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Abstract

Background—Postoperative delirium is a common complication associated increased morbidity 

and mortality, longer hospital stays, and higher healthcare expenditures. Intraoperative 

electroencephalogram (EEG) slowing has previously been associated with postoperative delirium, 

but the relationship between intraoperative EEG suppression and postoperative delirium has not 

been investigated.

Methods—In this observational cohort study, 727 adult patients receiving general anesthesia 

with planned intensive care unit (ICU) admission were included. Duration of intraoperative EEG 

suppression was recorded from a frontal EEG channel (FP1 to F7). Delirium was assessed twice 

daily on postoperative days 1 through 5 using the Confusion Assessment Method for the ICU. 

Thirty days after surgery, quality of life, functional independence, and cognitive ability were 

measured using the VR-12 survey, the Barthel Index, and the PROMIS Applied Cognition-

Abilities-Short Form 4a survey.

Results—Postoperative delirium was observed in 162 (26%) of 619 patients assessed. When 

comparing patients with no EEG suppression to those divided into quartiles based on duration of 

EEG suppression, patients with more suppression were more likely to experience delirium (χ2(4) = 

25, p < 0.0001). This effect remained significant after adjusting for potential confounders (odds 

ratio for log(EEG suppression) 1.22 [99% CI 1.06 to 1.40, p = 0.0002] per 1-minute increase in 

suppression). EEG suppression may have been associated with reduced functional independence 

(Spearman partial correlation coefficient −0.15, p = 0.02), but not with changes in quality of life or 

cognitive ability. Predictors of EEG suppression included higher end-tidal volatile anesthetic 

concentration and lower intraoperative opioid dose.

Conclusions—EEG suppression is an independent risk factor for postoperative delirium. Future 

studies should investigate whether anesthesia titration to minimize EEG suppression decreases the 

incidence of postoperative delirium.
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This is a substudy of the SATISFY-SOS surgical outcomes registry (NCT02032030).

INTRODUCTION

Delirium is an acute cognitive disorder characterized by inattention, disorganized thinking, 

and a fluctuating course that develops over hours to days. Delirium is a common 

complication after surgery, with an incidence ranging from 10% to 70%, depending on the 

type of procedure.1 Patients who experience postoperative delirium require longer stays in 

the intensive care unit (ICU), more days of mechanical ventilation, and increased hospital 

length of stay,2 leading to a 31% increase in hospital costs during the index admission.3 

Even after hospital discharge, patients who experience postoperative delirium are at 

increased risk for institutionalization, death, and dementia.4 These patients have an 

additional $60,000 in total health care costs over the first year after discharge5 and also 

report decreased quality of life.6 Preventing cases of postoperative delirium would be 

expected to shorten the postoperative hospital stay, reduce the risk of complications after 

discharge, and reduce health care costs for the patient and for society.

Certain features of the intraoperative electroencephalogram (EEG) have previously been 

associated with poor perioperative outcomes, such as postoperative delirium. During general 

anesthesia with ether-derived volatile agents, the EEG often shows a dominance of delta 

waves (0–4 Hz) coupled with theta waves (4–8 Hz) and/or alpha (8–12 Hz) and low-beta 

(12–16 Hz) oscillations.7 Patients with increased low-frequency EEG activity during the 

rewarming phase of cardiac surgery are at increased risk for postoperative complications, 

including delirium.8 In response to higher effect-site concentrations of anesthetics, patients 

develop EEG burst suppression, characterized by periods of suppression alternating with 

short bursts of high amplitude activity.9 EEG suppression does not occur during 

physiological sleep, and it typically reflects pathology, unless deep general anesthesia or 

severe hypothermia are present.10–11 EEG suppression in other settings has been associated 

with poor outcomes, including six-month mortality in mechanically ventilated ICU 

patients,12 worse neurologic outcome following therapeutic hypothermia for ventricular 

fibrillation,13 and increased incidence of post-coma delirium in ICU patients.14 Prior studies 

have found a reduced incidence of delirium when anesthesia clinicians use a processed EEG 

monitor15–16 or when they target a higher value of the processed EEG index,17–18 but the 

single study19 that directly identified a relationship between intraoperative EEG suppression 

and postoperative delirium was relatively small, and did not adjust for potential confounding 

variables.

The primary aim of this study was to determine whether the duration of intraoperative EEG 

suppression is independently associated with postoperative delirium. Secondary aims were 

to determine whether duration of EEG suppression is associated with decreased quality of 

life, functional independence, or cognitive ability following surgery, and to identify risk 

factors that predict the incidence and duration of intraoperative EEG suppression.
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METHODS

The Human Research Protection Office (HRPO) at Washington University approved this 

study. All patients provided written, informed consent for participation in the Systematic 

Assessment and Targeted Improvement of Services Following Yearlong Surgical Outcomes 

Surveys (SATISFY-SOS), which is an observational registry for which detailed data on 

surgical patients are obtained, and their postoperative health and well being are tracked 

(NCT02032030). A waiver of consent was obtained from HRPO for this sub-study of 

SATISFY-SOS.

Patient Population

We conducted an observational cohort study. Patients enrolled in SATISFY-SOS were 

eligible if they were age 18 or older, received general anesthesia for surgery with planned 

ICU admission at Barnes-Jewish Hospital (St. Louis, MO) between November 2012 and 

November 2013, and received intraoperative EEG monitoring. Patients were excluded if 

they underwent neurologic surgery.

Data Collection

Patients underwent anesthesia with IV induction (typically propofol) followed by 

maintenance with a volatile anesthetic (sevoflurane, isoflurane, desflurane, or a combination 

of these agents, with or without nitrous oxide). EEG suppression was obtained from a BIS 

Quatro® sensor (Covidien, Dublin, Ireland), which computed the suppression ratio from a 

single frontal EEG channel (Fp1 – F7) continuously throughout surgery. The suppression 

ratio describes the fraction of the preceding 63 seconds for which the EEG was electrically 

suppressed. Suppression ratios were captured once per minute using MetaVision® software 

(iMDSoft, Needham, MA). For cases where automatic data capture was not possible (141 of 

727 cases), suppression ratios were captured with a five-minute sampling interval by taking 

photographs of the operating room monitor. Suppression ratios for the four intervening 

minutes were obtained by linear interpolation. Data points with a signal quality index less 

than 50% were excluded, and patients with valid suppression ratio values for less than half 

of the length of surgery were excluded. The total duration of EEG suppression, in minutes, 

was calculated by summing the suppression ratio values over the course of the surgery.

As part of routine care, ICU nurses with structured training in delirium assessment evaluated 

patients for delirium using the Confusion Assessment Method for the ICU (CAM-ICU).20 

Patients were assessed twice daily, unless they had been discharged from the ICU or they 

were sedated to a Richmond Agitation and Sedation Scale (RASS) score lower than −3. 

Patients were not assessed for delirium with the CAM-ICU on hospital wards. Postoperative 

delirium was defined as one or more positive CAM-ICU results between postoperative days 

1 and 5. Cases of delirium were classified as hypoactive (RASS ≤ 0 at all positive CAM-

ICU time points), hyperactive (RASS > 0 at all positive CAM-ICU time points), or mixed 

(RASS ≤ 0 at some time points and > 0 at other time points). Quality of life was measured 

using the Veterans RAND 12-item (VR-12) survey.21–22 Functional independence was 

measured using the Barthel Index,23 and cognitive ability was measured using the PROMIS 

v1.0-Applied Cognition-Abilities-Short Form 4a (available at www.nihpromis.org). As part 
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of SATISFY-SOS, patients completed a survey 30 days after surgery that included these 

three patient-reported outcome measures. The VR-12 yields summary measures for both 

physical and mental health, each normalized such that the mean score in the United States 

population is 50 (standard deviation [SD] 10).22 The Barthel Index yields a score between 0 

and 100. The PROMIS-Applied Cognition-Abilities tool produces T-scores with a mean of 

50 (SD 10) (www.nihpromis.org). For all three tools, higher scores indicate better health or 

performance.

Additional predictor variables were extracted from the electronic medical record, including 

patient characteristics, comorbid conditions, laboratory values, surgical procedure, and 

perioperative medications. Comorbidities were summarized using the age-adjusted Charlson 

index.24 Surgical procedure was categorized as non-cardiac surgery, coronary artery bypass 

graft, or open cardiac surgery. Opioid medication dosages were converted to morphine 

equivalents using conversion factors derived from the Alberta Hospice Palliative Care 

Resource Manual.25 Volatile anesthetic concentrations were converted to units of age-

adjusted minimum alveolar concentration (aaMAC).26

Statistical Analysis

Statistical analyses were performed using SAS v9.3 (SAS Institute, Inc., Cary, NC) unless 

otherwise noted. Patients who did not receive any CAM-ICU assessments were excluded 

from analyses of postoperative delirium. The population of patients who experienced EEG 

suppression was divided into quartiles based on duration of suppression. The incidence of 

postoperative delirium was compared across these groups using a chi-square test. For 

comparison, this analysis was repeated stratifying patients based on duration of bispectral 

index < 20. This threshold has been used in a previous study conducted by Radtke and 

colleagues.15 The predictive abilities of duration of EEG suppression and duration of 

bispectral index < 20 were compared by using the ROCCONTRAST statement within the 

SAS Logistic Procedure to compare the areas under the receiver operating characteristic 

curves.

We used logistic regression to examine the relationship between EEG suppression and 

postoperative delirium, adjusting for age, sex, American Society of Anesthesiologists (ASA) 

class, age-adjusted Charlson index, sensory impairment, alcohol use > 5 drinks per week, 

surgery type, surgery length, intraoperative opioid dose, intraoperative ketamine use, 

intraoperative packed red blood cell transfusion, and mean end-tidal anesthetic 

concentration. All predictor variables were entered into the regression in a single step 

because filtering variables based on unadjusted p values consumes degrees of freedom and 

can lead to an overfitted model.27 Blood transfusion was entered as both a categorical and 

continuous variable to account for zero-inflated values. We used generalized additive model 

analysis in the R statistical package to test the assumption that predictor variables were 

linearly associated with the logit, and we transformed variables as necessary.

We also tested for interactions between duration of EEG suppression and mean end-tidal 

anesthetic concentration, age, and opioid dose. Missing values for intraoperative opioid dose 

and mean end-tidal anesthetic concentration (fraction missing 0.6% and 3.7% respectively) 

were imputed using multiple (five) imputations. As a sensitivity analysis, we repeated this 
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analysis excluding patients with a history of neuropsychiatric diseases. We also repeated this 

analysis excluding patients for whom automatic capture of the suppression ratio was not 

possible (i.e., patients for whom we interpolated some suppression ratio values). To explore 

whether the results differed between cardiac surgery and non-cardiac surgery patients, we 

repeated this analysis in each of these two subgroups.

To identify associations between duration of EEG suppression and post-discharge outcomes, 

we used the Spearman partial correlation coefficient. Each correlation coefficient was 

controlled for age, sex, age-adjusted Charlson comorbidity index, surgery type, surgery 

length, and postoperative delirium. In addition, the relationship between postoperative 

delirium and each of these outcomes was tested using a Mann-Whitney U-test.

To identify risk factors for EEG suppression, we used a two-part nonlinear mixed effects 

model predicting the suppression ratio at each point in time. Such an approach is appropriate 

when the outcome variable has a value of 0 at many time points.28 The first part of this 

model used a logistic likelihood function to predict the odds that the suppression ratio would 

take a nonzero value at a particular point in time. If the suppression ratio had a non-zero 

value, then the second part of the model used a generalized gamma regression to predict the 

value of the suppression ratio. Both parts of the model used a random intercept and adjusted 

for age, sex, ASA class, coronary artery disease, chronic obstructive pulmonary disease, 

malignancy other than skin cancer, home sedative, opioid, or alcohol use, surgical 

procedure, preoperative midazolam > 2 mg, intraoperative nitrous oxide use, intraoperative 

opioid dose, and end-tidal anesthetic concentration.

The target sample size for the chi-square test with patients stratified into quartiles based on 

duration of EEG suppression was 540 patients. The incidence of postoperative delirium is 

typically at least 25% among patients undergoing cardiac surgery.1 Assuming this overall 

incidence and assuming that incidence would increase linearly across the quartiles, a sample 

of 540 subjects would be needed to detect, with 80% power at the 0.05 level of significance, 

a 20% difference in the incidence of delirium between patients in the two extreme groups.

RESULTS

Postoperative Delirium

The cohort included 727 patients, predominantly older men undergoing cardiac surgery 

(Figure 1, Table 1). The median duration of EEG suppression was 4.5 (interquartile range 

[IQR] 0.7–17.4) minutes, and the median duration of bispectral index < 20 was 11 (IQR 5–

31) minutes. Among the 619 patients assessed, 162 (26%, 95% CI 22–30%) experienced 

postoperative delirium. Of these, 119 patients (73%) exhibited hypoactive delirium (RASS ≤ 

0 at all positive CAM-ICU time points). The remaining 43 patients developed mixed 

delirium; no patients experienced pure hyperactive delirium. Eighty-six patients (49%) had a 

single positive CAM-ICU assessment, 57 patients (33%) had two or three positive 

assessments, and 32 patients (18%) had four or more positive assessments. Patients who 

were missing delirium assessments were more likely to have higher ASA class (U = 35871, 

p = 0.04), undergo non-cardiac surgery (χ2(2) = 15, p = 0.02), and receive higher doses of 

intraoperative opioid medications (U = 44709, p = 0.007).
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When comparing patients who had no EEG suppression and patients divided into quartiles 

based on duration of EEG suppression, patients who experienced more suppression were 

more likely to experience postoperative delirium (χ2(4) = 25, p < 0.0001, Figure 2a). By 

contrast, duration of bispectral index < 20 was also associated with incidence of 

postoperative delirium (χ2(4) = 10.8, p = 0.03), but this relationship was not monotonic 

(Figure 2b). Duration of EEG suppression predicted postoperative delirium with a moderate 

c-statistic of 0.62 (95% CI 0.57–0.67; Akaike information criterion 706.1), and duration of 

bispectral index < 20 predicted postoperative delirium with a moderate c-statistic of 0.57 

(95% CI 0.52–0.62; Akaike information criterion 708.9). The c-statistic for duration of EEG 

suppression was significantly greater than the c-statistic for duration of bispectral index < 20 

(χ2(1) = 8.1, p = 0.004).

After adjusting for potential confounders, duration of EEG suppression remained a 

significant predictor of postoperative delirium (Table 2). Based on the results of the 

generalized additive model analysis, duration of EEG suppression and number of blood 

transfusion units were log-transformed to achieve linearity with the logit. The other 

variables required no transformation. Increased duration of EEG suppression was associated 

with increased odds of postoperative delirium (odds ratio for log of minutes of suppression 

1.22, 99% CI 1.06–1.40, p = 0.0002).

The interactions between EEG suppression and mean end-tidal anesthetic concentration, 

age, and opioid dose were not statistically significant (respective odds ratios = 0.99, p = 

0.58; 1.00, p = 0.46; and 0.97, p = 0.27), and were therefore dropped from the final model. 

This multivariable logistic regression model had good discrimination (c-statistic of 0.77) and 

good calibration (Hosmer-Lemeshow test χ2(8) = 11.1, p = 0.19). Compared to patients with 

complete predictor variable data, patients with imputed values did not have different 

duration of EEG suppression, incidence of postoperative delirium, or values for other 

predictor variables, suggesting that these data were missing at random.

In a sensitivity analysis excluding patients with depression (n = 67), bipolar disorder (n = 9), 

and preexisting dementia (n = 4), the results were qualitatively unchanged. The logarithm of 

EEG suppression was associated with increased odds of postoperative delirium (adjusted 

odds ratio 1.29, 99% CI 1.10–1.50, p < 0.0001). In a sensitivity analysis excluding patients 

(n = 141) for whom some suppression ratio values were interpolated, the results were 

qualitatively unchanged. The logarithm of EEG suppression was associated with increased 

odds of postoperative delirium (adjusted odds ratio 1.24, 99% CI 1.06–1.44, p = 0.0004). In 

subgroup analyses, longer duration of EEG suppression was associated with increased odds 

of postoperative delirium in cardiac surgery patients (n = 542, odds ratio 1.19, 99% CI 1.03–

1.38, p = 0.002) and may also have been associated in non-cardiac surgery patients (n = 77, 

odds ratio 1.70, 99% CI 0.96–3.03, p = 0.02). The subgroup results are qualitatively the 

same as the results of the primary analysis.

Post-Discharge Outcomes

The mean VR-12 physical health summary measure was 36 (SD 10), the median mental 

health summary measure was 54 (IQR 44–60), the median Barthel Index was 100 (IQR 95–

100), and the median PROMIS-Applied Cognition-Abilities T-score was 48 (IQR 42–58). 
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Survey response rates were similar among patients who experienced EEG suppression 

(45%) and among those who did not (49%). However, patients who experienced 

postoperative delirium were less likely to return the survey than those who did not (response 

rates 40% versus 55%).

Duration of EEG suppression was not correlated with VR-12 physical health summary 

measure (Spearman partial ρ = −0.05, p = 0.47), VR-12 mental health summary measure 

(Spearman partial ρ = −0.04, p = 0.56), or PROMIS-Applied Cognition score (Spearman 

partial ρ = −0.04, p = 0.47). After controlling for potential confounders, longer duration of 

EEG suppression may have been correlated with lower Barthel Index score (Spearman 

partial ρ = −0.15, p = 0.02).

Patients who experienced postoperative delirium had lower Barthel Index values (median 

95, IQR 85–100) than those who did not (median 100, IQR 95–100): Mann-Whitney U = 

4117, p = 0.0004. The VR-12 physical health summary measure, VR-12 mental health 

summary measure, and PROMIS-Applied Cognition score did not differ between patients 

with and without postoperative delirium.

Predictors of EEG Suppression

In the two-part nonlinear mixed effects model (Table 3), patients who received less 

intraoperative opioid medication were more likely to experience EEG suppression at any 

particular time (odds ratio 0.5 per morphine equivalent/kilogram increase, 95% CI 0.4–0.6). 

Patients with higher end-tidal anesthetic concentration were more likely to experience EEG 

suppression (odds ratio 1.5, 95% CI 1.5–1.6) and were also more likely to experience greater 

amounts of EEG suppression (gamma regression location coefficient 0.45, 95% CI 0.41–

0.47).

DISCUSSION

This study demonstrated that longer duration of intraoperative EEG suppression was 

associated with an increased incidence of postoperative delirium. Patients who experienced 

intraoperative EEG suppression also had lower functional independence scores 30 days after 

surgery compared to patients who experienced no EEG suppression. Furthermore, higher 

concentrations of volatile anesthetic and lower doses of opioid medications were risk factors 

for EEG suppression.

Our results are consistent with a recent study by Soehle and colleagues, in which patients 

who experienced postoperative delirium spent more time in burst suppression during surgery 

than patients who did not.19 Our results are also consistent with a recent study by Radtke 

and colleagues, in which patients who spent a greater fraction of surgery with a bispectral 

index value less than 20 had increased odds of postoperative delirium.15 A similar study 

from our institution failed to replicate Radtke’s finding.16 The bispectral index monitor uses 

real-time EEG data to produce a numeric index, with lower values intended to indicate 

deeper anesthesia. Although the bispectral index algorithm is proprietary, suppression ratio 

is known to be one of the components of the algorithm.29 In our study, duration of EEG 

suppression predicted postoperative delirium with a c-statistic of 0.62, while duration of 
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bispectral index < 20 predicted delirium with a c-statistic of 0.57. These results suggest that 

EEG suppression predicts postoperative delirium just as well as bispectral index values < 20, 

if not slightly better. This finding is important because EEG suppression, unlike the 

bispectral index, is a nonproprietary measure that can be freely and inexpensively 

incorporated into any brain monitoring device.

Other studies that have investigated the association between the bispectral index and 

postoperative delirium have not examined the effect of extremely low bispectral index 

values (< 20). In patients receiving spinal anesthesia for hip fracture repair, Sieber and 

colleagues found that the incidence of postoperative delirium was lower among patients 

randomized to receive light sedation (target bispectral index 80) than among those who 

received deep sedation (target bispectral index 50).17 In the CODA trial, bispectral-index-

guided anesthesia was associated with reduced postoperative delirium compared to routine 

care.18 The average bispectral index values in this trial were 53 in the bispectral index-

guided group and 39 in the routine care group.18 Patients in the ongoing Balanced 

Anesthesia Study (ACTRN12612000632897) are randomized to a target bispectral index of 

either 50 or 35. In a pilot study, the actual average bispectral index values were 48 (95% CI 

46–49) and 39 (95% CI 38–41) in the two groups.30 Because the bispectral index only 

becomes linearly associated with suppression ratio when the bispectral index is in the 

mid-20s or lower,29 the primary analyses from these published and ongoing studies do not 

provide the same information as the present study examining burst suppression.

EEG burst suppression is likely caused by increased cortical excitability, with extracellular 

calcium depletion and activity of the adenosine triophosphate-gated potassium channel 

contributing to the suppression.31–32 There are several ways to interpret the association 

between EEG suppression and postoperative delirium. One explanation is that EEG 

suppression indicates excessive depth of anesthesia, with excess exposure to potent volatile 

agents, leading to an increased incidence of postoperative delirium. The observation that 

higher concentrations of volatile anesthetic were associated with higher suppression ratios 

supports this hypothesis. Another interpretation is that EEG suppression occurs more often 

in patients with preoperative subclinical neural pathology. Many cognitive disorders are 

associated with pathologic findings, such as amyloid plaques in Alzheimer’s disease, that 

precede the onset of clinically-apparent cognitive decline by years,33 and these cognitive 

disorders are known risk factors for delirium.34 Exposure to anesthesia may serve as a sort 

of neural “stress test,” driving patients with subclinical brain pathology to develop acute 

confusion.

Our research group is currently conducting the ENGAGES clinical trial (NCT02241655), 

which may shed further light on the association between intraoperative burst suppression 

and postoperative delirium. In the ENGAGES trial, patients are randomized to EEG-guided 

anesthesia or EEG-blinded anesthesia. All participating anesthesia clinicians have been 

trained in the interpretation of raw EEG waveforms. In the EEG-guided arm, clinicians view 

the raw EEG during surgery and attempt to maintain slow wave anesthesia, avoiding burst 

suppression. In the EEG-blinded arm, the raw EEG and all derived parameters are hidden 

from the clinician. If patients in the EEG-guided arm have less burst suppression and less 

postoperative delirium than patients in the EEG-blinded arm, then those results would 
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support the hypothesis that avoiding burst suppression during surgery can prevent 

postoperative delirium.

Even after the resolution of postoperative delirium, patients who experienced greater 

amounts of EEG suppression reported poorer functional independence than those who 

experienced less.. Because we did not measure preoperative Barthel Index, we cannot tell 

whether reduced functional independence was present before surgery as well. This 

association was not entirely mediated via postoperative delirium, as the correlation remained 

statistically significant after controlling for postoperative delirium. However, delirium may 

have played a role, as patients who experienced postoperative delirium had poorer functional 

independence than those who did not. While it is true that the median Barthel Index score 

was only five points lower in the group with postoperative delirium, the difference between 

a score of 100 and 95 is clinically significant, because this represents the difference between 

complete independence and partial dependence in completing tasks of daily living. The true 

effect may be even greater than observed, as the reduced survey response rate among 

patients who experienced postoperative delirium could, in part, be due to limited functional 

independence. Past work by our group has demonstrated that delirium measured by the same 

methods used in this study was associated with additional adverse outcomes, including 

longer ICU and hospital stay and increased mortality.16

To our knowledge, only two studies have previously examined risk factors for EEG 

suppression during general anesthesia.35–36 During propofol-remifentanil anesthesia, older 

age, history of coronary artery disease, and male sex were associated with an increased 

probability of having an elevated suppression ratio.35 None of these characteristics was a 

risk factor in our study, perhaps because we used inhaled agents rather than total IV 

anesthesia. In a study of general anesthesia with volatile agents, many risk factors for EEG 

suppression were identified, including high end-tidal anesthetic concentration and high 

intraoperative opioid dose.35 We have replicated the finding regarding anesthetic 

concentration, but we observed the opposite relationship between opioid dose and EEG 

suppression. One explanation for the opioid association we observed is that opioid 

medications protect patients from the development of EEG suppression. Another possibility 

is that patients who developed EEG suppression were deeply anesthetized, and did not 

display signs of nociception, so practitioners administered less opioid medication. Either 

explanation is compatible with our results, as our data do not distinguish whether reduced 

opioid medication or EEG suppression came first temporally.

This study has important limitations. Because this was an observational study, our findings 

cannot indicate whether the relationship between EEG suppression and delirium is causal. 

Delirium was assessed as part of routine clinical care, and such assessments have limited 

sensitivity despite high specificity.37 Although some cases of delirium may have been 

missed, any bias in delirium measurement was likely non-differential, because nurses did 

not know which patients had experienced EEG suppression. Another limitation is that some 

patients either left the ICU prior to the first delirium assessment or were sedated at all 

assessment time points. However, this was unlikely to bias the main result of our study 

because, compared to patients who were assessed for delirium, patients who were not 

assessed did not differ with respect to any of the statistically significant predictors from our 
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logistic regression, including EEG suppression. The post-discharge outcomes may be 

limited due to incomplete survey responses, particularly because patients who experienced 

postoperative delirium were less likely to return the survey. Furthermore, the Barthel Index 

was not performed preoperatively, and thus it is not possible to distinguish whether patients 

who experienced EEG suppression had reduced functional independence before surgery as 

well, although we think this is unlikely. This study also restricted its focus to patients with 

planned ICU admission after surgery, so care should be taken when applying these results to 

a broader surgical patient population.

This study has identified EEG suppression as a novel, independent risk factor for 

postoperative delirium in surgical patients after anesthesia with inhaled agents. EEG 

suppression was also correlated with reduced functional independence one month after 

surgery. Furthermore, patients experience more suppression when they are exposed to higher 

concentrations of inhaled agents. Because EEG suppression can be quantified in real-time 

using suppression ratio values displayed by any EEG monitor, it may be possible to reduce 

the amount of suppression that patients experience by using the suppression ratio as a guide 

while titrating anesthesia. The next step would be to investigate whether such an 

intervention leads to decreased incidence of postoperative delirium.
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Figure 1. 
Number of patients included in the analysis. EEG = Electroencephalogram.
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Figure 2. 
This descriptive figure depicts the univariable relationships between these two 

electroencephalogram parameters and incident delirium. There is no control for covariates in 

this descriptive figure. A. Incidence of delirium among patients who experienced no 

electroencephalogram suppression (n = 71) and among patients who experienced 

electroencephalogram suppression (n = 548) divided into quartiles based on duration of 

electroencephalogram suppression. B. Incidence of delirium among patients who never 

experienced bispectral index < 20 (n = 362) and among patients who experienced bispectral 

index < 20 (n = 257) divided into quartiles based on duration of bispectral index < 20. Error 

bars represent 95% confidence intervals around the incidence of delirium in each group.
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