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fraction < 30%), renal insufficiency, and urgent
operation.1,2 The above mentioned complications
cause a significant increase in postoperative morbid-
ity, average length of hospital stay, and treatment
costs. Depending on the postoperative follow-up
period, the incidence of CD lies between 33% and
83%1 and that of PD between 8.4% and 32%.2,3

The ε4 allele of the APOE (apolipoprotein E) 
genotype is a well-established genetic risk factor
for Alzheimer’s disease and for related neurodegen-
erative disorders4 and has been implicated in
delayed and/or impaired recovery after intracere-
bral hemorrhage and close head trauma,5-7 as well
as in late posttraumatic seizures after the latter,
with a relative risk up to 2.41.8 The reported role of
the APOE-ε4 allele in neuronal vulnerability has
led to studies examining its putative association
with cognitive deterioration after heart surgery.
The results of these studies are contradictory and
thus inconclusive.9-13 The aim of the present study
was to examine with a broader sample of patients
the role of the APOE-ε4 in the occurrence of cog-
nitive decline and, for the first time, of delirium
after bypass heart surgery.

Cognitive decline (CD) and postoperative
delirium (PD) are commonly observed com-
plications after coronary artery bypass sur-

gery. Known risk or precipitating factors include age,
previous stroke, internal carotid artery stenosis,
peripheral arterial occlusive disease, diabetes melli-
tus, atrial fibrillation, left heart failure (ejection
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Material and Methods

Patients

After obtaining ethics committee approval and writ-
ten informed consent, we recruited 154 patients due
to have planned coronary artery bypass surgery in the
6-month period between January and June 2004.
Patients with severe hepatic disease, acute neuropsy-
chiatric disorders, and/or serious problems of vision
were excluded. The research was based on a consec-
utive series of study-eligible patients. From the poten-
tial recruitable number of patients (174) in the
scheduled time period, 10 refused participation in the
study, 7 had serious neuropsychiatric problems, 2 had
liver insufficiency, and 1 had blindness. Genotypic
and complete neuropsychological information (pre-
and postoperative) was obtained from 137 patients
(from the total number of 154 patients, 6 patients
refused to be subjected to the follow-up tests, 6 could
not be included in the genetic analysis owing to
destruction of blood samples, and 5 patients died dur-
ing or right after surgery). 

Neuropsychological Battery

We applied a neuropsychological battery consisting of
the Mini Mental State Examination (MMSE),14,15

Wechsler Memory Scale Revised (WMS-R)16,17 (in the
standardized German form), Brief Psychiatric Rating
Scale (BPRS),18 and Delirium Rating Scale (DRS).19

With these tests we aimed to control a wide range of
neuropsychological characteristics, including recent
and delayed verbal and visual memory, orientation in
time and space, executional ability, stress, and depres-
sion. All tests were performed by the same examiner
on admission and 1 month after surgery (patients sus-
pected to develop delirium were examined with the
DRS on any postoperative day). For better interpreta-
tion, following is some information about the test
scoring scales: (1) the MMSE has a maximum score
of 30 points; (2) the WMS-R has a total maximum
score for all subtests of 318 points; (3) the BPRS has
a total maximum pathological score of 168 points,
with a minimum (normal) score of 24 points; (4) the
DRS scoring scale ranges between 0 (normal) and 33
points (for a totally disorientated, hostile patient). 

DNA Analysis

Standard DNA extraction was done from 9-mL EDTA
tubes (Sarstedt, Germany), which were stored at -20°C.

APOE genotyping was performed on the LightCycler
(Roche Diagnostics, Basel, Switzerland), as described
by Nauck et al.20

Surgery and Perioperative Management

The patients were premedicated the night prior to
surgery with 10 mg to 20 mg of Tranxilium
(dikalium clorazepate). On surgery day they were
premedicated with 1 mg to 2 mg of Fluminoc. Main
anesthesia was induced with 6 mg of Pancuronium,
2 mg to 3 mg of Midazolam, 0.2 mg to 0.3 mg of
Fentanyl, and 15 mg to 20 mg of Etomidate. If nec-
essary, narcosis was enhanced with sevoflurane
(0.8% vol).

During surgery, the monitoring included meas-
urement of the central venous pressure, 5-lead
ECG, oxygen saturation, arterial blood gas analysis,
arterial blood pressure measurement (both invasive
and noninvasive), and controlling of the rectal tem-
perature. To induce cardiac arrest, we used nor-
mothermic blood cardioplegia. The heart–lung
machine was a type HL-20 Dideco machine with a
membrane oxygenator. 

Statistical Methods

In the statistical analysis, we checked for statistically
significant differences between APOE-ε4 positive
and negative groups concerning factors known to
influence cognitive capacity after bypass heart oper-
ations. These factors are age, gender, years of edu-
cation, preoperative test performance, duration of
surgery, bypass time, aortic cross clamp time, dia-
betes,21 atrial fibrillation, renal failure, heart insuffi-
ciency, and neurologic disease (Table 1). We used
the x2 criterion for categorical parameters (gender)
and the Student t test (unpaired) for continuous
parameters. APOE-ε4 was the independent variable.
The t test of paired samples was used to compare the
neuropsychological test results pre- and postopera-
tively (within-patient difference). The analysis of vari-
ance (ANOVA) continuous measurements were used
to control for statistically significant differences in
postoperative test results between the 2 groups. As for
the APOE-ε4 genotype, we defined as APOE-ε4 posi-
tive both homozygotic and heterozygotic ε4 patients
(ε2ε4, ε3ε4, ε4ε4) and the rest as APOE-ε4 negative.
In contrast to other studies which used arbitrary lim-
its for cognitive decline,22-24 we used within-subject
cognitive decline as the dependent variable in the
repeated measurements model.
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Results

There was no difference between the 2 groups with
regard to demographic data and brain damage precipi-
tating factors (Table 1). We noted a significant decline
in all test results and a high frequency of postoperative
delirium (41 patients, 29.92%) (Table 2), both with a
female predominance. The statistically significant dif-
ference between male and female was p < .05 for CD
and p < .33 for PD (female delirium frequency 31.57%
vs. 29.29% male delirium frequency). 

However, none of these complications could be
statistically correlated with the APOE-ε4 genotype
(Table 3).

Discussion

Neither the postoperative delirium nor the cognitive
decline could be connected to the presence of the
APOE-ε4 genotype, a result coinciding with the find-
ings by Steed et al., Robson et al., and Askar et al. A
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Table 1. Patient Demographics and Risk Factors

APOE-ε4 Noncarriers APOE-ε4 Carriers
(n = 104) (n = 33)

No. % No. % Statistics

Age (y) 70.1 ± 7.7 67.8 ± 7.4 NS
Female 29 27.9 9 27.3 NS
Education (y) 9.2 ± 1.1 9.2 ± 1.1 NS
No risk factors 31 41.9 10 47.6 NS
Diabetes mellitus 11 14.9 5 23.8 NS
Atrial fibrillation 9 12.2 2 9.5 n.s
Previous stroke, internal 12 16.2 2 9.5 NS

carotid artery stenosis
Peripheral arterial 3 4.1 1 4.8 NS

occlusive disease
Renal failure 3 4.1 - NS
Multiple risk factors 5 6.8 1 4.8 NS
Operation time (min) 157 ± 38 163 ± 40 NS
By-pass time (min) 81 ± 24 81 ± 23 NS
Aortic cross-clamp time (min) 39 ± 15 42 ± 16 NS
Nadir temperature 31 ± 2 31 ± 2 NS
Ejection fraction (%) 57 ± 13 55 ± 12 NS
MMSEa (30) 27 ± 1 27 ± 2 NS
WMS-Ra (318) 150 ± 12 142 ± 11 NS
Orientationa (14) 13.4 ± 1.3 13.2 ± 1.4 NS
Mental controla (6) 4.7 ± 0.8 4.4 ± 0.8 NS
Figural memorya (10) 5.7 ± 1.2 5.2 ± 1.1 NS
Logical memoryb (50) 31.3 ± 2.9 30.4 ± 2.8 NS
Visual paired associatesb (18) 7.1 ± 1.4 6.4 ± 1.4 NS
Verbal paired associatesb (24) 9.5 ± 1.7 8.7 ± 1.7 NS
Visual reproductionb (41) 27 ± 5 24 ± 4 NS
Digit spana (24) 10.5 ± 1.5 10.1 ± 1.5 NS
Visual spana (26) 10.5 ± 1.6 10.1 ± 1.6 NS
Logical memoryc (50) 30.9 ± 2.4 29.6 ± 2.2 NS
Visual paired associatesc (6) 3.2 ± 0.5 3.1 ± 0.4 NS
Verbal paired associatesc (8) 3.8 ± 0.7 3.4 ± 0.5 NS
Visual reproductionc (41) 26 ± 4 22 ± 4 NS

Note: The table shows patient demographics, preoperative neuropsychological test scores, and the incidence of risk factors known
to influence cognitive function after heart surgery in both APOE-ε4 positive and negative patient groups. The x2 criterion was
used for categorical parameters, the Student t test (unpaired) for continuous. Continuous variables are presented with means and
standard deviations. The numbers in parentheses stand for the maximum possible test scores in the relating tests.
a. preoperative test
b. the first testing on several WMS-R subtests that need to be performed twice in the same session
c. the second testing on the above mentioned subtests
NS indicates not significant; MMSE, Mini Mental State Examination; WMS-R, Wechsler’s Memory Scale Revised. 



different conclusion was drawn in the studies by
Tardiff et al. and Lelis et al. In agreement with fre-
quencies observed in previous studies,9,10 33 (24.1%)
patients were identified as APOE-ε4 carriers. This fre-
quency also matches the known APOE-ε4 genotype
frequency in the German population.25

We were motivated to search for the role of the
APOE-ε4 genotype in neurological injury after coronary
artery surgery, also based on its known role in patients
with Alzheimer’s disease. We have to note that the age
and gender characteristics of our sample were quite dif-
ferent than that of the Alzheimer’s patients, whose
mean age is much older (highest distribution over the
80s), and where the female to male distribution is 2:1.26

The aetiology of PD and CD seems to be multi-
factorial, including micro- and macroembolism and

reduction of cerebral perfusion during surgery.27-30

The role of other genetic factors possibly influenc-
ing postoperative neurologic outcome has yet to be
researched. In this direction, the study of lipid-
related polymorphisms other than APOE-ε4, which
are also involved in the pathology of the central
nervous system, can be proven useful.

Comparison with Similar Studies

In this study we included a larger sample of patients
than were included in the previous similar studies.9-13

The patients in this studies were examined with a com-
parable or broader neuropsychological battery (Table 4).
To the best of our knowledge, the present study is
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Table 2. Postoperative Cognitive Decline and
Delirium Frequency

Test Preoperatively Postoperatively p Value

MMSE 27.34 ± 1.65 26.50 ± 1.6 < .001
WMS-R 148.66 ± 11.9 141.23 ± 11.2 < .001
Orientation 13.38 ± 1.32 12.78 ± 1.23 < .001
Mental control 4.69 ± 0.83 4.07 ± 0.8 < .001
Figural memory 5.62 ± 1.2 4.95 ± 1.0 < .001
Logical memory 1 31.22 ± 2.88 30.80 ± 2.8 < .05
Logical memory 2 30.06 ± 2.35 30.02 ± 2.35 < .05
Visual paired 6.90 ± 1.37 3.18 ± 0.85 < .001

associates 1
Visual paired 6.38 ± 0.65 2.86 ± 0.4 < .001

associates 2
Verbal paired 9.35 ± 1.65 3.75 ± 0.45 < .001

associates 1
Verbal paired 8.68 ± 0.65 3.48 ± 0.4 < .001

associates 2
Visual 26.08 ± 4.48 24.81 ± 4.4 < .05

reproduction 1
Visual 25.06 ± 4.26 24.32 ± 4.2 < .05

reproduction 2
Digit span 10.43 ± 1.49 9.69 ± 1.44 < .05
Visual span 10.42 ± 1.63 9.71 ± 1.45 < .05
BPRS 26.92 ± 0.9 28.13 ± 1.3 < .05
DRS – 41 delirious 

patients 
(29 male)

Note: The table shows the findings of the statistical analysis with
the t test of paired samples concerning the neuropsychological
test results pre- and postoperatively. The increased mean score in
the BPRS postoperatively shows a decline from the psychiatric-
psychological aspect. MMSE indicates Mini Mental State
Examination; WMS-R, Wechsler’s Memory Scale Revised; BPRS,
Brief Psychiatric Rating Scale; DRS, Delirium Rating Scale.

Table 3. Relation of APOE-ε4 Genotype to
Postoperative Cognitive Decline and Delirium

APOE-ε4 APOE-ε4 Statistical 
Test Noncarriers Carriers Significance

MMSE 3.055 ± 0.6 3.125 ± 0.6 NS
WMS-R 5.05 ± 0.75 4.80 ± 0.65 NS
Orientation 4.30 ± 0.35 5.04 ± 0.5 NS
Mental control 13.15 ± 1.2 13.39 ± 1.4 NS
Figural memory 11.80 ± 1.25 12.32 ± 1.25 NS
Logical memory1 1.34 ± 0.12 1.34 ± 0.14 NS
Logical memory 2 0.13 ± 0.005 0.14 ± 0.005 NS
Visual paired 53.94 ± 5.6 53.81 ± 5.6 NS

associates 1
Visual paired 55.17 ± 7.1 55.15 ± 6.95 NS

associates 2
Verbal paired 59.89 ± 8.2 59.87 ± 8.2 NS

associates 1
Verbal paired 59.90 ± 8.2 59.91 ± 8.3 NS

associates 2
Visual 4.75 ± 0.55 5.23 ± 0.64 NS

reproduction 1
Visual 2.95 ± 0.2 2.97 ± 0.2 NS

reproduction 2
Digit span 7.09 ± 0.9 7.12 ± 0.9 NS
Visual span 6.76 ± 0.9 6.96 ± 0.95 NS
BPRS 4.49 ± 0.6 4.49 ± 0.6 NS
DRS 31 delirious 10 delirious

patients patients NS

Note: The table shows the decline (in percentages) in postopera-
tive test results and the frequency of the postoperative delirium in
correlation with the absence or presence of the APOE-ε4 allele.
NS indicates not significant; MMSE, Mini Mental State Exami-
nation; WMS-R, Wechsler’s Memory Scale Revised; BPRS, Brief
Psychiatric Rating Scale; DRS, Delirium Rating Scale.



also the only study dealing with delirium after bypass
heart operations and APOE polymorphisms. As far as
the postoperative decline is concerned, we think that
with a high level of statistical security, the results are
conclusive. Based on the fact that the decline was pres-
ent in all subtests with p values much smaller than .05
and that the examinees had the advantage of acquain-
tance with the tests in the repeated examination post-
operatively, we believe that this decline, although it
may not be permanent, is clinically significant. 

Regarding the length of follow-up, we can state
that this particular time setting (1 month postopera-
tively) was chosen because it coincides with, or is very
close to, the time of discharge from rehabilitation
centers, which are visited by the vast majority of sur-
gery patients in Germany, where the study was per-
formed. This practically means that we aimed to
control the mental status of cardiac surgery patients
just before they return without direct medical super-
vision to “society” and their usual activities. At this
point we must emphasize the fact that our patients
received no standard analgesic or sedative treatment
after the day of discharge (from the tenth to the four-
teenth day); thus, a pharmacologic influence to the
postoperative test results can be excluded. 
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