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Background: Delirium is a frequent and serious complication following cardiac
surgery involving cardiopulmonary bypass (CPB). Electroencephalography
reflects the electrical activity of the cerebral cortex. The impact of
electroencephalographic epileptiform discharges during cardiac surgery on
postoperative delirium remains unclear. This study was designed to
investigate the relationship between intraoperative epileptiform discharges
and postoperative delirium in patients undergoing cardiac surgery.

Methods: A total of 76 patients who underwent cardiac surgery under CPB
were included. The baseline cognitive status was measured before surgery.
Electroencephalograms were monitored continuously from entry into the
operating room to the end of surgery. The presence of delirium was assessed
through the Confusion Assessment Method or the Confusion Assessment
Method for the Intensive Care Unit on the first 3 days after surgery. Univariate
and multivariate logistic regression analyses were performed to evaluate the
association between epileptiform discharges and delirium.

Results: Delirium occurred in 31% of patients and epileptiform discharges were
present in 26% of patients in the study. Patients with delirium had a higher
incidence of epileptiform discharges (52.63% vs. 13.95%, P<0.001) and longer
durations of anesthesia and CPB (P=0.023 and P=0.015, respectively). In
addition, patients with delirium had a longer length of hospital stay and a higher
incidence of postoperative complications. Multivariate logistic regression analysis
showed that age and epileptiform discharges were significantly associated with
the incidence of postoperative delirium [odds ratio, 4.75 (1.26-17.92), P =0.022;
5.00 (1.34-18.74), P = 0.017, respectively].

Conclusions: Postoperative delirium is significantly related to the occurrence of
epileptiform discharges during cardiac surgery.
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Introduction

Delirium is a type of acute brain dysfunction associated with
changes in consciousness, attention, and cognitive function; it is
common after cardiac surgery (I, 2). Delirium can increase
hospitalization costs and length of stay (LOS), can reduce the
quality of life, and is closely associated with early
postoperative cognitive dysfunction (3-6). Notably, one of the
of

neurotransmitter imbalance, which can lead to changes in

pathophysiological mechanisms delirium is
electroencephalogram (EEG) patterns (7, 8). A study has
found that adults who undergo cardiac surgery utilizing
cardiopulmonary bypass (CPB) are more likely to experience
seizures and increased operative mortality (9).

The epileptiform discharges on the EEG are a good
indicator of the abnormal excitability of the brain; they are
associated with neurocognitive decline (10), Alzheimer’s
disease (11), hypoxic encephalopathy after cardiac arrest (12),
and autism (13). Therefore, epileptiform discharges may
provide a method for early identification of abnormal
discharges of the brain. In our preliminary observations, we
found that patients undergoing CPB demonstrate epileptiform
discharges on the EEG during surgery. However, the
relationship between epileptiform discharges and delirium is
unclear.

This study was designed to investigate the relationship
the EEG
postoperative delirium during cardiac surgery under CPB. It
the of

electroencephalography in patients with postoperative delirium.

between epileptiform  discharges on and

aimed to provide clinical evidence for use

Materials and methods
Patients

This single-center prospective observational study was
performed at the General Hospital of Ningxia Medical
University between July 2, 2020, and July 16, 2021. It was
approved by the Ethics Committee of the General Hospital of
Ningxia Medical University (KYLL-2021-358) and is
registered at https://www.clinicaltrials.gov/ (NCT04943939).
The study was performed according to the Declaration of
Helsinki. All participants provided written informed consent
before participating in the study.

A total of 76 patients having American Society of
Anesthesiologists physical status III, who were aged >18 years
and had corrected preoperative conditions, were scheduled for
elective open-chamber cardiac valve reconstruction or
replacement with cardiopulmonary bypass, and admitted to
the cardiac surgical care unit after surgery were enrolled in

this prospective observational study. Those receiving off-pump
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cardiac surgery; undergoing surgery for correction of

congenital heart disease; having a history of stroke,
schizophrenia, depression, epilepsy, dementia, and drug
addiction; unable to communicate due to language
impairment or significant hearing or visual impairment;
having severe liver dysfunction or severe renal insufficiency
requiring preoperative renal replacement therapy; or having a
history of intraoperative awareness or falls in the last 6
months were excluded. Patients who withdrew consent and

refused further participation were excluded from the study.

Perioperative management

Patients received standard monitoring, including

electrocardiography,  pulse  oximetry, and continuous
monitoring of radial arterial blood pressure, nasopharyngeal
temperature, end-tidal CO,, and urine output. Anticholinergic
drugs such as scopolamine were strictly prohibited during the
study period. Atropine was only used to treat bradycardia,
and midazolam was not used as an anxiolytic. Etomidate or
propofol, sufentanil, and rocuronium were used for induction
After tracheal

maintained by continuous infusion of propofol, remifentanil,

of anesthesia. intubation, anesthesia was
and rocuronium boluses according to clinical needs. The use
of vasoactive drugs was personalized according to the patient’s
condition. Propofol was administered with the depth of
anesthesia adjusted based on the patient status index, which
was generated by SedLine (Masimo Inc., United States). After
the operation, patients were sent to the cardiac surgical care
unit for further standardized treatment.

EEG recording and analysis

The SedLine monitor is a four-channel EEG monitoring
device that collects data from the frontal lobe of the brain at
locations specified through Fpl, Fp2, F7, and F8; it has been
developed to monitor sedation depth and brain electrical
activity in patients who are under anesthesia. Electrode
impedance was maintained at less than 5 kQ in each channel.
The EEG was recorded continuously from the baseline (before
anesthesia) to the end of surgery. The EEG results were
independently analyzed with a focus on amplitude and
the Clinical
Neurophysiology Society’s Standardized Critical Care EEG

frequency  according  to American
Terminology (14) and classified as rhythmic polyspikes (PSR),
periodic epileptiform discharges (PED), delta with spikes
(DSP), and suppression with spikes (SSP) (15). The EEG was
interpreted by neuroelectrophysiology physicians. The data
were considered as epileptiform discharges based on the

agreement of neuroelectrophysiology physicians.
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Data collection

Data regarding the patient’s general condition, history of
alcohol use, and comorbid conditions were recorded. The
baseline cognitive function was evaluated using the Mini-
Mental State (MMSE). The of
intraoperative surgery and details of anesthesia including

Examination time
the dosage of anesthesia and vasoactive drugs used
were also recorded. The hemoglobin after surgery, LOS,
and other complications (cardiac events, cerebrovascular
events, kidney injury, and infection, among others) that
occurred during the postoperative hospitalization were also
recorded.

Postoperative delirium assessment and
analysis

The development of delirium was the primary outcome of
the study. The presence of delirium was evaluated by trained
research team members using the Confusion Assessment
Method (CAM) or the Confusion Assessment Method for the
Intensive Care Unit (CAM-ICU) at specific times, as their
reliability has been previously demonstrated (16). Researchers
screened patients for delirium using the CAM or the CAM-
ICU twice a day (at 6-9 am and 6-9 pm) for 3 days, starting
from the first day after surgery. The CAM-ICU was used to
evaluate those patients who had a Richmond Agitation
Sedation Scale score of —3 or greater during cardiac surgical
stable
respiration and in whom the tracheal tube could not be

care unit admission with hemodynamics and
removed or who could not answer questions. Patients who
did not achieve a Richmond Agitation Sedation Scale score of
—3 were reassessed later, and the score was recorded. Patients
were classified as having postoperative delirium if they

screened positive at any time.

Sample size calculation

The sample size was calculated based on the incidence of
postoperative delirium in a previous study, where 72% and
32% of patients undergoing surgery did and did not have
epileptiform discharges, respectively (17). The sample size that
would yield a statistical power of 90% at the difference based
on a two-tailed significance level of 0.05 was calculated to be
62 patients. Considering an estimated dropout rate of 20%, we
intended to enroll 76 patients. The sample size was calculated
using PASS 11.0 software.
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Statistical analysis

Statistical analysis was performed using SPSS 25.0 software.
Data are presented as medians with the interquartile range
(IQR) or as frequencies (1) and percentages (%). Significant
differences in categorical variables were compared between the
groups using the chi-square test. For parametric continuous
variables, the t-test was used. Continuous variables that did
not meet the criteria for parametric testing were evaluated
using the Mann-Whitney U test. The odds ratio with 95%
confidence intervals and corresponding P values were
calculated for each risk factor. To determine the impact of
epileptiform discharges on the incidence of delirium, we
performed a binary logistic regression analysis of independent
associations. Variables that significantly affected delirium on
univariate analysis were included during multivariate logistic
regression analysis. A two-sided P value of <0.05 was

considered statistically significant.

Results

The study flow diagram is presented in Figure 1. Patients
were enrolled between July 2, 2020, and July 16, 2021. A total
of 76 patients were selected for this prospective observational
study, of whom 62 were eventually enrolled and their data
analyzed. The intraoperative EEG data could not be analyzed
in nine and five patients owing to poor or incomplete data
collection during surgery and excessive artifacts (eyelid
motion and muscle artifacts), respectively.

The median age of the remaining patients was 59 years;
65% were male, and the median body mass index was
23.95 kg/m®. At presentation, the physical status of all
patients was of grade III, according to the American
Society of Anesthesiologists. The MMSE scale was used to
assess the preoperative cognitive function of the patients;
the median value was found to be 25. The median
anesthesia maintenance, CPB, and aortic cross-clamp times
were 330, 135, and 88 min, respectively. On postoperative
delirium screening (CAM or CAM-ICU), 19/62 (31%)
43/62 (69%) did not have
postoperative delirium. The characteristics of the patients

patients tested positive;
in the two groups are summarized in Table 1; there were
no significant differences between the two groups in terms
(P>0.05). the
delirium group differed from those in the nondelirium
group in that they were older [64 (60-66) vs. 56 (51-
62) years, P=0.001] and the LOS was longer [21 (17-27)
vs. 18 (13-22) days, P=0.004]; anesthesia (P=0.023) and
cardiopulmonary bypass (P=0.015) times were also longer;

of baseline characteristics Patients in

and hemoglobin after surgery was lower [100 (113-129)
vs. 120 (132-148), P=0.001].
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185 patients screened

50 excluded
-17 off-pump procedure

-33 other types of cardiac
surgery

135 eligible patients

59 excluded
-8 cancelled operation

-19 no informed consent

76 patients included

-32 no EEG monitoring

14 excluded

-9 EEG data poor or missing
-5 excessive artifacts

62 patients assessed and analyzed

U
POD analyzed (n=19)

FIGURE 1

’

Non POD analyzed (n=43)

Flow diagram demonstrating the process of patient enrollment. POD, postoperative delirium; EEG, electroencephalogram.

Epileptiform discharges occurred in 16/62 (26%) of the
patients. Also, epileptiform discharges were more common in
patients with delirium (62.50% vs. 19.57%, P<0.001). As
shown in Table 2, there were no significant differences in
baseline characteristics between the groups with and without
epileptiform discharges (P> 0.05). In addition, the hemoglobin
level after surgery also showed no significant differences
between the two groups (P>0.05). The LOS was longer in the
group with epileptiform discharges [21 (18-28) vs. 18 (14-
22) days, P=0.031]. Epileptiform discharges occurred in 5 and
12 patients during anesthesia induction and CPB, respectively.
In all patients with epileptiform discharges, DSP discharges are
the most common in eight (50%) of the cases, six (38%) of
PSR, three (19%) of PED, and one (6%) of SSP.

A total of developed  postoperative
complications; patients with delirium had higher complication
rates than those without delirium (36.84% vs. 25.58%).
However, it was unclear whether ischemic or latent stroke

18  patients

occurred, as confirmatory computed tomography or magnetic
resonance imaging was not performed. In addition, none of
the patients admitted to the cardiac surgical intensive care
unit were observed to have seizures.

Univariate analyses of independent
associations

For univariate binary logistic regression analysis, the
occurrence of delirium was used as the dependent variable,

Frontiers in Surgery

and the factors associated with delirium were used as
independent variables. The preoperative MMSE score did not
differ between patients with and without delirium (P =0.153).
Likewise, the duration of surgery and anesthesia and dosage
of anesthesia did not differ between the groups (P=0.122,
P=0.754, and P=0.273, respectively). Previous studies have
shown that prolonged CPB leads to poor prognosis in patients
undergoing cardiac surgery; however, there was no statistically
significant difference between the two groups in this study
[odds ratio, 2.70 (0.77-9.50); P=0.122]. Univariate analysis
showed that only age [odds ratio, 6.33 (1.79-22.41); P=0.004]
and epileptiform discharges [odds ratio, 6.85 (1.97-23.84);
P=0.002] were significantly and independently associated
with postoperative delirium in our study (Table 3). The
incidence of delirium increased with age; 52% of patients were
aged over 60 years. In this study, only age was found to be
related to epileptiform discharges [odds ratio, 4.26 (1.19-
15.25); P=0.026]. We did not find other factors, such as time
of CPB and dose of anesthetic drugs, to be related to
epileptiform discharges.

Multivariable logistic regression analyses

On univariate logistic regression analysis of the risk factors
for delirium, only age and epileptiform discharges were
considered relevant predictors for further multivariate logistic
regression analysis. The overall model for both predictors was
significant. The values were as follows: age [odds ratio, 4.75
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TABLE 1 Comparison between patients with and without delirium.

POD (n=19) Non-POD P
(n=43) value
Median [IQR] Median [IQR]
Age, years 64 [60-66] 56 [51-62] 0.001
Height, cm 165 [160- 169 [160- 0.857
170] 171]
Weight, kg 66 [59-76] 65 [60-75] 0.937
BMI, kg/m” 23.74 [22.04- 24.06 [22.39- 0.982
25.35] 25.80]
Sex, male/female 11/8 29/14 0.469
Preoperative medications
Aspirin 1 (5.30%) 2 (4.65%) 0.918

ACE inhibitor 2 (10.53%) 7 (16.28%) 0.553
ARB agent 6 (31.58%) 15 (34.88%) 0.800
B-blocker 1 (5.30%) 8 (18.60%) 0.169
Calcium 2 (10.53%) 8 (18.60%) 0.425
channel blocker
Hemoglobin, g/dl 134 [144- 136 [148- 0.369
151] 158]
Comorbid conditions
Hypertension 8 (42.11%) 13 (30.23%) 0.362
Atrial 3 (15.79%) 4 (9.30%) 0.457
fibrillation
Coronary heart 2 (10.53%) 4 (9.30%) 0.881
disease
Diabetes 1 (5.26%) 1 (2.33%) 0.546
Alcohol use 1 (5.26%) 4 (9.30%) 0.590
Epileptiform 10 (52.63%) 6 (13.95%) 0.001
discharges
Procedures
Operation 320 [229- 260 [212- 0.018
duration, min 441] 291]
Anesthesia 375 [295- 313 [272- 0.023
duration, min 491] 352]
CPB duration, 184 [126- 120 [95-155] 0.015
min 214]
Aortic cross- 115 [55-159] 80 [50-110] 0.067
clamp, min
Drug
Propofol, mg 950 [720- 767 [625- 0.089
1300] 1059]
Remifentanil, 3.72 [2.68- 3.57 [2.76- 0.487
mg 4.78] 4.36]
Dopamine, mg 47.60 [26.15- 34.65 [19.60- 0.040
97.50] 49.00]
Epinephrine, pg 140.00 [0.00- 142.50 [27.70- 0.596
220.00] 274.00]
Nitroglycerin, 0.69 [0.51- 0.96 [0.54- 0.141
mg 1.01] 1.90]
Atropine 5(26.32%) 4 (9.30%) 0.080
Hemoglobin after 100 [113- 120 [132- 0.001
surgery, g/dl 129] 148]
(continued)
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TABLE 1 Continued

POD (n=19) Non-POD P
(n=43) value
Median [IQR] Median [IQR]

Red cell 5(26.32%) 1 (2.33%) 0.003

transfusion

Length of stay 21 [17-27] 17 [13-22] 0.004

Preoperative 24 [23-25] 26 [22-27] 0.146

MMSE

Complication, n 7 (36.84%) 11 (25.58%) 0.368

(%)

Values are presented as medians and IQR or frequencies (n) and percentages
(%). Statistical analysis was performed with the t-test, Mann—Whitney U test,
or Pearson chi-square test.

POD, postoperative delirium; BMI, body mass index; CPB, cardiopulmonary
bypass; MMSE, Mini-Mental Status Examination; ACE, angiotensin-converting
enzyme; ARB, angiotensin receptor blocker; IQR, interquartile range.

(1.26-17.92), P =0.022] and epileptiform discharges [odds ratio,
5.00 (1.34-18.74), P=0.017] (Table 3).

Discussion

In this study, we found that the incidence of epileptiform
discharges is surprisingly high in patients undergoing cardiac
surgery; they were observed in 16/62 (26%) of patients.
Overall, 19/62 (31%) of patients developed delirium after
cardiac surgery. and age were
identified as independent the
development of delirium in patients after cardiac surgery.

Epileptiform  discharges
confounders related to
Therefore, we speculate that the occurrence of epileptiform
discharges is related to postoperative delirium in patients
undergoing cardiac surgery.

We found that among the patients who are at a high risk of
delirium after cardiac surgery, approximately 31% developed
delirium; this agrees with the incidence of delirium (23%-
52%) reported by previous studies on patients who underwent
cardiac surgery (18, 19). Although the pathophysiological
mechanism of delirium remains unclear, the changes in brain
electrical activity caused by a variety of factors play an
important role in pathogenesis; these include neurotransmitter
imbalance, changes in neuronal excitability, and overactivated
(20,  21).
neurotransmitter imbalances such as increased dopamine and

inflammatory ~ responses In  particular,
glutamate and decreased glutamine in the cerebrospinal fluid
may increase the fragility of the brain, thereby contributing to
delirium (22).

EEG is an effective tool for monitoring the electrical
of the

characterized by abnormal spontaneous discharges in the

activity brain. Epileptiform  discharges are

brain that can affect cognition and awareness. Hanak et al.
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TABLE 2 Comparison between patients with and without epileptiform
discharges.

Epileptiform Non- p
discharges epileptiform  value
(n=16) discharges
(n=46)
Median [IQR] Median [IQR]
Age, years 63 [59-67] 57 [51-64] 0.079
Height, cm 166 [160-169] 169 [160-171] 0.767
Weigh, kg 66 [58-70] 66 [60-76] 0.509
BMI, kg/m2 23.04 [22.04-24.81] 24.22 [22.47- 0.145
25.89]
Sex, male/female 11/5 29/17 0.681
Delirium 10 (62.50%) 9 (19.57%) 0.001
Hemoglobin, g/dl 129 [146-155] 137 [147-156] 0.299
Procedures
Operation 270 [197-320] 271 [221-340]  0.647
duration, min
Anesthesia 333 [250-371] 330 [290-397] 0.595
duration, min
CPB duration, 136 [76-180] 133 [104-186] 0.573
min
Aortic cross- 84 [42-128] 89 [63-124] 0.359
clamp, min
Drug
Propofol, mg 899 [679-1078] 778 [650-1074]  0.494
Remifentanil, 343 [2.59-4.47] 3.76 [2.78-4.58]  0.479
mg
Dopamine, mg 41.28 [27.33-55.38] 38.25 [21.21- 0.687
67.00]
Epinephrine, pg ~ 131.98 [26.79- 150.50 [0.00- 0722
212.25] 304.90]
Nitroglycerin, 0.89 [0.56-1.46] 0.91 [0.51-1.94]  0.904
mg
Hemoglobin after 104 [129-136] 116 [127-145] 0.519
surgery, g/dl
Length of stay 21 [18-28] 18 [14-22] 0.031
Preoperative 24 [22-26] 26 [23-27] 0.083

MMSE

Values are presented as medians and IQR or frequencies (n) and percentages
(%). Statistical analysis was performed with the t-test, Mann—Whitney U test,
or Pearson chi-square test.

BMI, body mass index; CPB, cardiopulmonary bypass; MMSE, Mini-Mental
Status Examination; IQR, interquartile range.

(23) found that the expression of metabolic glutamate receptor
5 in the hippocampus decreases during epileptic seizures; this
leads to a large accumulation of glutamate, which acts on ionic
receptors. This in turn results in Ca®* and Na* influx and K*
outflow, inducing abnormal synchronous discharge and
epileptic seizures. Inflammatory processes in the brain and
damage to the blood-brain barrier often cause destruction of
ion channels, abnormal neurotransmitter uptake and release,
and excitatory neurotoxicity (24). This indicates that the
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TABLE 3 Univariate and multivariate logistic regression analyses for
prediction of postoperative delirium in patients after surgery.

Univariable Multivariable
Odds ratio p Odds ratio P
(95% CI) value (95% CI) value
Age 6.33 (1.79-22.41)  0.004  4.75 (1.26-17.92)  0.022
Operation duration ~ 2.70 (0.77-9.50)  0.122 — —
Anesthesia duration  1.21 (0.36-4.07) 0.754 — —
CPB duration 2.70 (0.77-9.50) 0.122 — —
Aortic cross-clamp 1.08 (0.32-3.67) 0.897 — —
duration
Propofol 1.88 (0.61-5.81) 0.273 — —
Remifentanil 1.21 (0.36-4.07) 0.754 — —
Preoperative MMSE ~ 0.85 (0.69-1.06) 0.153 — —
Epileptiform 6.85 (1.97-23.84)  0.002  5.00 (1.34-18.74)  0.017

discharges

The results of logistic regression analysis have been presented as the odds ratio
with 95% confidence intervals.

CPB, cardiopulmonary bypass; MMSE, Mini-Mental Status Examination; ClI,
confidence interval.

occurrence of epileptiform discharges and delirium may have
a common mechanism. Epileptiform discharges can be
observed in EEG records of other surgical patients, especially
(25). addition,
epileptiform discharges can also occur in patients without

in those with brain dysfunction In
seizures or a diagnosis of epilepsy (26). In our study, the
intensive care unit staff did not observe seizures in the
patients after surgery.

In our study, 26% of patients demonstrated epileptiform
discharges during cardiac surgery. In another study on
postoperative patients in the cardiac surgical care unit,
Tschernatsch et al. (27) found the incidence of epileptiform
discharges and abnormal EEGs to be 9% and 33%,
respectively. The high incidence of epileptiform discharges in
our study may be attributed to the fact that we analyzed
intraoperative EEG data and abnormal electrical activity in
the brain caused by anesthesia drugs and changes in cerebral
blood flow during CPB. Our study found epileptiform
discharges to occur during anesthesia induction in 5/16
(31%) patients. A previous study found that anesthesia
drugs, such as propofol and sevoflurane, can induce delirium
and epileptiform discharges (28). Therefore, the sudden
increase in blood concentration of propofol and other
anesthesia drugs during anesthesia induction may cause
abnormal brain discharges and be related to the occurrence
of epileptiform discharges. In addition, 12/16 (75%) patients
had epileptiform discharges during CPB, which may be
of
hyperperfusion of the brain tissue during CPB and cause ion

because ischemic  hypoxia, hypoperfusion, and

channel and blood-brain barrier dysfunction, leading to
abnormal neuronal firing and seizures (29, 30). Therefore,

frontiersin.org


https://doi.org/10.3389/fsurg.2022.900122
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Li et al.

the occurrence of epileptiform discharges on intraoperative
EEGs may be related to the above factors; however, its
specific mechanism needs further exploration.

Previous studies have shown that EEG may correlate with
the occurrence of delirium (31, 32). Fritz et al. (33) found
that a longer duration of intraoperative EEG suppression is
associated with a higher occurrence of delirium. Eskioglou
et al. (34) found that the EEG of patients with delirium in the
intensive care unit may demonstrate burst suppression,
rhythmic or periodic patterns, and seizures or status
epilepticus. Patients with delirium also show increased slow-
wave activity involving the occipitoparietal and frontal cortex
with disruption of functional connectivity (35). These findings
imply that EEGs play an important role in predicting the
occurrence of delirium.

This study further explored and analyzed the relationship
between intraoperative EEG and delirium. Using univariate
and multivariate logistic regression analysis models, we found
a significant association between epileptiform discharges and
delirium. In our study, we found that epileptiform discharges
were more common in patients with delirium. The results of
the univariate logistic analysis showed that the occurrence of
epileptiform  discharges and age were independent
confounding factors for delirium.

In this context, persistent cognitive deficits in terms of
memory and learning occur in patients with epileptic
seizures or persistent epileptic states (36) and the use of the
antiepileptic drug levetiracetam can effectively reverse
behavioral abnormalities and reduce epileptic seizures in
the

and

patients with Alzheimer’s disease (37). Therefore,
of epilepsy
appropriate timely treatment may have important clinical

identification and detection early

implications for the occurrence and development of
delirium. The results from the present study provide a
valuable basis for further study of the sources and clinical
effects of abnormal EEG discharges.

Age is currently known to be a risk factor for delirium. Our
study found a significant association between age and
delirium; the incidence of delirium increased with age. The
two groups in our study did not differ in terms of other risk
factors for delirium, including a history of alcohol use and
comorbid conditions; we found that the LOS was longer in
patients with delirium.

The results of this study offer promise for the diagnosis of
delirium. However, certain limitations need to be mentioned.
First, the

intraoperative

patients
EEG;
admission to the cardiac surgical care unit and the staff did

were only monitored through

they were not monitored after
not record any convulsions. Second, we excluded patients
with cognitive impairment and dementia before surgery;
this may make our study less comprehensive. Therefore, the
results cannot be generalized to patients with cognitive

dysfunction to assess whether the preoperative cognitive

Frontiers in Surgery

07

10.3389/fsurg.2022.900122

state has any relation with intraoperative epileptiform
discharges and postoperative delirium. Third, the anesthesia
drugs may affect EEG electrical activity. Fourth, we did not
analyze the duration of burst suppression, other abnormal
brain waves, and the duration of epileptiform discharges. At
last, we did not have access to tools such as computed
tomography and magnetic resonance imaging to confirm
the occurrence of stroke, cerebral microthrombosis, and
other cerebrovascular accidents after surgery. In the future,
it will be necessary to combine EEG recordings with
other
between

findings on magnetic resonance or

establish  the
epileptiform discharges and delirium.

imaging

investigations  to association

Conclusion

Our results that
discharges on EEG during cardiac surgery may be associated

suggest intraoperative epileptiform
with the occurrence of postoperative delirium. The results of
this study indicate the need for additional research to further
characterize epileptiform discharges, investigate whether
interventions can reduce the incidence of delirium, and
determine any causal relationships between intraoperative

EEG abnormalities and postoperative delirium.
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