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Abstract
Objectives-A prospective assessment of
neuropsychological impairment in the
early postoperative stage after coronary
bypass surgery.
Methods-Seventy patients undergoing
elective coronary bypass surgery (CABG)
were investigated preoperatively, two to
three and five to nine days postoperatively
with a comprehensive neuropsychological
assessment including orientation, word
fluency, naming, arithmetic, memory,
and visuoconstructive tasks.
Results-Patients exhibited significant
early postoperative impairment affecting
all tasks but naming. Except for the orientation measurement, most patients recovered by the fifth to ninth postoperative
day. Only six patients had delirium
according to DSM III-R criteria on the
second or third postoperative day.
Cluster analysis of neuropsychological
data obtained on the second to third postoperative day identified 10 patients who
were cognitively compromised. As a
group, these patients had required a
greater number of defibrillations and
exhibited lower cardiac indices postoperatively. Preoperatively, patients at risk
for postoperative dysfunction were characterised by lower verbal memory, word
fluency, and clock orientation scores.
Conclusions-Simple preoperative neuropsychological assessment may be helpful and clinically applicable in identifying
patients at risk for postoperative cognitive
dysfunction and may contribute to
improve postoperative management aiming at the prevention of delirium or other
transient neuropsychological disorders.

corporeal circulation, but the results are discrepant (up to 100% with a peak incidence of
30%'). The incongruities are probably related
to variations in definition, time and type of
assessment, patient selection, and changes in
indication and surgical procedures over the
years. Also, study designs differed widely:
prospective investigations yielded much higher
incidence rates than retrospective ones.2 The
most often used assessment procedures were
interviews, the Wechsler adult intelligence
scale, and the mini mental state examination,3
which do not detect subtle neuropsychological
deficits. With few exceptions,47 the studies
investigated the presence of neuropsychological impairment seven days or more after
surgery. Clinically, the peak incidence of postoperative delirium is in the first few days.89
Many predisposing and precipitating factors
for neuropsychological and psychopathological disorders after heart surgery are described
in the vast literature on the topic, such as age,
pre-existing cardiac, neurological, and psychiatric disease, drugs and withdrawal, personality traits, perfusion time, intraoperative
hypothermia, hypotension, duration of artificial respiration and treatment in an intensive
care unit, and sensory and sleep deprivation. 0
The present study aimed at a prospective
assessment of the incidence of neuropsychological impairments (including delirium as
defined by DSM III-RI ) in the early postoperative stage after CABG surgery using statistical
methods to identify affected patients and subjects at risk. Because of the reported peak incidence of neuropsychological disorders in the
first few days after the operation and the lack
of studies covering the early postacute stage
after heart surgery, we sought to investigate
patients as shortly as possible after surgery
with follow up a few days later.
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Various studies have reported that psychiatric-for example, delirium, depression-and
neuropsychological alterations-for example,
disorientation, and memory and attention disorders-occur in proportions of patients
undergoing cardiovascular surgery with extra-

Patients and methods
Ninety eight consecutive patients of the
Freiburg University Department of Cardiac
and Vascular Surgery admitted for elective
CABG fulfilled the following selection criteria:
* Native German speaker
* Routine surgery for acquired cardiac
pathology
* No ICU treatment required preoperatively
* NYHA-status < IV
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STATISTICAL ANALYSIS

Table 1 Clinical and demographic variables
Age (y) (median mean (range)):
Sex (n (%))

61

Female/male
Intra and postoperative cardiac status

11 (16)/59 (84)

(median mean (range)):
Ejection fraction
Cardiac index preop (1/M2)
Number of bypasses
Perfusion time (min)
Aortic cross-clamp time (min)
Minimal mean arterial pressure (mm Hg)
Min intraop haemoglobin (g/100 ml)
Min postop cardiac index (/iM2)
Min postop cardiac output (ml)
Min postop P02 (mm Hg)
Time on respirator (h)
Days on ICU
Cardiovascular complications (n (%)):
Intraop hypertension (> 150 mm Hg)
Intraop hypotension (< 90 mm Hg)
Defibrillation post heart-lung machine
Postop hypertension (> 170 mm Hg)
Postop hypotension (< 80 mm Hg)
Postop tachycardia (> 130/min)
Postop bradycardia (< 50/min)
Pulmonary complications
Medical history/risk factors (n (%)):
Diabetes

Hypertension
Myocardial infarction
Regular alcohol intake
History of smoking

60-7

60
2-0
3-0
87
52-5
60
8-5
2-3
51
70 3
14
1

(19)
(26)
(16)
(11)
6 (9)
15 (21)
9 (13)
22 (31)
13
18
11
8

12
44
43
22
41

(17)
(63)
(60)
(31)
(59)

58-4
2-1
3-4
97-2
59-1
57-7
8-37
2-36
52-9
79-1
13-3
1-4

(45-78)

(25-85)
(1-2-3-9)
(1-6)
(53-313)
(29-146)
(38-75)
(5-2-10-2)
(1-2-4-4)
(21-85)
(51-162)
(7-21)
(1-5)

Analysis of intragroup differences was performed with non-parametric procedures
(Mann-Whitney U tests, Wilcoxon tests, and
x2 test) as a ceiling effect of data distribution
was expected. Levels of significance are two
tailed with a adjustment (Bonferroni) for multiple comparisons. The analysis of neuropsychologically affected patients and risk factors
was performed with a multivariate statistical
procedure (hierarchical cluster analysis).
Results
Table 2 gives medians and ranges of the neuropsychological assessments. With the exception of the naming task significant variation
was found in all cognitive domains that were
assessed. Group effects showed an impairment
of neuropsychological function at the second
to third postoperative day, most of which was
recovered by the fifth to ninth day. At the second postoperative examination orientation
was the only impaired function.
The figure shows box plots of the MMSE
results separately for orientation and cognition
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day (median five days). The following procedures and instruments were used:
(1) A clinical neurological examination to
rule out preoperative and perioperative focal
brain lesion.
(2) The mini mental state examination
(MMSE3) with separate scoring for orientation
and cognitive status (three parallel versions
given in pseudorandom order),
(3) Word fluency: the patient had to produce as many words as possible starting with
the letter G (parallel versions: T and M, given
4)
* Perioperative mortality (n = 2)
in pseudorandom order). During two minutes
* Postoperative haemorrhagic complication the number of words of different lexical roots
was scored. This task is supposed to assess lexthat precluded investigation (n = 3)
* Reoperation within first postoperative week ical integrity, psychomotor speed, and left
(n = 4)
frontal lobe dysfunction.
* Assisted ventilation > 72 hours (n = 2)
(4) Naming: the patient was asked to give
* Sedation during the second postoperative the names of 10 line drawings of common
day (n = 3)
objects drawn on A5 white cardboard. Besides
* Discharge before second postoperative lexical access, this task also assesses visual
investigation could be performed (n = 2).
analysis and gnosis.
Complete data sets could be obtained from
(5) Arithmetic: 12 tasks involving simple
70 patients who fulfilled the inclusion criteria. operations of addition, subtraction, multipliA standard cardiopulmonary bypass technique cation, and division were presented.
with membrane oxygenator, non-pulsatile
(6) Verbal memory: the patients were asked
flow, and mean arterial pressure control was to reproduce as many as possible from a list of
used. Patients were hypothermic at 290C. 10 words that was read aloud. The procedure
Anaesthesia consisted of premedication with was repeated four times with the same list of
lormetazepame or flunitrazepame, induction words.
with narcuronium, fentanyl, and a barbiturate
(7) Clock reading: the patient was required
or benzodiazepine and maintenance with fen- to state the time from eight pictures of an anatanyl, flunitrazepame, narcuronium, nitrous logue clock (without numbers but with marks
oxide, and oxygen. Pco2 was kept constant at for every five minutes). Deviations of ± 1
40 mm Hg. Patients were extubated 8-18 minute were accepted. This task was included
hours postoperatively and transferred from as a simple assessment of visuoconstructive
intensive care between the first and third post- abilities without motor requirements.
operative day. Table 1 gives the demographic
Three psychometrically evaluated parallel
and clinical data of the CABG patient group.
versions were used in pseudorandom order.
The patients were assessed on the last or The described neuropsychological instruments
next to the last preoperative day, on the sec- allow a bedside investigation under intensive
ond or third postoperative day; (median two care conditions without motor activity. The
days) and on the fifth to ninth postoperative whole examination took 20 to 30 minutes.
* No simultaneous other surgery-for example, carotid endarterectomy
* No history of neurological or psychiatric
morbidity or substance misuse
* Informed and written consent to participate.
Twenty eight patients were excluded for the
following reasons:
* Preoperative signs of focal brain lesions (n
= 8)
* Perioperative or postoperative stroke (n =
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After
Days 5-9
Neuropsychological performance
Median (range)
MMSE orientation (max 10)
10 (9-10)***
10 (3-10)***
10 (6-10)*
MMSE cognition (max 20)
19 (15-20)***
18 (11-20)***
19 (12-20) NS
Word fluency
15 (4-30)***
10 (0-20)***
14 (5-26) NS
Naming (max 10)
10 (10-10) NS
10 (9-10) NS
10 (10-10) NS
Arithmetic (max 12)
12 (8-12)***
11 (0-12)***
115 (6-12) NS
Verbal memory (max 40)
27 (14-36)***
23 (7-36)***
25-5 (11-37) NS
Clock reading (max 8)
8 (4-8)***
7 (1-8)***
8 (4-8) NS
*P < 0 05; ***P < 0 001. Wilcoxon matched pairs signed rank test. Asteriskcs in Before column
are v Days 2-3; asterisks in days 2-3 are v days 5-9; asterisk in days 5-9 is zv Before.
Before
Median (range)

After
Days 2-3
Median (range)

,i,'..

4-1
.j t.

(-.i

scores. It shows that patients exhibited a
downward shift concerning the median and a
broader interquartile range in the follow up
assessments. Additionally, this figure illustrates that there were many patients with
extreme values and outliers in the follow up
examinations. Furthermore, not all patients
with extreme or outlying values at the second
postoperative examination performed outside
the 25th to 75th interquartile range at the first
postoperative examination and vice versa.
Six patients were diagnosed as clinically
delirious according to DSM III-R criteria" at
the first postoperative examination and one
patient at the second examination.
To identify patients with neuropsychological dysfunctions in the early postoperative
stage, we performed a hierarchical cluster
analysis based on the neuropsychological performance at the first postoperative assessment.
A two cluster solution identified a group of 60
neuropsychologically intact or minimally dysfunctional patients and a second cluster of 10
patients with cognitive impairments. All clinically delirious patients were in cluster II.
Table 3 compares both clusters with respect to
significant differences in demographic, clinical, and neuropsychological variables.
With the exception of a higher age median
of the cluster II patients no significant differences concerning clinical status, medical history, or risk factors between clusters existed
preoperatively.
The clusters differed with respect to postoperative course. Patients in cluster II required a
greater number of defibrillations after removal
from the heart-lung machine, and exhibited
lower postoperative cardiac indices and also a
lower minimal postoperative stroke volume. A
significantly greater proportion required postoperative medication with neuroleptic drugs as
a therapeutic response to the presence of delirium. Further significant differences between
the two clusters were found at the fifth to
ninth day assessment with respect to MMSE
orientation and cognition, verbal memory (all
P < 0 01), word fluency (P < 0 05), and confabulations during the verbal memory task
(P < 0 05).
The second aim of our study was to identify
risk factors for early postoperative neuropsychological dysfunction that could be assigned
to preoperative, perioperative, or postoperative variables. Some postoperative complications may separately contribute to
neuropsychological dysfunction; others, such
as neuroleptic medication or duration of intensive care treatment, may be a consequence.
To obtain preliminary evidence concerning
neuropsychological symptoms that may preoperatively predict postoperative cognitive dys-

function, we retrospectively analysed two

Box plots of the distributions of MMSE scores.
50% of values falling Ibetween 25th
and 75th percentiles; median; I highest and lowest values excluding coutliers; 0 outliers
(between 1 5 and 3 box lengths from the upper or lower edge of the box);
(more than 3 box lengths from upper or lower edge of the box); numbers i;
code.

dicaete patintes'

groups of 10 cluster I and II patients that were
matched for age, sex, number of bypasses, preoperative cardiological status, and preoperative MMSE scores. Although the patients were
matched for a widely used screening procedure for cognitive dysfunction and were all in
the normal range for MMSE performance,12
postoperatively affected patients showed pre-
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Age
Postoperative complications (n (%)):
Defibrillation post-heart-lung machine
Postoperative neuroleptics
Postoperative cardiac indices (1/M2)
Min postoperative stroke volume (ml)
Preoperative neuropsychological
assessment:
Verbal memory
Confabulations during memory task
Neuropsychological assessment at
day 2-3 after bypass:
MMSE orientation
MMSE cognition
Word fluency
Arithmetic
Verbal memory
Confabulations during verbal
memory task
Clock reading
Neuropsychological assessment at
day 5-9 after bypass:
MMSE orientation
MMSE cognition
Word fluency
Verbal memory
Confabulations during verbal
memory task

Cluster I
(unimpaired
n = 60)
Median (range)

Cluster II
(impaired
n = 10)
Median (range)

P value

60 (45-78)

67 (53-76)

< 0-05

23 (38)
0 (0)
2-9 (1-9-4-9)
54 (21-85)

8 (80)
3 (30)
2 3 (1-5-3-3)
36 (22-55)

<
<
<
<

27 (14-36)
0 (0-3)

22 (16-30)
1 (0-5)

< 0 01
< 0 05

(6-10)
(14-20)
(5-20)
(5-12)
(14-36)

7 (3-10)
14 (4-18)
5-5 (0-12)
8-5 (0-11)
12 5 (7-14)

<
<
<
<
<

10
18
10
11
24

1 (0-9)
7 (3-8)

10
19
14
27

(9-10)
(15-20)
(6-26)
(11-37)

0 (0-7)

4 (0-7)
5-5 (1-8)

10
17
12
22

(6-10)
(12-19)
(5-15)
(15-26)

1 5 (0-4)

0 01
0 001
0 01

0-05

0 01
0 001

0-001
0-001
0 001

< 0 001
< 0 05

<
<
<
<

0
0
0
0

01
01
05
01

< 0-05

operatively significantly lower performance on
verbal memory, word fluency tasks (P < 0-01,
Mann-Whitney U test), and clock orientation
(P < 0 05, Mann-Whitney U test).
Discussion

study found a comparatively low
of 8-6% for the clinical syndrome of delirium in the postacute stage after neurologically
otherwise uncomplicated coronary bypass
surgery.9 13 At the first postoperative assessment the patients as a group exhibited signs of
cognitive dysfunction, in the MMSE and other
neuropsychological tasks with the exception of
naming (the task was probably too easy and
showed a pronounced ceiling effect). Except
for the orientation measurement, patients had
largely recovered by the end of the first postoperative week. Our data, however, gave no
information concerning the further course of
possibly persisting neuropsychological deficits.
The instruments used in the present investigation are not suited for the identification of
mild cognitive impairment. The literature is
equivocal with respect to the long term outcome of cognitive dysfunction after heart
The present

rate

surgery.' 14

Cluster analysis of neuropsychological data
obtained on the second to third postoperative
day disclosed a group of 10 dysfunctional
patients, among whom older patients were
overrepresented and who had a greater number of postoperative complications. When
patients from the clusters of postoperatively
largely intact and cognitively compromised
patients were matched for demographic data
and preoperative MMSE performance,
patients with postoperative cognitive dysfunction were characterised by lower preoperative
performance in word fluency, verbal memory,
and spatial orientation tasks. These preoperatively obtained scores were significant and

quite sensitive predictors of the early postoperative cognitive status in retrospective analysis.
The data suggest the inclusion of more sensitive but still simple neuropsychological methods beyond the mini mental state examination,
such as word fluency, verbal memory, and
spatial orientation, in the preoperative prediction of postoperative complications and
requirements.
The aetiology of delirium and neuropsychological deficits after coronary surgery remains
largely unknown, with only a few causative
factors firmly established. Our data indicateand most authors on the subject agree-that
postoperative delirium and neuropsychological
disorders have a multifactorial aetiology.'5 18
We therefore consider it valid not to aim primarily at the prediction of postoperative clinical
delirium, as it also depends on situational factors.14 16 Instead, we propose to identify
patients who are at risk of developing substantial impairment of cognitive functions postoperatively and thus are prone to be more
disturbed and uncooperative. Patients preoperatively identified as being vulnerable to postoperative cognitive dysfunction by simple and
short bedside examinations could receive special postoperative care.
Considering the number of coronary bypass
operations performed worldwide, the estimate
of their risks and benefits in comparison with
alternative treatments should include possible
long term effects on cognitive functions.
However, studies which analyse the persistence of subtle neuropsychological deficits and
their influence on long term cognitive status
and quality of life are lacking.
We propose further studies of postoperative
neuropsychological deficits using a more
demanding preoperative neuropsychological
assessment including tasks measuring psychomotor speed, attention, verbal and nonverbal memory, and visuoconstructive
functions. Based on the findings of the present
study, we think that improved preoperative
neuropsychological assessment could contribute to the prevention of postoperative confusional states by careful monitoring and
treatment of cardiosurgical risk factors and
early therapeutic intervention for patients
known to be at risk.
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