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The role of oxidative stress in postoperative delirium
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Abstract

Aim: This study aimed to determine a marker that predicts delirium using preoperative oxidative processes in patients undergoing
cardiopulmonary bypass surgery.

Method: Twelve of the 50 patients included in the study showed signs of delirium during postoperative follow-up. The Delirium Rating
Scale was used in patients with delirium according to DSM-IV-TR in the postoperative period. Venous blood samples were obtained from the
patients the day before and the day after the surgery to determine plasma antioxidant enzyme levels.

Results: While there were no differences in preoperative superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and
malondialdehyde (MDA) levels in both groups, catalase (CAT) levels were significantly lower in the delirium group. Postoperative SOD
and MDA levels were also higher in the delirium group, while the GSH-Px levels were found to be lower when compared with those during
the preoperative period. In the nondelirium group, the postoperative MDA and GSH-Px levels were found to be lower than preoperative
levels, and postoperative SOD levels were found to be higher than preoperative levels. CAT levels were lower in the delirium group when the
pre- and postoperative levels were compared in both groups. The postoperative levels of SOD, GSH-Px and CAT in the nondelirium group
and MDA in the delirium group were significantly higher than preoperative levels.

Conclusion: Patients with low preoperative CAT levels appeared to be more susceptible to delirium than patients with higher CAT levels.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction perfusion/oxygenation [8,9] and imbalance of the norad-
renergic/cholinergic neurotransmission [10]. Another po-
tential mechanism for delirium in this condition is the
fact that an alteration in the tryptophan-to-phenylalanine
ratio may result in serotonin excess or deficiency. High
levels of phenylalanine (common in postoperative cata-
bolic states) and low tryptophan-to-phenylalanine ratios
have been associated with delirium [11]. The other
possible causes for delirium after CPB may be preoper-
ative deficits in neuropsychological function and low
antioxidant levels.

CPB surgery has been shown to induce systemic
inflammatory response [12] such as complement activation,
endotoxin release, leukocyte activation, the expression of
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Postoperative delirium is a frequent complication of
cardiopulmonary bypass (CPB) surgery. According to
DSM-IV-TR [1], delirium is defined as a transient mental
syndrome of acute onset, characterized by global impair-
ment of cognitive functions, a reduced level of conscious-
ness, attention abnormalities, increased or decreased
psychomotor activity and a disordered sleep—wake cycle.

Although the cause of delirium after cardiac surgery is
unclear, some mechanisms have been proposed. The brain
may be injured by microembolism [2—7], reduced cerebral
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acid metabolites, cytokines [14,15], platelet-activating
factor, nitric oxide and endothelins. This inflammatory
cascade may contribute to the end-organ damage seen after
cardiovascular operations [16]. Increased free-radical-in-
duced oxidative stress together with a gradual appearance
of antioxidative defense system during and after CPB by
measuring F(2)-isoprostanes and alpha- and gamma-to-
copherol has been shown [17]. The brain is a target for free
radical damage because it has a large lipid content of
myelin sheaths, a high rate of brain oxidative metabolism
and a low antioxidant capacity. The cerebral tissue is
therefore threatened by the increased formation of free
radicals and their metabolites such as hydrogen peroxide
and superoxide radicals [18,19]. To help protect against
these destructive effects of free radicals, the organism
produces protective antioxidant enzymes such as superox-
ide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GSH-Px). Whereas SOD catalyzes the reaction
of the superoxide anion to hydrogen peroxide, CAT and
GSH-Px catalyze the breakdown of peroxides [20].
Particularly in erythrocytes, this appears to be the main
and preferred mechanism over catalysis. It has been known
that malondialdehyde (MDA), the last oxidative product of
unsaturated fatty acids [21,22], and SOD values increase
during reperfusion [21,23].

The antioxidant enzyme status of the tissue is important
for the primary endogenous defense against free-radical-
induced injury [24]. The weak antioxidant defense mecha-
nisms may be preoperatively leading to inadequate com-
pensation of stress appearing in various mechanisms in
patients during CPB or to the inappropriate activation of
antioxidants. The fact that neurons are very sensitive to
oxidative stress and such conditions can lead to their death
or apoptosis.

Active oxygen species are highly reactive and very short
lived and are therefore difficult to measure directly [25]. For
this reason, most methodologies involve indirect determi-
nations of antioxidants and the extent of oxidative stress that
an organ has been submitted. The use of peripheral markers
of oxidative stress could provide a tool that may be useful to
define the role of oxidative stress in several pathological
conditions of the brain [26]. Kramer et al. [27] investigated
whether biochemical changes that occur in rat brain tissue
are also reflected in the erythrocytes. They found partial
parallelism between changes in cerebral cortex homogenate
and erythrocytes after complete brain ischemia.

It is proposed that even after the abolishment of
dementia, cognitive sequelae and predisposition to demen-
tia may be noted [28]. From this point of view, it is
important to verify the predisposing variables and preven-
tive means for delirium. In this study, we aimed to verify an
indicator related to oxidative process that could predict
delirium preoperatively. Peripheral blood samples have
been used to obtain information on the altered balance
between the production of free radicals and the antioxidant
capacity [21].

2. Materials and methods

2.1. Patient selection

The study was carried out on patients admitted for CPB
surgery to our Cardiovascular Surgery Clinic between
February 2003 and December 2003. The approval of the
Ethics Committee was obtained. A total of 50 consecutive
patients (13 females; 37 males) who did not have dementia,
who did not suffer from any systemic disease except
hypertension or coronary artery disease and who had not
smoked for at least 7 days before surgery were included into
the study. All subjects were informed about the aims of the
study during the first interview, and written consent was
obtained from each of them. All patients underwent CPB.

2.2. Diagnosis of postoperative delirium

All patients were evaluated by two experienced psy-
chiatrists on the day before surgery (OS and RK). The
sociodemographic data form was completed, and the
Mini Mental State Examination (MMSE) was adminis-
tered. The MMSE was repeated on the fifth postoperative
day by the same psychiatrists. The MMSE represents a
brief, standardized method by which to grade cognitive
mental status [25]. It assesses orientation, attention, imme-
diate and short-term recall, language and the ability to
follow simple verbal and written commands. Furthermore,
it provides a total score that places the individual on a
scale of cognitive function.

The clinician visited the patients three times a day
postoperatively to monitor their level of consciousness. The
treatment team was trained on noticing the patient’s level of
consciousness and asked to inform the clinician if there was
any change. Twelve of the 50 patients included in the study
fulfilled the DSM-IV-TR diagnostic criteria for delirium
during postoperative follow-up visits. Eleven of the 12
patients in the delirium group were diagnosed with delirium
on the first postoperative day while one patient was
diagnosed on the second day.

The Delirium Rating Scale (DRS) was used to determine
the severity of the delirium. DRS was developed by
Trzepacz et al. [29] and consists of 10 items. The highest
possible total score is 32 points. Delirium was defined as a
score of 10 points or higher, 12—17 points are accepted as
mild delirium, 18-28 points are classified as moderate
delirium and 29-32 points denote severe delirium. We
grouped patients into those with delirium as “delirium”
(n=12) and those without delirium as ‘“nondelirium”
(n=38).

2.3. Antioxidant enzyme assay method

Plasma SOD activity was measured according to Sun
et al. [30] by determining the reduction of nitroblue
tetrazolium (NBT) by superoxide anion produced with
xanthine and xanthine oxidase. One unit of SOD is defined
as the amount of protein that inhibits the rate of NBT
reduction by 50%. Results were expressed as Unit/L.
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Table 1

The average age, bypass duration, cross-clamp duration, amount of cardioplegia administered, partial oxygen pressure during surgery and sex of the delirium

and nondelirium groups

Delirium (n=12), mean+S.D. Nondelirium (n=38), mean+S.D. P
Age 63.3+10.4 58.5+10.8 NS?*
Bypass 114.9£23.0 99.6+£26.4 NS?*
Cross clamp 89.94+21.0 71.0+£25.8 <.02%
Cardioplegia 3254.2+935.6 2400.0+765.3 <.01?
0O, 327.5450.3 323.2470.8 NS?*
Sex (F/M) 5/7 8/30 NS?*

Bypass, the total duration the heart was supported by the pump during surgery (in minutes); cross clamp, the total duration from the time the clamp was placed
on the aorta to the time it was opened (in minutes); cardioplegia, the blood and potassium ringer lactate solution infused during the surgery (in milliliters);
pO,, the partial oxygen pressure during the surgery (in mmHg); NS, not significant.

# Mann—Whitney U.

Erythrocyte CAT activity was determined according to
the method of Aebi [31] by monitoring the initial rate of
disappearance of hydrogen peroxide (initial concentration,
10 mM) at 240 nm in a spectrophotometer. Results were
reported as K/g Hb.

Erythrocyte MDA, referred to as thiobarbituric acid
reactive substances, were measured with thiobarbituric acid
at 532 nm in a spectrofluorometer as previously described
[32]. Results were reported as pmol/g Hb.

Erythrocyte GSH-Px activity was measured according
to Paglia and Valentine [33] by monitoring the oxidation
of reduced nicotinamide adenine dinucleotid phosphate
(NADPH) at 340 nm. Enzyme units were defined as the
number of micromoles of NADPH oxidized per minute
and calculated using the extinction coefficient of NADPH
at 340 nm of 6.22x106/M/cm. Results were reported as
units/g Hb.

2.4. Statistical analysis

Patients were grouped into those developing and not
developing delirium for statistical evaluation. Statistical
analysis of the results was carried out using the commer-
cially available SPSS 11.0 for Windows statistical software.

Chi-square test was used to compare sex distribution
between groups. The standard distribution was checked
with the Kolmogorov—Smirnov test. As it was not a case of
normal distribution, the Mann—Whitney U Wilcoxon test
was used to compare age, MMSE values, duration of
bypass, duration of cross clamp, amount of cardioplegic
administered and the partial oxygen pressure during surgery
between delirium and nondelirium groups. Wilcoxon test
was used to compare preoperative and postoperative
MMSE values in each group. All data (age, MMSE values,
duration of bypass, duration of cross clamp, amount of
cardioplegic administered and the partial oxygen pressure
during surgery) were correlated by means of Spearman’s
correlation coefficient. Age, cross-clamp duration and
cardioplegia variables were used as confounding factors
for univariate analysis of variance, and the statistical
calculations were repeated. The results were expressed as
mean value+standard deviation (MV+S.D.). A P value of
less than .05 was considered significant.

3. Results

Twelve of the 50 study subjects met the DSM-IV-TR
diagnostic criteria for delirium during postoperative follow-
up. Patients diagnosed with delirium had a mean score of
15.7+4.3 points (range, 12-26) on the DRS. The delirium
was mild in 7 patients and moderate in 5 patients according
to the scores obtained from the DRS. The MMSE values
showed a statistically significant postoperative decrease
compared with the preoperative period in both groups.

The average age, bypass duration, cross-clamp duration,
amount of cardioplegic administered and partial oxygen
pressure during surgery in the delirium and nondelirium
groups are presented in Table 1.

According to the preoperative antioxidant enzyme levels,
the delirium group had a CAT level significantly lower than
the nondelirium group. The postoperative SOD, GSH-Px
and CAT levels were significantly higher in the nondelirium
group while the MDA levels were statistically significantly
higher in the delirium group. In the delirium group,
postoperative SOD, GSH-Px and MDA levels have been

Table 2
Comparison of the pre- and postoperative CAT, SOD, GSH-Px and MDA
levels of the delirium and nondelirium groups

Delirium (n=12) Nondelirium (7 =38) P

CAT (K/g Hb)
Preoperative 182.2+83.0 236.3+83.7 <.035%
Postoperative 149.2+67.2 265.7+£73.3 <.001*
P NS® NS®

SOD (U/L)
Preoperative 60.3£9.9 54.8+7.3 NS*
Postoperative 71.7+£11.7 93.748.3 <.001*
P <.023° <.001°

GSH-Px (U/g Hb)
Preoperative 3632.7+700.0 3917.24+648.3 NS*
Postoperative 1920.8+588.5 2921.9+814.4 <.001*

P <.003° <.001°
MDA (umol/g Hb)

Preoperative 8.1£2.0 8.9£3.6 NS*
Postoperative 11.1+3.6 32+15 <.001*
P <.011° <.001°

NS, not significant.
# Mann—Whitney U.
® Wilcoxon.
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found to be significantly higher than preoperative levels.
The mean CAT level was not statistically significantly
different postoperatively compared with the preoperative
values. In the comparison of the pre- and postoperative
CAT, SOD, GSH-Px and MDA levels of the nondelirium
group, there were statistically significant differences for
SOD, GSH-Px and MDA. There were no statistically
significant differences between pre- and postoperative
CAT levels in both groups (Table 2).

The SOD level increased in a statistically significant
manner in both groups but more markedly in the nondelirium
group postoperatively when compared with the preoperative
period. In contrast, the GSH-Px values had decreased
postoperatively when compared with the preoperative values
in a statistically significant manner in both groups, again
more markedly in the nondelirium group. However, the
change in the MDA level due to surgery was very different in
the two groups. Although there was a statistically significant
increase in the MDA level postoperatively compared with the
preoperative period in the delirium group, there was a
statistically significant decrease in the nondelirium group.

There was no significant difference in the results when
statistical analysis was repeated after cross-clamp period and
when cardioplegia-related factors were used as confounding
factors for univariate analysis of variance. The same
situation was true for age. The results again did not differ
significantly when age was taken as a confounding factor in
addition to cross-clamp period and cardioplegia.

4. Discussion

It has been known for a long time that the risk of delirium
and neuropsychological deficit development is high after
CPB [34-36]. We found a significant decline in the MMSE
score in the postacute stage after surgery in both the delirium
and nondelirium groups. Berr et al. [37,38] have shown with
a series of studies that “oxidative stress and/or antioxidant
deficiencies” increase damage to cerebral tissue and lead to
cognitive decline with irreversible degeneration. Jackson
et al. [28] have found that the common finding of nine
studies on delirium and cognitive functions was cognitive
decline continuing as a sequelae even after delirium.

Many etiologic mechanisms such as the acute syndromes
of vasospasm, coagulopathy, microembolism [39,40], is-
chemia/reperfusion injury and potential harmful mediators
of the inflammatory response [41,42] have been proposed
for delirium. These mechanisms interrelate and produce
synergistic, cumulative effects on brain function during and
after the operation [43]. The interactions among these
mechanisms are shown in Fig. 1.

CPB triggers an inflammatory response that can lead to
the development of postoperative organ dysfunction [44].
This postoperative neuropsychological decline may signif-
icantly be associated with the postoperative release of some
neurobiochemical markers of brain damage, such as protein
S-100B and neuron-specific enolase [45].

CARDIOPULMONARY BYPASS

Low antioxidant level Oxidative stress Oxidative stress

(Inflammation) (Ischemia-reperfusion)
\ | /
FREE RADICAL RELEASE

Antioxidant Defences
(CAT, SOD, GSH)

!

| Unreduced Free Radicals |

|

| Neuronal Membrane Lipid Oxidation

!

I Neuronal Dysfunction |

apA)|

DELIRIUM

Fig. 1. Delirium development process in relation to oxidative stress in
patients after CPB.

There was no significant difference in the statistical
results when cross-clamp period, cardioplegia-related fac-
tors and age were taken as a confounding factor, which
indicates that oxidative stress markers are important
independent predictors of delirium. The brain is one of the
organs most sensitive to inadequate cerebral perfusion,
oxygenation and excess oxidative stress products [46—49].
Hyperoxic CPB, widely used during cardiac operations,
may cause oxygenation injury induced by reactive oxygen
intermediates [50]. Ulus et al. [17] showed the increase of
free-radical-induced oxidative stress together with a gradual
appearance of antioxidative system during and after CPB.
Ischemia may impair mitochondrial SOD. During CPB,
excessive ATP consumption leads to the accumulation of the
purine catabolites hypoxanthine and xanthine, which, upon
subsequent reperfusion and influx of oxygen, are metabo-
lized by xanthine oxidase to yield massive amounts of
superoxide and hydrogen peroxide [51]. This increased
production of H,O, during CPB surgery is likely to induce
delirium [47,52]. The elimination of H,O, is very important
as hydroperoxides can initiate a lipid peroxidation chain
reaction and consequently propagate free radicals, leading to
DNA and membrane damage [53,54]. The half-life of free
radicals is very short and repair of oxidative stress begins
within a short time after they are secreted.

In the reperfusion phase, oxidative stress may release
oxidized glutathione [46-48], but GSH-Px and SOD decline
to the baseline level at the 24th postoperative hour [55].
We found that SOD increased more markedly in the
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nondelirium group postoperatively. This indicates that
oxidative damage may be compensated in this group. Full
compensation cannot take place in the delirium group, thus
leading to pathology. In a recent study by Matata and
Galinanes [56], lipid and protein oxidation was found to be
increased during CPB in patients with diabetes.

The antioxidant enzyme levels of the organism are
accepted as an indication of the resistance that the tissues
will show to possible oxidative stress. Inadequate response of
the antioxidant mechanism provides a basis for oxidative
stress to cause tissue damage. CAT activity was found to be a
major determinant of cellular resistance to H,O, toxicity in
cell lines [57-60]. Christiansen et al. [61] have shown that the
CAT —262T allele serves as protection against neurodegen-
erative and physical decline. We also found that the indivi-
duals with low preoperative CAT levels developed a
statistically significantly higher rate of delirium. In parallel
with these findings, we found higher postoperative levels of
SOD, GSH-Px and CAT in the group that did not develop
delirium. We also found higher levels of MDA, the last pro-
duct of lipid peroxidation, in the delirium group. In contrast,
MDA levels showed a significant decrease when compared
with the preoperative levels in the group that did not develop
delirium. Our results indicate that a low CAT capacity (low
CAT levels) leads the tissues to suffer more damage from
oxidative stress. The high MDA levels found in the delirium
group postoperatively show that oxidative catabolism con-
tinues until the end stage in these patients and concludes with
the peroxidation of unsaturated fatty acids. Although the
MDA defense mechanism tries to protect the system up to a
point, it may become destructive above a certain level.

This study has some strengths and limitations. Using
peripheral blood samples for measuring free radicals and
antioxidant capacity may not exactly reflect the central
condition. The fact that DRS scores were not collected for
nondelirious patients has prevented regression analyses to
be carried out. On the other hand, three-times-a-day
evaluation of patients has revealed a more reliable data.

Our data indicate that a low level of CAT before CPB
seems to be associated with postoperative delirium. It is
known that CAT protects cells from oxidative stress [62].
Antioxidants are indicators of the organism suffering from
stress, but it seems that a protective system such as CAT at
higher relative levels preoperatively prevents delirium
progression. Determination of preoperative plasma CAT
concentrations may therefore have a predictive value with
respect to postoperative delirium development after CPB. If
future studies indicate a CAT cutoff point for preoperative
patients, it may be possible to predict patients that will
become delirious after surgery, and these patients may be
put on antioxidant treatment preoperatively.
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