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Abstract

Intraoperative awareness (IA) is the postoperative recollection of an unexpected and unwanted experience occurred during general anesthesia. It is a serious and rare
anesthesia complication, with a complex physiopathology, and clinical features often poorly understood. Anesthesiologists are led to believe that all the patients who
suffered from an IA event can report their experience through a process of explicit memory retrieving. The axiom that explains the correlation between IA occurrence
and conscious recollection (If 1 do not remember it, I have not experienced it’) is only in part true, and applicable to the anesthesia awareness with explicit recall (AAWR)
phenomenon, which represents the best-known IA subtype. It is underestimated that anesthesia practice may interfere with the hidden subconscious world. Indeed,
an intraoperative unexpected sensory experience can more often shift the explicit memorization way and, in turn, configures the awareness without explicit recall
(AWER) picture (the other IA subtype). It is debated if these episodes may be defined as conscious experiences without subsequent recollection on recovery, or they
really represent the expression of unconscious experiences. Probably, both hypotheses could be accepted. Many dark sides should be better explored, but it is certain
that this underestimated complication is strictly closed to the development of postoperative psychological/psychiatric sequelae. The present work is aimed to give an

overview on the AWER phenomenon, suggesting strategies for studying these potentially deleterious ‘experiences’.

The paradox of intraoperative awareness

Anesthesia awareness with recall during general anesthesia
(AAWR) is the explicit recall of sensory perceptions of the patient
during anesthesia [1,2]. Specifically, these unexpected and unwanted
experiences may regard hearing sounds, pain, and immobility,
sometimes together with extreme anxiety and distress because of
the inability to communicate (e.g., due to paralysis induced by
neuromuscular blocking agents) [3]. The recalling of these experiences
can be reported at the emergence from anesthesia, in the recovery
room, or several days/months later. Thus, intraoperative awareness
(TA) is a well distinct phenomenon from the anesthetic /intraoperative
dreaming which represents a paraphysiological event in course of
anesthesia and sedation [4]. On the contrary, IA is a true, but rare
anesthesia complication with an overall incidence of approximately
1 every 19,000 anesthetics [5]. Investigations in this field are usually
prospectively performed by recording - and subsequently by studying
- spontaneous patients’ reports at the end of surgery, or later. On the
other hand, structured interviews, such as the Brice’s questionnaire [6],
are often preferred because the absence of a direct interview should
underestimate the real incidence of that complication [7]. Again,
as Sebel et al. [8] stated, a wide range of subjects may not choose to
report their experience unless they are asked directly about it, even in
more than 1 occasion (‘Don’t ask, don’t tell’). A retrospective analysis
finalized to detect AAWR cases seems to be a very difficult challenge.
This approach is often inaccurate and requires a careful collection of
information. Nevertheless, these serious limitations should be in part
filled with an ad hoc strategy, for instance through the analysis of data
obtained for a postoperative psychological assessment which is often
performed as routine, in the oncological context. In a previous study
conducted on cancer patients, we followed this strategy and detected an
AAWR incidence of 1:10,550 [9].
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On these premises, AAWR is a paradox of anesthesia as the aim
of general anesthesia is to obtain unconsciousness and amnesia.
However, because AAWR occurs in extremely rare cases, it should
be easily relegated to secondary importance. The matter is more
complicated. There are, indeed, two significant issues to be considered.
The former regards the potential clinical impact of that complication
(i.e, psychological awareness consequences), whereas the latter
is closed to clinical and psychological features of a special type of
intraoperative awakening which differs from the classical AAWR
phenomenon. About the awareness consequences, the intraoperative
unexpected awakening can trigger a wide range of psychological
sequelae, including post-traumatic stress disorder (PTSD). Classically,
PTSD is a serious condition which develops following a traumatic
event. Patients who suffered from AAWR have been described as
recalling fragments of their surgery in nightmares and flashbacks in
which they re-experience paralysis, suffocation, pain, or conversations
between surgical personnel. Consequently, these patients usually
avoid hospitals, doctors and television programs with hospital themes.
Commonly reported hyperarousal symptoms include easy startle,
hypervigilance, and irritability [10].
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The false axiom: ‘If I do not remember it, I have not ex-
perienced it’

Usually, anesthesiologists are led to believe that all the patients
who suffered from an IA event are able to report their experience
through a process of explicit memory (‘If I do not remember it, I
have not experienced it’). According to the Myles’ definition, IA is
‘the postoperative recollection of events occurring during general
anesthesia’ [11]. The term ‘recollection’ refers to ‘a memory of
something, or the ability to remember past events’ [12]. Thus, is not
necessarily related to an explicit-spontaneous, or induced-report.

In neurobiological terms, each IA episode represents a combination
of a sensory perception with a complex memorization process which,
in turn, leads to consolidation [13]. Different memory models have
been proposed, but their description falls out of the scope of this work
(for more details see [14,15]). However, we generally assume that the
memory consolidation process is, in part, beyond conscious control
and therefore does not necessarily imply that during anesthesia the
awakening patient opens his/her eyes or can interact with personnel
in the theatre. The neurophysiological background is the linkage
between consciousness and memory. It is possible that a patient
under anesthetic action may be subjected to an unconscious memory
formation. Consequently, the subject is unable to realize a report as
the consolidation process shifted the explicit memorization way [16].
This picture configures the awareness without explicit recall (AWER)
phenomenon, which represents the other IA subtype. This subliminal
learning during anesthesia is a complex phenomenon involving many
neurophysiological factors, yet to be elucidated [17]. In this lack, we are
aware that the mechanism of anesthesia-related unconscious memory
is very efficient as Sanders et al. [18] demonstrated that the incidence of
AWER was significantly higher than that of IA with a conscious recall.

What is the destiny of this unexpected experience? Like other
types of unconscious/subliminal processes, any AWER episode
may remain in the long-term memory system but may be resumed
in terms of nightmares and flashbacks. In this circumstance, the
subject re-experiences paralysis, suffocation, pain, or conversations
of the surgery stuff. Reports of hyperarousal symptoms such as easy
startle, hypervigilance, and irritability are common. Although the
occurrence of AWER does not seem to entail significant early changes
on postoperative psychological function, implicit memory is a memory
of which one is not consciously aware but can nevertheless impact
performance and behavior. Moreover, it has been emphasized that
this underestimated complication is strictly closed to the development
of postoperative psychological/psychiatric sequelae, not necessarily
expressed as PTSD, but often manifested as other syndromal or sub-
syndromal mental disorders, such as acute stress disorder, and sub-
syndromal PTSD. For instance, Samuelsson et al. [19] reported a higher
incidence of late psychological symptoms (e.g., sleep disturbances,
nightmares, daytime anxiety, and fear about future anesthesia) after
awareness, up to 84%. To complicate the picture, the incidence of
AWER has been indicated to be significantly higher than the incidence
of AAWR [20]. Given these premises, we can assume that AWER is a
very insidious long-term anesthesia complication.

Perspective on research about the awareness without
explicit recall phenomenon
Consequently, studying the destiny of these intraoperative not

recalled ‘experiences’, and modality of investigation in this complex
field, could represent an interesting subject-matter research as well as
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a topic connected across different disciplines, such as anesthesiology,
neurology, psychiatry, and psychology. The lack of studies might be
due to methodological issues. It may reflect, indeed, the lack of an
exhaustive model for studying this fascinating phenomenon as well
as the prejudice that all these bits of unconscious experiences fall into
oblivion. However, it is well-known that consolidation regards also
implicit memory and varies with factors such as the timing of stimuli
exposure [21], type of information to be learned, and age of the subject.

In order to evaluate the mechanisms of AWER-and memorization
processes under anesthesia-we hope that a multidisciplinary approach
could be applied to this issue through (a) ad hoc studies on humans
under anesthesia; (b) regression therapy studies after anesthesia, and
(b) studies in animal models.

Studies on humans under anesthesia. Implicit memory is often
studied experimentally through the use of priming procedures in
which the subject is first exposed to a brief or degraded stimulus (e.g.,
few words) and after an interval ranging from minutes to months,
the participant is then exposed to an incomplete stimulus, such as a
word fragment, and is asked to recognize or identify it. If the previous
exposure to the prime facilitates the identification of the stimulus and
the completion of the task, then the subject must have some implicit
memory for it. Priming approaches are used to train a subject’s
memory both in positive and negative ways (i.e., positive and negative
primings), for instance in elderly [22].

The isolated forearm technique (IFT) could be helpful for this
purpose for performing the first part of the procedure. A positive
result after completing the procedure could be indicative of memory
consolidation process under anesthesia without any type of recall.
The IFT is usually performed by putting a cuff on the patient’s arm
before the administering of the neuromuscular blocking drug, so
that the patient is able to move the arm, if aware [23]. Surprisingly,
many of the ‘responder’ patients under anesthesia do not recall the
event when interviewing after the operation. This evidence leads to
two considerations. First, unrecognized episodes of consciousness
may occur during anesthesia and not be reported upon awakening,
due to a lack of explicit consolidation. In this way, patients may
process information whilst only apparently unconscious. We should,
therefore, assume that during anesthesia episodes of consciousness
fluctuation may occur [16]. Secondly, a great number of pieces of
information (i.e., unconscious experiences) may be consolidated via
implicit memorization processes. In other words, we must investigate
in order to decide if these IA episodes may be defined as conscious
experiences without subsequent recollection on recovery due to the
amnesic effects of anesthetics or general forgetting, or they really
represent the expression of unconscious experiences. Probably, both
hypotheses could be accepted. Regardless of the precise mechanism,
this dangerous implicit memory formation might be difficult to avoid,
triggering a dangerous cascade which ends in behavior changes,
and potentially in psychological trauma. Thus, IA prevention is
mandatory. For this purpose, the combination of typical clinical signs
with instrumental monitoring is the standard approach. However,
despite initial enthusiasm, the use of EEG based depth of anesthesia
(DoA) monitors (e.g., bispectral, BIS) remains a major controversy
in anesthesiology, and routine use of DOA devices did not reduce
the overall IA incidence [24]. Indeed, many factors, such as age, race,
gender, low core body temperature, acid-base imbalances, low blood
glucose, drugs administered to the patient (e.g. neuromuscular blocking
agents), and brain ischemia, have a significant effect on raw EEG data.
Again, alimit in brain monitoring during anesthesia is that commercial
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DOA devices do not accurately discriminate between consciousness
and unconsciousness because their functioning is based on EEG signal
analysis rather than consideration of corticocortical connectivity and
communication [25].

Whether the use of IFT approach, the optimal strategy for
studying AWER processes is the implicit memory assessment by a
word memory test administered during anesthesia. The assumption
is that auditory processing persists when people are anesthetized, in
the absence of consciousness. A special issue concerns the selection of
the more appropriate memory tests for priming during anesthesia. For
this scope, several attempts have been performed by using perceptual
or conceptual priming tests. The former relates to the stimuli’s form
and is increased by matches between early and late stimuli. An example
of this is the completion of words in the aforementioned word-stem
completion test. Conceptual priming refers to the meaning of stimuli.
Thus, this latter approach is based on the conceptual implicit memory
which requires attentional resources [26]. Perceptual priming is
preferred for studying memory under anesthesia because it is more
suitable for assessing memory in the absence of conscious awareness
[27,28].

Studies under regression therapy. Regression therapy is a
psychotherapeutic methodology based on resolving significant past
events believed to be interfering with a person’s present mental and
emotional wellness. However, this approach is somewhat controversial,
due to limited research supporting the method and the potential for
false memories.

Animal models. As Jabes et al. [29] demonstrated, implicit memory
in human is mainly associated with the striatum, the cerebellum, the
amygdala and the sensory and motor areas. All these brain areas are
phylogenetically old and develop also in nonhuman primates. The
eyeblink conditioning, a cerebellum-dependent learning paradigm,
is one of the best-characterized behavioral models of associative
learning in mammals [30]. Alternatively, a modified version of the
Active/Passive avoidance test and the Morris water maze test — both
using rats - could be adopted. These models could be useful to test
specific pharmacologic approaches aimed at prevention of memory
consolidation during anesthesia [31].

Conclusion

Although the TA subtype AWER is an uncommon general
anesthesia complication, this underestimated phenomenon is strictly
closed to the development of severe postoperative psychological/
psychiatric sequelae, leaving patients depending on mental health
care for an extended period after surgery. Moreover, studying into
this ‘paradox’ offers an opportunity to investigate on memory and
consciousness processes during anesthesia. Given the complexity of the
matter, a multidisciplinary approach involving scientists from different
fields are required.
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