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7.1. Introduction

During cardiovascular surgery, ﻿cerebral perfusion may be compromised due 
to several factors, including ﻿hypothermia, non-pulsatile blood flow, reductions 
in hematocrit, and intraoperative hemodynamic fluctuations. Cerebral hypoxia, 
embolic events, oxygenation disturbances, and metabolic stress occurring during 
this period can lead to neurological complications both intraoperatively and 
postoperatively. Therefore, preserving central nervous system function is as 
critical as maintaining hemodynamic stability in ﻿anesthetic management.

Processed ﻿electroencephalography (pEEG) is a monitoring method that 
converts ﻿raw EEG data into clinically interpretable indices through analytical 
algorithms. The primary aims of pEEG during cardiovascular surgery include 
appropriate titration of ﻿anesthetic depth, reduction of ﻿intraoperative ﻿awareness 
risk, prevention of postoperative complications by avoiding excessively ﻿deep 
﻿anesthesia, early detection of ﻿cerebral hypoperfusion and ﻿ischemia, and mitigation 
of postoperative neurocognitive dysfunction [1–3]. In this context, pEEG is 
increasingly being used as a component of multimodal ﻿neuromonitoring.

The literature contains numerous studies on the benefits of pEEG in 
cardiovascular surgery. Kertai et al., in a review, emphasized the potential of 
EEG to monitor ﻿anesthetic depth, reduce ﻿awareness risk, and provide early 
warning for intraoperative cerebral dysfunction [1]. However, in a large-scale 
study, Lombard et al. reported no significant association between pEEG use 
during ﻿cardiac surgery and postoperative neurological outcomes such as ﻿delirium 
or stroke [4]. In a recent retrospective cohort study, Jarry et al. demonstrated 
that pEEG use during cardiopulmonary bypass (CPB) significantly reduced the 
need for inotropic or vasopressor support during ICU transfer, although it did 
not have a statistically significant effect on successful separation from CPB [5].
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In addition, a randomized study from Turkey by Özcan et al. showed that 
﻿BIS monitoring during coronary artery bypass surgery reduced intraoperative 
opioid consumption and positively influenced extubation time, ICU stay, and 
hospital length of stay [6].

As these examples illustrate, the data on pEEG use in cardiovascular surgery 
remain heterogeneous. In a review by Milne et al., the authors noted that although 
substantial evidence is accumulating regarding cerebral monitoring methods and 
neurocognitive outcomes, standardized protocols and clear guidelines have yet to 
be established due to heterogeneity in clinical practice [7]. Furthermore, although 
many studies report various effects of pEEG, the threshold values of pEEG indices 
that best ensure neurological protection remain uncertain. The follow-up periods 
in most studies assessing postoperative neurological outcomes are relatively short, 
and long-term neurocognitive results remain inadequately explored.

In this context, pEEG monitoring in cardiovascular surgery offers a 
promising approach for ﻿anesthetic depth titration, preservation of ﻿cerebral 
perfusion, and improvement of neurological outcomes. This chapter will discuss 
the pEEG indices used, perioperative variables affecting EEG signals, current 
evidence from the literature, and practical considerations in clinical application.

7.2. Use of pEEG in Cardiovascular Surgery

7.2.1. Monitoring Anesthetic Depth

All anesthetic agents aim to suppress ﻿brain function sufficiently to prevent 
patient ﻿awareness of the surgical intervention and to minimize or eliminate 
central nervous system responses to surgical stress. However, ﻿anesthetic 
management during cardiovascular surgery presents challenges distinct from 
standard ﻿general ﻿anesthesia. Patients with impaired cardiac function (for 
example, reduced ejection fraction or pulmonary hypertension) are particularly 
prone to ﻿hemodynamic instability when exposed to anesthetic drugs, prompting 
clinicians to keep anesthetic dosing at the lowest safe levels [8].

Cardiopulmonary bypass (CPB) introduces additional complexity: 
﻿hypothermia, hemodilution, and non-pulsatile blood flow significantly alter the 
﻿pharmacokinetics and ﻿pharmacodynamics of anesthetic agents [9]. These factors 
make it difficult to reliably assess ﻿anesthetic depth based solely on clinical signs.

Processed EEG–based indices (such as the ﻿Bispectral Index [BIS], ﻿Patient 
State Index [﻿PSI], and ﻿Entropy) help overcome this challenge. Among these, BIS 
is the most commonly used parameter during ﻿cardiac surgery. Maintaining the 
optimal BIS range of 40–60 can help reduce the risk of ﻿intraoperative ﻿awareness 
while preventing excessively ﻿deep ﻿anesthesia [10].
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7.2.2. Reducing the Risk of Intraoperative Awareness

Intraoperative ﻿awareness rates during ﻿cardiac surgery have been reported to 
range from 0.2% to 2%, which is nearly ten times higher than in the general 
surgical population [1,11]. Cardiac surgery is among the procedures with the 
highest incidence of ﻿awareness, a phenomenon thought to be related to the 
use of high-dose opioids, low concentrations of volatile agents, frequent use of 
neuromuscular blockers, and hemodynamic limitations that restrict anesthetic 
dosing [12].

Kertai et al. reported that EEG and ﻿BIS monitoring may reduce the risk 
of ﻿awareness during ﻿cardiac ﻿anesthesia by providing more accurate assessment 
of ﻿anesthetic depth [1]. In contrast, Avidan et al., in a randomized controlled 
trial, did not demonstrate a significant reduction in ﻿awareness with BIS-guided 
﻿anesthesia [13].

In a large randomized controlled study by Wildes et al., the rate of unintended 
movement was 22.3% in patients with pEEG monitoring and 15.4% in those 
without monitoring; however, no cases of ﻿intraoperative ﻿awareness occurred in 
either group [14].

7.3. Consequences of Excessively Deep Anesthesia

Excessively ﻿deep ﻿anesthesia can increase the risk of postoperative ﻿delirium and 
﻿cognitive dysfunction, particularly in elderly patients undergoing cardiovascular 
surgery. Although Sessler and colleagues did not find low BIS values alone to be 
independently associated with mortality, they reported that the combination of 
low mean arterial pressure and low ﻿minimum alveolar concentration (MAC) was 
a strong predictor of prolonged hospital stay and mortality [15].

In a study by Berger et al., limiting ﻿anesthetic depth was associated with a 
lower incidence of perioperative neurological dysfunction [16]. A large meta-
analysis examining outcomes after ﻿cardiac surgery found that patients with 
longer cumulative durations of deep hypnotic states had higher mortality at 90 
days, whereas no significant difference was detected at 30 days [17].

Furthermore, Brown and colleagues emphasized that anesthetic sensitivity 
is increased in older adults, and avoiding ﻿deep ﻿anesthesia is an important 
component of neuroprotection in this population [18].

7.4. Detection of Cerebral Hypoperfusion and Ischemia

During cardiopulmonary bypass (CPB), ﻿cerebral blood flow and 
oxygenation may be significantly altered. Hypothermia, non-pulsatile 
flow, embolization, and reductions in hematocrit can create an imbalance 
between cerebral metabolism and oxygen delivery. Early detection of ﻿cerebral 
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hypoperfusion is therefore critical to preventing permanent neurological 
injury [19].

Raw EEG typically demonstrates characteristic slowing, voltage attenuation, 
and ultimately an isoelectric pattern during hypoperfusion. In ﻿processed EEG, 
these changes may manifest as abrupt declines or instability in index values. For 
example, a sudden drop in BIS during CPB may parallel a decrease in cerebral 
oxygen saturation [20].

Liu et al. demonstrated that BIS values correlate with both cerebral oximetry 
and ﻿cerebral blood flow velocity. In their study, each unit increase in cerebral 
oxygen saturation was associated with an average 0.29-unit increase in BIS, while 
each unit increase in ﻿cerebral blood flow velocity corresponded to an average 
0.22-unit increase in BIS. This relationship was particularly pronounced when 
mean arterial pressure fell below the lower limit of cerebral autoregulation [21].

Hu and colleagues reported that both cerebral oxygen saturation and 
BIS values declined significantly during CPB, whereas central venous oxygen 
saturation increased and remained elevated. They noted a strong positive 
correlation between cerebral oxygen saturation and ﻿cerebral perfusion pressure, 
as well as between BIS and ﻿cerebral perfusion pressure [22].

Additionally, Ortega-Loubon et al. demonstrated that near-infrared 
spectroscopy (NIRS)–based cerebral monitoring algorithms were effective in 
reducing ﻿postoperative ﻿cognitive dysfunction in ﻿cardiac surgery patients [23].

Thus, while pEEG alone is not sufficient for comprehensive assessment, 
it serves as an important component of multimodal monitoring for the early 
detection of ﻿cerebral hypoperfusion.

7.5. Postoperative Neurological Outcomes

Delirium and ﻿postoperative ﻿cognitive dysfunction (POCD) are among 
the most significant complications following ﻿cardiac surgery. Their incidence 
is particularly high in elderly patients and those with multiple comorbidities. 
In a study of approximately 1280 patients, Radtke et al. compared ﻿anesthesia 
management guided by BIS values with management performed without ﻿BIS 
monitoring. ﻿Postoperative ﻿delirium occurred in 16.7% of patients in the BIS 
group and 21.4% in the control group. The authors also reported that episodes 
of ﻿deep ﻿anesthesia (BIS < 20) were an independent predictor of postoperative 
﻿delirium [24].

Another study demonstrated that patients who developed ﻿delirium had 
significantly lower mean BIS values during bypass compared with those who 
did not. Similarly, individuals who spent longer durations with BIS < 45 were 
more likely to develop ﻿delirium [21]. In a small single-center study of ﻿cardiac 
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surgery patients, Whitlock et al. observed a trend toward lower postoperative 
﻿delirium incidence in patients receiving BIS-guided ﻿anesthesia, although the 
difference did not reach statistical significance [25].

A different investigation found that among ﻿cardiac surgery patients monitored 
with BIS, those who developed postoperative ﻿delirium had significantly lower 
BIS values than those who did not [26].

The most recent reviews and meta-analyses have reported mixed and 
sometimes conflicting findings regarding the effectiveness of EEG-guided 
﻿anesthesia in reducing postoperative ﻿delirium and POCD. Nevertheless, 
because other physiological markers are often unreliable during CPB, pEEG-
guided ﻿anesthesia remains appealing to clinicians as a tool for better titration of 
﻿anesthetic depth [27,28].

Collectively, these findings suggest that pEEG may play a critical role not 
only during the intraoperative period but also in influencing postoperative 
neurological outcomes.

7.6. Clinical Challenges and Limitations

Although ﻿processed EEG provides valuable information during cardiovascular 
surgery, several limitations must be considered:

1.	 Hypothermia: Deep ﻿hypothermia used during cardiopulmonary bypass 
suppresses EEG signals, while reheating leads to increased activity. 
pEEG indices must therefore be interpreted cautiously during these 
phases [29].

2.	 Pharmacological factors: High doses of opioids, neuromuscular blockers, 
and certain intravenous agents can complicate EEG interpretation.

3.	 Artifacts: Electromyographic activity, surgical manipulation, and 
electromagnetic interference may produce misleading pEEG values.

4.	 Uncertain threshold values: Due to heterogeneity in ﻿cardiac surgery 
practices, optimal BIS or other index target ranges have not been clearly 
established, resulting in variability among clinicians.

7.7. Future Perspectives

Processed EEG technologies continue to evolve with the integration of 
﻿artificial intelligence–assisted algorithms and multiparametric monitoring. 
In particular, combining pEEG with NIRS, transcranial Doppler, and 
advanced hemodynamic monitoring may enable truly individualized ﻿anesthetic 
management.
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Future large randomized controlled trials are needed to more clearly define:
•	 Optimal pEEG threshold values,
•	 Effectiveness in specific patient subgroups (for example, elderly individuals, 

patients with low ejection fraction, or those at high neurological risk),
•	 Long-term effects on neurocognitive outcomes.
These studies will help refine clinical protocols and strengthen the role of 

pEEG in ﻿cardiac ﻿anesthesia.

7.8. Conclusion

Cardiovascular surgery carries a high risk of cerebral complications, and 
pEEG is an important tool for mitigating these risks. It provides valuable 
information for titrating ﻿anesthetic depth, preventing ﻿intraoperative ﻿awareness, 
detecting early ﻿cerebral hypoperfusion, and improving postoperative neurological 
outcomes. However, pEEG alone is not sufficient and must be interpreted 
within the broader context of multimodal monitoring.
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