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AWARENESS  1 

 

 

Awareness and Cardiopulmonary Bypass: 

A Meta-Analysis 

  Unintended intraoperative awareness is defined as the experience of  intraoperative 

events combined with explicit recall.
1
 Patients undergoing procedures requiring cardiopulmonary 

bypass (CPB) are considered at higher risk; the occurrence of intraoperative awareness increases 

10-fold and affects approximately 1% of this high risk population.
2
 In some cases, intraoperative 

awareness leads to posttraumatic stress disorder (PTSD) and the associated symptoms of 

depression, sleep disturbances, anxiety, and flashbacks.
3
  Furthermore, litigation associated with 

intraoperative recall is a significant concern for the anesthetist.  

Possible Pathophysiological Mechanisms 

With increasing doses of anesthetic agents, the patient progresses sequentially through 

the stages of amnesia, sedation, unconsciousness, and ultimately, immobility and areflexia.
4
 

Difficulty in assessing the patient’s level of anesthesia arises when paralysis is utilized, as 

intentional movement cannot be observed.  Therefore, it is imperative to establish what areas of 

the brain and body are involved with the physiologic phenomenon of awareness, especially for 

the purposes of monitoring, prevention, and overall understanding.   

Although there is no current consensus defining general anesthesia and the mechanism of 

the prevention of awareness, current hypotheses include the enhancement of the activity of the 

gamma-aminobutyric acid (GABA) type A, specifically α5GABA which is involved in memory 

impairment but not sedation or hypnosis.
5,6

  Because these receptors are found in high 

concentrations in the hippocampus, this area of the brain is of particular interest in anesthesia and 

Manuscript (DO NOT include any author information)
Click here to download Manuscript (DO NOT include any author information): Awareness - AANA manuscript.doc 
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intraoperative awareness.  Other implicated areas of the brain associated with intraoperative 

awareness include the amygdala and the medial temporal lobe.
5 

CPB muddles the current understanding of the pathophysiology of intraoperative awareness due 

to multiple factors.  These factors include altered pharmacodynamics and pharmacokinetics of 

drugs, hemodilution, and the binding of large amounts of drugs by the bypass machine.
4,7

 

Specific high risk periods during CPB can be associated with rewarming, fluid shifts, and the 

rapid changes in anesthetic concentrations.   

Clinical History of Intraoperative Awareness 

As the practice of anesthesia has advanced, the incidence of intraoperative awareness in 

cardiac surgery has improved from up to 23% to a current estimate of approximately 1.5%.
4,8

 

Although there has been significant improvement in the identification, prevention, and 

understanding of intraoperative awareness, the consequences and implications of this 

phenomenon cannot be overlooked. 

Psychological Sequelae 

Most commonly described memories associated with intraoperative awareness include 

auditory perceptions, feelings of abandonment and insecurity, fear, panic and less commonly, 

pain.
9,10,11

  These experiences can lead to posttraumatic stress which is characterized by 

avoidance, the re-experience of the event, and hyperarousal which lasts for one month or 

longer.
12,13

  Additionally, while the patient may initially deny psychological symptoms, PTSD 

may manifest up to one month following the awareness event.
14

  Thus, this may delay and 

complicate treatment.  Other long term effects associated with intraoperative awareness include 
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avoidance of doctors, hospitals, and future surgeries, as well as persistent impairment of one’s 

social life.
12,15 

Clinical Factors Related to Intraoperative Awareness and CPB 

Patients undergoing cardiac surgery are at an inherently higher risk of intraoperative 

awareness secondary to their lower cardiac reserve, hemodynamic instability, and higher 

American Society of Anesthesiologists (ASA) status.
18

  Other patient related factors include the 

female gender, age younger than 60, alcoholism, recreational drug, opioid, sedative, hypnotic, or 

antiepileptic drug use, and history of awareness under general anesthesia.
3,9  

The complexity of 

cardiac surgery and its various methods, modalities, and complications can put the patient at an 

even higher risk of intraoperative awareness, intertwining all of these factors for the anesthesia 

provider to consider and compensate.  Due to the low incidence of occurrence of intraoperative 

awareness associate with CPB, current literature does not investigate the association of increased 

awareness and pump time, complicated CPB separation, and CPB associated with circulatory 

arrest.   

Anesthetic Factors Related to Intraoperative Awareness and CPB 

It is commonly known that opioids alone do not suppress recall.
3,16,17

  Current literature 

does not confirm that prophylactic administration of a benzodiazepine reliably reduces the 

incidence of intraoperative awareness.
4,18

  However, the American Society of Anesthesiologists 

task force on intraoperative awareness recommends the use of benzodiazepines in cardiac 

surgery.
18

  Not surprisingly, continuous infusions of benzodiazepines and narcotics during CPB 

provide a more reliable and consistent plasma concentration than intermittent boluses.
17

  Because 

benzodiazepines and narcotics have a synergistic effect on cognitive depression, a continuous 
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infusion during CPB may have enhanced theoretical efficacy to reduce or eliminate 

intraoperative awareness due to benzodiazepines’ innate ability to elicit amnesia, along with 

narcotic supplementation.
17

  Inability to reliably measure the concentration of volatile anesthetic 

agent when administered via the oxygenator and the type of diffusion membrane oxygenator may 

affect the incidence of intraoperative recall.
19,20

  Since the permeability of the CPB circuit to 

volatile agent is dependent on the type of oxygenator, the depth of anesthesia may not be 

uniform among different oxygenator types leading to a potential increase in intraoperative 

awareness.
20 

Given that the level of consciousness and metabolic rate are lower during cooling, there 

is reason to believe that recall would be increased with normothermic CPB.  Additionally, 

propofol requirements needed to maintain an adequate BIS level are reduced during hypothermic 

CPB.
21

  However, research has failed to show an increase in recall during normothermic CPB.
16

  

In an effort to reduce costs and expedite recovery facilities have been promoting fast track 

cardiac anesthesia.  Current research suggests that the incidence of intraoperative awareness in 

fast track cardiac anesthesia is reduced possibly due to the use of a balanced anesthetic 

technique.
8 

Potential Monitoring Modalities for Intraoperative Awareness During CPB 

Under CPB, some anesthetic drugs may be diluted, which is one component of CPB’s 

provocation of an enhanced risk of intraoperative awareness.  To counteract such events, 

intraoperative technological tools are utilized to assess anesthetic depth during surgery.  

Currently, however, there is no definitive answer for what monitor(s) is/are the gold standard for 

prevention of intraoperative awareness, notably during CPB.  Bispectral Index (BIS), a type of 
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electroencephalography (EEG), is often utilized to assess level of consciousness, although its 

foolproof efficacy has not been undoubtedly or consistently voiced.  Some studies have argued 

that BIS levels are not reliable and do not correlate with plasma concentrations of 

benzodiazepines and narcotics.
17,22  

The BIS monitor is also affected by many of the common 

surgical tools utilized during cardiac surgery and CPB; electrocautery, pacemakers, and warming 

devices all decrease the effectiveness of the BIS monitor.
4,5

  Additionally, BIS can be 

compromised by the onset of CPB, as a potential hypo-perfusion of clear, oxygen-poor priming 

fluid reaches the brain, or when hypothermia onsets, eliciting a proportional drop in BIS.
23,24

  

More recently, there have been new waves of technological means with which to assess 

anesthetic depth.  One such technology is spectral entropy, which in contrast to the BIS’s single, 

mathematically derived numerical value, displays numbers for both response entropy to measure 

cortex and frontal brain activity, as well as state entropy for solely cortex activity.
25

  Spectral 

entropy has also been found to have less interference from surgical tools and equipment, 

allowing for a more reliable interpretation of anesthetic depth and consequential minor 

intraoperative awareness.
21,26

  With less interference from surgical tools, spectral entropy seems 

to have one advantage, especially when one considers the close proximity of cardiac surgery to 

the patient’s head and its monitors.  Compared to the BIS’s price of use and disposal, spectral 

entropy is comparable.
21 

Discussion 

Risk of awareness during CPB occurs in approximately 1% of the population undergoing 

cardiac surgery.  When a patient experiences awareness he or she is at risk for PTSD and the 

associated symptoms of anxiety, social isolation, and reoccurring nightmares.  These symptoms 
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can have a profound effect on daily living for the individual, along with preventing them from 

going back to the hospital or other medical facilities. Risk factors for awareness have been 

identified and include past awareness during anesthesia, age, gender, poor cardiac reserve, 

recreational drug users or alcohol abusers, or people who take prescription narcotics, sedatives, 

and antiepileptic drugs.
3,9

    

Although there are conflicting theories regarding general anesthesia and awareness, most 

assume there is an increase of GABA type A activity and α5GABA.
5,6

  Since both of these 

receptors are found in the hippocampus, research has been focused in this particular area of the 

brain.
5
 While significant improvement has been made to decrease the incidence of awareness 

during CPB, there is still need for further research as prevention of intraoperative awareness and 

associated sequalae is of great concern. 

Current literature does not support the use of opioids alone to prevent recall.
3,16,27

  

However, literature does support the use of opioids combined with benzodiazepines as a means 

reducing the risk of intraoperative awareness.
17

  The American Society of Anesthesiologists 

currently recommends the use of benzodiazepines in cardiac surgery due to their abilities to 

cause retrograde and antegrade amnesia.
18

   Continuous infusions have proven to provide 

consistent plasma concentrations and therefore, offer better amnestic levels then intermittent 

boluses.
17

  Another anesthetic agent, volatile anesthetics, can affect operative awareness by how 

they are administered.
19

  Certain oxygenators are able to produce more reliable amnesia due to 

how they dispense the volatile gas.
19 

Advances in medical technology have provided several monitors to assess level of 

consciousness, but there is no gold standard for CPB.  Several research studies were conducted 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



AWARENESS  7 

 

using the BIS, and most concluded it to be insufficient during cardiac surgery.
4,6,17,22

  There are 

several factors that make the BIS unreliable for cardiac surgery.  These factors include the 

inability to correlate narcotic and benzodiazepine plasma concentrations, interference of surgical 

tools used during cardiac surgery, and the hypothermia caused during CPB.
4,6

  However, new 

technology has provided a monitor that eliminates one of the problems associated with level of 

consciousness monitoring and cardiac surgery.  Unlike the BIS, spectral entropy has less 

interference from surgical equipment.       

Despite these interventions, more studies are needed to find solutions that decrease 

awareness associated with CPB and fill in the gap in the literature.  Establishing evidence based 

practice for prevention of intraoperative awareness associated with CPB is essential in order to 

better understand the causes of intraoperative awareness and to prevent PTSD and the associated 

litigation.   
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