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A waking nightmare: how can 
we avoid accidental awareness 
during general anaesthesia?
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Anaesthesia awareness is a terrifying prospect for any patient undergoing a surgical procedure 
and can cause considerable physical and psychological distress. Recommendations to reduce 
the risk of anaesthesia awareness include: undertaking a thorough preoperative assessment, 
ensuring that equipment has been checked, reducing drug error, consistent monitoring, and 
investment in safer technology. By implementing these recommendations it is hoped that patient 
safety and care can be improved during clinical anaesthesia. 
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Introduction
The media is abundant with stories detailing 
the terror experienced by patients waking 
during a general anaesthetic surgical 
procedure (Sample 2005, Pearce 2008, 
Hodgekiss 2008). Although such newspaper 
articles opt for sensationalist headlines, 
they do highlight the seriousness of one of 
the most feared complications for patients 
undergoing an operation. All healthcare and 
medical practitioners have a duty of care 
to their patients and within this care they 
must ensure that the patient does not suffer 
harm (Davey & Ince 2009, Dimond 2011). 
Such harm can occur through accidental 
awareness during general anaesthesia 
(AAGA) as the patient can experience pain, 
enormous stress and anxiety. In fact, it is 
frequently reported by patients as the ‘the 
worst experience of their life’ (Pomfrett 
1999). Furthermore, AAGA is the third most 
common reason for litigation claims against 
anaesthetists in the UK (National Audit 
Project 2012). 

Currently a UK national audit project, NAP5 
is underway to determine the extent of 
AAGA and to highlight potential risk factors 
(National Audit Project 2012). In light of 
this audit and after an extensive review 
of current literature, it was felt that much 
research focused on the use of specific 
depth of anaesthesia technology (Myles et 
al 2004, Avidan et al 2011, Radovanovic 
& Radovanovic 2011), equipment which 
is currently not used in the author’s 

workplace. Therefore the aim of this article 
is to review and analyse practical measures 
for avoiding anaesthesia awareness which 
would be of benefit to both anaesthetists 
and anaesthetic practitioners. By exploring 
those patients more at risk and researching 
other causes of anaesthesia awareness, 
it is hoped that more workable and cost 
effective methods of reducing such risks 
can be employed. 

Definition, incidence and 
implications

Anaesthesia awareness can be defined 
as the explicit recall of events during 
general anaesthesia (American Society of 
Anesthesiologists (ASA) Task Force 2006) 
and occurs when the balance between 
the depth of anaesthesia and the surgical 
stimulation to the patient is disproportional 
(Myles et al 2004, Niranjan & Wilson 
2008). Explicit awareness refers to patients 
who have conscious recollection of the 
operation whereas implicit awareness refers 
to patients who are unable to consciously 
recall events of the operation but present 
with behaviour and personality changes 
following the procedure (ASA Task Force 
2006). For the purposes of this review, 
explicit memory alone will be referred to 
when discussing anaesthesia awareness.

Incidents of AAGA are consistently reported 
to be between 1 in 600 and 1 in 1000 
surgical procedures (Sandin et al 2000, 

Sebel et al 2004, Errando et al 2008) and, 
with 4.2 million surgical operations being 
performed each year in England alone, 
incidents of intraoperative awareness could 
potentially run into the thousands (Royal 
College of Surgeons of England 2012). 
However, recent figures from a survey, 
conducted as part of the NAP5 project, 
show much lower incidence figures at 
1 in 15414 cases (Pandit et al 2013).  
Cook and Pandit (2012) argue that the 
higher incidence figures are controversial 
given that few anaesthetists recognise 
such a high incidence at their workplace. 
Reason for doubt over the figures may be 
due to the difficulty of obtaining accurate 
reporting figures as a result of postoperative 
dreaming (Tempe & Siddiquie 1999), 
fear of disbelief (Pollard 2005) or lack of 
recall until weeks following the operation 
(Sandin et al 2000). The NAP5 audit is 
claiming to extract a more accurate, up 
to date incidence of AAGA by using more 
robust methodology and detailing only 
those incidents of AAGA which are explicitly 
reported by patients (Cook & Pandit 2012).
 
Although incident numbers are 
questionable, there is little doubt 
regarding the consequences of a patient 
experiencing awareness. Recalling events 
can cause considerable pain, distress and 
psychological effects such as depression, 
sleep disturbances and personality changes 
(Davis & Kenny 2005) with 71% of affected 
patients suffering posttraumatic stress 
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Risks and Causes
 
Recognising those patients most at risk 
from anaesthesia awareness is crucial 
when determining the correct level of 
anaesthesia. The most prevalent risk 
factors have been collated in Table 1. It 
can be difficult to determine correct dosage 
of anaesthesia in substance abusers 
and female patients emerge faster from 
anaesthesia than males so may require 
a higher dose (Hoymork & Raeder 2005, 
Nunes et al 2012). It is also generally 

disorder (Leslie et al 2010). In addition 
to the physical and psychological effects 
of AAGA, there is the expense through 
litigation claims which can cost the NHS, on 
average, £32,680 for each successful claim 
(Mihai et al 2009). In order to minimise both 
the cost and traumatic effects of AAGA it is 
worthwhile looking at the risks and causes 
before determining the most effective 
methods to reduce such incidence.

A waking nightmare: how can we avoid accidental awareness 
during general anaesthesia?
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RISK GROUP TABLE

PATIEnT  
fAcTORS

Age (younger patients higher) Hoymork & Raeder 2005, Orser et al 2008, Blussé van Oud-
Alblas et al 2009, Ghoneim et al 2009, Davidson et al 2011

Gender (females higher) Errando et al 2008, Ghoneim et al 2009, Mihai et al 2009,  
Xu et al 2009, Morimoto et al 2011

Ethnicity (Chinese higher) Xu et al 2009

ASA status of III and above Sebel et al 2004, Xu et al 2009

Substance abuse Osborne et al 2005, Orser et al 2008

Heavy alcohol use Osborne et al 2005, Radovanovic & Radovanovic 2011

Anxious patient Osborne et al 2005

Previous awareness Osborne et al 2005, Radovanovic & Radovanovic 2011

Pulmonary hypertension Radovanovic & Radovanovic 2011

Heavy smoker Radovanovic & Radovanovic 2011

OPERATIOn 
fAcTORS

Obstetric surgery Errando et al 2008, Ghoneim et al 2009, Mihai et al 2009

Cardiac surgery Orser et al 2008, Ghoneim et al 2009

Trauma surgery Orser et al 2008

AnAESThETIc 
fAcTORS

Total intravenous anaesthesia 
(TIVA)

Errando et al 2008, Xu et al 2009

Use of nitrous oxide Errando et al 2008, Davidson et al 2011

Intubation with a tracheal tube Davidson et al 2011

Use of muscle relaxants Sandin et al 2000

Use of anaesthetic rooms Davis 2005

Table 1
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accepted that those patients undergoing 
cardiac, trauma and obstetric surgery are 
more at risk of anaesthesia awareness 
than other surgical patients (Radovanovic 
& Radovanovic 2011) due to the deliberate 
reduction of anaesthesia to maintain blood 
pressure (Niranjan & Wilson 2008). 

Most research and evidence attributes 
under-dosing as the primary cause of 
awareness during general anaesthesia 
(Ghoneim et al 2009, Nickalls & Mahajan 
2010). Within this, Mihai et al (2009) 
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found that 52% of incidents of awareness 
were due to drug error. Likewise, Osborne 
et al (2005) found that 38% of incidents 
were due to a low concentration of volatile 
agent and 19% of incidents occurred when 
equipment was not checked correctly. The 
common causes for accidental awareness 
during general anaesthesia have been listed 

 DRUG ERRORS 

	 	Drug dose errors (Sandin et al 2000, Bergman et al 2002,  
 Osborne et al 2005, Errando et al 2008)

	 			 Insufficient dose of induction drugs and opioids
	 			 Low concentration of inhalation anaesthetic
	   Drug administration errors (Sandin et al 2000, Bergman et al
   2002, Osborne et al 2005, Mihai et al 2009)
	 			 Syringe swaps – incorrect order when administering 
         anaesthetic drugs
	 			 Incorrect drug being administered
	 			 Induction drug injected backwards into fluid line
	 			 Failure to turn on the vaporiser
	 			 Vaporiser being turned off during refill
	 			 Vaporiser turned off too early or accidentally

 InTUBATIOn/ExTUBATIOn PROBLEmS

	   Difficult intubation (Sandin et al 2000, Bergman et al 2002, 
    Osborne et al 2005)
	   Multiple intubation attempts (Bergman et al 2002, Mihai et al 2009)
	   Delayed extubation (Osborne et al 2005)

 fAILURE TO chEcK EqUIPmEnT cORREcTLy

	   Vaporiser (Sandin et al 2000, Bergman et al 2002, 
   Osborne et al 2005)
	 			 Empty vaporiser
	 			 Vaporisers seated incorrectly
	 			 Vaporiser leaking
	 			 Incorrectly calibrated vaporiser 
	   Total intravenous anaesthesia (Osborne et al 2005, Niranjan &       

 Wilson 2008)
	 			 Syringe driver failure or disconnection of infusion lines
	 			 Blockages or tissuing of cannulae

 AnAESThETIc TEchnIqUE

	   Opioid based anaesthesia
	   Administration of light anaesthesia during crisis management or 
   caesarean section (Osborne et al 2005)
	   Transfer of patient from anaesthetic room to operating theatre 
   (Davis 2005, Osborne et al 2005)

 InADEqUATE InTRAOPERATIvE mOnITORInG

	   Adequate monitoring of the patient not being undertaken 
   (Mihai et al 2009)

Table 2  Causes of accidental awareness during general anaesthesia
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Recommendations to avoid 
anaesthesia awareness

Preoperative review 
A full preoperative assessment of the 
patient is mandatory and should identify 
potential problems and risks (AAGBI 2010). 
The ASA Task Force (2006) suggested 
that the anaesthetist undertake a full 
preoperative review of a patient’s medical 
records to disclose any previous occurrence 
of intraoperative awareness in addition to 
exposing those patients with potential risk 
factors such as drug tolerance or abuse. 
Subsequently the anaesthetist should 
tailor a patient’s anaesthesia to each high 
risk patient such as increasing the dose 
of induction drugs or concentration of 
inhalation anaesthesia. Airway passage 
should also be assessed (AAGBI 2010, 
Nunes et al 2012) so that any potential 
difficult airways can be anticipated in 
advance. If the patient has been identified 
as being at high risk of awareness, it is 
recommended that the patient be informed 
of such risk (ASA Task Force 2006, Leslie & 
Davidson 2010). The downside is that this 
may raise a patient’s anxiety (Osborne et 
al 2005, Kotsovolis & Komninos 2009) so 
each patient should be treated on a case by 
case basis.

Premedication 
Evidence indicates that premedication 
of benzodiazepines reduces incidence of 
awareness (Miller et al 1996, Hardman 
& Aitkenhead 2005, Errando et al 2008). 
However, Sandin et al (2000) was unable 
to validate this and even emphasised that 
administering benzodiazepines for the 
sole purpose of achieving anterograde 
amnesia was ethically wrong. Undisputedly, 
benzodiazepines, prior to surgery, have 
an anxiolytic effect (British National 
Formulary 2012) and due to the higher risk 
of experiencing AAGA for highly anxious 
patients (Osborne et al 2005), it seems 
prudent to use them in such circumstances. 
Furthermore, the ASA Task Force (2006) 
and Niranjan and Wilson (2008) advocate 
the use of benzodiazepines to other high 
risk patients in addition to those with 
anticipated difficult intubations.

within Table 2. The risks and causes are 
important to bear in mind when formulating 
a strategy to reduce incidence of AAGA, 
particularly when many of the causes seem 
to originate from human error or incorrect 
judgement of dosage.

Recognising those patients most at risk from anaesthesia awareness is
crutial when determining the correct level of anaesthesia



checking equipment 
Checking equipment is mandatory, however 
with experience, complacency and short cuts 
may compromise the checks, particularly 
between cases. This was illustrated by 
Osborne et al (2005) who found that failure 
to check vaporisers was the reason for 19% 
of all awareness cases. In 2007, Langford 
et al found that only one anaesthetist out of 
41 undertook a full complete check as per 
the AAGBI machine checking guidelines. The 
most recent guidelines (AAGBI 2012 p.1) 
clearly state that:

‘The anaesthetist has a primary responsibility 
to understand the function of the anaesthetic 
equipment and to check it before use.’

If the anaesthetist is to delegate this task to 
the practitioner, then they must be satisfied 
that all checks have been undertaken fully 
and correctly (AAGBI 2012). An important 
component of the 2012 AAGBI guidelines is 
the thorough check of the breathing system 
and vaporisers prior to each case. By 
ensuring that the vaporiser is checked and 
filled, potentially up to 20% of awareness 
incidents could be avoided (Bergman 
et al 2002). It may be worthwhile for a 
future study to assess uptake of the new 
guidelines and to examine the effectiveness 
of this and the subsequent impact on 
awareness incidents. Another safety feature 
would be the introduction of a vaporiser 
alarm system which would alarm when a 
vaporiser was almost empty or failed to be 
turned on (Umesh et al 2009). This function 
would only be effective if it was able to be 
manually switched off for total intravenous 
anaesthesia (TIVA).

Finally, the effect of TIVA increasing the 
risk of a patient experiencing awareness 
(Errando et al 2008, Davidson et al 2011) 
can be significantly decreased by adhering 
to the TIVA safety guidelines produced 
by the Safe Anaesthesia Liaison Group 
in 2009. Cannulae can disconnect or 
infusions leak into subcutaneous tissue so 
emphasis must be placed upon monitoring 
the cannula throughout the procedure 
(Safe Anaesthesia Liaison Group 2009). 
Sultana (2007) recommended that a high 
pressure test be undertaken prior to use to 
discount any potential leaks at connections 
and joints in the infusion line. This simple 
task could be performed by either the 

anaesthetic practitioner or anaesthetist 
prior to connection to the TIVA or target 
controlled infusion (TCI) pump. 

Reducing anaesthetic  
administration errors 
Much has been written about human error 
and approaches to reduce the effect that 
inattention, distraction, haste and fatigue 
(Bergman et al 2002, Errando et al 2008) 
can have on patient safety (Kohn et al 
2000, Dekker 2006). Allman and Wilson 
(2012) believed that careful technique can 
prevent errors made during anaesthesia 
administration. Reason (2005) stressed 
that organisational failures are more 
controllable than human factors when 
reducing anaesthetic accidents. Although 
anaesthetic staff must be alert, vigilant 
and watchful at all times, individuals are 
fallible and by tackling the environment and 
organisational factors, Reason believes that 
anaesthetic accidents will be reduced. 

In 2010, The National Patient Safety Agency 
(NPSA) published the results of their study 
detailing recommendations to prevent drug 
error, namely two-person and electronic 
confirmation when double checking drugs. 
The NPSA determined that applying either 
method as routine would lessen the risk 
of drug error, with electronic confirmation 
showing to be most feasible option. Bergman 
et al (2002) found that 40% of awareness 
incidents were attributable to syringe swap 
errors causing inadvertent paralysis prior 
to anaesthetic induction. In the author’s 
current workplace, it is common practice 
to use 2ml syringes for suxmethonium, 
fentanyl and midazolam and, as Fasting 
and Gisvold (2000) explained, syringe swaps 
usually occur between syringes of equal size. 
Using a 5ml syringe for suxmethonium and 
moving the emergency drugs away from the 
induction drugs would minimise this risk. 
Fasting and Gisvold (2000) emphasised that 
drug labelling has had no effect on reducing 
drug errors and it is felt that a far superior 
method would be to introduce syringes 
with red plungers for muscle relaxants. This 
syringe is currently available and widely used 
by anaesthetists in Australia (Russell 2002). 
Other simple administration adjustments 
include attaching the fluid line following 
the administration of induction drugs or 
always attaching a one way valve on fluid 
lines to prevent induction agents travelling 

up the fluid line. A final point to stress is 
that the anaesthetist must never abandon 
an unconscious patient (Nunes et al 2012) 
as even a few minutes could seriously 
contravene patient safety.

Early detection of light  
anaesthesia – monitoring 
Ensuring that an initial adequate dose of 
anaesthetic agent has been administered, 
and that an appropriate level of anaesthesia 
is maintained, is key to preventing up to 
87% of incidents of anaesthesia awareness 
(Ghoneim et al 2009). Judging the correct 
dose of anaesthetic agent seems to be 
reliant on an anaesthetist’s experience and 
on interpretation of sympathetic stimulation 
indicators (Davis & Kenny 2005). Where 
muscle relaxants are not used, the simplest 
indicator is patient movement (White 2003). 
Others indicators include tachycardia, 
hypertension, sweating, pupil size, pallor, 
lacrimation and respiration rate (Bergmen 
et al 2002, Niranjan & Wilson 2008, Allman 
& Wilson 2012). However these signs 
can occur without there being a case for 
awareness (Ghoneim & Block 1992) and 
can reflect a patient’s pre-existing condition, 
regular drugs taken or anaesthesia drugs 
administered (Allman & Wilson 2012).

Pomfrett (1999) stressed that for patient 
care to be improved, it was essential that 
a simple depth of anaesthesia monitoring 
device be introduced. The most prevalent 
monitoring mechanism of anaesthesia 
depth is measuring the concentration of 
inhalation gases on exhalation, otherwise 
known as end-tidal anaesthetic agent 
concentration (ETAC). ETAC is determined 
using the minimum alveolar concentration 
(MAC), at 1 atmospheric pressure, to 
prevent 50% of patients responding to a 
painful stimulus (White 2003). It is generally 
accepted that a MAC value between 0.8 and 
1 will largely prevent recall of intraoperative 
events and a value of more than 1 will 
completely prevent recall (Hardman & 
Aitkenhead 2005, Avidan et al 2011). 
Both Bergman (2002) and Umesh et al 
(2009) have since recommended that a low 
limit MAC alarm be introduced so that an 
awareness of a MAC value below 0.7 could 
prevent a light depth of anaesthesia going 
unnoticed.
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By ensuring that the vaporiser is checked and 
filled, potentially up to 20% of awareness 

incidents could be avoided

CLINICAL FEATURE

Development and resourcing newer 
versions of monitoring to include such a 
facility may be of long term benefit. 

Of course, ETAC monitoring has its 
limitations and is ineffective for TIVA. 
Given that the use of TIVA has been linked 
to higher awareness incidence (Errando 
et al 2008) other methods of tackling 
anaesthetic depth have been offered 
such an electronic algorithm and alerting 
system (Mashour et al 2009) and the use 
of brain function monitoring devices such 
as bispectral index monitoring, auditory 
evoked protocol and electroencephalogram. 
These devices have been researched 
extensively and although Bergmen et al 
(2002) claims that they could prevent up 
to 52% incidents of awareness, disparity 
amongst the evidence (Myles et al 2004, 
Avidan et al 2011) casts doubt upon 
potential investment. In fact, the ASA Task 
Force (2006) confirm that current evidence 
is inadequate to warrant requirement from 
such devices.

Conclusion
It is clear that, although awareness under 
general anaesthesia is relatively rare, a 
significant number of preventable incidents 
still do occur and it remains an issue 
that has the potential to cause extreme 
distress to the patient. Every member of 
the anaesthetic team has a responsibility to 
reduce the risk of AAGA, and complying with 
recommendations may result in a reduced 
incidence. 

From this review, the following 
recommendations are proposed:
•    Undertaking a thorough check on the  
       patient’s medical history and tailoring   
       the anaesthesia to the individual.
•    Ensuring that anaesthetic equipment        
       has been checked before every case.
•    Reducing drug error by ensuring the      
       correct drug and dose have been drawn  
       up. 
•    Being vigilant at all times and
       amending practice to reduce drug and    
       administration errors.
•    Ensuring constant monitoring of the  
       patient’s vital signs and ETAC.
•    Investing in alternative equipment such  
       as syringe plungers, vaporiser alarms  
       and MAC alarms should be considered
       and weighed up against the financial   

cost of patients experiencing awareness.

Recordings of AAGA for the NAP5 project 
were concluded on 31 May 2013 and 
Cook and Pandit (2012) are hoping that 
the results will help to formulate a national 

that recommendations will include the 
creation of UK guidelines, similar to those 
currently used in Australia and the USA. 

Taking into account the proposed 
recommendations and the potential 
introduction of UK guidelines, it can be 
expected that incidence of anaesthesia 
awareness will be reduced. Fundamentally, 
any reduction in incidence can only improve 
standards of patient safety and care during 
clinical anaesthesia.  
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