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Background and objectives: The intraoperative awareness is an adverse event in the general anesthesia, and may occur in approximately
20,000 cases per year, which justifies the study of the risk factors for this event. The objective of this study was to review this subject in order
to reduce the incidence of intraoperative awareness and psychological sequelae incurring from this incident, which may result in post-traumatic
stress disorder with negative repercussions on the surgical patient social, psychic and functional development.

Content: It was conducted a review of the intraoperative awareness assessing its different phases during general anesthesia such as dreaming,
wakefulness, explicit and implicit memory, as well as the analysis, consequences and prevention of its main related factors.

Conclusions: The reduction of awareness incidence during anesthesia is related to the anesthesiologist improved scientific and technical perfor-
mance, involving issues such as monitoring, comprehension of the anesthesia activity components, hypnotic and analgesic drugs, neuromuscular

blocking agents, autonomic and motor reflex control, in addition to the risk factors involved in this event.
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INTRODUCTION

The intraoperative awareness after surgery conducted with
general anesthesia is not very often. However, it is well de-
scribed by the patient and the anesthesiologist as an adverse
and undesirable effect since its very first report when a Hor-
ace Wells patient stated that the pain during surgery was “as
if his skin had been scratched with a hoe”. The causes for this
event are frequently a consequence of inadequate anesthesia
technique, device failure, addicted patients, excessive use of
neuromuscular blocking agents and inadequate monitoring.
Specific conditions such as major traumas, obstetric intercur-
rences, cardiopulmonary bypass, which are considered to be
a risk factor for the intraoperative awareness may nowadays
be well-conducted given the specific and potent therapeutic
drugs arsenal, in addition to the currently available quality on
monitoring.
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General anesthesia and intraoperative awareness

The purpose of anesthesia is to induce unconsciousness
through the administration of drugs. Therefore, it is funda-
mental to provide patients with analgesia, anxiolysis, amnesia
and suppression of hormonal, cardiocirculatory and motor
responses in the surgical stress setting .

Awareness during anesthesia with intraoperative memory
occurs when the patient is able to process information and
produce specific responses to several stimuli 2.

The different phases of intraoperative awareness or mem-
ory are independent. Explicit or declarative memory is when
the patient remembers facts, events or experiences that oc-
curred during general anesthesia 3. Regarding implicit or
procedural memory, defined as the memory of motor and
sensorial capacities and abilities 4, the patient is unable to
verbally express his experience during anesthesia, but there
are changes in his postoperative behavior, habits and perfor-
mance in such a way that psychological tests are required to
detect the implicit memory 3.

Another intraoperative awareness phase is the state of
wakefulness, when the patient is able to react to stimuli during
surgery, but does not recall nor is conscious of the experi-
enced reactions 5.

Dreaming is a phase that still raises issues regarding the
classification of the awareness type. It is considered to be a
transitional state between the explicit and implicit memory 1,
i.e. any experience beginning at the moment of the anesthesia
induction until the first moment of post-anesthesia conscious-
ness.
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The experience of consciousness is not the same for all
patients. They may be collected as memories (hearing per-
ception, tactile sensation, paralysis sensation and difficulty
to move and breath, helplessness sensation, panic, anxiety,
chronic fear and medical fear, insomnia and recurrent night-
mares), 6 and neurosis, known as post-traumatic stress disor-
der 7 and requiring psychiatric treatment.

Awareness during anesthesia is not frequently experienced
and it is difficult to collect data regarding the incidence of this
event, making hard to establish effective preventive measures,
as well as to identify and assess the risks, causal factors and
psychosocial sequelae 8. An awareness incidence of 1.2% has
been documented in 1960 9, but recent studies show an inci-
dence of 0.1% to 0.2%, which may change according to biologi-
cal types, anesthetic drugs and applied surgical procedures 1011,
A multicenter study with 19,575 patients showed an intraopera-
tive awareness incidence of 0.13% 2.

Risk factors for intraoperative awareness, according to epi-
demiological studies, may be classified in three main groups:

Patient related.
Surgery type related.
Anesthetic technique related.

Patient related
Gender

Studies indicate that the intraoperative awareness incidence
is three times higher in women than in men, mainly because
women recover faster from anesthesia 1314,

Age

A higher awareness incidence has been described in young pa-
tients during general anesthesia 215, however, Pollard et al. ¢
have showed a higher incidence in the elderly. In children, the
awareness incidence may reach up to 0.8% according to some
published studies 718,

Previous history of alcohol, amphetamines, opioids and
other drugs use

The addicted patient requires greater amounts of anesthetic
drugs as a consequence of tolerance development and, thus,
intraoperative awareness may be experienced %20, Previous
awareness history - present in up to 1.6% of the cases - is a pre-
disposing factor for a new intraoperative awareness incident 8.

Physical condition and pre-anesthetic medication

There is an increased risk for intraoperative awareness in
ASA 1l and IV patients who are submitted to major surger-
ies 2. Patients who make use of antihypertensive drugs and

beta blockers are susceptible to experience awareness epi-
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sodes if exposed to low doses of general anesthetic agents in
the attempt to avoid episodes of systemic blood hypotension.
The preoperative use of benzodiazepines reduces the inci-
dence of awareness 2122,

Difficult airways

The injection of an anesthetic inductor single dose in the tra-
cheal management and intubation in difficult airways manage-
ment favors the intraoperative awareness in 4.5% to 7.5% 23.

Surgery type related

Obstetric anesthesia

According to different studies, the incidence ranges from 0.4%
to 1.3% 202425 and occurs in the period between skin incision
and fetal extraction, moment of greatest surgical stimulus and
in many times with lower anesthetic concentrations 26. These
are considered to be triggering factors: 1) quick sequence in-
duction without opioids to avoid depressing respiratory effects
on the newborn; and 2) reduced inhaled fraction of inhala-
tion anesthetics to avoid tocolytic effects and resulting uterine
bleeding effect 27.

Cardiac surgery

The awareness incidence ranges from 1.1% to 23%, mainly in
surgeries where cardiopulmonary bypass is used 2829, Phillips
et al. %, in a study with 837 patients submitted to extracor-
poreal circulation, have reported an awareness incidence of
1.14%, with no differences found among the drugs used in the
patients with or without memories of the intraoperative events.
Ranta et al. 3" have showed a higher awareness incidence in
the young and yet a reduction of such incidence when anes-
thesiologists are paying close attention to such complication.
Continuous infusion of an anesthetic before, during and af-
ter extracorporeal circulation in 617 patients has showed an
awareness incidence of 0.3% 2.

Emergency surgery in polytraumatized patients

Intraoperative awareness may occur in up to 43% of the cas-
es 3334, Hemodynamics instability, hypothermia and acute in-
toxications are factors that may induce an undue anesthetic
amount use 935, and it may alter the incidence of such com-
plication in polytraumatized patients.

Anesthesia technique related
Inhalation anesthesia

Reported awareness cases with techniques using inhalation
anesthesia in general seem to be associated with issues in
the vaporizers or lack of anesthetic gas monitoring; Bergman
et al. ¥ have reported in their study that in the 13% of the
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patients who experienced awareness there had been a failure
in the supply of nitrous oxide or volatile agents as a malfunc-
tioning of the equipment, showing that in most cases the an-
esthetic agent concentrations (exhaled and inhaled) had not
been monitored.

The efficacy of inhalation anesthetics low concentrations
added to the additive effect of other simultaneously used
drugs are considered to be important issues in the prevention
of intraoperative awareness, even if the minimum concentra-
tion which ensures memory lack cannot be definitely estab-
lished %7

Total venous anesthesia

A prospective observational study conducted with 4,001 pa-
tients by Errando et al. 38 has showed a higher awareness inci-
dence in patients administered total venous anesthesia during
the surgical process when compared to balanced anesthesia.
In general, it is associated with late start of the infusion af-
ter the induction dose; inadequate administration modes; and
frequently failure in the administration pumps, system discon-
nection and obstruction of the intravenous flow.

Administration of neuromuscular blocking agents

A meta-analysis demonstrated that up to 85% of the patients
suffering with awareness were receiving neuromuscular block-
ing agents 8 The use of neuromuscular blocking agents is
recommended only if necessary, as a useful and simpler way

to check patient’s awareness is through his movements 3940,
Movement observation as a reflexive somatic response to sur-
gical stimulus, a support for the minimum alveolar concentra-
tion (MAC) concept, is considered to be a reliable method to
detect intraoperative awareness. In a study of 11,780 patients
administered general anesthesia, an awareness incidence of
0.18% associated with anxiety and late neurotic symptoms
was observed in those patients who received neuromuscular
blocking agents, and an awareness incidence of 0.1% was
observed in those patients who did not receive neuromus-
cular blocking agents #'. The use of neuromuscular blocking
agents is associated with a higher intraoperative awareness
incidence, as well as with implicit memory #2. A recent study
by Nunes et al. 43 assessing 20 volunteers administered a de-
polarizing neuromuscular blocking agent alone has showed
an important reduction in BIS and in the electromyographic
potency to values considered to be within the surgical range.
A T, lesser than 1.9 + 3.18% was reported, concluding that
in spite of the fact that the BIS algorithm does not include
an electromyography, its reduction directly changes BIS val-
ues; thus, the importance of maintaining Ty above 5% so that
BIS values do not represent a false positive. Other studies by
Nunes et al. 4445 have also showed significant reductions in
the values of the entropies (response and state), as well as
in the cerebral state index (CSI) in volunteers after the use
of succinylcholine. Figure 1 shows a scheme that represents
cortical impulse generation associated with facial electromyo-
graphy (EMG). Reduced EMG after the use of neuromuscular
blocking agents may influence the anesthetic adequacy in-
dexes (AA).
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Figure1 — Relation among Peripheral Stimulus (1), Electromyographic Activity Generation (2 and 3) and EEG. In (4), EMG and EEG biological

electrical signs are processed and digitalized resulting in AA indexes.

EFG Electrical Activity of the Cerebral Cortex; EMG: facial electromyography; AA: anesthetic activity.
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In general, in patients presenting with intraoperative aware-
ness risk there are several conditioning factors. The most
frequent causes of motor paralysis complaints in awaken
patients are errors made in the administration or identifica-
tion of intravenous drugs. Among of which succinylcholine is
the most frequently related with the wrongful administration
in place of the sedative or hypnotic agents in the anesthetic
induction 36,

Intraoperative awareness consequences

Some patients who have experienced awareness in the in-
traoperative setting may progress without psychological dis-
orders. The most feared complication is the post-traumatic
stress disorder (PTSD) 713, This is a type of psychic disorder
that may be experienced in a specific stress situation with
the presence of psychic, functional and social impairment
that may persist for many months and, if not properly treated,
progress to a chronic psychic disorder in 25% of the cases 6.
The subject experiencing PTSD shows difficulties to have a
steady sleep, anxiety, irritability, concentration and humor
disorders, fear of anesthesia, depression and nightmares.
Ghoneim et al. 8 have demonstrated in their study that 19%
of the patients experienced sleeping disorders, 21% night-
mares and up to 17% daily anxiety. Treatment is based on a
behavioral cognitive therapy with cognitive restructuration of
the traumatic episode whether or not associated with the ad-
ministration of psychotherapeutic agents 47:48. There are also
the general psychological sequelae, suffering conditions and
emotional disturbances that usually hinder social functioning
and development, and are distinct from those present in the
PTSD condition ' with an incidence of 0% to 78% “°.

Intraoperative awareness prevention

The risk for intraoperative awareness may be minimized with
specific clinical practice principles being strictly followed and
complied with 50;

e Never abandon the patient in the surgery room.

e Preoperative visit is fundamental and mandatory. Iden-
tify patients whose specific needs for anesthetic drugs
have been modified: chronic alcohol use, hyperna-
tremia, hyperthermia, monoamine oxidase inhibitors,
tricyclic antidepressants, amphetamines, cocaine etc.
Assess airway passage and, even in patients consid-
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ered to have a difficult airway passage ensure, that tra-
cheal intubation is conducted causing the least trauma
possible.

e Check previously all devices involved in the anesthetic
procedure before each new patient and regularly dur-
ing the anesthetic procedure: respirators, vaporizers,
respiratory system, and infusion pumps.

e Register in the patient’s record his answers to the fol-
lowing questions: “What is the last thing you remember
before fallen sleep?”; “What is the first thing you re-
member after waking up?”; “Can you remember any-
thing in between these two moments?” and “Did you
have any dreams during surgery?” 20,

e Use neuromuscular blocking agents with caution, in-
troducing in the practice: monitoring of the neuromus-
cular function and maintaining T1 above 5% 4243,

o Whenever possible, use agents with amnesic proper-
ties 20

¢ Inhalation anesthetics must be monitored with gas
analyzers and concentration (MAC) never inferior to
0,8 20,

¢ Never use nitrous oxide as the only anesthetic without
complementing it with another potent anesthetic agent
either an inhalation agent or a venous one.

e Maintain BIS value below 60.

e The anesthetic act is a dynamic event. Each patient
according to his clinical condition must be cautiously
assessed, establishing among the anesthetic compo-
nents which are the ones that must be blocked so that
the patient is submitted to a surgical procedure under
anesthesia without intraoperative awareness.

CONCLUSION

Terror described by patients submitted to general anesthesia
and who experienced intraoperative awareness is a unique
fact for such patient. The unpredictable effect in his life and
long term results are immeasurable. The fall of awareness
incidence during anesthesia is related to the anesthesiolo-
gist improved scientific and technical performance, involv-
ing issues such as comprehension of the anesthesia activity
components, hypnotic and analgesic drugs, neuromuscular
blocking agents, autonomic and motor reflex control, in addi-
tion to the risk factors involved in this event. Monitoring and
interpretation of data collected and clinical signs during the
anesthetic surgical procedure must be based on clinical judg-
ment specific for each patient and each surgical procedure.

Revista Brasileira de Anestesiologia
Vol. 62, Ne 3, May-June, 2012



372

NUNES, PORTO, MIRANDA E COL.

REFERENCIAS/REFERENCES

Khan MF, Samad K, Shamim F et al. — Awareness during anesthesia-
an update. MEJ Anesth, 2008;19(4):723-736.

Orser BA — Depth of anesthesia monitor and the frequency of intraop-
erative awareness. N Engl J Med, 2008;358(11):1189-1191.
American Society of Anesthesiologists Task Force on Intraoperative
Awareness — Practice advisory for intraoperative awareness and brain
function monitoring: a report by the American Society of Anesthesi-
ologists Task Force on intraoperative awareness. Anesthesiology,
2006;104(4):847-864.

Izquierdo | — Meméria, 12. Ed, Porto Alegre, Artmed, 2002, pp. 22-
24.

Revista Brasileira de Anestesiologia
Vol. 62, N@ 3, Maio-Junho, 2012



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

FATORES DE RISCO PARA O DESPERTAR INTRAOPERATORIO

Tunstall ME — Detecting wakefulness during general anaesthesia for
caesarean section. Br Med J, 1977;21:1321.

Charles HM — Awareness during anesthesia. Can J Anesth,
1999;46(5):R80-R87.

Myles PS, Williams DL, Hendrata M et al. — Patient satisfaction after
anaesthesia and surgery: results of a prospective survey of 10,811
patients. Br J Anaesth, 2000;84(1):6-10.

Ghoneim MM, Block RI, Haffarnan M et al. — Awareness during anes-
thesia: risk factors, causes and sequelae: a review of reported cases
in the literature. Anesth Analg, 2009;108(2):527-535.

Hutchinson R — Awareness during surgery. British Journal of Anaes-
thesia, 1960;33:463-469.

Mashour GA, Esaki RK, Tremper KK et al. — A novel classifica-
tion instrument for intraoperative awareness events. Anesth Analg,
2010;110(3):813-815.

Avidan MS, Zhang L, Burnside BA et al. — Anesthesia awareness and
the bispectral index. N Engl J Med, 2008;358(11):1097-1108.

Sebel BS, Bowdle A, Ghoneim MM et al. — The incidence of aware-
ness during anesthesia: a multicentrer United States Study. Anesth
Analg, 2004;99(3):833-839.

Ghoneim MM — The trauma of awareness: history, clinical features,
risk factors and cost. Anesth Analg, 2010;110(3):666-667.

Hoymork SC, Raeder J — Why do women wake up faster than men from
propofol anaesthesia? British Journal of Anaesthesia, 2005;95(5):627-
633.

Mashour GA, Wang LYJ, Turner CR et al. — A retrospective study
of intraoperative awareness with methodological implications. Anesth
Analg, 2009;108(2):521-526.

Pollard RJ, Coyle JP, Gilbert RL et al. — Intraoperative awareness in a
regional medical system. Anesthesiology, 2007;106(2):269-274.
Blussé van Oud-Alblas HJ, Bésenberg AT, Tibboel T — Awareness
in children: another two cases. Pediatric Anesthesia, 2008;18(7):654-
657.

Davidson AJ, Huang GH, Czarnecki C et al. — Awareness during an-
esthesia in children: a prospective cohort study. Anesthesia and Anal-
gesia, 2005;100(3):653-661.

Ghoneim MM, Weiskopf RB — Awareness during anesthesia. Anes-
thesiology, 2000;92(2):597-604.

Ghoneim MM, Block RL — Learning and memory during general anes-
thesia: an update. Anesthesiology, 1997;87(2):387-410.

Orser BA, Mazer CD, Baker AJ — Awareness during anesthesia.
CMAJ, 2008;178(2):185-188.

Grace R — The effect of variable-dose diazepam on dreaming and
emergence phenomena in 400 cases of ketamine-fentanyl anaesthe-
sia. Anaesthesia, 2003;58(9):904-910.

Shiga T, Wajima Z, Inone T et al. — Predicting difficult intubation in
apparently normal patients: a meta-analysis of bedside screening test
performance. Anesthesiology, 2005;103(2):429-37.

Lyons G, Macdonald R — Awareness during caesarean section. An-
aesthesia, 1991;46(1):62-64.

Paech MJ, Scott KL, Clavisi O et al. — A prospective study of aware-
ness and recall associated with general anaesthesia for caesarean
section. Int J Obstet Anesth, 2008;17(4):298-303.

Aitkenhead AR — Injuries associated with anaesthesia. A global per-
spective. Br J Anaesth, 2005;95(1):95-109.

Yeo SN, Lo WK — Bispectral index in assessment of adequacy of
general anaesthesia for lower segment caesarean section. Anaesth
Intensive Care, 2002;30(1):36-40.

Goldman L, Shah MV, Hebden MW — Memory of cardiac anaesthesia:
Psychological sequelae in cardiac patients of intra operative suggestion
and operating room conversation. Anaesthesia, 1987;42(6):596 603.
Yun W, Yun Y, Yong-hai S et al. — Investigation an analysis of inci-
dence of awareness in patients undergoing cardiac surgery in Beijing,
China. Chin Med J, 2005;118(14):1190-1194.

Phillips AA, McLean RF, Devitt JH et al. — Recall of intraoperative
events after general anaesthesia and cardiopulmonary bypass. Can J
Anaesth, 1993;40(10):922-926.

Revista Brasileira de Anestesiologia
Vol. 62, Ne 3, Maio-Junho, 2012

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

. Ranta S, Jussila J, Hynynen M — Recall of awareness during cardiac
anaesthesia: influence of feedback information to the anaesthesiolo-
gist. Acta Anaesthesiol Scand, 1996;40(5):554-560.

Dowd NP, Cheng DC, Karski JM et al. — Intraoperative awareness
in fast-track cardiac anesthesia. Anesthesiology, 1998;61(5):1068-
1073.

Heier T, Steen PA — Awareness in anaesthesia: incidence, conse-
quences and prevention. Acta Anaesthesiol Scand, 1996;40:1073-
1086.

Ghoneim MM — Incidence and risk factors for awareness during anes-
thesia. Best Pract Res Clin Anaesthesiol, 2007;21:327-343.

Bogetz MS, Katz JA — Recall of surgery for major trauma. Anesthesiol-
ogy, 1984;61(1):6-9.

Bergman IJ, Kluger MT, Short TG — Awareness during general anaes-
thesia: a review of 81 cases from the anaesthetic incident monitoring
study. Anaesthesia, 2002;57(6):549-556.

Cruvinel MG, Castro CHV, Costa JRR — O uso do analisador de anes-
tésicos inalatérios como método de deteccao de falha no aparelho de
anestesia e prevengdo de consciéncia do per-operatério. Relato de
caso. Rev Bras Anestesiol, 2003;53(5):640-645.

Errando CL, Sigl JC, Robles M et al. — Awareness with recall during
general anesthesia: a prospective observational evaluation of 4001
patients. Br J Anaesth, 2008;101(2):178-185.

Kotsovolis G, Komninos G — Awareness during anesthesia: how
sure can we be that the patient is sleeping indeed? Hippokratia,
2009;13(2):83-89.

Myles PS — Prevention of awareness during anaesthesia. Best Prac-
tice & Research Clinical Anaesthesiology, 2007;21(3):345-355.
Sandin RH, Enlund G, Samuelsson P et al. — Awareness during an-
aesthesia: a prospective case study. Lancet, 2000;355:707-711.
Nunes RR, Cavalcante SL, Lobo RF — Memdrias explicita e implicita
em anestesias com bloqueio neuromuscular e BIS. Sao Paulo Med J,
2007;125(Suppl):129.

Nunes RR, Sigl JC, Cavalcante SL et al. — Influéncia do blo-
queio neuromuscular despolarizante no BIS. Sdo Paulo Med J,
2007;125(Suppl):125.

Nunes RR, Cavalcante SL —Influéncia do bloqueio neuromuscular des-
polarizante nas entropias. S&o Paulo Med J, 2007;125(Suppl):126.
Nunes RR, Cavalcante SL, Lobo RF — Influéncia do bloqueio
neuromuscular no indice de estado cerebral. Sdo Paulo Med J,
2007;125(Suppl):132.

Vieweg WV, Julius DA, Fernandez A et al.— Post-traumatic stress dis-
order: clinical festures, pathophysiology and treatment. Am J Med,
2006;119:383-390.

Moulds ML, Nixon RD — In vivo flooding for anxiety disorders: Propos-
ing its utility in the treatment posttraumatic stress disorder. J Anxiety
Disord, 2006;20(4):498-509.

Nakell L — Adult post-traumatic stress disorder: screening and treating
in primary care. Prim Care, 2007;34(3):593-610.

Leslie K, Chan MT, Myles PS et al. — Posttraumatic stress disorder in
aware patients from the B-aware trial. Anesth Analg, 2010;110(3):823-
828.
Blacher RS
1984;61:1-2.

— Awareness during anesthesia. Anesthesiology,

373



