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which is an independent and non-profit 
organization accrediting and certifying 
health care organizations and programs all 
around the United States, decided to pub-
lish Sentinel Alert in 2004 to give more at-
tention to this issue  [2, 5] .

  Aim 

 The aim of the study was to analyze fac-
tors associated with the return of con-
sciousness during general anesthesia.

  Material and Methods 

 We searched PubMed/Medline data-
bases for records including the following 
phrases “awareness under general anesthe-
sia,” “BIS monitoring,” “BIS monitoring 
prevents awareness under general anesthe-
sia,” “prevention of awareness during gen-
eral anesthesia,” and “general anesthesia 
complications.” The search was limited 
only to human studies in English and 
 Polish from last 12 years (2004–2016). 
While searching we typed single keywords, 
their combinations, and used Boolean op-
erators AND, OR, or both. The number of 
citations acquired in each search was 
scanned and reduced using inclusion crite-
ria, which covered surgical patients experi-

 Dear Sir, 
 The term “awareness” during anesthe-

sia, as used in the anesthesia literature, 
means that during a period of intended 
general anesthesia, the brain is aroused by 
stimuli that are stored in memory for fu-
ture explicit recall  [1] . Patients who expe-
rience awareness will recall such experi-
ences during a state of inadequate anesthe-
sia. Although it is an uncommon pheno-
menon – occurring in about 0.1–0.2% of 
cases – it is receiving increased attention 
from patients, clinicians, and researchers 
worldwide. Awareness may lead to postop-
erative sequelae that may persist for vary-
ing durations. Late psychological symp-
toms may lead to a severe and debilitating 
illness – post-traumatic stress disorder 
(PTSD)  [2, 3] .

  “In 1998 Carol Weiher of Reston, Vir-
ginia was undergoing a surgical removal of 
her right eye, at some point she became ful-
ly aware being able to hear disco music. She 
also managed to hear ‘cut deeper, pull 
harder.’ She was not able to scream or move 
her finger to communicate with doctors 
because the muscle relaxant she had been 
administered prevented her from doing 
any controlled movement. She stated later 
that she silently prayed, pleaded, cursed 
and screamed trying to do anything she 
could but in vain”  [4] .

  The Joint Commission on Accredita-
tion of Hospital Organizations (JCAHO), 
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encing awareness under general anesthe-
sia. The reduction process began with a pe-
rusal of titles cited. After this process of 
 filtering, abstracts were obtained. The ac-
quired abstracts were then read; their num-
bers were reduced to selected relevant ar-
ticles. References, or bibliographies, of 
these articles were accessed to expand the 
original searches. Abstracts of these cita-
tions were filtered for relevant informa-
tion. The final list of references was based 
on relevance to the topics covered, which 
included prevalence, detection, and solu-
tions for prevention of awareness under 
general anesthesia.

  General Anesthesia 
 During general anesthesia, distinct neu-

ral functions are dynamically suppressed to 
varying degrees. General anesthetics affect 
a wide variety of neural functions, sup-
pressing different neural circuits at differ-
ent concentrations. Although there is no 
established consensus defining general an-
esthesia, the most important therapeutic 
actions of all general anesthetics include 
suppression of memory, awareness (con-
sciousness), and movement. Suppression 
of these 3 central nervous system (CNS) 
functions occurs at different anesthetic 
concentrations. In addition, each of these 
anesthetic-sensitive actions is controlled 
by different neural circuits in the CNS, 
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which are also anatomically distinct. Dif-
ferent general anesthetics also act via dis-
tinct mechanisms at the molecular level. 
Opioids given by themselves have relative-
ly weak hypnotic effects, although large 
doses of opioids will produce unconscious-
ness  [6–9] . As a consequence, opioids do 
not alter the incidence of awareness when 
added to nitrous oxide. When opioids are 
combined with typical hypnotic drugs, 
such as propofol, there is a synergistic effect 
that dramatically strengthens the anesthet-
ic effect of the combination of drugs. Anes-
thetic regimens containing opioids are 
likely to produce less-responsive patients at 
any given monitoring index value, com-
pared with anesthetic regimens containing 
no opioids or lesser amounts of opioids. 
Propofol, barbiturates, etomidate, and ha-
logenated volatile anesthetic agents all 
modulate the GABA A  receptor activity and 
shift the cortical EEG to lower frequen-
cies.  Nitrous oxide and ketamine (xenon 
and cyclopropane, too) do not modulate 
 GABA A  receptors, but they do produce 
hypnosis  [9–12] .

  Intraoperative Awareness – Causes and 
Risk Factors 
 The causes of intraoperative awareness 

are not yet clear, and it seems to be multi-
factorial problem. As many as 4 types of 
plausible causes can be distinguished. First, 
unanticipated patient-specific variance in 
required dose of anesthetic results from 
changed expression or function of target 
receptors. Second, patients may not toler-
ate a precalculated anesthetic dose due to 
low physiological reserves connected with 
such factors as cardiac dysfunction or lack 
of euvolemia. Third, physiological charac-
teristics that would imply the need for a 
changed dose may be masked by such fac-
tors as the presence of a pacemaker or use 
of β-adrenergic blockade. Fourth, intended 
systems of drug delivery may be compro-
mised due to such events as apparatus fail-
ure or mismanagement. The first category 
might prove particularly disturbing since 
the patient would be subjected to a dose of 
an anesthetic, which seems adequate; how-
ever, the depth of anesthesia obtained 
would be inadequate  [10–15] . The factors 
that influence the risk of awareness during 
general anesthesia include those associated 
with the anesthetic technique, the type of 
surgery, and the patient. A critical factor is 
the use of neuromuscular blockade. When 
muscle relaxants are not used during gen-
eral anesthesia, patients can move, and the 

absence of movement suggests that the pa-
tient is adequately anesthetized, or if aware, 
not suffering. Another significant risk is 
“light” anesthesia techniques, particularly 
cardiac anesthesia without hypnotic agents 
and N 2 O-narcotic-relaxant, which has 
been associated with up to 4% awareness. It 
is therefore expected that the highest risk 
surgeries are those associated with light an-
esthesia, which is often intentionally used 
to prevent the hemodynamic consequenc-
es of high concentrations of volatile or in-
travenous agents. These include cardiac 
surgery (1–1.5% awareness), trauma sur-
gery (11–43% awareness), and Cesarean 
section under general anesthesia (0.4%), 
where light anesthesia is used to minimize 
newborn depression. Patient-related fac-
tors include chronic alcohol, anti-epileptic, 
opiate, or other sedative drug use (associ-
ated with higher anesthetic requirements), 
history of awareness during general anes-
thesia, limited cardiovascular reserve, or 
ASA class IV–V (low tolerance for ade-
quate anesthesia)  [16–18] .

  Monitoring and Detection 
 Awareness occurs partly as a result of the 

lack of ability to precisely evaluate the depth 
of anesthesia, especially when it comes to 
the awareness-blocking part of anesthesia. 
The anesthetic dose is best modified by a 
knowledgeable anesthesia provider, who 
relies on numerous parameters to assess the 
depth of anesthesia, such as heart rate pat-
terns, blood pressure, lacrimation, and 
movement. Typical intraoperative moni-
toring includes pulse oximetry; noninva-
sive blood pressure; electrocardiogram 
tracings; airway pressure; and concentra-
tion of oxygen, carbon dioxide, and other 
anesthetic gases  [19, 20] . Unfortunately, no 
variations in hemodynamic parameters oc-
curred during episodes of awareness. Clini-
cal signs monitoring is supplemented by 
monitors designed to assess the electrical 
activity in the brain, while the patient is un-
der the influence of anesthesia. Two general 
categories of such monitoring systems can 
be distinguished: those intended to analyze 
electroencephalographic activity with elec-
trodes placed on the patient’s forehead and 
the other detect and analyze evoked re-
sponses to auditory stimuli. There are de-
vices that also analyze electromyographic 
activity of scalp muscles. The electrical ac-
tivity measured by them does not directly 
present the depth of sleep or memory in a 
quantifiable way, but it may show correlat-
ed neuronal activities. Additionally, the 

sensitivity of measurements with these de-
vices is not uniform and varies among dif-
ferent anesthetic drugs, their combinations 
or patients’ types. The first product avail-
able for routine intraoperative EEG moni-
toring of anesthetic depth was produced by 
Aspect Medical Systems (Newton, Massa-
chusetts) and given the name BIS from 
bispectral analysis, which is part of the algo-
rithm used to interpret the EEG. The US 
Food and Drug Administration in 1996 ap-
proved the BIS sensor. By 2001, 4 million 
patients had been monitored. BIS is by far 
the most extensively used and studied 
depth-of-anesthesia monitor. The cortical 
EEG of a normal, awake subject is charac-
terized by fast, low-amplitude activity. The 
administration of most, but not all, anes-
thetic drugs initially results in increased 
amplitude, followed at larger doses by de-
creased frequency and increased regularity, 
and finally, at very deep levels, periods of 
isoelectric (flat) EEG interspersed with 
bursts of undulating EEG activity (burst 
suppression). The BIS algorithm (or similar 
algorithms for other EEG-based depth-of-
anesthesia monitors) uses a statistical pro-
cess to analyze the EEG and compute an in-
dex on a linear scale from 0 to 100, where 0 
is an isoelectric EEG. The algorithm is em-
pirical and is not based upon a physical law 
or a simple equation. The main variables in-
corporated in the algorithm are the fre-
quency and power spectrum of the EEG, the 
amount of burst suppression, and the de-
gree of synchronization of the EEG  [21, 22] . 
The BIS index is a number from 0 to 100. A 
variety of clinical studies were performed to 
validate the index and define the relation-
ship to clinical end-points. The probability 
of explicit recall decreases dramatically be-
low a BIS index of 70, and below 60, the 
probability of explicit recall becomes ex-
tremely small. At BIS index values below 40, 
the index is determined primarily by the de-
gree of “suppression” or isoelectricity of the 
EEG. The BIS index values correlate to the 
reduction in cerebral metabolic rate mea-
sured from positron emission tomographic 
scanning during administration of hypnot-
ic drugs. Numerous studies have shown 
that the use of the BIS index to guide the 
administration of anesthetic drug results in 
administration, on average, of less anesthet-
ic drug  [23, 24] .

  What is noteworthy about intraopera-
tive awareness is that it may take place even 
if monitoring devices are on – since there 
are no flawless monitoring devices, and 
there should be no surprise if depth-of-an-
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esthesia monitoring fails to perform in 
some cases. Obviously failures have to be 
kept to a minimum for monitoring to be 
useful. The worst kind of failure for a depth-
of-anesthesia monitor would be intraoper-
ative awareness that occurs despite an index 
value in the recommended range for gen-
eral anesthesia (e.g., <60 for BIS). Index 
ranges are established based on the proba-
bility of finding a particular state (e.g., 
awake versus asleep) within a particular 
range of index values. In other words, the 
probability of awareness will be very low if 
the patient has an index below a certain lev-
el, but the probability will not be zero, and 
awareness would be expected to occur oc-
casionally with an index value within the 
recommended range. However, the actual 
failure rate for the recommended ranges in 
a large population is not known with cer-
tainty for any of the monitors. For the BIS 
monitor, only 2 prospective studies show 
that BIS monitoring is effective for reducing 
the incidence of intraoperative awareness 
compared with no depth-of-anesthesia 
monitoring, which suggests that the recom-
mended index range for general anesthesia 
for BIS probably has a very low failure rate. 
Case reports are important for providing 
additional, albeit anecdotal, information 
about monitoring failures. A cluster of re-
ports of intraoperative awareness that oc-
curs with index values within the recom-
mended range would certainly suggest a 
problem with the recommended range. 
 Interestingly, case reports of intraoperative 
awareness that occur with index values in 
the recommended range have been rare. 
Mychaskiw reported a case of intraopera-
tive awareness during sternotomy appar-
ently at a BIS index value of 47, based on 
review of the BIS values recorded on the 
 anesthesia record. However, subsequent to 
the publication of the case report, analysis 
of the flash memory of the monitor (BIS 
monitors have a flash memory that stores 
around 30 days of cases under typical condi-
tions of use) revealed BIS index values >60 
occurred at the approximate time of the 
awareness episode and were not recorded 
on the anesthesia record. This additional in-
formation was published in a subsequent 
report. Rampersad and Mulroy subse-
quently published another report of intra-
operative awareness with BIS index values 
<60 recorded every 15 min on the anesthe-
sia record. The flash memory was apparent-
ly not accessed for additional data. In addi-
tion to these reports, there is one case of in-
traoperative awareness with a BIS index 

value <60 during cardiac surgery contained 
in the multicenter prospective randomized 
trial of BIS monitoring for the prevention of 
intraoperative awareness. There may be 
other case reports that have not come to the 
attention of this author. However, consid-
ering the large number of patients who have 
been monitored, the number of case reports 
remains remarkably small. Cases of intra-
operative awareness that occur during 
depth-of-anesthesia monitoring with index 
values within the recommended range 
should be reported in the peer-reviewed lit-
erature. If possible, the memory of the mon-
itor should be accessed to be sure that the 
index values recorded in the anesthetic re-
cord are indicative of the range of index val-
ues that actually occurred during the epi-
sode of intraoperative awareness  [19, 24] . 
Most clinical cases of awareness during 
general anesthesia are elicited using a post-
anesthesia structured interview, which is 
sometimes repeated at intervals after sur-
gery. For a variety of reasons, patients rare-
ly report such experiences to their anesthe-
tists without prompting, so it is critical that 
anesthetists habitually perform postopera-
tive interviews that incorporate specific 
questions designed to elicit reports of 
awareness. Intraoperative awareness can be 
characterized by duration, the experience 
of pain and/or anxiety, and whether explic-
it recall is present. Without question, the 
most disturbing cases are those of pro-
longed “awake paralysis,” where patients 
are aware, experiencing pain and anxiety, 
and able to remember these experiences. It 
appears that most cases of awareness with 
explicit recall are brief, and usually no pain 
is experienced. In addition, a large number 
of cases fall into the category of awareness 
without explicit recall. In these, patients re-
port only vague memories, which may or 
may not be associated with intraoperative 
events. Finally, some case series include 
dreams or dream-like experiences, which 
have been judged to be associated with in-
traoperative events  [25] .

  Psychological Consequences 
 After experiencing intraoperative 

awareness, some patients have developed 
PTSD, which is considered the most harm-
ful consequence. Symptoms include de-
pression, anxiety attacks, sleep disorders, 
flashbacks to the experience, and night-
mares. Although rare, PTSD has also been 
diagnosed in patients who have no explicit 
recall of intra-operative events, but who de-
velop symptoms suggestive of intraopera-

tive awareness, such as recurrent dreams 
about being buried alive or burying friends 
or family members alive. A patient’s under-
standing of their experiences can affect the 
psychological impact of awareness during 
general anesthesia. Patients may think that 
it is impossible to become conscious while 
they are under general anesthesia (unin-
formed healthcare workers may also deny 
this possibility), leading them to become 
confused or question their own sanity. In a 
number of cases, when a patient’s experi-
ence is validated and explained by a physi-
cian, their symptoms of PTSD diminish or 
stop. In others, patients remain “victims” 
for prolonged periods of time  [25–28] . 
Compared to the estimates of awareness 
during the general anesthesia incidence, we 
know even less about the incidence of 
PTSD. A follow-up to Sandin’s Swedish in-
cidence study by Lennmarken et al. suggests 
that half or more of the patients who expe-
rienced awareness with recall developed 
long-term psychological problems despite 
having had 3 weeks of contact and repeated 
offers of psychological support from the re-
search team immediately after their surgery 
[29]. It remains controversial whether re-
peated debriefing is helpful or harmful to 
people following traumatic experiences. 
There are data suggesting that PTSD is 
worsened when recall of traumatic events is 
associated with a stress response (and thus 
repeated debriefing may worsen things). 
One preliminary report suggests that PTSD 
may be attenuated by the early administra-
tion of beta-blockers, effectively uncou-
pling memory from the stress response. A 
small fraction of patients who experience 
awareness during general anesthesia initi-
ate legal action against their anesthesia pro-
viders. Most of these are women who also 
disproportionately complain of PTSD 
symptoms  [26] . In the ASA closed claims 
database from 1971 to 2001, the percentage 
of claims against anesthetists for intraop-
erative awareness grew from 1 to 3%, and it 
is likely to continue growing. Cases of intra-
operative awareness, especially with explic-
it recall, are difficult to defend, because it is 
assumed that general anesthesia is sup-
posed to make patients unconscious. As of 
2001, reported awards to patients for aware-
ness with recall ranged from $1,000 to 
$600,000, but the median award for psycho-
logical damages from intraoperative aware-
ness was small ($18,000) in comparison to 
that for other anesthesia-related injuries 
($100,000). Should the patient experience 
or claim to have had awareness during gen-
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eral anesthesia, there are several actions that 
can potentially reduce the psychological 
harm to the patient and the probability of 
legal action against caregivers.

  When a patient reports awareness dur-
ing general anesthesia  [27–29] :
  • Get as much information about pa-

tient’s experience as possible. Record 
the detailed account in their chart. 

 • Verify patient’s story. 
 • Acknowledge your patients’ stressful 

experiences and be sympathetic to-
wards them. Explain what happened to 
the patients and answer all of their 
questions. 

 • Inform the surgeon(s) and nurse(s) in-
volved in the case and a hospital lawyer. 

 • If patients experiences symptoms of 
PTSD, refer them to a knowledgeable 
psychiatrist. 

 Prevention 
 There are suggested a number of pre-

ventive measures to help avoid intraopera-
tive awareness. Prevention of awareness 
during general anesthesia and its conse-
quences – suggestions for anesthesia pro-
viders  [30–34] :
  • Check equipment carefully before use. 
 • Premedicate with amnestic. They syn-

ergize with anesthetics to prevent 
awareness. Also, if awareness occurs, 
psychological trauma is less likely with-
out recall. 

 • Avoid muscle relaxants and minimize 
their use when needed. 

 • Avoid light induction doses. Re-bolus 
with intravenous hypnotic during mul-
tiple intubation attempts. Consider us-
ing the inhalation-induction technique. 

 • Supplement N 2 O/narcotic with volatile 
or propofol, if possible. 

 • Assure agent delivery using End-tidal 
gas monitors. Check drug infusion 
pumps frequently. 

 • Consider beta-blockers, which may re-
duce MAC-Awake and may also de-
crease the likelihood of PTSD. 

 • Consider earplugs or headphones to re-
duce patient awareness of noises in the 
OR. 

 • Inform high-risk patients about aware-
ness during general anesthesia, and 
consider doing so for all patients. 

 • Routinely ask your post-op patients 
questions designed to detect awareness. 

 • Educate yourself about awareness dur-
ing general anesthesia. 

 • Consider EEG-based monitoring in 
high-risk cases. 

 Conclusion 

 Despite the ongoing research, there 
seem to be many unresolved and unclear 
issues surrounding the topic of explicit in-
traoperative recall, for instance:
  • There is still no ideal depth of anesthe-

sia monitoring equipment. 
 • There are no specific human studies on 

perioperative drugs and increase in in-

traoperative awareness, though there is 
some animal data suggesting such a link. 

 • An issue of relationship between the 
depth of anesthesia and adverse out-
comes needs to be clarified. 
 Anesthesia providers should educate 

themselves thoroughly about intraopera-
tive awareness and pre-anesthetic evalua-
tion should routinely include the assess-
ment of patients’ risk for this problem  [35–
38] . Strategies to reduce the chance of 
awareness should be applied whenever pos-
sible, unless these increase the risk of other 
unfavorable outcomes. Postoperatively, pa-
tients should be asked questions designed to 
elicit reports of awareness experiences  [39, 
40] . When intraoperative awareness is sus-
pected, the responsible anesthesia provid-
ers, their departmental administrators, and 
quality assurance team members should ac-
tivate a series of interventions aimed at de-
fining the nature of the event and its causes, 
while minimizing its impact by providing 
supportive care to patients. Patients as-
sessed to be at high risk for intraoperative 
awareness should be informed about their 
status and anesthetic plans should explicitly 
incorporate approaches to reduce this risk, 
including the use of EEG-based monitoring 
when feasible  [32] .
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