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INTRODUCTION 

In the United States, 20 million people undergo 

anesthesia annually, which may lead to awareness during 

surgery. The number of patients who have preoperative 

anxiety over possibly „waking up‟ in the middle of 

surgery has increased dramatically over the last 

decade.
[1,2]

 Anesthesia awareness, also called unintended 

intraoperative awareness, occurs under general 

anesthesia when a patient becomes cognizant of some or 

all events during surgery or a procedure, and has direct 

recall of those events.
[3]

 Despite being conscious during 

the procedure, these individuals are unable to move and 

thus present with a type of locked in syndrome 

presentation. Following the preoperative procedure, these 

individuals present with full recollection of the 

procedure. These recollections later present with a post-

traumatic stress disorder as these recollections tend to 

present as flashbacks or vivid memories with specific 

triggers. Although anesthesiologists are aware of this 

phenomenon, few discussions occur outside the 

discipline.
[4]

 Anesthesia will have differing effects on 

each individual and this largely depends on the 

physiology of the individual as that varies from 

individual to individual. General anesthesia drugs act on 

the sleep centers within our brain which include the 

subcortical sleep centers, several nuclei within pons, 

midbrain, hypothalamus and basal forebrain. Patients at 

risk of being awake during surgery are those receiving 

small doses of anesthesia, have increased metabolism of 

anesthetics, or anesthetic machines become 

malfunctioned, leading to decreased delivery of 

anesthetics.
[5]

 An increased metabolism will cause the 

breakdown of anesthesia to occur at a greater level than 

anticipated by anesthesiologists, resulting in 

consciousness during the surgical procedure. The 

decreased delivery of anesthetics and receiving smaller 

dosages is a straightforward cause of consciousness 

during the procedure as the incorrect mismatch of 

required anesthesia causes the patient to wake up earlier 

than anticipated. Anesthesia awareness can bring about 

post traumatic disorders (PTSD) amongst individuals and 

become the foundation for other psychological disorders 

as well. Although anesthesia awareness is a phenomenon 

that is not fully understood yet, the current research 

suggests that the psychological impacts of the experience 

occur at a much larger magnitude in adults than 

children.
[6]

 It was established that those who entered 

surgery with general anesthesia would have a 94% 

change of experiencing distress and have a higher chance 

of developing other PTSD related symptoms such as 

nightmares, flashbacks, etc. in comparison to those that 

had undergone sedation.
[7] 

 

Children experiencing anesthesia awareness are less 

likely to understand what they had experienced and are 

more likely to shake the experience, whereas adults are 
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ABSTRACT 

Anesthesia is a very difficult to measure due to indistinguishable brain activity between the anesthetized and the 

awakened.
[1]

 Approximately 20 million individuals undergo anesthesia for various types of surgery that could 

bring about anesthesia awareness in which children are at a greater risk of experiencing wakefulness in 

comparison to adults. Anesthesia is administered with the purpose to abolish consciousness and prevent any types 

of motor movements, voluntary or involuntary, from occurring during the operative procedure. Anesthesia 

awareness is reported by patients after the procedure in terms of them having recollection of auditory or vivid 

visual memories of the surgery, through which they were able to visually witness everything while feeling they 

were unable to move. Furthermore, individuals that experience anesthesia awareness tend to be traumatized, 

psychologically, in a way that presents as a post-traumatic stress disorder. These individuals may experience 

flashbacks, nightmares, anxiety that may be generalized or be triggered in the aspect that it only occurs at specific 

times. 
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more cognitively aware of what had occurred and thus, 

more likely to voice the presentation of symptoms. It 

should be noted, however, that the symptoms adults 

experiencing anesthesia awareness may vary from 

individual to individual. 

 

Through this paper, we will attempt to introduce 

psychological trauma associated with accidental 

anesthesia awareness while providing a biochemical and 

physiological insight into the background of anesthesia 

awareness. 

 

METHODS 
To identify peer-reviewed articles regarding Anesthesia 

Awareness we reviewed 24 articles, published between 

the years 2000 to 2019, from different journals including 

The British Journal of Anaesthesia, The New England 

Journal of Medicine, Journal of Neurophysiology, Mayo 

Clinic Proceedings, and Korean Journal of 

Anesthesiology. 7 of the articles discussed Anesthesia 

Awareness in general (2, 3, 5, 11, 12, 21, 22), however 5 

articles discussed the physiological effect (1, 7, 8, 9, 10), 

8 articles discussed the biochemical aspect (13-20), and 5 

articles talked about the psychiatric impact of Anesthesia 

Awareness (4, 6, 7, 23, 24). Most of the articles were 

older than we wanted for this research and we only found 

5 articles discussing Anesthesia Awareness in children. 

 

RESULTS 

Physiology 

Anesthesia is very difficult to measure due to 

indistinguishable brain activity between the anesthetized 

and the awakened.
[1]

 The functionality of the brain of 

both anesthesia and awake cycles are so similar that it 

makes monitoring whether a patient is alert or not during 

surgery very difficult.
[1]

 Due to anesthesia passing the 

blood brain barrier, the brain is the most targeted organ 

under general anesthesia.
[1]

 The only way a patient is 

monitored under anesthesia is based on side effects. This 

monitoring does not include the primary effects of 

general anesthesia on the brain due to the unknowability 

of how the drug acts. It may be described on a molecular 

level within the brain.
[1] 

 

General anesthesia drugs act on the sleep centers within 

our brain which includes the subcortical sleep centers, 

several nuclei within the pons, midbrain, hypothalamus 

and basal forebrain specifically noradrenergic locus 

ceruleus in the pons, and histaminergic 

tuberomammillary nucleus in the posterior 

hypothalamus.
[1]

 All these nuclei within the brain 

contribute to the sleep cycle in which anesthesia drugs 

could function on.
[1]

 Sedative drugs, like anesthesia, 

change the activity on these structures within the brain.
[1]

 

General anesthetic drugs are specific to sleep-wake 

centers based on individual agents, which means they 

provide specific sedative properties that lead to 

individualized effects on the patient.
[1]

 This could 

potentially lead to different effects on the sleep-

regulating pathways making it even more difficult to 

fully understand how one is truly sedated during 

surgery.
[1] 

 

Children tend to experience awareness during anesthesia 

at a higher incidence than adults.
[7]

 It may be due to 

having different effects of anesthesia awareness between 

children versus adults. Children receive different dosages 

of anesthesia and different requirements and techniques 

compared to adults because of the limitations of body 

weight.
[8]

 Adults have different expectations to surgery 

that children do which may cause a difference on how an 

adult patient manages a stressful event like surgery.
[8]

 

The common drugs used in children are propofol or 

sevoflurance (table 1). With sevoflurane and nitric oxide 

for maintenance of anesthesia.
[8]

 It is like adults that 

children reported auditory and tactile sensations that 

adults have felt when awake during surgery.
[8]

 In adults, 

when muscle relaxants are given there is more incidence 

of anesthesia awareness. However, children were not 

shown to show any severe pain on muscle relaxants.
[8]

 

Patients who are younger in age may only develop 

awareness if used with the Liverpool drugs which do not 

have volatile drugs. However, this technique was 

abandoned after 1988.
[8] 

Today, it is unclear why both 

adults and children develop awareness during surgery 

which makes it difficult to predict whether a child or an 

adult will experience these events. 

 

Patients who are at risk of being awake during surgery 

are those receiving small doses of anesthesia, have 

increased metabolism of anesthetics, or anesthetic 

machines become malfunctioned, leading to decreased 

delivery of anesthetics.
[8]

 Monitoring a patient closely 

can help reduce the risk of awareness intraoperatively. 

Examination of the patient more closely during surgery 

could potentially reduce the risks. Clinical examinations 

such as watching for movement, response to commands, 

eye opening, eyelash reflexes, pupil response, tearing 

and perspiration could all lead to a conclusion that the 

patient is experiencing wakefulness.
[1]

 For example, 

propofol was administered to a patient and then closely 

monitored to determine awareness, which can be 

beneficial to patients at risk of developing awareness 

within surgery.
[1]

 With medical equipment advancing, a 

patient can be placed on an EEG that could detect the 

activity in the frontal lobe of the brain which perceives 

somatic response.
[1]

 With this increased activity, it could 

potentially show the patient is experiencing analgesia, 

thus warning the anesthesiologist that the patient may be 

aware intraoperatively.
[1]

 

 

Although anesthesia functions on the brain allowing one 

to be unconscious, anesthesia acts indirectly on the 

hearing system within the brain.
[9]

 Anesthetics block 

consciousness, however, acoustic signal transductions 

may still be able to reach the brain, allowing patients to 

recall sounds, voices, and noise. This is related to 

patients reporting they‟ve heard things that happened 

during surgery which is another form of awareness.
[9]

  

Anesthetics may potentiate a patient becoming aware of 
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a surgical procedure, which could lead to mental issues 

in the future. 

 

The patient undergoing mental trauma after post-

operation awareness is crucial to the other patient‟s well-

being. The patient not only has physical trauma and pain 

due to surgery they also are going through something 

scary from visions, hearing and, other sensory stimuli 

from surgery. Patients develop PTSD after a traumatic 

event of being aware during anesthesia. This could 

include reactions of intense fear, helplessness, or 

horror.
[10]

 The symptoms of recalling these explicit 

events include flashbacks, episodes of nightmares.
[10]

 

The patient could become anxious to be in hospitals, see 

physicians and even going to sleep after being awake 

during surgery.
[10]

 The patient may experience the 

paralysis and inability to move during surgery because 

the anesthesia blocks these types of receptors in the brain 

causing the patient‟s body to be asleep but being 

completely aware of what is happening without being to 

tell someone can lead these patients to the feeling of 

panic and helplessness. Patients may experience late 

psychological symptoms due to anesthesia awareness 

that could lead to PTSD.
[10]

 The patients who experience 

this traumatic event may go into passive coping or 

dissociation because they are unable to get this 

experience out of their mind. Patients may also go into 

denial since they do not want to relive the experience 

which can lead to PTSD later on.
[10]

 This makes it 

difficult to know if patients are experiencing anesthesia 

awareness because these patients are going into passive 

ways of coping with the trauma which leads to confusing 

diagnoses. However, with proper dosage, type of 

anesthetics, and patient monitoring could be more 

beneficial overall for patients who go through these types 

of traumatic events. 

 

Biochemistry 

As we discussed before Accidental Awareness during 

General Anesthesia (AAGA) has been a traumatizing 

event for many individuals. Previously used methods of 

monitoring the effects and depth of anesthesia have been 

by using electroencephalography (EEG) or by 

monitoring blood pressure and heart rate.
[11] 

There are 

many challenges when it comes to Anesthesia awareness 

as the patient is not capable of demonstrating that they 

are awake during the procedure. 

 

In the study done by Rimbert et al, the core focus was to 

monitor any changes that occur in the motor cortex, and 

to see if there are any changes seen in movement.
[12] 

The 

motor patterns were observed under 4 different 

scenarios: Real movement (RM), motor imagery (MI), 

median nerve stimulation during a motor imagery MI + 

MNS.
[12]

 In addition, ERD and ERS modulations have 

been computed for three frequency bands, mu: 8–12 Hz, 

beta: 15–30 Hz and mu + beta band: 8–30 Hz for all 

subjects, these are the opioid receptors targeted by the 

anesthetics.
[12]

 Experimental data suggested that indeed 

there was a response that showed stimulations in Event-

Related Desynchronization (ERD) and Event-Related 

Synchronization (ERS).
[13] 

Although intraoperative 

awareness gives insight on ways to detect awareness, it is 

still difficult to predict when the awareness occurs.
[13]

 

Studies have shown that movement is a patient first sign 

that indicates wakefulness.
[14]

 Using this passive 

technology of brain-computer interface (BCI), signals 

can be translated into commands that are relayed to an 

output device which carries out a desired action.
[15]

 

Results showed an 80 % performance of MI+MNS vs. 

MNS classification displays accuracy results of 80%. In 

essence, if the median nerve is stimulated (once every 

minute) while using the BCI device, the ERD and ERS 

modulations of the motor cortex can be used to examine 

if the patient has the urge to move. This will aid the 

anesthesiologist to see if the doses of anesthetics need to 

be adjusted as well as spare the patient from trauma.
[12]

  

 

In another recent study, high risk patients for anesthesia 

awareness were chosen. A BIS Quatro sensor was used 

and placed on the forehead of each patient.
[16]

 The 

patients were divided into two groups from which some 

received the BIS protocol and the others received the 

ETAC protocol. In the BIS group, an audible alarm was 

used to indicate when the values exceed the 40-60.
[16]

 

Patients in the ETAC group had an audible alarm which 

would indicate when the ETAC fell out of the range of 

0.7 to 1.3.
[17]

 The results of this study did not show any 

significant differences between the BIS protocol over the 

ETAC protocol in preventing operative awareness in 

patients.
[16] 

However, it was evident that since the 

awareness was much lower than expected which 

suggested that both protocols were likely to be 

effective.
[16] 

Despite the findings, some limitations to this 

method were found. This study only focused on the risk 

patients, in addition, the ETAC protocol was evaluated 

against only one type of electroencephalogram monitors. 

In the study by Nourski et al, the aim was to find a 

method that works best at detecting wakefulness in an 

anesthesia induced patient. General anesthetics are found 

to act on the subcortical sleep and arousal centers of the 

brain.
[18]

  Auditory response changes were observed over 

short (local deviant [LD]) and long (global deviant [GD]) 

time scales, envisioned to engage pre-attentive and 

conscious levels of processing, respectively.
[18]

 The 

Stimuli were vowel patterns incorporating deviants 

within and across stimuli (LD and GD). Subjects were 

presented with stimuli while awake, and during sedation 

(responsive) and following loss of consciousness (LOC) 

under propofol anesthesia.
[18]

 By contrast, GD effects 

were markedly suppressed under sedation in all regions 

and were absent following LOC.
[18]

 In essence, having 

the presence of GD effects is correlated to being awake 

but its absence does not imply LOC. 

 

IV anesthetics work by the activation of gamma-

aminobutyric acid (GABA). GABA receptors are ligand-

gated chloride ion channels composed of multiple 

subunits α1-6, β1-4, γ 1-3, δ, ε and ρ 1-3.
[19]

 Binding of 

the anesthetic molecule to the receptor leads to increased 
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chloride ion influx and also hyperpolarization of the 

neuron. This results in unresponsiveness to stimuli 

causing sedation.
[19]

 In a study, patients were compared 

with groups that received general anesthetics and a group 

that did not receive any anesthetics for craniotomy. As 

expected, post-surgery pain is notably increased in both 

groups. Strangely, this increase was greater in the 

general anesthesia group.
[20] 

It is difficult to predict what 

might be the underlying cause of this finding, but some 

theories suggest that intensive preoperative consultation 

might have helped reduce fear in the awake group by 

giving patients the opportunity to know what to expect 

during and after the operation.
[20] 

The mechanisms 

underlying the sedatives are thought to act mainly on 

GABAA receptors. Awake craniotomy is considered a 

stressful procedure and evidently it would lead to a much 

stronger emotional response when compared to under 

anesthesia. However, it is possible that good 

psychological support and active coping mechanisms 

may actually make awake craniotomy less stressful for 

the patient. This could be due to having lesser feelings of 

dependence on the anesthetic as well as the loss of 

control.
[20] 

In addition, patients under anesthesia endure 

more stress from intubation, ventilation as well as 

spending more time at the hospital.
[20] 

 

 

It is already known that varying amino acid levels can 

increase sensitization to pain and affect nitric oxide level. 

It is known that nitric oxide is a potent vasodilator. Less 

production causes vasoconstriction resulting in 

diminished tissue blood perfusion and increased pain 

intensity. A number of amino acids play an important 

role in pain pathways.
[21] 

The neuropeptide bradykinin is 

known to increase sensitization of pain via the Nmethyl- 

D-aspartate (NMDA)-receptor in the central nervous 

system, which is stimulated by glutamate.
[21] 

Recent 

research has revealed a remarkable stress mechanism 

likely to explain the levels of tryptophan. Stress induces 

the enzyme indole amine dioxygenase responsible for 

metabolizing the amino acid tryptophan via the 

kynurenine pathway.
[22] 

 This causes a decrease of 

available tryptophan in blood plasma. The results 

showed that the anesthesia group had more reduction in 

tryptophan than the awake craniotomy group.
[22]

 

 

Establishing a method that works best with anesthesia 

induced patients will be an assent to physicians as well 

as the patients. Although much work has been done in 

this field, there is not much information on the reasoning 

behind anesthesia awareness. In the future more research 

needs to be done on the genetic factors that may 

predispose someone to have anesthesia awareness. 

 

Psychiatry 

Psychological disorders can vary from one group to 

another as they experience it in different manners as such 

is the example between adults and children in regards to 

anesthesia awareness. For us to have a better 

understanding on how each group is affected, this section 

of the research will compare research in what was found 

between the two groups. 

 

Anaesthesia awareness is still a phenomenon that has yet 

to be fully understood, however with the research that 

has been currently done, it would seem that the 

psychological impacts of the experience would affect 

more adults than children as evidence has shown so far.
[6] 

Reasons may vary, but it would seem they would be 

better explained when separating into two core reasons: 

1) the type of surgery; sedation vs general anesthesia 2) 

the age. According to a study that was published in the 

Journal of association of Anaesthetists of Great Britain 

and Ireland, PTSD is prevalent in adults however not so 

much in children.
[7] 

A further dive into the two primary 

reasons given previously would be a way to better 

understand into why resulting reactions towards the 

experience are so different. 

 

The type of surgery makes a difference in how the 

experience of anaesthesia awareness is experienced. First 

there would be the surgeries that require just sedating the 

patient, whereas the other would require general 

anaesthesia. In the data collected in the article 

Psychological impact of unexpected explicit recall of 

events occurring during surgery performed under 

sedation, regional anaesthesia, and general anaesthesia, it 

was established that those that entered surgery with 

general anesthesia would have a 94% chance of 

experiencing distress, and have a higher chance of 

developing other PTSD related symptoms like 

depression nightmares, flashbacks etc in comparison to 

those that go under sedation.
[7]

 The way it was 

experienced with adults under sedation it is that they 

only occur in isolated events, such as only having 

recollection of auditory or tactile sensation.
[7]

 Of these 

sedated patients, 74% of them would have high levels of 

distress and would only sometimes experience pain or 

the paralysis but not together like in GA awareness 

victims.
[7]

 In the article titled psychological impact of 

unexpected explicit recall of events occurring during 

surgery performed under sedation, regional anaesthesia, 

and general anaesthesia. It was made to clarify what the 

percentages are in the group that went under sedation 

versus those that went under general anesthesia along 

with the symptoms that were found.
[6] 

“In the adult 

population the incidence of awareness is higher during 

anaesthesia for trauma, bronchoscopy, caesarean section 

and cardiac surgery”.
[23]

 By understanding that invasive 

procedures are more likely to be seen more commonly in 

adults, this could be a theory into why anesthesia 

awareness isn‟t as prevalent in children in comparison to 

adults. 

 

Children seem to have handled the experience a lot more 

differently. Although children did have recollection of 

the experience of surgeries, they convince themselves 

that it was part of the process and concern themselves 

more with hoping that this wouldn‟t affect their 

recuperation of any after effects this might lead to.
[7]
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According to a study survey it was “demonstrated that 

children who have experienced intraoperative awareness 

can still recall intraoperative events approximately 1 year 

following anaesthesia but none seem to make a negative 

appraisal of the traumatic event, to engage in 

dysfunctional behaviour or cognitive strategies, or to 

present short- and ⁄ or longterm psychological 

symptoms”.
[7]

  Thus bringing up the notion that, for 

children, perhaps the long term effects are not as 

prevalent due to the fact that they might not understand 

what was happening to them. When another batch of 

children were questioned in the united states they found 

“43% of these children reported feeling scared and 21% 

hurting during their surgery. Psychological follow-up 

was deemed unnecessary in all cases, and none of the 

children or parents expressed concern”.
[24]

 However it 

was stated in another article that perhaps the behavioural 

changes in a child could be difficult to pinpoint due to 

the fact that their might be outside influences affecting 

the child such as problems in the home.
[7]

  In regards to 

the actual experience of the awareness it would seem that 

the perception of what they went through during the 

surgery was considered a normal
 
or a sleeping process 

that would explain the awareness phenomenon.
[23]

 In 

contrast adults would have a better understanding and 

interpreting of the abnormal experience they would be 

going through.
[7,23]

 

 

DISCUSSION 

Over the last decade more and more patients are 

experiencing awareness during surgery. During 

anesthesia awareness the patient‟s body will be paralyzed 

but he is completely aware of what is happening during 

the surgery. He will hear and feel every incision that the 

surgeon is doing without being able to move or say 

anything to stop it, he starts screaming inside his head 

without anyone hearing him, struggling for hours 

through the long procedure, causing him to develop 

PTSD and other mental issues in the future due to this 

traumatic experience. 

 

Anesthesia acts on the sleep center of the brain and its 

different parts. Predicting when the anesthesia awareness 

might occur is difficult due to the limitations of the 

methods used to detect it. Various methods of accidental 

awareness during general anesthesia detection were 

discussed in our research. Some of those methods are 

more common than others such as the 

electroencephalographic (EEG) or monitoring blood 

pressure and heart rate. The EEG during surgery could 

detect increased brain activity, thus warning the 

anesthesiologist that the patient may be aware. Although 

other methods like monitoring changes in the motor 

cortex, observing auditory response changes, and using a 

BIS Quatro sensor to detect awareness have shown 

promising results there is not much information on the 

reasoning behind anesthesia awareness and how to 

completely prevent it. Further research is required on the 

genetic factors that may predispose someone to have 

anesthesia awareness. 

The type of surgery, sedation vs general anesthesia, and 

the patient‟s age play a major role. Patients undergoing 

general anesthesia would have higher chance of 

experiencing anesthesia awareness and developing PTSD 

in comparison to those undergoing sedation. We 

concluded that the hypothesis behind this finding is that 

when patients undergo general anesthesia they have a 

complete loss of consciousness, so if the anesthetic dose 

wasn‟t enough to completely numb the patients they will 

be trapped in their body, not able to move, but aware of 

the surrounding. However during sedation there is a 

controlled reduced level of consciousness where patients 

can still be aware to cooperate with the surgeon, so the 

risk of them having anesthesia awareness is lower. 

Children are at higher risk of experiencing awareness 

due to their fast metabolism in breaking down the 

anesthetics, but they won‟t know that what they went 

through is abnormal. Adults normally would have a 

better understanding and interpreting of the situation, so 

they will speak up about it more than children, making it 

seem like the psychological impacts of the experience 

would affect more adults than children. 

 

Like any research, we faced some limitations while 

writing this paper. Since anesthesia awareness is 

considered a recent topic of discussion, lack of articles 

regarding the topic was encountered along this review 

literature. Which leads us to encourage the importance of 

investing in more research and education towards 

anesthesia awareness, especially due to the increased 

pediatric and elderly patient incidence, and the further 

traumatic complications that could be caused by such 

experience. Another limitation was that eight of the 

articles were over 10 years old, which is not ideal since 

information is always changing. In this research we 

found only five articles comparing anesthesia awareness 

between children and adults making this research more 

impactful and helpful for the community. 

 

Many questions still need to be answered regarding this 

topic. Is there any genetic factor making patients more 

susceptible to undergo awareness? Who is more at risk to 

encounter awareness during surgery, males or females? 

What about teenagers? Are they at similar risk to 

undergo anesthesia awareness as adults or as children? 

From now on, those could be some potential focuses for 

the medical field to move along and have a better 

understanding of the problem presented in this research. 
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Table 1: Comparison between Propofol in adults and children. 

 Adults Children 

Onset of Action Ultra Short- acting Short acting 

IV induction dose 1.8±0.7 µg ml−1 2±0.9 µg ml−1 

Elimination half-life 3.71-3.85 µg ml−1 2.19 to 3.07 µg ml−1 

Clearance Increased ------- 
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