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n estimated 20,000 to 40,000 patients experience accidental awareness during general anesthesia (AAGA)
yearly in the United States alone.1 AAGA can be
accompanied by intraoperative distress and lead to posttraumatic stress disorder (PTSD) in as many as 70% of those who
experience it, as well as clinical depression or phobias.2,3 Yet,
because its risk factors are not yet fully understood, as well as
the lack of sensitive depth-of-anesthesia monitoring devices,
prevention and detection of AAGA is extremely challenging.3
Similarly, in the United States, there are an estimated
13,000 to 53,000 patients in a “vegetative state” (VS), also
known as a disorder of consciousness (DoC), although precise numbers are difficult to determine.4 Patients clinically
diagnosed as VS show no signs of awareness of themselves
or the environment and are entirely behaviorally nonresponsive. However, recent studies show that a minority of
patients (19%)5 clinically diagnosed as VS can, nevertheless,
demonstrate covert awareness through cognitive responsivity in neuroimaging tasks, a phenomenon captured by
the recently coined term “cognitive motor dissociation”
(CMD).6 This, however, may not capture patients who do
not respond for other, yet-to-be-determined causes.
In recent years, increased understanding of covert consciousness in patients diagnosed as vegetative has highlighted the importance of safeguarding and promoting their
well-being.7 Similarly, there have been significant efforts to
enhance awareness about AAGA among anesthesiologists.2,3,8
In this article, we present a novel perspective on this issue, by
drawing parallels between these 2 patient groups. Like CMD
patients, AAGA patients appear to lack consciousness but,
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nevertheless, are aware of themselves and of their environment, and thus can experience harm. We discuss how best
practices applicable to brain-injured, behaviorally nonresponsive patients could be extended to AAGA patients, to
minimize the potential harm of intraoperative awareness.

AAGA: BACKGROUND
The incidence of intraoperative awareness with explicit
postoperative recall ranges from 0.005%,2 when based on
spontaneous patient reports, to 0.1% to 0.2%, when based
on structured postoperative interviews, such as the Brice
Questionaire.3,9 The incidence of AAGA without explicit
recall is harder to determine, although studies suggest it
may be up to 25 times higher than with explicit recall.2,10 The
discrepancy may be due to the fact that anesthetic agents
like propofol are powerful anterograde amnesiacs and,
moreover, the dose of anesthetics required for unconsciousness are higher than those required for amnesia.3 A recent
international and multicenter study of 260 patients that used
the isolated forearm technique—wherein an inflatable cuff
placed at the forearm prevents paralysis of one hand from
neuromuscular blockade—found that, immediately after
induction of general anesthesia, 4.6% of patients responded
to verbal commands by squeezing the researcher’s hand,
including to questions about pain experience.10 However,
these patients did not exhibit postoperative recall, likely due
to the anterograde amnesic effects of anesthetics, which may
explain the discrepancy between this rate and the one established with postoperative interviews. It is important to note,
however, that this study investigated intraoperative awareness shortly after (typically within 1 minute) securing the
endotracheal tube and may not be reflective of the likelihood
of AAGA across the time course of the surgical procedure.
Common experiences associated with intraoperative
awareness include hearing voices or equipment noise, the
sensation of paralysis or pain, and awareness of tracheal
intubation and the inability to breathe.2,11 These sensations
may also be accompanied by feelings of anxiety, panic, or
that one is permanently paralyzed or dying.11 Between 28%
and 46% of patients experience pain, and 36% to 65% of
patients experience an acute emotional reaction, such as distress.2,11 However, it is worth noting that some patients who
experience AAGA are relatively unconcerned by it.2
Critically, negative experiences of AAGA can also result
in postoperative, long-term harm to patients.2,11 A recent,
large-scale study2 found that 41% of patients who had
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experienced AAGA suffered moderate to severe long-term
harm, including flashbacks or nightmares, hyperarousal,
avoidance of situations relating to the experience (eg, lying
flat, future anesthetics), and PTSD. In fact, 79% of patients
who experienced distress reported moderate to severe longterm symptoms, compared with only 3% of patients without distress during AAGA.2

CMD: BACKGROUND
A proportion of patients who survive serious brain injury
are rendered behaviorally nonresponsive and exhibit no
responsivity to commands administered at the bedside by
clinical staff. At the most extreme end of this spectrum,
a patient appears to be awake but shows no evidence of
voluntary response to visual, auditory, tactile, or noxious
stimulation in repeated behavioral examinations with
standardized assessment scales (eg, the Coma Recovery
Scale-Revised).12 Patients with this behavioral profile, particularly signs of wakefulness—that is, periodic eye opening and closing—in the absence of signs of awareness of
themselves, or of the environment, rather than any particular neural pathology, are clinically diagnosed as being
in the VS.13 Mirroring the situation of AAGA patients, the
clinical detection of awareness in brain-injured behaviorally nonresponsive patients is particularly difficult
because of its reliance on the subjective interpretation of
inconsistent behaviors, which are often limited by motor
constraints.14 Up to 43% of patients who are initially diagnosed as VS demonstrate evidence of awareness on more
specialized behavioral examinations.15
Some patients, who show no signs of behavioral
responsivity on repeated and specialized assessments,
may yet show preserved basic sensory functions16 and
higher cognitive processes, such as emotional17 and
semantic processing,18 when their brain responses are
measured with electroencephalography or functional
magnetic resonance imaging. A proportion of these
patients (19%) are even able to follow commands by
modulating their brain activity in different kinds of
neuroimaging paradigms, thereby indicating that they
are consciously aware despite their clinical diagnosis of
VS.19,20 In one such neuroimaging paradigm,19 patients
are asked to perform motor (eg, playing tennis) or spatial navigation (eg, moving around their house) imagery,
or relax, in on-off blocks of 30 seconds. In another kind
of paradigm,20 patients are asked to either selectively
attend to the presentation of a target word while ignoring
a nontarget word (either “yes” or “no”), or relax, in onoff blocks of 30 seconds. Patients who successfully perform these tasks show task-appropriate (on-off) activity
in prespecified brain regions that is statistically similar to
that of healthy controls, reproducible, and sustained over
long time intervals, allowing researchers to unequivocally conclude that the patient is following commands
and, therefore, is consciously aware. Efforts to translate
these neuroimaging techniques for use in clinical practice
are ongoing.18 Beyond preserved awareness, the braininjured patient’s ability to follow commands via brain
activity provides evidence of a complex cognitive repertoire, including language comprehension, decision making, working memory, and executive function.
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SIMILARITIES BETWEEN CMD AND AAGA
PATIENTS
Similar to brain-injured patients mistakenly thought to be
unconscious, patients under general anesthesia, including
those who follow commands or communicate intraoperatively by squeezing the researcher’s hand, or recall events
postoperatively, demonstrate preserved awareness and
high levels of intact cognition, in spite of a presumed lack
of consciousness. Critically, for both groups, the presence
of consciousness is not known a priori (with rare exceptions, eg, when they are part of a research study) and may
be mistakenly ruled out, while they remain susceptible to
harms like pain21 or emotional distress, which may indeed
be caused or exacerbated by this misperception.7 Thus, the
similarity between these patient populations is based in
part on an intrinsic property of the patient (ie, preserved
consciousness) and also on a property others have with
respect to them (ie, the mistaken belief that these patients are
unconscious). Although a smaller proportion of intraoperative patients may retain awareness and high-level cognition
than brain-injured patients diagnosed as VS (0.1%–0.2% of
patients under general anesthesia versus 19% of VS patients
via neuroimaging), the ethical obligation to protect the
patients’ well-being applies similarly to both groups. While
these patient populations may differ in other ways, including the structural and functional integrity of their brains and
the means by which consciousness is presumed to be extinguished, these differences are extraneous to our discussion.

Pain Management
One of the most important aspects of promoting patient
well-being is minimizing their pain.21 Assessing pain experience in both patient groups is challenging because they
cannot provide self-report. Potential “pain behaviors” in
DoC patients—grimacing, vocalizations, or body movements—can occur in the absence of consciousness21 and
their presence does not clearly indicate a patient’s conscious
experience of pain.22 Similarly, autonomic signs such as
increased blood pressure and heart rate, lacrimation, sweating, or pupillary dilation—traditional signs of inadequate
depth of anesthesia—are variable and may be affected by
patient medications, making them unreliable indicators of
awareness in many circumstances.22 Conversely, a patient
may have a conscious experience of pain and be unable to
demonstrate it behaviorally.22
It is difficult to differentiate between a patient’s reflex
movements and his or her attempts to alert the medical
team to awareness or pain experience.11
In contrast to the context of brain-injured patients, where
pain management aims to minimize excessive discomfort
in the provision of normal care, for intraoperative patients,
pain directly results from the medical intervention and
could have severe long-term effects. Therefore, more proactive management is required for the intraoperative group.
Nevertheless, the therapeutic goal of minimizing pain is
consistent across both populations and can be complicated
by the mistaken presumption of unawareness. Although
patients under general anesthesia are presumed incapable
of pain experience due to the presence of analgesics, the
aforementioned prospective and multicenter study of 260
patients found that of the 12 patients who responded to
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the verbal commands of researchers, 5 individuals (42%
of isolated forearm technique responders or 1.9% of the
study cohort) also reported pain experience.10 However,
the authors suggest that these results may be a conservative estimate of intraoperative awareness.10 This finding
calls for proactive pain management wherever possible to
ensure patient comfort, irrespective of the potential absence
of postoperative recall due to the memory-suppressing
effect of anesthetics.10 Critically, adequate management of
pain can reduce the potential for long-term harm in AAGA
patients. The combination of paralysis and pain has been
shown to be the most common reason for distress (77% of
patients), which, in turn, is the most predictive factor of
PTSD in AAGA patients.2 Therefore, it has been suggested
that when intraoperative awareness is suspected, prompt
deepening of anesthesia ought to be accompanied by the
administration of analgesics.3 However, caution should be
exercised when responding to patient movement, and the
administration of neuromuscular blockade alone in these
cases has been discouraged.3,8

Patient Communication
Communication is another important aspect of promoting
the well-being of covertly aware patients, whether CMD
or AAGA. Studies suggest that communicating with DoC
patients promotes their well-being by acknowledging their
value and demonstrating a sense of genuine care for them.23
Patients who recover consciousness report that, while they
are presumed unconscious, communication and its content
has a profound effect on them.24 Adequate communication
requires a concerted effort on the part of care providers,
including referring to the patient by name, verbally guiding and informing them, and maintaining a professional
demeanor that reinforces their dignity, all of which is challenging in the absence of patient feedback. Studies show
that nurses in the intensive care unit spend, on average,
only 4 to 12 minutes communicating verbally with braininjured patients thought to be unconscious during a 4-hour
observational period.23 Another study conducted in coma
patients found that 90% of care procedures were carried out
in complete silence.23
Similarly, the demands of clinical care make it unfeasible for physicians and nurses to take the time to speak to
all intraoperative patients. The high incidence of misdiagnosis in CMD patients motivates routine patient communication, whereas the low incidence of AAGA established
with postoperative interviews (0.1%–0.2%) may discourage it. However, recent findings suggesting that the incidence of AAGA, particularly without explicit recall,3 may
be higher than the previously established rate—especially
when anesthesia is “light,” such as during cardiac surgery
or cesarean delivery, or shortly after induction or before
emergence—provides an impetus for patient-centered
communication. Moreover, research suggests that communication is not only highly sought by patients during
AAGA but that support of this nature is a significant factor in protecting patients from PTSD.25 Indeed, evidence
suggests that communication-oriented care strategies
can promote the well-being of patients who may experience AAGA, irrespective of postoperative recall. A metaanalysis of 32 randomized controlled trials including 2010
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patients found that positive or therapeutic messages given
to patients under general anesthesia (who did not experience AAGA) had a significant positive effect on postoperative outcome measures including medication and
recovery.26
In special cases of intentionally “light” anesthesia, or
when the nature of the patient or the procedure increases
the risk of AAGA, or when awareness is suspected, the
provision of verbal reassurance acknowledging a possible
problem and efforts to resolve it can benefit the patient.
For example, one patient, who was mistakenly given suxamethonium chloride to induce paralysis before induction2
and, consequently, experienced paralysis and fear of dying,
reported being very reassured by the anesthetist’s immediate explanation and had minimal long-term sequelae.
Although this case presents a clinical mistake and is not
a typical representation of AAGA patients, the patient’s
experiences were similar to those of AAGA patients, and
his reaction illustrates the positive value of patient-oriented
intraoperative communication.
Further, studies show that intraoperative patients more
readily recall information that has emotional significance
compared to neutral information,8 suggesting that comments of medical staff may influence the likelihood of postoperative recall. If recalled, negative comments can lead to
greater unhappiness than other aspects of the AAGA experience.2 Conversely, reassuring explanations provided by
the clinical staff may reduce the negative impact of AAGA.2

CONCLUSIONS
In this article, we draw parallels between brain-injured
patients clinically diagnosed as being in a VS, who, in fact,
retain covert awareness, and patients who become accidentally aware during general anesthesia. We argue that strategies for promoting the well-being of the former group may
be extended to intraoperative patients and can help minimize the harms of accidental awareness. E
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