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Abstract
Background : Awareness with recall under general anesthesia remains a rare but important issue that
warrants further study. 

Methods : We present a series of seven cases of awareness that were identi�ed from provider-reported
adverse event data from the electronic anesthesia records of 647,000 general anesthetics.

Results : The low number of identi�ed cases suggests an under-reporting bias. Themes that emerge from
this small series can serve as important reminders to anesthesia providers to ensure delivery of an
adequate anesthetic for each patient. Commonalities between a majority of our identi�ed anesthetic
awareness cases include: obesity, use of total intravenous anesthesia, use of neuromuscular blockade,
and either a lack of processed electroencephalogram (EEG) monitoring or documented high depth of
consciousness index values. An interesting phenomenon was observed in one case, where adequately-
dosed anesthesia was delivered without technical issue, processed EEG monitoring was employed, and
the index value suggested an adequate depth of consciousness throughout the case. 

Conclusions : Provider-reported adverse event data in the immediate post-operative period are likely
insensitive for detecting cases of intraoperative awareness. Though causation cannot �rmly be
established from our data, themes identi�ed in this series of cases of awareness with recall under general
anesthesia provide important reminders for anesthesia providers to maintain vigilance in monitoring
depth and dose of anesthesia, particularly with total intravenous anesthesia.

Background
Accidental intraoperative awareness with recall (AWR) is the unanticipated explicit recollection of
intraoperative events during anesthesia.  Though important to understand and prevent, it is fortunately a
rare event.  In fact, the incidence estimates vary widely, likely due to methodology differences in
identi�cation of awareness events.  Several randomized controlled trials with AWR as the primary
endpoint have used structured interviews to detect awareness events and expert panel review to
adjudicate possible cases of AWR [1-6].  Averaging across the data from these trials gives an incidence of
0.25% for de�nite AWR and an additional 0.32% of patients having possible AWR.  This is corroborated by
an incidence of 0.44% in a recent meta-analysis that included randomized trials focused on either
anesthetic regimens or anesthetic depth monitors (but not necessarily speci�cally focused on AWR
detection) [7]. 

Retrospectively identifying cases of AWR, when no structured patient interview has been conducted, is
expected to have a lower sensitivity.  This is illustrated by much lower calculated incidences of AWR
within retrospective studies of varying methodology: 0.023% in a single-institution retrospective chart
review [8] and 0.0051% in the United Kingdom’s 5th National Audit Project [9].  Thus, retrospective
anlayses have limited sensitivity, and may detect AWR events at rates 10-100 times lower than
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propsective trials.  Surveying practicioners seems equally insensitive, with rates of 0.0043% [10] and
0.0065% [11] reported.

Despite this low prevalence, AWR is a clinically important phenomenon to understand and prevent.  The
Psych-SOS study completed post-traumatic stress disorder (PTSD) assessments of patients from three
major awareness prevention trials and found a 43% incidence of PTSD in those who experienced AWR,
compared to 16% in a matched cohort without AWR [12].  Though the longevity of PTSD has not been
studied in a large cohort of AWR patients, symptoms can last for many years after the event [13, 14]. 
Even without a PTSD diagnosis, many AWR patients experience some negative symptoms such as sleep
disturbance, anxiety, fear, panic, depression, and inability to work [15-17].

The purpose of this investigation was to identify cases of AWR at our institution by a retrospective review
of routinely collected adverse event data.  We expected to �nd many AWR cases, based on the very large
number of anesthetic records available for review.  However, the small number of cases identi�ed
precluded a formal analysis.  Our results are presented as a truncated AWR case series, focused on
general anesthetics.  Commonalities between these cases are discussed to highlight some important
considerations to maintain vigilance in AWR prevention.

Methods
Cases of AWR were collected from the Electronic Anesthesia Record (EAR) system of the University of
Pittsburgh Medical Center.  This is a large multi-hospital health system, with a mix of tertiary/academic
centers and suburban hospitals that share a centralized EAR.  The system-wide EAR was queried for all
available electronic anesthesia records over the period 9/13/2010 to 1/12/2019.  Patients with AWR were
identi�ed using quality improvement records attached to our EAR.  In this system, providers voluntarily
denote an adverse event �ag (labelled “Intraoperative Recall”) any time before the EAR chart is �nalized,
which is typically after patient discharge from Post-Anesthesia Care Unit (PACU).  Following identi�cation
of those anesthetics that had the adverse event �ag for “Intraoperative Recall”, the patient charts were
reviewed by the authors for data thought to be relevant to the awareness event.  We limited the
subsequent analysis to cases done under general anesthesia.  Data abstracted included the surgery
performed, anesthetics administered, patient characteristics, and the patient’s past medical and surgical
histories.  Written documentation was searched for descriptions of the character of the experiences
reported by the patients during the awareness event.  All authors reviewed the documentation available
for each case and made a determination by consensus of the likelihood of an AWR event (rated as
Probable, Possible or Inconclusive).  Additionally, cases were classi�ed using the Michigan Awareness
Classi�cation Instrument [18].   Case durations were calculated using the induction and emergence times
documented on the EAR. In the UPMC system, the BIS monitor (Medtronic/Covidien, Mans�eld, MA, USA)
is the processed electroencephalographic (EEG) monitoring device typically available in most
anesthetizing locations.  Age-adjusted minimum alveolar concentration (aaMAC) was calculated for any
volatile agents used, using previously-established formulas [19].  For the purposes of describing patient
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body habitus, we classi�ed body-mass index (BMI) as normal-range (BMI= 18.5-30), obese (BMI= 30-40),
and morbidly obese (BMI >40).

Results
During the study period, 1,273,060 total anesthetic records were available for query.  Only 10 cases were
identi�ed in which the “Intraoperative Recall” event �ag was marked.  Thus, the calculated incidence of
AWR from this dataset, using this method of identi�cation was only 0.00079%.  Three of these cases
were documented as sedation with monitored anesthesia care, and these were excluded from further
analysis.  The number of general anesthesia cases queried was 647,009, giving a calculated incidence of
1:92,429 (0.0011%) of AWR under general anesthesia in our EAR.  We brie�y describe the 7 identi�ed
cases of AWR during general anesthesia in a condensed case series below.  A summary of key case
details is provided in Table 1.  To retain patient anonymity, no patient-speci�c information has been
included.

Case 1 occurred in a male patient in his 30’s with American Society of Anesthesiologists (ASA) physical
status (PS) II presenting for elective spine surgery.  This patient had a normal-range BMI.  The patient was
premedicated with 50 mg of fentanyl and 2 mg of midazolam. General anesthesia was induced with 130
mg of propofol, and muscle paralysis initiated with 50 mg of rocuronium. Intermittent boluses of
rocuronium were used to maintain paralysis.  Maintenance of anesthesia was with sevo�urane, and the
lowest concentration during the majority of the 3.5 hour-long case was 1.77% (aaMAC = 1.11).  However,
the concentration decreased to 0.9 to 1.1% (aaMAC = 0.57 – 0.69) in the approximately 10 minutes prior
to turning the patient supine.  This volatile anesthetic was augmented with a remifentanil infusion at 0.1
to 0.2 mcg/kg/min, and this infusion was discontinued approximately 10 minutes prior to turning supine. 
A total of 200 mcg of fentanyl was given in divided doses after extubation, approximately 20 minutes
after discontinuation of the remifentanil infusion.  Mean arterial pressures (MAP) was maintained in the
range 80 mmHg to 120 mmHg, but this required a phenylephrine infusion at rates up to 0.5 mcg/kg/min
plus intermittent boluses of ephedrine.  His heart was in sinus rhythm, rates ranging 45 to 80 beats per
minute (bpm).  Processed EEG monitoring was not used.

Case 2 occurred in a morbidly obese male patient in his 70’s, ASA-PS III, for elective head/neck surgery.
 He was premedicated with 50 mcg of fentanyl and 2 mg of midazolam. General anesthesia was induced
with 200 mg of propofol and 100 mcg of fentanyl.  Muscle paralysis was maintained with boluses of
rocuronium.  Maintenance of anesthesia was achieved with intermittent boluses of fentanyl and
sevo�urane; the lowest end-tidal sevo�urane concentration was 1.45% (aaMAC = 0.98).  Vitals were
remarkable for atrial �brillation, with heart rates between 60 to 95 bpm and no hypotension.  Processed
EEG monitoring was not used.  Case duration was 2.5 hours.

Case 3 occurred in an obese ASA-PS III female patient in her 60’s, for orthopedic surgery following a
traumatic fracture.  She was premedicated with 2 mg of midazolam.  General anesthesia was induced
with 180 mg of propofol, and 100 mg of lidocaine was given.  Muscle paralysis initiated with 190 mg of
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succinylcholine and 30 mg of rocuronium. Maintenance of anesthesia was achieved with sevo�urane,
and end-tidal concentrations ranged from 0.3 to 1.3% (aaMAC = 0.19 – 0.82) during the case.  The BIS
monitor was applied, and the highest BIS index value recorded was 54.8. Case duration was two hours.
Vital signs during the case were heart rates between 55 to 75 bpm and MAP ranging from 95 mmHg to
115 mmHg, with minimal support by intermittent phenylephrine and ephedrine.  

Case 4 occurred in a morbidly obese female patient in her 30’s, ASA-PS III.  She presented for elective
abdominal surgery and received no premedication.  Anesthesia was induced with 200 mg of propofol, 16
mcg of dexmedetomidine, and 20 mg of ketamine.  Muscle paralysis initiated with 160 mg of
succinylcholine and 90 mg of rocuronium with intermittent boluses of rocuronium throughout the case to
maintain paralysis.  The patient had a history of di�cult airway management but was uneventfully
intubated with a Glidescope.  Total intravenous anesthesia (TIVA) was maintained with three infusions:
propofol ranging from 100 to 150 mcg/kg/min, with additional intermittent boluses; dexmedetomidine at
0.4 mcg/kg/hr; and ketamine at 0.2 mg/kg/hr.  Processed EEG monitoring was utilized during the case,
but not applied until 5 minutes after incision, which was about 30 minutes after induction.  The BIS index
ranged 65-75 in the �rst 30 minutes after application.  At this time, a relief in hands-on providers occurred,
and midazolam 2 mg was given.  The highest recorded BIS index was 79.2, and this occurred during the
middle portion of the case approximately 45 minutes after induction.  The BIS index was > 65 for the
majority of the surgical case.  Vital signs were unremarkable with no support.  Case duration was just
over two hours. 

Case 5 occurred in a female patient in her 50’s, ASA-PS III, with normal range BMI.  She presented for
general surgery.  She was premedicated with midazolam 2 mg.  Anesthesia was induced with 150 mg of
propofol followed by rocuronium 30 mg to facilitate tracheal intubation.  TIVA was maintained using a
propofol infusion with a basal rate of 100 mcg/kg/min, with intermittent boluses, dexmedetomidine
infusion at 0.2 mcg/kg/hour and ketamine infusion at 0.2 mg/kg/hour.  The highest documented BIS
index was 46.6.  Vitals signs were remarkable only for mild bradycardia, with heart rates in the 50’s pre-
induction.  She was normotensive throughout the two-hour case, with no support.

Case 6 occurred in a female patient in her 60’s, with ASA-PS II and normal-range BMI, who underwent an
elective plastic surgery.  Prior anesthesia complications included postoperative nausea and vomiting.
 She was premedicated with midazolam 2 mg. General anesthesia was induced with 50 mg of propofol
and 50 mcg of fentanyl. Paralysis was maintained with intermittent boluses of rocuronium.  Maintenance
of anesthesia employed remifentanil at 0.2 to 0.6 mcg/kg/min and dexmedetomidine between 0.2 to 0.7
mcg/kg/hr.  Approximately 20 minutes after surgical incision (and 40 minutes after induction) a propofol
infusion at 50 mcg/kg/min was started, and the dose was subsequently increased to 75 mcg/kg/min for
the last hour of the case.  Vitals were unremarkable, with minimal intermittent doses of phenylephrine
and ephedrine.  The highest BIS index of 75.2 occurred near the start of surgery, about 15 minutes after
induction.  The patient was administered more fentanyl and propofol and that time, and the BIS index
subsequently remained between 47 and 61 for the remainder of the two-hour case.  Other than selection
of the “Intraoperative Awareness” �ag, there is no further documentation of awareness. 
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Case 7 occurred in an obese female patient in her 20’s, with ASA-PS III, who presented for elective plastic
surgery.  The patient was premedicated with 2 mg of midazolam. General anesthesia was induced with
200 mg of propofol and 100 mg of lidocaine was given.  Muscle paralysis was initiated with 10 mg of
vecuronium and maintained with intermittent boluses.  Maintenance of anesthesia was attempted with a
TIVA approach utilizing infusions of propofol at 75 mcg/kg/min, dexmedetomidine at 0.6 mcg/kg/hour
and intermittent boluses of midazolam (6 mg additional given).  Vitals were notable for MAP ranges
between 70 mmHg to 110 mmHg, sinus rhythm with heart rates 75 bpm to 100 bpm. Processed EEG
monitoring was utilized during the case and notable BIS index ranging from 68 to 75 in the 25 minutes
following incision.  Despite additional intravenous (IV) medications including another 2 mg of
midazolam, 150 mg of propofol bolus, and increased infusion dose of propofol to 125 mcg/kg/hour, the
BIS index remained elevated above 70.  An additional 10 mg dose of vecuronium was given and did not
result in loss of TOF. It was then recognized that her IV access had been lost.  The patient was started
immediately on sevo�urane at 3.5%.  A right internal jugular line was placed for de�nitive access.
 Additional midazolam was given and prior maintenance TIVA was continued. Notably, the BIS index
ranged 30 to 40 for the remainder of the two-hour case.  The awareness �ag was selected by the
anesthesiologist with concern for possible awareness.  There is no further documentation of AWR

Discussion
To our knowledge, this is the largest pool of cases systematically evaluated for adverse event data
related to anesthetic AWR. Additionally, our use of electronic anesthesia records allowed for a more
accurate assessment of important data including BIS numbers, end-tidal volatile concentrations, and
vitals would be inherently limited in any review of paper records, as demonstrated previously [20]. Even
using conservative estimates for the incidences of AWR (0.01%), one might anticipate ~65 cases from a
dataset of over 647,000 general anesthesia records.  However, our actual results were an order of
magnitude lower, consistent with lower estimates using some other non-prospective identi�cation
methodologies [9-11].  We strongly suspect that our health system’s EAR adverse event data signi�cantly
underestimates the true incidence of AWR in our patient population.  Thus, our case cohort is a potentially
biased sample of early-presenting AWR cases, and we recognize that our identi�ed cases have signi�cant
limitations in their predicitive ability for AWR.  Nonetheless, we are presenting the series of seven general
anesthetic cases identi�ed and have recognized some themes that are worthy of discussion.

Most well-known risk factors for AWR are based on descriptive data or case reports [21, 22].  The
occurrence of AWR during cardiac, obstetric, and trauma surgical cases, seems intuitive, as these are
situations in which it is likely to deliver lower anesthetic doses.  Some patient-related risk factors are also
not surprising, as they would predispose to anesthetic-resistance, including obesity and chronic alcohol or
sedative use.  Notably, most of these case- or patient- related risk factors did not emerge in our cohort,
except that 4/7 were obese.  In fact, all but one (case 3) were elective patients admitted from home.

Several risk factors for AWR related to medication choices have been variably reported in the literature. 
Relevant to our case series, the use of neuromuscular blocking drugs can mask patient movement that
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would likely provide an early clinical sign of light anesthesia.  Correlation between pharmacologic
paralysis and AWR has been suggested [23, 24], as well as increased distress of AWR patients who were
unable to move during the awareness event [22].  It is notable that paralysis was used in all seven of our
identi�ed cases, substantiating this correlation.  The pre-induction administration of benzodiazepines
intuitively should be protective against AWR, by providing amnesia.  In some studies, their administration
has been anti-correlated to AWR risk [25, 26].  However, similar to larger studies [27], our series
demonstrate that AWR can certainly still occur despite benzodiazepine premedication, as these were part
of the anesthetic in all but case 4.

The use of TIVA has been correlated to AWR [27].  It makes intuitive sense that the use of TIVA may
increase the risk, for two reasons related to speci�c favorable properties of volatile anesthetics.  First,
end-tidal gas monitoring allows breath to breath measurement of the dose of anesthetic delivered.  If
used in combination with processed EEG monitoring, expired anesthetic concentration provides
potentially synergistic information that can be used to ensure an adequate dose and depth of
anesthesia.  Second, IV failure can cause an occult disruption of anesthetic delivery, and this is much
more likely to go unrecognized than a breathing circuit disconnect.  Only one case of IV in�ltration was
identi�ed within the cohort of general anesthetics.  However, it is worthy of note that one of the three
sedation cases with AWR that were identi�ed by our initial query also had IV in�ltration noted as the
suspected etiology.  This highlights the importance of particular vigilance in assuring IV patency during
TIVA cases to avoid AWR.  Further, It has been previously demonstrated that lower-dose propofol TIVA
with neuromuscular blockade and alfentanil, with or without midazolam premedication, resulted in a high
incidence of AWR [28].  A TIVA technique with propofol ≤ 100 mcg/kg/min was used in cases 4, 5 and 7. 
Though cases 5 and 7 employed midazolam premedication, the lower propofol dosing strategy may have
contributed to AWR in these three cases.

Improper or no use of depth of consciousness monitoring could play a role in AWR.  The utility of
processed EEG monitoring in preventing awareness has been shown not superior to end-tidal anesthetic
gas concentration alarms, but is better than clinical signs alone [27]. It is also worthy of note that the
previously-cited study on AWR with propofol TIVA [28] relied on clinical assessment to titrate anesthetic
depth. This could seem to suggest that processed EEG monitoring should be applied in TIVA cases,
whenever possible.  However, notably the ASA’s practice advisory only recommends that their use be
considered on a case-by-case basis [21].  It does, however, stand to reason that, if a processed EEG
monitor is employed, the anesthetic should be modi�ed if index values are consistent with light
anesthesia.  In our series, cases 1 and 2 did not employ BIS monitoring, likely due to �eld avoidance
concerns, but these cases did employ volatile anesthesia.  Cases 4 and 6 (both TIVA) employed BIS
monitoring, but index values were elevated ≥ 60 during most of the case.  Though retrospective and
anecdotal, this does raise the question as to whether additional or multimodal anesthetics would have
both reduced the BIS index and/or prevented AWR.  Case 3 illustrates the situation of reassuring BIS
index, but a low anesthetic gas concentration.  This suggests that clinicians should consider ensuring
both adequate empiric anesthetic dose and reassuring depth of consciousness index values.
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The timeline within the case in which AWR seemed to occur in our case series is also worthy of note.
Cases 1, 4, and 5 document speci�c recall of events near the end of their surgical experiences. This
serves as a reminder that AWR most often occurs with light anesthesia, and patients are most likely to
experience light anesthesia during emergence.  Providers must balance the desire for a timely wake-up
against the risk of a patient becoming aware while still experiencing noxious stimulation.  Though not
suggested by events in our case series, this can also be an issue in cases with a prolonged time between
IV induction and initiation of the maintenance anesthetic, as with di�cult airway management.  The
administration of additional anesthetic should be considered during this initial period, as appropriate.

Finally, patients with a history of AWR are at 5-fold increased propensity for experiencing AWR again -
even when they are enrolled in an AWR-prevention trial [29].  This seems to suggest that a subset of the
population might show anesthetic resistance, even in the setting of reassuring depth of consciousness
monitoring and clinical signs.  This is illustrated by case 5, where the BIS index and vital signs were
consistent with the appearance of adequate general anesthesia.  An interesting population-based
measure of this phenomenon is illustrated by the spread of data in the �rst �gure of Aranake’s previous
study on AWR [29].  The top of the �gure shows many data points with BIS indices above 60, despite
being in a range of age-adjusted MAC that should be clinically adequate to ensure unconsciousness and
amnesia.  This unusual discordance in EEG response to anesthetics may be an area for future
neuroscience investigation, to provide better, more personalized, anesthetic care for patients.

 

Limitations:

This case series has several limitations. The retrospective nature of the study was not able to discern
clinical decision-making details that may have been involved in each case, and this limits the ability to
speci�cally determine causative factors for each AWR event.  We also do not have long-term psychiatric
follow-up documented for any of the patients. The design was also limited in ability to identify cases,
relying on self-reporting by providers marking an event �ag in the EAR.  This inherently restricted the time
window for identifying and reporting AWR to the immediate post-operative period. Previous studies have
suggested that up to 2/3 of cases present only after PACU discharge [9]. These factors likely contributed
to our lower incidence, compared to previous studies that employed longer follow-up periods in their
methodology. 

 

Future directions:

We are implementing system-wide provider education surrounding anesthetic awareness prevention to
reduce the occurrence of these potentially devastating events, including highlighting some of the
important themes suggested by these cases.  We are also reviewing our event reporting system, in
general, with an aim to improve the capture rate of AWR and other rare, but important adverse events. 
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Finally, the lack of speci�city in documentation surrounding this series of AWR events suggests the need
for a structured form to be used when both collecting data and offering follow-up to patients after an
AWR event.

Conclusions
In a systematic, retrospective analysis of electronic anesthesia records, we have demonstrated that
provider-reported adverse event data recorded in the immediate post-operative period is insensitive for
detecting cases of intraoperative awareness.  In the series of cases of awareness under general
anesthesia that were identi�ed, there are several important points for anesthesia providers to consider,
including maintaining vigilance in monitoring both depth and dose of anesthesia, particularly with total
intravenous anesthesia.

Abbreviations
ASA – American Society of Anesthesiologists

AWR – awareness with recall

BMI – body-mass index

bpm – beats per minute

EAR – electronic anesthesia record

EEG – electroencephalogram

IV – intravenous

MAP – mean arterial pressure

PACU – post-anesthesia care unit

PS – physical status

PTSD – post-traumatic stress disorder

TIVA - total intravenous anesthesia

Declarations
Ethics approval and consent to participate: This study was approved by the University of Pittsburgh
institutional review board (STUDY 18100077) on 11/26/2018.  The need for individual patient consent
was waived for this minimal-risk retrospective review. 



Page 10/12

Consent for publication:   No personally-identi�able patient information is included in this publication. 
Patient consent for anonymous publication was obtained from all patients as part of our institution’s
standard consent form for anesthesia care.

Availability of data and materials:  All data generated or analyzed during this study are included in this
published article.

Competing Interests: The authors declare that they have no competing interests.

Funding: KMV received salary support during time spent working on this project from a Foundation for
Anesthesia Education and Research mentored research training grant (MRTG-CT 2-2017), and the
National Institute of General Medical Sciences (K23 GM132755).  Salary support for MPS was provided
by an institutional training grant from the National Institute of General Medical Sciences (T32
GM075770).  The funding agencies have not read nor approved the manuscript, and the opinions
contained herein are solely the authors’.

Author’s contributions: ASD acquired, analyzed, and interpreted data and drafted the manuscript. MPS
assisted with data acquisition, interpreted the data, and substantially revised the manuscript.  JWI
interpreted the data and substantially revised the manuscript.  KMV conceived of the project, assisted
with data acquisition, interpreted the data, and drafted and substantially revised the manuscript.  All
authors have read and approved the �nal manuscript.

Acknowledgments: The authors thank Dr. Steven L. Whitehurst for assistance in querying the electronic
anesthetic record system to identify cases.

References
1. Xu L, Wu AS, Yue Y: The incidence of intra-operative awareness during general anesthesia in China: a

multi-center observational study. Acta anaesthesiologica Scandinavica 2009, 53(7):873-882.

2. Avidan MS, Jacobsohn E, Glick D, Burnside BA, Zhang L, Villafranca A, Karl L, Kamal S, Torres B,
O'Connor M et al: Prevention of intraoperative awareness in a high-risk surgical population. N Engl J
Med 2011, 365(7):591-600.

3. Avidan MS, Zhang L, Burnside BA, Finkel KJ, Searleman AC, Selvidge JA, Saager L, Turner MS, Rao S,
Bottros M et al: Anesthesia awareness and the bispectral index. N Engl J Med 2008, 358(11):1097-
1108.

4. Mashour GA, Shanks A, Tremper KK, Kheterpal S, Turner CR, Ramachandran SK, Picton P, Schueller C,
Morris M, Vandervest JC et al: Prevention of intraoperative awareness with explicit recall in an
unselected surgical population: a randomized comparative effectiveness trial. Anesthesiology 2012,
117(4):717-725.

5. Zhang C, Xu L, Ma YQ, Sun YX, Li YH, Zhang L, Feng CS, Luo B, Zhao ZL, Guo JR et al: Bispectral
index monitoring prevent awareness during total intravenous anesthesia: a prospective, randomized,



Page 11/12

double-blinded, multi-center controlled trial. Chin Med J (Engl) 2011, 124(22):3664-3669.

�. Myles PS, Leslie K, McNeil J, Forbes A, Chan MT: Bispectral index monitoring to prevent awareness
during anaesthesia: the B-Aware randomised controlled trial. Lancet 2004, 363(9423):1757-1763.

7. Messina AG, Wang M, Ward MJ, Wilker CC, Smith BB, Vezina DP, Pace NL: Anaesthetic interventions
for prevention of awareness during surgery. The Cochrane database of systematic reviews 2016,
10:CD007272.

�. Mashour GA, Wang LY, Turner CR, Vandervest JC, Shanks A, Tremper KK: A retrospective study of
intraoperative awareness with methodological implications. Anesth Analg 2009, 108(2):521-526.

9. Pandit JJ, Andrade J, Bogod DG, Hitchman JM, Jonker WR, Lucas N, Mackay JH, Nimmo AF,
O'Connor K, O'Sullivan EP et al: 5th National Audit Project (NAP5) on accidental awareness during
general anaesthesia: summary of main �ndings and risk factors. Br J Anaesth 2014, 113(4):549-559.

10. Jonker WR, Hanumanthiah D, O'Sullivan EP, Cook TM, Pandit JJ, th National Audit Project of the
Royal College of A, Association of Anaesthetists of Great B, Ireland, College of Anaesthetists of I: A
national survey (NAP5-Ireland baseline) to estimate an annual incidence of accidental awareness
during general anaesthesia in Ireland. Anaesthesia 2014, 69(9):969-976.

11. Pandit JJ, Cook TM, Jonker WR, O'Sullivan E, th National Audit Project of the Royal College of A, the
Association of Anaesthetists of Great Britain I: A national survey of anaesthetists (NAP5 baseline) to
estimate an annual incidence of accidental awareness during general anaesthesia in the UK. Br J
Anaesth 2013, 110(4):501-509.

12. Whitlock EL, Rodebaugh TL, Hassett AL, Shanks AM, Kolarik E, Houghtby J, West HM, Burnside BA,
Shumaker E, Villafranca A et al: Psychological sequelae of surgery in a prospective cohort of patients
from three intraoperative awareness prevention trials. Anesth Analg 2015, 120(1):87-95.

13. Leslie K, Chan MT, Myles PS, Forbes A, McCulloch TJ: Posttraumatic stress disorder in aware patients
from the B-aware trial. Anesth Analg 2010, 110(3):823-828.

14. Osterman JE, Hopper J, Heran WJ, Keane TM, van der Kolk BA: Awareness under anesthesia and the
development of posttraumatic stress disorder. Gen Hosp Psychiatry 2001, 23(4):198-204.

15. Schwender D, Kunze-Kronawitter H, Dietrich P, Klasing S, Forst H, Madler C: Conscious awareness
during general anaesthesia: patients' perceptions, emotions, cognition and reactions. Br J Anaesth
1998, 80(2):133-139.

1�. Samuelsson P, Brudin L, Sandin RH: Late psychological symptoms after awareness among
consecutively included surgical patients. Anesthesiology 2007, 106(1):26-32.

17. Aceto P, Perilli V, Lai C, Sacco T, Ancona P, Gasperin E, Sollazzi L: Update on post-traumatic stress
syndrome after anesthesia. European review for medical and pharmacological sciences 2013,
17(13):1730-1737.

1�. Mashour GA, Esaki RK, Tremper KK, Glick DB, O'Connor M, Avidan MS: A novel classi�cation
instrument for intraoperative awareness events. Anesth Analg 2010, 110(3):813-815.

19. Nickalls RW, Mapleson WW: Age-related iso-MAC charts for iso�urane, sevo�urane and des�urane in
man. Br J Anaesth 2003, 91(2):170-174.



Page 12/12

20. Driscoll WD, Columbia MA, Peterfreund RA: Awareness during general anesthesia: analysis of
contributing causes aided by automatic data capture. Journal of neurosurgical anesthesiology 2007,
19(4):268-272.

21. American Society of Anesthesiologists Task Force on Intraoperative A: Practice advisory for
intraoperative awareness and brain function monitoring: a report by the american society of
anesthesiologists task force on intraoperative awareness. Anesthesiology 2006, 104(4):847-864.

22. Ghoneim MM, Block RI, Haffarnan M, Mathews MJ: Awareness during anesthesia: risk factors,
causes and sequelae: a review of reported cases in the literature. Anesth Analg 2009, 108(2):527-
535.

23. Cook TM, Andrade J, Bogod DG, Hitchman JM, Jonker WR, Lucas N, Mackay JH, Nimmo AF,
O'Connor K, O'Sullivan EP et al: 5th National Audit Project (NAP5) on accidental awareness during
general anaesthesia: patient experiences, human factors, sedation, consent, and medicolegal issues.
Br J Anaesth 2014, 113(4):560-574.

24. Pollard RJ, Coyle JP, Gilbert RL, Beck JE: Intraoperative awareness in a regional medical system: a
review of 3 years' data. Anesthesiology 2007, 106(2):269-274.

25. Errando CL, Sigl JC, Robles M, Calabuig E, Garcia J, Arocas F, Higueras R, Del Rosario E, Lopez D,
Peiro CM et al: Awareness with recall during general anaesthesia: a prospective observational
evaluation of 4001 patients. Br J Anaesth 2008, 101(2):178-185.

2�. Wang Y, Yue Y, Sun YH, Wu AS, Wu QW, Zhang YQ, Feng CS: Investigation and analysis of incidence
of awareness in patients undergoing cardiac surgery in Beijing, China. Chin Med J (Engl) 2005,
118(14):1190-1194.

27. Mashour GA, Avidan MS: Intraoperative awareness: controversies and non-controversies. Br J
Anaesth 2015, 115 Suppl 1:i20-i26.

2�. Miller DR, Blew PG, Martineau RJ, Hull KA: Midazolam and awareness with recall during total
intravenous anaesthesia. Canadian journal of anaesthesia = Journal canadien d'anesthesie 1996,
43(9):946-953.

29. Aranake A, Gradwohl S, Ben-Abdallah A, Lin N, Shanks A, Helsten DL, Glick DB, Jacobsohn E,
Villafranca AJ, Evers AS et al: Increased risk of intraoperative awareness in patients with a history of
awareness. Anesthesiology 2013, 119(6):1275-1283.

Table
Please see the supplementary �les section to access the table.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Table.docx

https://assets.researchsquare.com/files/bf72d17d-f395-4ee5-a907-3b5f019508d9/v5/Table.docx

