[65 yr of age, costing Medicare

approximately US$ 6.9 billion annually.3 Delirium is pre-

valent particularly among patients undergoing major

vascular surgery, affecting 29-46% of such patients.4 A

prospective cohort study of delirium following non-cardiac

surgery demonstrated that patients undergoing open aortic

repair faced eightfold greater odds of postoperative delirium

than patients undergoing all other non-cardiac surgical

procedures.5 Delirium is a harbinger of poor patient out-

come and is associated with increased length of hospital

stay,6 greater rates of nursing home placement,7 and mor-

tality rates approaching 30%.8 While delirium is a well-

known, but under-recognized complication of the immedi-

ate postoperative period, recent research indicates that

postoperative cognitive decline may be a longer-lasting

consequence of major non-cardiac surgery.

Postoperative cognitive dysfunction (POCD) is a more

subtle disorder of thought processes that affects different

domains of cognition, such as verbal memory, visual

memory, language comprehension, visuospatial abstrac-

tion, attention, and concentration.9 In a recent obser-

vational study, Monk et al. identified POCD in 138 of 333

(41%; 95% confidence intervals [CI] 36.2 to 46.7%) elderly

patients one week after elective non-cardiac surgery.10 As

with delirium, POCD immediately following surgery

appears to have long-term health implications. Patients

with POCD one week following surgery are more likely to

leave employment, while those with POCD persisting three

months postoperatively suffer an increased risk of mortal-

ity in the five years following surgery.11

Perioperative physicians may have difficulty distin-

guishing between delirium and POCD, and they may use

the terms interchangeably. Both patients and physicians

fear that the development of delirium in the early postop-

erative period leads to lasting changes in cognition

following discharge.

Failure of cholinergic neurotransmission is considered

to be central to the mechanism of both delirium12 and

progressive dementias, such as Alzheimer’s disease and

vascular dementia.13 Apolipoprotein E (APOE) is a com-

ponent of plasma lipoprotein that is believed to play a

central role in lipid transport and acetylcholine synthesis

within the brain.14 The gene coding for APOE exists in

three different allele polymorphisms, i.e., e2, e3, and e4.

Patients in the Canadian Study of Health and Aging who

carried the APOE-e4 allele were three times as likely to

develop vascular dementia (odds ratio [OR] 3.13; 95% CI

1.76 to 5.55) and Alzheimer’s disease (OR 2.89; 95% CI

1.96 to 4.28).15 After adjustment for age and non-lipid risk

factors, men in the Framingham Heart Health Study who

carried APOE-e4 were at a significantly increased risk of

cardiovascular disease (OR 1.63; 95% CI 1.23 to 3.04).16

These findings suggest that patients undergoing vascular

surgery may be more likely to carry the APOE-e4 allele,

and this may explain, in part, the increased incidence of

cognitive impairment in this population. The relationships

among APOE-e4, cognition, and cardiovascular disease

raise two research questions. If APOE-e4 is related to

decreases in brain acetylcholine and cardiovascular dis-

ease, to what extent might this gene explain the frequency

with which delirium occurs following vascular surgery? If

APOE-e4 predicts dementia, could it also predict the

patient at risk for POCD?
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The primary objective of this study was to evaluate the

relationships among delirium, POCD, and APOE-e4 in a

cohort of patients undergoing major vascular surgery.

Secondary objectives were to document the association

between cognitive change in the postoperative period and

major postoperative morbidity and quality of life. We

hypothesized that patients experiencing delirium in the

immediate postoperative period would be more likely to

have measurable changes in cognition in the three-month

interval following elective aortic aneurysm repair. Fur-

thermore, we anticipated that those patients with the

APOE-e4 genotype would be more likely than those of

other genotypes to experience postoperative delirium and/

or cognitive dysfunction.

Methods

This prospective observational cohort study complies with

the STrengthening the Reporting of OBservational studies

in Epidemiology (STROBE) initiative17 and has been

registered with ClinicalTrials.gov (NCT00911677). Fol-

lowing Research Ethics Board approval, patients 60 yr of

age and older undergoing elective open repair of the

abdominal aorta at the Ottawa Hospital, a 1,000 bed aca-

demic tertiary care centre, were assessed for study

eligibility. Screening for the trial began on August 29,

2005, and the final assessment was completed on March

26, 2008. Patients meeting the following criteria were

excluded: 1) refusal of informed consent; 2) planned en-

dovascular repair; 3) emergency surgery; 4) previous

diagnosis of dementia, Parkinson’s disease, or psychiatric

illness; 5) active alcohol or substance abuse; and 6) phys-

ical inability to complete psychometric testing. Informed

written consent was obtained from eligible consenting

patients and baseline measurements were obtained. The

following basic demographic information was recorded:

age, sex, years of education, American Society of Anes-

thesiologists’ (ASA) status, revised cardiac risk score,

height, and weight. Preoperative use of central nervous

system (CNS)-active medications and history of alcohol

use/abuse were noted. A blood sample for APOE geno-

typing was drawn at the preoperative visit.

Patients enrolled in this study received the usual peri-

operative care. Monitoring, anesthetic technique, and

postoperative analgesia were at the discretion of the

attending anesthesiologist. All patients were offered com-

bined epidural and general anesthesia for intraop-

erative care. Epidural analgesia was planned with 0.1%

bupivacaine with fentanyl 2 lg�kg-1 or hydromorphone

10 lg�kg-1. Patients requiring postoperative mechanical

ventilation were sedated with propofol at the discretion of

the critical care physician. The prophylactic use of

anticholinergic medications (scopolamine), antipsychotic

medications (haloperidol), or meperidine for postoperative

analgesia was prohibited.

At the time points shown in Table 1, preoperative cog-

nitive function was assessed by trained psychometrists

under similar conditions and, whenever possible, by the

same evaluator. The Mini Mental State Examination

(MMSE) is a clinical tool used frequently to screen for

dementia. Consenting patients scoring 23 or less on the

MMSE were excluded from further testing and participa-

tion in the trial. Detailed neuropsychometric (NP) testing

was performed using a battery of nine NP tests compliant

with the consensus guidelines for cognitive testing fol-

lowing cardiac surgery18 and similar in content to the

International Study of Postoperative Cognitive Dysfunction

(ISPOCD) battery.9 To optimize the reliability of the NP

evaluation, the psychometrists were trained and audited

periodically by the same neuropsychologist (L.R.). Learn-

ing efficiency and memory consolidation were evaluated

with the Rey Auditory Verbal Learning Test. Psychomotor

speed and dexterity, known to be a sensitive indicator of

the presence of generalized brain dysfunction, was mea-

sured by the Trails A and B, Grooved Pegboard, and

Symbol Digit Modalities Tests (oral administration).

Attentiveness and control were evaluated using the revised

Wechsler Adult Intelligence Scale Digit Span. To further

evaluate this domain, we added the Mental Control Subtest

of the Wechsler Memory Scale-III, wherein the score

reflects both speed and accuracy. Letter and Category

Fluency was used to assess the speed and flexibility of

verbal thought processes. The nine NP tests that were

selected generate 12 independent measures of cognition.

Delirium was assessed in hospital at the time points

indicated in Table 1 using the Confusion Assessment

Method (CAM).19 An optional CAM assessment was per-

formed on postoperative day (POD) seven for patients

whose hospital lengths of stay were anticipated to be

substantially longer than one week. The CAM poses nine

questions to an observer regarding the mental processes of

the patient being examined. The CAM then identifies four

diagnostic features of delirium: 1) acute onset and fluctu-

ating course; 2) inattention; 3) disorganized thinking; and

4) altered level of consciousness. The CAM provides a

dichotomous outcome – delirium is either present or absent

– based on the presence of features 1 and 2 plus either

feature 3 or 4. The sensitivity and specificity of the CAM

both exceed 90% and the inter-rater reliability is high

(j = 0.81-1.0).

Variables associated with delirium4 and POCD10 were

recorded. Pre- and postoperative measures of mood

(Geriatric Depression Scale) and anxiety (State-Trait

Anxiety Inventory) were also recorded. The total battery

required 60 min to administer. The Short Form Health

248 G. L. Bryson et al.

123



Survey (SF-12) (QualityMetric Inc, Lincoln, RI, USA) was

administered preoperatively and three months postopera-

tively to assess health-related quality of life.

Non-cognitive outcomes were recorded, including

all-cause mortality, duration of hospital stay, duration of

intensive care unit stay, duration of mechanical ventilation,

unanticipated intensive care unit admission, failure to dis-

charge home, myocardial infarction, pneumonia, and renal

failure.

A reliable change index method consistent with

ISPOCD methods9 was chosen to categorize the presence

or absence of POCD from the NP testing battery. First, in a

cohort of non-surgical volunteers (n = 45) recruited from

outpatient cardiology clinics, we measured the average

amount of change over time in the performance on the

cognitive tests to quantify the practice effect. These non-

surgical controls underwent NP testing at time points

similar to those of our surgical cohort. Baseline (preoper-

ative) scores for the surgical patients were compared with

the discharge and three-month postoperative test results

after first subtracting the average practice effect for those

intervals measured in the non-surgical cohort. The result

was divided by the standard deviation of the non-surgical

cohort to obtain a standardized Z score for each individual

test. The direction of change in the Z score for each test

was adjusted to ensure that cognitive decline yielded a

negative value. The Z scores for all tests were pooled,

yielding a composite Z score reflecting an overall construct

of POCD. The composite score was calculated as the sum

of the Z scores for an individual patient divided by the

standard deviation for the sum of Z scores in the non-

surgical control group. A patient was classified as having

POCD if the Z scores on either two individual tests or the

combined Z score was -1.96 or more negative. This defi-

nition (from the ISPOCD group) identifies patients with

either general cognitive decline or substantial deterioration

in two or more isolated domains of cognition.

Individual test scores are described with mean and

standard deviations at all time points, and the incidence of

delirium and POCD are expressed as a percent with 95%

CI. Bivariable associations between delirium and POCD

were expressed as ORs and 95% CI. Likewise, bivariable

associations between risk factors, including APOE geno-

type and outcomes, were explored using Chi square

statistics, OR, and 95% CI. The effect of risk factors

potentially confounding the relationship between APOE

genotype and outcome was explored using logistic

regression and presented as adjusted ORs with 95% CIs.

We considered P values \0.05 as significant.

Delirium develops in 29-46% of patients hospitalized

following major vascular surgery.4 In eastern Canada, the

prevalence of patients who are homozygous or heterozy-

gous for APOE-e4 is estimated at 3.9% and 30.4%,

respectively.20 Sample size calculations for testing the

delirium-POCD association were carried out under the

following assumptions: a) the incidence of delirium in our

study population is 40%; b) a 32% absolute increase in

POCD (from 40% to 72% in patients with delirium or an

OR of 3.86) would be clinically significant; and c) there

would be a 10% loss to follow-up. Under these conditions,

a cohort of 90 patients would yield 82% power to detect the

above stated increase in incidence of POCD using a two-

sided Pearson Chi square test at the 5% level of

significance.

Sample size calculations for testing the APOE-delirium

association were carried out under the following assump-

tions: a) the prevalence of any APOE-e4 allele in our study

population is 35%; b) a 32% absolute increase in the

incidence of delirium (from 30% in non-APOE-e4 carriers

to 62% in APOE-e4 carriers, or an OR of 3.81) would be

Table 1 Schedule of neuropsychometric testing

Test Baseline POD 2 POD 4 Discharge Three months

Mini Mental State Examination X X X X X

Confusion Assessment Method X X X X

Rey Auditory Verbal Learning Test X X X

Trail Making Test (A & B) X X X

Grooved Pegboard Test X X X

Symbol Digit Modality Test X X X

Digit Span Test X X X

Letter fluency X X X

Category Fluency X X X

Short Form 12 X X X

Geriatric Depression Scale X X X

State Trait Anxiety Inventory X X X

POD = postoperative day
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clinically significant; and c) there would be a 10% loss to

follow-up. Under these conditions, a cohort of 90 patients

would yield 80% power to detect the above-stated increase

in incidence of delirium using a two-sided Pearson Chi

square test at the 5% level of significance.

Results

Two hundred sixty-eight patients scheduled for open repair

of the abdominal aorta were screened, 100 consented to NP

testing, and 88 underwent open aortic repair. Patient flow

through the trial is summarized in the Figure. The demo-

graphic characteristics of those with (n = 21) and without

(n = 66) the APOE e4 allele are shown in Table 2. Apo-

lipoprotein E genotyping was unavailable for a single

patient who died intraoperatively. Fifteen cases of delirium

were identified on POD 2; 20 cases (13 new and seven

preexisting) were noted on POD 4; six cases were noted on

POD 7 (one new, five preexisting); and three patients

remained delirious at the time of discharge testing (one

new, two preexisting). In total, delirium was noted in 30 of

84 patients (36%, 95% CI 26 to 46) completing the CAM

assessment at any time during their hospital stay.

Postoperative cognitive dysfunction was noted in 48 of

78 patients (60%, 95% CI 51 to 72) completing neuro-

psychometric testing at discharge and four of 69 patients

(6%, 95% CI 0.3 to 11) completing testing at three months.

Raw scores on NP testing are shown in Table 3, and

change scores corrected for learning effect are shown in

Figure Patient flow through study

Table 2 Demographic characteristics of included subjects

Preoperative Characteristic APOE-e4 Present

n = 21

APOE-e4 Absent

n = 66

Age at surgery (yr) 69.7 ± 6.2 71.6 ± 5.8

Male 12 (57) 52 (79)

RCRI Class

2 10 (48) 32 (48)

3 8 (38) 25 (38)

4 3 (14) 9 (14)

ASA status

II 1 (5) 6 (9)

III 17 (81) 47 (71)

IV 3 (14) 13 (20)

MMSE 28.7 ± 1.3 28.6 ± 1.3

STAI

State 32.3 ± 10.8 35.5 ± 12.4

Trait 31.4 ± 8.8 30.7 ± 9.3

GDS 1.9 ± 2.3 2.6 ± 2.8

Education

BGrade 8 10 (48) 31 (47)

Grade 9–12 3 (14) 3 (5)

Postsecondary 8 (38) 32 (48)

Data expressed as mean ± standard deviation and number (%).

APOE-e4 = Apolipoprotein e4 genotype; RCRI = revised cardiac

risk index; ASA = American Society of Anesthesiologists;

MMSE = mini-mental state examination; STAI = state trait anxiety

inventory; GDS = geriatric depression scale

Table 3 Raw scores on neuropsychometric tests

Baseline

n = 88

Discharge

n = 78

Three

Months

n = 69

Digits Forward 9.9 ± 2.4 9.3 ± 2.3 9.9 ± 2.3

Digits Backward 6.3 ± 2.2 5.8 ± 2.2 6.4 ± 2.0

Letter Fluency 34.7 ± 12.5 31.3 ± 12.8 35.7 ± 11.2

Category Fluency 18.8 ± 5.2 16.3 ± 5.2 18.9 ± 4.8

Trails A 41.3 ± 17.1 43.4 ± 14.7 38.8 ± 12.1

Trails B 104.0 ± 48.6 127.6 ± 65.8 91.3 ± 35.8

Symbol Digit

Modalities

39.5 ± 8.4 35.2 ± 10.2 43.1 ± 8.2

Grooved Pegboard

Dominant Hand 98.1 ± 25.9 121.3 ± 37.0 87.4 ± 19.5

Non Dominant Hand 103.6 ± 30.3 129.1 ± 39.6 98.3 ± 25.9

Rey Auditory Verbal Learning

Distractor List 7.1 ± 3.3 5.5 ± 3.2 6.3 ± 3.0

Delayed Recall 6.8 ± 3.2 4.9 ± 3.1 5.8 ± 2.8

Total (Trials 1-5) 37.2 ± 9.1 34.2 ± 10.3 35.5 ± 8.6

Data expressed as mean scores ± standard deviation
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Table 4. Non-cognitive outcomes for all 88 patients

undergoing surgery are presented in Table 5.

The association between delirium and POCD is shown

in Table 6. Patients noted to have delirium while in hos-

pital were more likely to have POCD at discharge (OR

2.86; 95% CI 0.99 to 8.27); however, 28 of 48 cases of

POCD were not preceded by a positive CAM. No statisti-

cally significant association was noted between delirium in

hospital and POCD three months postoperatively (OR 2.10;

95% CI 0.28 to 15.92).

Relationships between APOE e4 genotype and cognitive

outcomes are described in Table 7. The incidence of

delirium in hospital was 45% among APOE-e4 genotype

carriers vs 33% among non-carriers (unadjusted OR 1.63;

95% CI 0.59 to 4.56). The incidence of POCD at discharge

was 67% among carriers vs 60% among non-carriers (OR

1.33; 95% CI 0.44 to 4.04). The associations between

APOE-e4 genotype and delirium and POCD were corrected

for important factors associated with outcome demon-

strated in previous research and/or on bivariable analysis in

this data set. Adjustment variables included age, ASA

physical class, Geriatric Depression Scale, MMSE, OR

time and yielded adjusted ORs for delirium (OR 1.68; 95%

CI 0.60 to 4.66), and POCD at discharge (OR 1.33; 95% CI

0.44 to 4.04). These results support the absence of a sta-

tistically significant association between APOE-e4 and

early cognitive outcomes in this cohort. While the point

estimate relating APOE-e4 and POCD at three months

following suggests an association (OR 3.64; 95% CI 0.47

to 28.22), the small number of events and the wide CI

preclude further inference.

The mean scores on the physical and mental component

scores (PCS and MCS, respectively) of the Short Form 12

completed preoperatively and three months following sur-

gery are shown in Table 8. The Short Form 12 generates a

standardized score based on population norms, with lower

scores indicating decreased quality of life. Anticipated PCS

and MCS scores in the general population are 50 ± 9 and

50 ± 10, respectively, while scores from those aged 65 to

74 yield PCS scores of 44 ± 11 and MCS scores 52 ± 10.

Table 4 Corrected change scores for neuropsychometric testing

Discharge

n = 78

Three Months

n = 69

Digits Forward -0.5 ± 0.9 -0.2 ± 0.8

Digits Backward -0.4 ± 0.9 -0.4 ± 0.8

Letter Fluency -0.5 ± 0.9 -0.2 ± 0.7

Category Fluency -0.8 ± 1.2 -0.3 ± 1.0

Trails A -0.9 ± 1.9 -0.4 ± 1.2

Trails B -1.6 ± 2.6 -0.4 ± 1.5

Symbol Digit Modalities -2.2 ± 2.0 -0.1 ± 0.7

Grooved Pegboard

Dominant Hand -2.3 ± 2.5 0.0 ± 0.6

Non Dominant Hand -1.9 ± 2.5 0.1 ± 1.6

Rey Auditory Verbal Learning

Distractor List -0.4 ± 1.3 -0.4 ± 1.0

Delayed Recall -0.4 ± 0.9 -0.4 ± 0.7

Total (Trials 1-5) -0.4 ± 1.3 -0.3 ± 1.0

Data expressed as Z scores ± one standard deviation

Table 5 Non-cognitive

outcomes

Data expressed as number (%)

and mean ± standard deviation.

POCD = postoperative

cognitive dysfunction

Surgery

n = 88

Delirium

n = 30

POCD at Discharge

n = 48

Death 5 (6) 1 (3) 0

Non-fatal myocardial infarction 6 (7) 3 (10) 3 (6)

Infection

Wound 3 (3) 3 (10) 3 (6)

Pneumonia 5 (6) 4 (13) 3 (23)

Urinary 12 (14) 4 (13) 6 (46)

Any 21 (24) 10 (33) 13 (27)

Renal dysfunction 14 (16) 8 (27) 12 (25)

Allogeneic transfusion 45 (52) 18 (30) 29 (60)

Reoperation 9 (10) 6 (20) 5 (10)

Length of Mechanical Ventilation (hr) 15 ± 16 19 ± 20 16 ± 13

Length of intensive care unit stay (hr) 72 ± 39 92 ± 47 78 ± 39

Table 6 Association between delirium in hospital and POCD

POCD at Discharge POCD at Three Months

Present Absent Present Absent

Delirium in Hospital 20(77) 6(23) 2(9) 21(91)

No Delirium 28(54) 24(46) 2(4) 44(96)

Total 48(62) 30(38) 4(6) 65(94)

Data expressed as number (%) of those with delirium who completed

neuropsychometric testing at the time point stated. POCD = post-

operative cognitive dysfunction
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Mean changes in MCS and PCS scores for all study

patients and those reporting cognitive disturbances are also

shown in Table 8. Despite the stresses of abdominal aortic

aneurysm repair, no statistically significant changes in

MCS or PCS scores were noted, even among those expe-

riencing delirium or POCD in the perioperative period.

Discussion

The results of the present study indicate that both delirium

and POCD were common sequelae of open aortic repair.

The prevalence of POCD at discharge (62%, 95% CI 51 to

72) was higher than previous reports among non-cardiac

surgical patients but resolved by three months in the

majority of patients. It would appear that in-hospital

delirium predicted fewer than half of the cases of POCD

noted at hospital discharge and that the APOE-e4 genotype

was not associated with either delirium or POCD in our

population.

Given the frequency of both delirium and POCD in this

high-risk population, one might assume that they are part

of a similar spectrum of disease. Foregoing research has

identified a number of risk factors common to both delir-

ium and POCD. Variables consistently associated with

delirium included preexisting cognitive impairment, psy-

chopathologic symptoms, psychotropic drug use, number

of medical comorbidities, elevated blood urea nitrogen,

nursing home residence, and functional impairment.4 Monk

and the ISPOCD have identified similar lists of predictors

for POCD, including increasing age, years of education,

ASA physical status, perioperative complications, and

previous cerebrovascular accident.10 In our study, the

identification of an association between delirium and

POCD at hospital discharge (OR 2.86; 95% CI 0.99 to

8.27) would seem to suggest a common mechanism; this

assumption, however, cannot be confirmed by our data. It is

important to note that well over half of the patients expe-

riencing POCD did not have a preceding episode of

delirium, and a variety of confounding risk factors might

drive the association identified. Future research evaluating

both the clinical predictors and biology of cognitive

impairment is required if the mechanisms of delirium and

POCD are to be understood.

The APOE-e4 genotype has been associated consistently

with a threefold or greater increase in the risk of Alzhei-

mer’s dementia,21 suggesting a potential biological role in

perioperative cognitive disorders. Early studies indicated

that the APOE-e4 genotype was associated with both the

incidence and severity of cognitive impairment26 and

declines in MMSE scores22 in patients undergoing cardiac

surgery. Subsequent studies in cardiac23,24 and non-car-

diac25,26 surgery failed to confirm an association between

APOE-e4 and POCD. Similarly, APOE-e4 has also been

associated with the incidence and duration of delirium in

non-cardiac surgery27 and critical care patients,28 while

these relationships could not be identified following car-

diac surgery29 and hip surgery.30 Our results suggest that

Table 7 Associations among APOE genotype, delirium in hospital, POCD at discharge, and POCD at three months

Outcome APOE-e4 present APOE-e4 absent Unadjusted OR 95% CI

Delirium in hospital 9 (45%) 21 (33%) 1.63 0.59 to 4.56

POCD at Discharge 12 (67%) 36 (60%) 1.33 0.44 to 4.04

POCD at 3 months 2 (13%) 2 (4%) 3.64 0.47 to 28.22

Data expressed as number (%) of those with genotype who completed either the Confusion Assessment Method while in hospital or the

neuropsychometric evaluation at the time points stated. APOE-e4 = Apolipoprotein e4 genotype; POCD = postoperative cognitive dysfunction;

OR = odds ratio; CI = confidence interval

Table 8 Cognitive change and quality of life

Short Form 12 Preoperative Three Months Difference in Quality of Life Scores

All

n = 69

Delirium

n = 26*

POCD

n = 43**

MCS 53 ± 10 53 ± 9 0.5 (-1.6 to 2.6) 1.0 (-2.9 to 4.8) 1.6 (-1.6 to 4.2)

PCS 42 ± 11 42 ± 10 -0.1 (-2.5 to 2.3) 2.49 (-1.4 to 6.4) 0.9 (-1.2 to 3.7)

Data expressed as mean ± standard deviation and mean change (95% confidence interval). POCD = postoperative cognitive dysfunction;

MCS = mental component score; PCS = physical component score

* Three patients with delirium in hospital did not return for the three-month visit. One patient died in hospital after a positive delirium assessment

and could not complete POCD testing

** Five patients with POCD at discharge did not return for the three-month visit
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the APOE-e4 genotype was not a dominant predictor of

either delirium or POCD; we cannot, however, rule out a

facilitating role of APOE-e4-mediated changes in cholin-

ergic neurotransmission in the pathogenesis of these

cognitive disorders. Trends noted in the associations

between APOE-e4 and both short- and long-term POCD

suggest that large carefully controlled trials should be

considered to fully explore the role of this genotype in

perioperative cognitive outcome. It should be noted, how-

ever, that a trial with 80% power to detect a doubling of the

rate of long-term POCD from 5-10% would require a

cohort of nearly 1,100 patients, assuming a 25% prevalence

of APOE-e4 in the population. In the absence of a clear

biological mechanism predicting delirium or POCD, the

clinician must rely on predictors of clinical risk. Once

patients at risk have been identified, what steps should

clinicians take to prevent these cognitive complications

after surgery?

To date, few interventions have been successful at pre-

venting either delirium or POCD. Multidisciplinary care

focusing on the unique concerns of the elderly31 and low-

dose haloperidol32 have been shown to decrease the inci-

dence and severity of delirium, respectively. Intravenous

lidocaine33 and donepezil34 have proven unsuccessful at

reducing POCD. Randomized trials comparing regional

and general anesthesia did not identify a benefit of regional

anesthesia on either delirium or POCD.35 Cohort studies

have identified associations between interleukins and an

increased risk of delirium and statin use with its reduc-

tion.36 Further research evaluating the relationship between

inflammation and cognitive outcome is required.

The present study has a number of limitations. First, we

had powered our study to detect effects of a similar mag-

nitude (OR of 3 or more) as those seen between APOE-e4
and dementia15 as well as those seen for clinical predictors,

postoperative cognitive changes (e.g., advanced age),5 and

previous cerebrovascular accident.10 While similar to other

trials, our selection of this large effect in the sample esti-

mation may have been too conservative and may have

effectively decreased power to detect a smaller association.

Our observed rates of delirium (36%) and effect size (OR

2.6) were less than the 40% rate we had anticipated,2

presenting another potential type II error. Similarly, our

control event rate was derived from vascular surgery trials

in which the APOE genotype was an unknown mix of both

APOE-e4 and other genotypes. These blended populations

may have artificially increased the event rate assumed in

our estimate, subsequently decreasing power to detect an

APOE-e4 effect. Our population also reported a lower rate

of APOE-e4 carriers (24%) than existing health data of the

population from our region (35%) would indicate. This

lower prevalence of the genotype in question in our study

could represent a simple sampling error, for instance, an

under representation of women and our exclusion of

patients with dementia, both of whom are more frequent

carriers of APOE-e4. Second, while a statistically signifi-

cant association between delirium and POCD was found in

this study, a slightly larger trial designed with a total of 138

patients would have been required to yield 80% power to

detect the smaller increase in POCD observed in those with

preceding delirium. Consideration was given to increasing

enrollment, but a move to endovascular aortic repair at The

Ottawa Hospital severely limited recruitment in the latter

stages of the trial and precluded the practical expansion of

our sample. Third, our study was powered to assess only

the primary relationships between delirium and POCD, and

we had an insufficient number of events for accurate

multivariable modelling of multiple risk factors.37 Fourth,

our study did not rigidly control anesthetic techniques and

drugs in the perioperative period, permitting significant

discretion in perioperative care. It is reassuring that we

found no significant relationship between opioid con-

sumption, use of psychoactive drugs, or other elements of

perioperative care in either of our cognitive outcomes.

Lastly, despite the significant physical stresses of open

aortic repair and a 60% incidence of POCD at discharge,

we noted no significant impact of either surgery or cogni-

tive dysfunction on physical or mental quality of life.

Confidence intervals for quality of life measures at dis-

charge included mean preoperative scores for the study

population. In those patients with and without cognitive

problems in the perioperative period, mental component

scores on the SF-12 were comparable with age-matched

persons in the general population. These findings contrast

with those of Newman and Monk who identified significant

associations between POCD and quality of life. It is pos-

sible that patients more significantly impaired by their

surgery may have chosen not to return for further testing.

Furthermore, the use of the SF12, rather than a more

detailed instrument like the SF36 or the EuroQoL, might

account, in part, for our failure to corroborate these earlier

findings.

In conclusion, the results of this study indicate that both

delirium and POCD frequently complicated the postoper-

ative course of patients undergoing open aortic surgery.

Fortunately, these ‘‘in-hospital’’ events bore little direct

impact on health and mental quality of life, and few

patients experienced cognitive changes lasting three

months beyond discharge. A summary of the available

evidence would suggest that older less educated patients

with poor functional capacity who have dementia,

depression, or previous cerebrovascular accidents should

be considered at high risk for cognitive complications. This

study lacks the power to confirm the presence or absence of

an association between early postoperative changes and the

APOE genotype. Future research is required to identify
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means to prevent and treat these common postoperative

complications.
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