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Abstract

Purpose The incidence of postoperative cognitive dys-
function (POCD) depends on the test battery and calcula-
tion method used. The measurements may be performed
with a paper and pencil test battery or with a computerized
test battery. The objective of this study was to measure the
incidence and congruence of POCD by comparing a
computerized test battery with a paper and pencil test
battery in the same patient population.

Methods In total, 67 patients were included: 30 consec-
utive in-patients undergoing surgery under general anes-
thesia and 37 non-surgical out-patients as control. Patients
were tested with a paper and pencil test battery and a
computerized test battery on inclusion in the study and
7 days later. Both test batteries covered the cognitive
domains: visual attention, visual learning, memory, and
speed of processing.

Results The computerized test battery classified 10.0%
(95% CI 3.5-25.6%) of the patients as suffering from
POCD whereas the paper and pencil test battery classified
30.0% (95% CI 16.7-47.9%) as suffering (95% CI for
difference 3.9-36.5%, P = 0.03). The inter-rater reliability
between both test batteries showed moderate agreement
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(Cohen’s kappa of 0.41). All patients identified by use of
the computerized test battery were also identified with the
paper and pencil test battery. The paper and pencil test
battery identified 6 additional cases.

Conclusion 1In our study we demonstrated that the inci-
dence of POCD measured with computerized test battery
and paper and pencil test battery showed moderate inter-
rater reliability. Use of neuropsychological test batteries
theoretically covering the same cognitive domains does not
automatically lead to the same classification of POCD.

Keywords Cognitive deficit - Complication - Recovery -
Neurological - Postoperative

Introduction

Postoperative cognitive dysfunction (POCD) is associated
with higher mortality [1]. Symptoms may range from a
mild cognitive deterioration that might not even be rec-
ognized by the patients themselves [2] to longer-lasting
more apparent dysfunction of memory, information pro-
cessing, and perception. Subjective self-reported cognitive
symptoms do not substitute for objective cognitive testing,
because they correlate poorly [3].

Large studies have reported an incidence of approxi-
mately 25% 1 week after surgery and approximately 10%
after 3 months [2, 3]. It may occur in all age groups but
elderly patients seem to be at increased risk [2, 4].

For measurement of POCD different aspects of cogni-
tion (advertence, concentration, verbal abilities, learning,
and memory etc.) need to be assessed. Specific require-
ments for test selection have been recommended [5] in
order to introduce uniformity into the assessment and
definition of POCD.
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Fig. 1 Inclusion tree

Paper and pencil test batteries or computerized test
batteries may be used for assessment of POCD. A com-
puterized test battery enables more standardized adminis-
tration, greater reliability, increased accuracy, improved
data handling [6], and also enables random stimulus gen-
eration with nearly an unlimited number of alternative
forms of test [7]. Additionally the test and retest sessions
are less dependant on the test instructor. Therefore, test
administration might be facilitated and large patient pop-
ulation might be tested at lower cost [8].

The objective of this study was to measure the inci-
dences and congruence of POCD by comparing a com-
puterized test battery with a paper and pencil test battery in
the same patient population.

Methods
Patients

This ethically approved cohort study included 36 adult ASA
PS III consecutive in-patients undergoing surgery and, as
control group, 38 patients with severe systemic disease
consistent with ASA PS III. Inclusion criteria were a mini
mental state examination score of more than 23 points,
general anesthesia and expected anesthesia duration of at
least 180 min. Exclusion criteria were central nervous sys-
tem disease, drug or alcohol abuse, severe visual or auditory
handicap, or cardiac or neurosurgery. In addition patients
with poor comprehension of the German language, illiter-
acy, or unwillingness to follow the study protocol were also

A 4

Control group (n=37)

excluded. 36 patients completed the paper and pencil test
battery and the computerized test battery. Of these 36
patients 6 had to be excluded because of missing data,
refusal to continue, or other reasons. Of the 38 control
patients, one patient had to be excluded because of refusal to
complete the second test (Fig. 1). Participants who per-
formed two standard deviations (SDs) below the average in
the preoperative test session in more than four tests were
excluded because we assumed they were unable or unwilling
to complete the given tasks with the necessary care.

Because comorbidities may trigger the incidence of
POCD, particularly if they coincide with major surgery or
long duration of surgery [3, 9], we chose ASA PS 3 patients
for our study, to ensure a high incidence of POCD.

No restrictions were made regarding type or conduct of
general anesthesia or postoperative care. Anesthesia was
administered in accordance with the standard operating
procedures of our department, published by Kox and col-
leagues [10]. General anesthesia was induced with thio-
pental, propofol, etomidate, or midazolam in combination
with fentanyl or remifentanil, followed by neuromuscular
block to facilitate endotracheal intubation. Anesthesia was
maintained by total intravenous anesthesia using propofol
or inhalation anesthetics using one of either desflurane,
isoflurane, or sevoflurane. Patients received nitrous oxide at
the discretion of the individual anesthesiologist in charge.
The anesthesiologist was free to use opioid analgesics and
muscle relaxants as needed.

Patients included were scheduled primarily for abdom-
inal surgery with an expected postoperative length of stay
of 7 days.
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Table 1 Cognitive areas tested

Battery Name of test Ability tested Measurements

Computerized Detection Task Speed of processing Speed and accuracy
Computerized Identification Task Visual attention Speed and accuracy
Computerized One Card Learning Visual learning, memory Speed and accuracy

Paper and Pencil Visual Verbal Learning

Paper and Pencil Stroop Color Word

Visual learning, memory

Speed of processing, visual attention, cognitive flexibility

Correct and false answers

Correct answers and speed

Test selection

As suggested by Moller and colleagues [2] the test
administration should not take more than 45 min per ses-
sion as a longer test duration might result in a decrease of
compliance and concentration. The computerized test bat-
tery and the paper pencil test battery required on average
20 min each. In order to measure the same aspects of
cognitive function, each test battery should cover similar
cognitive domains. Both test batteries contain cognitive
tests covering the domains: visual attention, visual learn-
ing, memory, and speed of processing (Table 1).

Computerized test battery

The computerized test battery (developed by CogState,
Melbourne, Australia) contained three cognitive tests. The
tests administered were the Detection Task, the Identifi-
cation Task, and the One Card Learning Task covering
different areas of cognition (Table 1). Each test consisted
of a card set with different tasks to complete. Each task was
explained in detail to the participant. Preceding each test a
trial period had to be completed so that each individual was
made familiar with the upcoming task. Supervisors were
allowed to correct participants during the trial period. The
tests did not require more than two keys on the keyboard.
The subject was asked to fulfill the tasks as rapidly and as
accurately as possible. For each test average speed and
accuracy, as the ratio of correct items to total items, were
recorded.

Paper pencil test battery

The paper pencil test battery consisted of the Stroop Color
Word Test [11] parts one to three and parallel versions of
the Visual Verbal Learning Test [12] parts one to three
including a delayed recall (part four). All the tests fur-
nished excellent results in previous studies of POCD [2].
The participants were asked to complete the given task as
rapidly and as accurately as possible. From the Visual
Verbal Learning Test the number of correct items and the
number of wrong items in the delayed recall, i.e. part four,
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were taken for POCD calculation. From the Stroop Color
Word Test the time and the number of wrong items in the
third part were taken for POCD calculation.

Test administration

The tests were carried out by two trained research assis-
tants supervised by a psychologist. Written test instructions
were used to guarantee standardized test execution. All
patients were tested on the evening before surgery and
7 days after surgery or as soon as possible thereafter. To
avoid disturbance the tests were administered in a separate
room. First, parts I to III of the Visual Verbal Learning Test
and the Stroop Color Word Test were administered. The
patients were then asked to complete the computerized test
battery before the delayed recall (part IV) of the Visual
Verbal Learning Test.

POCD calculation

The reliable change index is one of the most reliable and
valid methods for measuring POCD in individuals [13—15].
For POCD calculation the reliable change index with cor-
rection of the practice effect, as described by Rasmussen
and colleagues [16], was used. For each test result a Z score
(Eq. 1) was calculated. First the difference in test perfor-
mance (Ax) between the preoperative and postoperative
session was calculated for each individual patient. From
this change the mean performance change of the control
group (Econtrol)a representing the practice effect, was
subtracted. The result is divided by the SD of the control
group change (Axcontrol)-

Ax — Axcontrol

T —— 1
SD (Axcomrol) ( )

The composite Z score was calculated by dividing the
sum of the Z scores of all tests of an individual by the SD of
the sum of the Z scores of the control group.

All values were recorded so that test measurements
indicating deterioration resulted in a negative Z score. Z
scores for the paper and pencil version were derived from
the Stroop Color Word Test (time and error) and from the
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Table 2 Baseline characteristics of patients and controls

Patient group (n = 30) Control group (n = 37) P value
Age (years) 66 (58-73) 71 (63-80) 0.02
Body mass index (kg/mz) 27 (24-29) 28 (23-32) 0.48
Charlson comorbidity score 4.0 (3.0-8.0) 4.0 (2.0-5.0) 0.15
Gender (female fraction) 0.30 0.62 0.01

Data are median (25-75% percentile); the P value is from Fisher’s exact test (for proportions) or from the Mann—Whitney U test (for continuous

variables)

Table 3 Change in test performance for the paper and pencil test battery

Patient group (n = 30) Control group (n = 26)
Stroop Color Word duration (s) —2.91 (—13.01-4.76) 3.24 (0.50-8.87)
Stroop Color Word errors 0.00 (0.00-0.00) 0.50 (0.00-2.00)
Visual Verbal Learning errors 0.00 (—1.00-0.00) 0.00 (0.00-0.00)
Visual Verbal Learning correct 0.00 (—1.25-2.25) 1.00 (—1.00-1.25)
Mini-mental state examination 30.00 (29.00-30.00) 29.00 (28.00-30.00)

Data are median (25-75% percentile)

Visual Verbal Learning Test (correct and false items). For
the computerized test we used the Z scores derived from
the Detection Task, the Identification Task, and the One
Card Learning Task (speed and accuracy). For both test
batteries we calculated composite Z scores.

Patients were regarded as suffering from POCD either
when the composite Z score was lower than —1.96 or when
at least two test endpoints had a Z score of less than —1.96.
In that way individuals with general cognitive decline and
patients with cognitive decline in single fields were
detected.

The primary outcome of this study was POCD defined
by the paper and pencil test battery and the computerized
test battery after 7 days. We recorded the patient’s pre and
postoperative medical history and medication. All data
were checked for consistency and plausibility.

All data are reported as medians with 25-75% range and
proportions with 95%-confidence intervals. Proportions of
independent samples were compared using Fisher’s exact
test. For continuous variables differences between inde-
pendent groups were assessed using the Mann—Whitney U
test. A P value <0.05 was considered as being significant.
For statistical analysis we employed SPSS for Windows
Version 15. Descriptive statistics were computed for all
study variables.

Results

The median age for the 30 (9 female, 21 male) surgical
patients was 66 years (25-75%-percentiles: 57.75-72.75).

The average age for the 37 control group members
(23 female, 14 male) was 71 years (25-75%-percentiles:
63.00-80.00). The control group was significantly older
than the patient group (P = 0.02). Also gender differed
significantly between these two groups (P = 0.01). Other
baseline characteristics did not differ significantly between
the control group and the patient group (Table 2).

In total, 7 patients (drop out quote 9.5%) had to be
excluded from analysis (Fig. 1). Changes in test perfor-
mance for the paper and pencil test battery and comput-
erized test battery are shown in Tables 3 and 4. Patient
characteristics for both test batteries are given in Tables 5
and 6.

The postoperative test was performed at a median of
7 days after the preoperative test (25-75%-percentiles 7.0-
8.0 days).

9 of 30 patients [30.0% (95% CI 16.7-47.9%)] were
scored positive for POCD according to the paper and pencil
test battery and 3 out of 30 patients [10.0% (95% CI 3.5-
25.6%)] according to the computerized test battery (95%
CI for difference 3.9-36.5%, McNemar’s test: P = 0.03)
(Table 7).

Of the three patients defined as suffering from POCD by
the computerized test battery two patients had two or more
Z scores lower than —1.96. One patient had a composite Z
score lower than —1.96. Of the nine patients defined as
suffering from POCD by the paper and pencil test battery
five patients had two or more Z scores lower than —1.96.
Four patients also had a composite Z score lower than
—1.96. The three POCD positive patients classified by the
computerized test battery all had a Z score of less than —3
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Table 4 Change in test performance for the computerized test battery

Patient group (n = 30)

Control group (n = 11)

Speed Detection Task (ms)

Speed Identification Task (ms)
Speed One-Card-Learning Task (ms)
Accuracy Detection Task

Accuracy Identification Task
Accuracy One-Card-Learning Task
Mini-mental state examination

—20.40 (—100.63-32.41)
—35.44 (—66.95-21.20)
103.28 (—33.59-469.15)
0.00 (—0.06-0.10)
0.01 (—0.06-0.22)
—0.08 (-0.22-0.03)
30.00 (29.00-30.00)

—8.65 (=76.25-55.71)
0.00 (—61.15-39.30)
93.48 (—210.01-379.99)
0.05 (0.00-0.06)
0.06 (—=0.06-0.10)
—0.01 (=0.17-0.04)
29.00 (27.00-30.00)

Data are median (25-75% percentile)

Table 5 Patient comparison classification by the computerized test battery

NPOCD (n = 27)

Age (years)
Body mass index (kg/m?)

Mini-mental state examination

Test period (days)
Surgery duration (min)
Anesthesia duration (min)
Number of surgeries total

Length of stay (days)

Length of stay postoperative (days)

Intensive care unit (days)

Charlson comorbidity score

66.00 (58.00-72.00)
27.43 (23.03-29.00)
30.00 (29.00-30.00)
8.00 (7.00-10.00)
223.00 (152.00-286.00)
320.00 (225.00—400.00)
1.00 (1.00-2.00)
17.00 (11.00-24.00)
12.00 (9.00-17.00)
1.00 (0.00-2.00)
4.00 (3.00-8.00)

POCD (n = 3) P value
71.00 (47.00-76.00) 0.795
27.34 (24.44 35.26) 0.744
29.00 (25.00-30.00) 0.350

8.00 (7.00-11.00) 0.795
296.00 (192.00-352.00) 0.315
435.00 (275.00-435.00) 0.226

1.00 (1.00-1.00) 0.509

20.00 (13.00-28.00) 0.554
17.00 (10.00-27.00) 0.387
1.00 (1.00-2.00) 0.845
8.00 (5.00-9.00) 0.226

Data are median (25-75% percentile); the P value is from Fisher’s exact test (for proportions) or from the Mann—Whitney U test (for continuous

variables)

NPOCD non postoperative cognitive dysfunction, POCD postoperative cognitive dysfunction

in the paper and pencil test battery. Patients with POCD
according to the paper and pencil test battery only, by
failing in two single tests, were not positive in the com-
puterized test battery.

Inter-rater agreement for the two test batteries was
assessed with Cohen’s kappa coefficient. The classifica-
tions showed the following accordance: of the 21 patients
without POCD according to the paper and pencil test bat-
tery all were also negative according to the computerized
test battery. 6 patients were classified differently by the test
batteries. Of the 9 patients identified as suffering from
cognitive decline by the paper and pencil test battery three
were also identified by the computerized test battery.
Cohen’s kappa showed moderate agreement (0.41)
according to the definition from Landis and Koch [17]
(Table 7).

Median duration of surgery and anesthesia, and post-
operative length of stay, were longer for patients classified
as having POCD by the computerized test battery than for
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patients classified as having POCD by the paper and pencil
test battery only (Table 8).

Discussion

The most important result of this study was that POCD
classification by the computerized test battery and by the
paper and pencil test battery showed moderate inter-rater
agreement. The computerized test battery showed an inci-
dence of 10% whereas the paper and pencil test battery
showed an incidence of 30%. The incidences measured by
use of the two test batteries are in accordance with previous
publications ranging from 14.4% (6th day) in the study of
Linstedt et al. [18] up to 40% in the study of Iohom et al.
[19]. Abildstrom et al. [20] and Rasmussen et al. [21, 22]
showed POCD incidences of about 25% in their studies.
Linstedt et al. investigated 120 surgical patients whereas
Iohom et al. investigated 42 inpatients undergoing
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Table 6 Patient comparison classification by the paper and pencil test battery

NPOCD (n = 21) POCD (n =9) P value
Age (years) 66.00 (58.00-75.00) 67.00 (54.50-71.50) 0.824
Body mass index (kg/m?) 27.33 (23.80-29.74) 27.42 (23.38-29.46) 0.965
Mini-mental state examination 30.00 (29.00-30.00) 29.00 (28.50-30.00) 0.137
Test period (days) 8.00 (7.00-10.00) 8.00 (7.00-10.50) 0.929
Surgery duration (min) 223.00 (152.00-310.50) 249.00 (185.50-285.50) 1.000
Anesthesia duration (min) 320.00 (240.00-392.50) 320.00 (237.50-432.50) 0.722
Number of surgeries total 1.00 (1.00-2.50) 1.00 (1.00-1.50) 0.476
Length of stay (days) 19.00 (12.00-25.00) 14.00 (10.50-22.50) 0.504
Length of stay postoperative (days) 13.00 (9.50-22.00) 12.00 (9.50-15.50) 0.533
Intensive care unit (days) 1.00 (0.00-2.00) 1.00 (0.50-2.50) 0.657
Charlson comorbidity score 3.00 (2.50-8.00) 8.00 (5.50-8.50) 0.086

Data are median (25-75% percentile); the P value is from Fisher’s exact test (for proportions) or from the Mann—Whitney U test (for continuous

variables)

NPOCD non postoperative cognitive dysfunction, POCD postoperative cognitive dysfunction

Table 7 Calculation of Cohen’s kappa

Computerized test battery Total
NPOCD* POCD®
Paper and pencil test battery
NPOCD* 21 0 21
POCD® 6 3 9
Total 27 3 30

Cohen’s kappa: 0.41 (McNemar’s test: P = 0.03)

4 Patient classified as not suffering from postoperative cognitive
dysfunction

® Patient classified as suffering from postoperative cognitive
dysfunction

laparoscopic cholecystectomy. Rasmussen and colleagues
investigated patients under general anesthesia; in both
studies they used the Visual Verbal Learning Test, the
Concept Shifting Test, the Stroop Color Word Test, and the
Letter-Digit-Coding Task for cognitive testing. Abildstrom
et al. included patients scheduled for major surgery under
general anesthesia using the same tests as used by Ras-
mussen et al. Our paper pencil test battery was similar to
the tests used by Rasmussen and Abildstrom, with similar
incidence.

The classification of POCD with the paper and pencil test
battery differed significantly from the classification with the
computerized test battery (P = 0.03). These findings reveal
the difficulty of comparing results from two test batteries
even if they cover the same cognitive domains and the same
method of calculation is used. In a study by Silbert and
colleagues [6], also comparing a computerized test battery
with a paper and pencil test battery, higher incidence of
POCD in patients undergoing cardiac surgery was shown
(paper and pencil test battery 32%, computerized test

battery 42%) with higher rates of agreement between the
two Dbatteries (x = 0.79; P = 0.001). It is known that
patients undergoing cardiac surgery are at increased risk of
suffering from postoperative cognitive decline. In this study
of Silbert and colleagues [6] all patients identified with
POCD with the computerized test battery were also classi-
fied with the paper and pencil test battery, plus five addi-
tional cases. In our study the paper and pencil test battery
identified six additional cases as having POCD. One
explanation of these findings may be that the paper and
pencil test battery defined patients with less cognitive
decline as having POCD, whereas the computerized test
battery may have only identified patients with a more severe
form. These findings suggest that POCD is not a dichoto-
mous variable but rather a continuous variable with degrees
of severity. In two multi-center studies [2, 3] in which a
paper and pencil test battery similar to our test battery was
used, incidences of POCD in comparable patient popula-
tions differed significantly. The test center proved to be the
most significant independent predictor of POCD. In the
absence of a gold standard we are not able to determine
which method is more accurate in defining POCD. However
with regard to the methodology, more standardization may
leave less room for human error. Computerized testing
might possibly be advantageous with regard to recording
and capturing of reaction times, and with regard to pro-
cessing of data by minimizing human error.

Conclusion
Incidence of POCD measured with a computerized test

battery and a paper and pencil test battery covering the
same cognitive domains showed a moderate inter-rater
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Table 8 Patient comparison between POCD by paper and pencil test battery only and POCD by computerized test battery

n=6" n=3" P value
Age (years) 65.50 (56.25-70.50) 71.00 (47.00-76.00) 0.714
Body mass index (kg/m?) 27.71 (21.87-28.77) 27.34 (24.44-35.26) 0.905
Mini-mental state examination 29.00 (28.75-30.00) 29.00 (25.00-30.00) 0.714
Test period (days) 7.50 (7.00-10.25) 8.00 (7.00-11.00) 0.714
Surgery duration (min) 220.00 (163.75-271.25) 296.00 (192.00-352.00) 0.167
Anesthesia duration (min) 287.50 (217.50-422.50) 435.00 (275.00-435.00) 0.167
Number of surgeries total 1.00 (0.75-2.25) 1.00 (1.00-1.00) 0.714
Length of stay (days) 12.50 (9.75-21.25) 20.00 (13.00-28.00) 0.262
Length of stay postoperative (days) 11.00 (8.50-12.50) 17.00 (10.00-27.00) 0.167
Intensive care unit (days) 1.50 (0.00-3.50) 1.00 (1.00-2.00) 0.905
Charlson comorbidity score 8.00 (4.50-8.75) 8.00 (5.00-9.00) 0.905

Data are median (25-75% percentile); the P value was from Fisher’s exact test (for proportions) or from the Mann—Whitney U test (for

continuous variables)

* Patients classified as having POCD by the paper and pencil test battery and not by the computerized test battery

® Patients classified as having POCD by computerized test battery

reliability. The use of neuropsychological test batteries
theoretically covering the same cognitive domains do not
automatically lead to the same classification of POCD. The
computerized test battery measured a subset of the paper
and pencil test battery positive patients, possibly including
patients with more severe cognitive dysfunction.
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