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Postoperative Cognitive Dysfunction

Ingrid Rundshagen

SUMMARY

Background: Older patients in particular are vulnerable to
memory disturbances and other types of cognitive impair-
ment after surgical operations. In one study, roughly 12%
of patients over age 60 had postoperative cognitive dys-
function (POCD) three months after surgery. This is an
important issue in perioperative care as extensive surgery
on older patients becomes more common.

Methods: Selective review of the literature.

Results: POCD is usually transient. It is diagnosed by
comparing pre- and postoperative findings on psycho-
metric tests. Its pathogenesis is multifactorial, with the
immune response to surgery probably acting as a trigger.
Factors that elevate the risk of POCD include old age,
pre-existing cerebral, cardiac, and vascular disease,
alcohol abuse, low educational level, and intra- and
postoperative complications. The findings of multiple
randomized controlled trials indicate that the method of
anesthesia does not play a causal role for prolonged
cognitive impairment. POCD is associated with poorer
recovery and increased utilization of social financial
assistance. It is also associated with higher mortality
(hazard ratio 1.63, 95% confidence interval 1.11-2.38).
Persistent POCD enters into the differential diagnosis of
dementia.

Conclusion: POCD can markedly impair postoperative re-
covery. The findings of pertinent studies performed to date
are difficult to generalize because of heterogeneous pa-
tient groups and different measuring techniques and study
designs. Further investigation is needed to determine
which test instruments are best for clinical use and which
preventive strategies might lessen the incidence of POCD.
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c ognitive impairment after anesthesia and sur-
gery (postoperative cognitive dysfunction,
[POCD]) is a recognized clinical phenomenon. As
early as 1955, it was described by Bedford in the
Lancet under the designation ‘“adverse cerebral
effects of anaesthesia on old people” (1).

POCD is a transient disturbance that can affect pa-
tients of any age but is more common in older
people. Its relevance in the immediate postoperative
phase was made clear in a recent article by Chung
and Assmann, in which two different cases were de-
scribed of young patients who caused serious traffic
accidents shortly after undergoing ambulatory sur-
gery (2). According to a recent study, about 40% of
all persons over age 60 who are hospitalized for sur-
gery have POCD on discharge, and about 10% have
POCD three months later.

The aging of the population and new develop-
ments in medicine both imply that the number of
older patients undergoing extensive surgery will
keep rising. All persons caring for patients intra- and
postoperatively should know about the risk of POCD
after anesthesia and surgery. The aim of this review
article is to present the current understanding of
POCD in order to foster interdisciplinary dialogue.

Methods

This article is a selective review of pertinent literature
retrieved by a search in the Medline, PubMed, and
Cochrane Library databases, using the following key
words: “cognitive (dys)function AND an(a)esthesia”;
“cognitive (dys)function AND surgery”; “postoperative
cognitive  (dys)function”;  “measurement ~AND
cognitive function”; “an(a)esthesia AND dementia
(postoperative).” The search yielded several thousand
publications. The ones cited here are those that, in the
author’s view, make a substantial contribution to the
interdisciplinary management of POCD.

Definition and differential diagnosis
Postoperative cognitive dysfunction is defined as a
new cognitive impairment arising after a surgical
procedure. Its diagnosis requires both pre- and post-
operative psychometric testing. Its manifestations
are subtle and manifold, depending on the particular
cognitive domains that are affected. The most com-
monly seen problems are memory impairment and
impaired performance on intellectual tasks. Common
differential diagnoses are listed in Table 1 (3, 4).
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Postoperative cognitive

new cognitive deficits that

The differential diagnosis of postoperative neurological disturbances with impaired cognitive performance

pre- and postoperative

arises immediately reversible in days to months

and other manifestations

dysfunction (POCD) appear postoperatively psychometric testing after surgery,
(impairment of: memory, may last up to 6 months
ability to combine tasks,
psychomotor dexterity, etc.)

Delirium cognitive deficits, various delirium scales, days to weeks, reversible if the
hallucinations, fluctuating e.g., Nu-DESC, Cam-ICU depending on cause underlying condition
state of consciousness, (e.g., withdrawal phenome- is treatable

non, complicating infection)

Central anticholinergic agitated type reversal of manifestations arises immediately reversible with medication
syndrome or somnolent/comatose type | on administration of after surgery
physostigmine
Dementia impaired memory, various dementia tests, develops progressively over poor prognosis,
impairment of abstract e.g., Mini-Mental Status months to years no cure available
thinking and judgment, Examination, Short Syndrome
central impairment of tool Test, Dementia Detection Test
manipulation (aphasia,
apraxia, agnosia, and/or
executive dysfunction),
personality changes
Akinetic crisis worsening of parkinsonism history: interruption of anti- immediately after surgery reversible with
with marked akinesia parkinsonian medications or within hours antiparkinsonian
and inability to verbalize around the time of surgery medication

Incidence and importance

The reported incidence figures for postoperative
cognitive dysfunction vary depending on the group
of patients studied, the definition of POCD used, the
tests used to establish the diagnosis and their statisti-
cal evaluation, the timing of testing, and the choice
of control group (5-7). Krenk et al. point out in their
review that POCD can arise at any age, but tends to
last longer and to affect everyday life and the return
to work more severely in patients over age 60 (8).
Monk et al. documented the presence of POCD on
discharge from the hospital (9) in:

® 36.6% of surgical patients aged 18-39,

® 30.4% of those aged 4059, and

® 41.4% of those aged 60 and up.

These were patients who had undergone major
surgery other than cardiac surgery. Three months
later, 12.7% of the patients over age 60 still had
POCD. According to descriptive studies, the likeli-
hood of POCD is higher in special patient groups,
e.g., those with coronary atherosclerosis or pre-
existing subclinical dementia (10-12).

Controlled longitudinal studies have shown that POCD
is transient (13). Selnes et al. showed that patients with
coronary heart disease have similar cognitive deficits re-
gardless of whether they underwent heart surgery on or off
pump, or were treated conservatively (11). All three pa-
tient groups had significant cognitive impairment over six
years of follow-up compared to a healthy control group.

The patients’ own subjective assessment, as docu-
mented, for example, with the Critical Failure

Questionnaire, only partially reflects the cognitive
deficits that are revealed by psychometric testing (14,
15). The case report of Chung and Assmann clearly
shows that patients’ misperceptions in the immediate
postoperative period can have very serious conse-
quences (2). The critical question must, therefore, be
asked whether the test instruments customarily used are
themselves adequate to detect relevant changes in
cognitive function.

In a longitudinal study with 8.5 years of follow-up
performed in the aftermath of the ISPOCD study,
Steinmetz et al. found POCD to be associated with
higher mortality (Cox proportional hazard ratio 1.63,
95% confidence interval 1.11-2.38; p = 0.01), earlier
retirement, and greater utilization of social financial as-
sistance (16). Monk et al. found that the risk of death
within one year was greater among patients who had
POCD when they were discharged from the hospital

).

Measuring instruments
The diagnosis of POCD is verified by psychometric
testing performed pre- and postoperatively to assess
cognitive performance. The following were named as
core tests in a consensus recommendation on POCD
issued in 1995 (Figures 1 and 2) (17):
® the Rey Auditory Verbal Learning Test (a word
learning test),
® the Trail Making Test, Parts A and B (ability to
perform combined tasks),
® the Grooved Pegboard Test (manual dexterity),
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® and the Digit Span Test (ability to remember a

sequence of numbers).

Longitudinal studies of POCD additionally
employed the Stroop Test (Figure 2), the Paper and
Pencil Memory Test (a test of sensorimotor speed and
of the speed of recall), the Letter-Number Replace-
ment Test (a test of the speed of general information
processing), and the Four-Field Test (a test of psycho-
motor reaction time) (14).

A comprehensive clinical neuropsychological
examination takes about two and a half hours.
Erzigkeit’s Short Cognitive Performance Test (SKT)
is a shorter alternative consisting of nine subtests
(Figure 3) (18). The entire test can be administered in
about 15 minutes and is thus suitable for perioperative
use (19). Chung et al. tested cognitive performance
after general anesthesia with a driving simulator (20).

The Mini-Mental Status Examination (MMSE) is
intended as a screening test for dementia. It contains
questions relating to temporal and spatial orientation,
tasks relating to retentiveness, recollection, attention
and correctness, and an assessment of language and
the ability to write and draw. It takes about five
minutes to administer. The MMSE is sometimes used
to quantify POCD, but it is not suitable for this pur-
pose because of a marked learning effect (21).

The Cognitive Failure Questionnaire (CFQ) is a pa-
tient questionnaire for self-assessment (22). It employs
25 different items to assess the frequency of cognitive
errors in everyday life (relating to conceptualization,
memory, and motor performance) on a verbal scale.

The MMSE can be used in routine clinical practice
to identify preoperative subclinical dementia that
would put patients at higher than usual risk for develop-
ing POCD. It would seem appropriate that, for patients
with a pathological MMSE score, the consensus recom-
mendations should be followed; this is, however, not
generally done at present (17, 23).

At the same time, there should be an assessment of
anxiety and depression, which also affect cognitive per-
formance. The CFQ is a suitable means of documenting
the subjective symptoms of patients who are at risk.

Pathogenesis and risk factors
The mechanisms leading to cognitive impairment after
anesthesia and surgery are not yet fully clear. The find-
ings of animal experiments suggest an important role
for the immune response to surgery. Terrando et al.
showed that a peripheral surgical procedure in mice ac-
tivates the inflammatory TNF//NF-kB signal cascades,
leading to the release of cytokines that impair the
integrity of the blood—brain barrier (24). In turn, macro-
phages can migrate more easily into the hippocampus,
with ensuing memory impairment. Cognitive function
remains unimpaired if this mechanism is blocked by the
activation of anti-inflammatory cholinergic signal
cascades to prevent pro-inflammatory cytokine secre-
tion.

Clinical observational studies have revealed that
POCD arises more frequently after extensive surgery
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Left: the Trail Making Test, Part A—connect the numbers, in ascending order, with a line.
Right: the Trail Making Test, Part B—connect the numbers in ascending order and the letters
in alphabetical order with a line. The time needed to do each part is measured in seconds.
This is a test of dexterity and of the ability to combine tasks.

- 71504 BLACK RED
- 284936 YELLOW PURPLE
~ 8351609 ORANGE

RED YELLOW RED

- 25736184 YELLOW

- 9406 27135 GREEN YELLOW BLUE
- 2753180 649 BLACK

Left: the Digit Span Test measures how many digits presented in sequence the subject can
remember (short-term memory).

Right: in the Stroop Test, the printed words must be read out loud and the color they are
printed in must be named. If the word is a color word that is printed in a different color, the
reaction time and error rate are higer. This is a test of attention and concentration in the
presence of distractors.

Risk factors for postoperative cognitive dysfunction (POCD)

Patient advanced age;

pre-existing cerebral, cardiac, or vascular disease;
preoperative mild cognitive impairment (MCI);

low educational level; history of alcohol abuse

Operation extensive surgical procedure, intra- or postoperative complications,
secondary surgery
Anesthesia long-acting anesthetic, marked disturbance of homeostasis,

organ ischemia due to hypoxia and hypoperfusion,
intra- or postoperative anesthesiological complications
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Figure 3: Erzigkeit's Short Cognitive Performance Test (18)
Pictures for Subtests 1 and 2 (left): the pictures shown are to be named (time measured in seconds). After a brief pause, it is then determined how many of these pic-
tures the subject can remember (short-term memory). Board for Subtests 3, 4, and 5 (right): the numbers are to be read out loud, sorted in ascending order, and then
re-sorted in the area below. The time needed for this is measured. The purpose of the subtests is to assess information processing and motor skills.

43 14 87 T8
27 96 34 93

Overview of randomized controlled trials of postoperative cognitive dysfunction: general anesthesia with xenon

Patients

(number / age)

Time of testing

Number of
psychometric tests

Statistical significance
of difference
between groups

Rasmussen et al. (32) Propofol 39, aged >60 3 days -14 weeks 4 not significant
Coburn et al. (33) Desflurane 38, aged 65-75 6-72 hours 4 not significant
Hoecker et al. (34) Propofol 101, aged 65-83 30 days 12 not significant
Cremer et al. (35) Sevoflurane 40, aged 65-75 6-72 hours 5 not significant

under general anesthesia, after secondary surgery, and
when there are postoperative complications; these
findings are consistent with the hypothesis of an in-
flammatory component of pathogenesis (14). The effect
of anesthesia per se on cognitive function depends on
the pharmacodynamics and -kinetics of the particular
agents used. As a rule, the shorter the duration of action
of the anesthetic agent, the shorter the duration of
cognitive impairment in the immediate postoperative
period. No definitive evidence has been found to date
for the hypothesis that anesthesia itself causes
prolonged POCD. The putative neurotoxicity of anes-
thetic drugs in children has been studied in order to de-
termine whether anesthesia in childhood might lead to
behavioral abnormalities, learning disorders, and
cognitive impairment in later years. The meaning of the
findings that have been obtained is currently debated;
in any case, twin studies have failed to yield any
definitive evidence that anesthetic drugs are neurotoxic
(25). Nor has it been shown that POCD arises any less
commonly, or with lesser severity, after regional than
after general anesthesia.

Age is a major risk factor for POCD (Table 2).
Cognitive performance and the ability to compensate
for deficits, if present, decline with advancing age.
Imaging studies have shown that patients undergoing
surgery often have undetected pre-existing brain
disease. Ito et al. showed that patients with silent brain
ischemia, as detected by MRI, were more likely to have
POCD after cardiac bypass surgery (15.2%, versus
4.9% in the control group) (26). The corresponding
figure for patients with a prior, clinically manifest
cerebral infarction was 18.2%. In a recent review, Julie
Ng pointed out the synergistic interaction of inflamma-
tory changes in brain ischemia and surgery (27).

Kline et al. studied POCD in the context of a longi-
tudinal study on the development and course of
Alzheimer’s disease (12). They asked whether surgery
influences the course of dementia. MRI scans revealed
that, 5-9 months after surgery, the volume of the
cerebral gray matter was lower, atrophic changes were
present in the hippocampus, and the lateral ventricles
were larger. Postoperative cognitive function was
especially impaired in patients who had already had a
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mild, subclinical cognitive impairment before surgery.
The difference between patients who had and had not
undergone surgery disappeared over time as dementia
progressed in both groups.

Alcohol abuse and an anxious, depressed basal mood
have been identified as further risk factors for POCD.
In a randomized trial, Hudetz et al. showed that patients
with a history of alcohol abuse had worse cognitive
impairment after surgery than patients with no such
history, even if they stopped drinking for five weeks
preoperatively; these patients also had worse cognitive
impairment than patients who did not undergo surgery,
whether or not they had a history of alcohol abuse (28).
A low educational level is a further risk factor for
POCD (14, 29). It is presumed that there are genetic
predisposing factors as well (7).

Strategies for prevention and treatment
Indications for surgery

The decision whether to perform an extensive surgical
procedure on an elderly, comorbid patient should be
based on a critical evaluation of the potential benefit of
the operation weighed against its potential harm,
including cognitive impairment (even if transient). A
neurological examination should be performed; in indi-
vidual cases, preoperative cognitive testing may be
helpful and indicated.

Operative techniques

POCD is more common and more severe after exten-
sive surgery (Table 3). Particular importance is attached
to avoiding intra- and postoperative complications.
There has been no systematic study of a putative reduc-
tion in the incidence and severity of POCD through the
use of minimally invasive surgical methods. These
methods might be less likely to cause POCD because
they involve less tissue trauma and, therefore, elicit a
less marked postoperative inflammatory response (9,
30).

Anesthesiological techniques
As a rule, the shorter the duration of action of the
anesthetic agent, the shorter the duration of cognitive
impairment in the immediate postoperative period. Pa-
tients are now often premedicated with a sedative that
impairs memory, e.g., midazolam; this practice should
be critically reassessed. In a clinical study, the author
found measurable memory impairment one day after
surgery in patients who had been premedicated with
midazolam and had then undergone 1-2 hours of
general anesthesia with propofol and remifentanil (19).
Cognitive impairment is clearly incompatible with the
modern fast-track concepts of perioperative manage-
ment that are supposed to enable the patient to
cooperate actively in the early postoperative period.
The incidence of POCD has not been shown to be any
less after regional than after general anesthesia (31).
Patients wake up very quickly after general
anesthesia with the noble gas xenon. Many animal ex-
periments have shown that xenon has neuroprotective
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TABLE 4

Potential perioperative strategies for the prevention and treatment of POCD

Patient perioperative cognitive training (?); perioperative geriatric
consultation for high-risk patients, e.g., very old patients (?)
Surgeon meticulous surgical technique to prevent complications;
minimally invasive technique (?)
Anesthesiologist| cautious use of premedicating drugs (sedatives) in elderly patients,

short-acting anesthetics during surgery, meticulous anesthetic
technique to prevent perioperative disturbances of homeostasis
and organ ischemia, tight volumetric balance, EEG monitoring (?)

effects in cerebral ischemia. On the other hand, ran-
domized controlled trials have not revealed any differ-
ence in the incidence of POCD in patients anesthetized
with xenon compared to those anesthetized with propo-
fol, desflurane, or sevoflurane (32-35) (Table 4).
Xenon cannot be used as a single anesthetic agent in
humans; this might explain why the encouraging ex-
perimental findings have not been reflected in clinical
trials. It is not yet clear whether patients at increased
risk of POCD, e.g., very old patients with pre-existing
brain disease who are going to have extensive surgery,
would benefit from xenon-based general anesthesia
rather than from an alternative technique.

Cardiovascular, respiratory, hepatic, and renal
insufficiency are all associated with impaired brain per-
formance. Dedicated studies on POCD are currently
lacking. It is theoretically obvious that an adequate
intraoperative oxygen supply for all vital organs is
essential if postoperative cerebral dysfunction is to be
avoided.

The same is true of tight intraoperative management
of homeostasis to keep the patient in fluid, electrolyte,
and glycemic balance. Cognitive impairment is a lead-
ing manifestation of disturbed homeostasis. Longitudi-
nal studies have clearly shown that inadequate
glycemic control impairs cognitive function (36). In an
observational study on patients undergoing coronary
surgery, Puskas et al. found that intraoperative hyper-
glycemia above 200 mg/dL in non-diabetic patients
was associated with a significant degree of cognitive
impairment six weeks after surgery (37).

There have been clinical studies on the question
whether the use in intraoperative electroencepha-
lography (EEG) to control the depth of anesthesia has
any effect on POCD. The author carried out a ran-
domized trial that revealed only a short-lasting benefit
in the first hour after surgery performed under
propofol-remifentanil anesthesia (38). Farag et al.
found that information processing was more rapid six
weeks after surgery if a deeper level of anesthesia was
aimed at intraoperatively, as measured by BIS (bispec-
tral index), a processed EEG index (39). A randomized
controlled trial from China showed that POCD and
delirium were less common if the BIS indicated a more
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superficial level of anesthesia (40). The incidence of
delirium was between 16% and 24% after a mean anes-
thesia time of two hours. This report did not contain
any information about how many patients received
what kind of anesthetic agent, or about the types of
surgery performed. It is thus unclear whether
anesthesia control with EEG monitoring truly affected
the results, or whether other factors were at work. In
summary, the available study findings on this issue are
inconsistent, and a conclusive assessment is not yet
possible.

Overview and future prospects

POCD is a well-recognized clinical phenomenon of
multifactorial origin. Advanced age, accompanying
cerebrovascular disease, and extensive surgery all
increase the risk of POCD. Meticulous surgical and an-
esthesiological technique are important for preventing
complications and keeping the risk of POCD to a
minimum. The pertinent studies to date have shown
that POCD is generally transient. It is associated with
diminished quality of life and increased mortality after
surgery.

No measuring instruments for cognitive perfor-
mance have yet become established as part of routine
clinical practice, because such instruments are time-
and labor-intensive. A further problem is that POCD is
variously defined in the studies that have addressed it.
Heterogeneous patient groups, different testing
methods, and different study designs make it difficult
to generalize from the study findings that are available.
Randomized controlled trials on adequately sized
groups of patients, employing standardized test instru-
ments, are needed so that we can reliably determine the
effect of different surgical techniques, the clinical
relevance of psychometric data, and the potential
utility of preventive strategies for POCD. It would be
desirable for psychometric test batteries to be devel-
oped that could be implemented in routine clinical
practice. Further research could also determine the
extent to which cognitive training might promote cog-
nitive performance, particularly in elderly patients, and
thereby enable patients to enjoy a more rapid recovery
and a better quality of life after anesthesia and surgery.
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