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AWARENESS DURING SURGERY
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Ever since Horace Wells failed to produce
adequate anaesthesia with nitrous oxide on a
celebrated occasion in I844 patients have from
time to time complained of being incompletely
anaesthetized. In the past these unfortunate in-
cidents were always accepted as failures, due to
inexperience of the administrator, inadequacy of
the apparatus or idiosyncrasy of the patient. But
even today, when there is little excuse for any such
failure, there are still patients who claim to have
some recollection of a surgical procedure per-
formed under general anaesthesia.7
When surgery is performed on the non-para-

lysed patient there is usually no doubt as to
whether he is ' properly asleep ' or not; his
response to surgical stimulation and the absence of
muscular relaxation speak for themselves. On the
other hand, use of the muscle relaxants introduces
new difficulties: only very small quantities of
general anaesthetic agents need be used, and the
classical' signs of anaesthesia,' being muscular, are
interfered with. The convention stages and
planes of Guedel1' are neither recognizable nor
relevant; what is required for the paralysed
patient is not so much an index of anaesthetic
' depth' as an index of consciousness, and the
difficulty of establishing reliable signs of ' aware-
ness ' in these circumstances is one of the greatest
problems of present-day anaesthesia.

Evidence of Awareness
Physical Signs
A patient who has received a clinically effective

dose of d-tubocurarine chloride or gallamine may
still move slightly in response to a surgical stimulus
but this fact is of no value in the diagnosis of
I awareness.' Most patients who do move during
surgery have no post-operative recollection of
their experiences. Even more disconcerting is
the fact that absence of movement does not neces-
sarily imply lack of awareness: the author knows
of a patient who ' didn't bother to try and let
anybody know' although she was clearly aware
of part of her operation.

After a large dose of suxamethonium the patient
may be totally unable to move and any inadequacy

*of anaesthesia is almost certain to pass unnoticed.
This danger arises when very small quantities of
thiopentone are used with suxamethonium for
endotracheal intubation or bronchoscopy.

Sweating, pupillary dilatation and pallor may
also occur during very light anaesthesia but these
are no more reliable as signs of ' awareness ' than
movement. In this borderland region of con-
sciousness in which the patient can show auto-
nomic reflex responses and make apparently
purposeful movements without post-operative
recollection, the problem of amnesia is clearly
important. This will be discussed in more detail
below.

Electroencephalographic Evidence
The classical electroencephalographic patterns

during anaesthesia relate more to the gross dif-
ferences between light and deep planes than to the
fine shades of difference within the lighter planes
themselves. The studies that have so far been
made of the EEG during very light anaesthesia
suggest considerable differences between the
various anaesthetic agents. During very light
ether anaesthesia a sequence of recognizable EEG
patterns is said to correspond with diminishing
' awareness ' of the patient2 but during nitrous
oxide anaesthesia the patient may have a waking
EEG pattern, and may even show alpha blocking
when his eyes are passively opened, and yet be
unable subsequently to recall any part of the
operation.5' 17 In any event there is no doubt
that at the present time electroencephalographic
evidence of awareness requires expert interpre-
tation.

Combined Evidence
Artusio3 uses a combination of direct physical

evidence and electroencephalographic monitoring
in order to determine the patient's level of ' aware-
ness.' He uses very low concentrations of ether
to produce what he describes as' general analgesia
for major surgery: the patient is repeatedly asked
during the course of the operation to indicate by
nodding or shaking his head whether or not he is
comfortable and the administration of ether is

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.36.421.674 on 1 N

ovem
ber 1960. D

ow
nloaded from

 

http://pmj.bmj.com/


November I960 PARKHOUSE: Awareness During Surgery 675

adjusted accordingly. From an extensive ex-
perience of this method Artusio has concluded that
if the patient is sufficiently analgesic to remain
comfortable during surgery total amnesia will
follow the procedure. At the same time a con-
tinuous EEG tracing is interpreted by an expert.

Quantitative Administration
When muscle relaxants are not used it is un-

necessary to administer predetermined concentra-
tions of inhalational anaesthetic agents: the
' signs of anaesthesia' make it possible for the
anaesthetist to adjust his dosage according to the
individual requirements of each patient. When
large doses of the muscle relaxants are used,
quantitative methods of administration become far
more important in ensuring unconsciousness.
We know that patients vary greatly in their

tolerance to morphine and barbiturates and we
know that some of our friends can maintain a
rational conversation with a blood alcohol level
that would leave others stuporous, but we know
very little about individual differences in anaes-
thetic requirements. Gray'0 reported on the
administration of nitrous oxide to volunteers but
he intentionally chose subjects who were all of the
same physical type. In a personal study of sub-
anaesthetic concentrations of nitrous oxide'6 large
variations were found in the tolerance of different
subjects. The inhalational anaesthetics are unique
in their manner of administration and excretion;
their dosage cannot be measured in milligrams per
kilogram and it is impracticable to make continuous
estimations of blood level.

In the absence of reliable signs of ' awareness,'
as in the paralysed patient, it is necessary to ascer-
tain the concentration of each anaesthetic agent
which will maintain unconsciousness in even the
most resistant patients. If this concentration is
then administered to all patients it may be assumed
that none will be ' aware,' although some will be
'overdosed.' In clinical practice the concentra-
tion of anaesthetic finally to be administered must
thus be decided according to the circumstances of
the occasion-that is according to whether it is
better to risk ' awareness ' or to risk slight ' over-
dosage.'

The Effect of Respiration
A notable feature of inhalational anaesthesia

without the muscle relaxants is that variations in
anaesthetic depth are liable to occur uDless
respiration continues at an absolutely constant
volume and frequency. When spontaneous re-
spiration is present, a patient who is insufficiently
anaesthetized will respond to surgical stimulation
by hyperventilation, thus taking greater quantities
of the anaesthetic into his lungs and deepening his

own anaesthesia. Conversely, when anaesthesia is
deep, respiratory depression reduces the speed at
which further anaesthetic can be introduced into
the body. When a patient has been given a
muscle relaxant he no longer has control of his own
respiration and it is dangerously easy for the
anaesthetist to introduce large amounts of an-
aesthetic into the blood stream unless quantitative
apparatus is used.

It has been pointed out recently that hyper-
ventilation, by reducing the blood carbon dioxide
tension, will suppress activity in the reticular
system.8 This suppression will influence con-
sciousness and Geddes and Gray8 have produced
electroencephalographic evidence to suggest that
during clinical anaesthesia deliberate hyperventila-
tion of the paralysed patient produces ' deeper '
anaesthesia or, alternatively, permits the use of
lower concentrations of the anaesthetie agent.
It is certainly a common clinical observation that a
patient who has been lying quietly on the table
during controlled ventilation with nitrous oxide
and oxygen will soon begin to make small move-
ments of protest if the degree of ventilation is de-
creased, but whether it will be possible to establish
a quantitative relationship between anaesthetic
dosage, degree of ventilation and electroencephalo-
graphic pattern remains to be seen. Hyper-
ventilation is well known to cause cerebral vaso-
constriction and this may be an important con-
tributory factor in the suppression of cerebral
activity.

The Loss of Afferent Impulses
The central nervous system receives a con-

tinuous inflow of proprioceptive discharges from
the muscles of the body and the frequency of these
discharges depends upon muscle tone. Complete
muscular relaxation, by reducing the frequency of
proprioceptive discharges from all over the body,
cuts down the total afferent inflow to the central
nervous system. Reduction of afferent inflow has
been proposed as a mechanism of sleep,20 and
altered states of consciousness are known to result
when the brain is cut off from the outside world'2, 14
Neurophysiological work suggests that con-
sciousness is more a function of the non-specific
projection systems related to the reticular forma-
tion than of the classical afferent pathways'3 so
that ' deafferentation' is no longer upheld as the
sole cause of sleep or unconsciousness. It re-
mains none the less true that an individual's level
of awareness is largely influenced by the amount of
information received from the periphery. Thus,
although administration of a muscle relaxant will
not in itself render a patient unconscious it may
well produce slight differences in ' depth' of the
order of magnitude under discussion.
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The Significance of Stimuli
It is possible for a conscious individual to con-

centrate voluntarily on certain incoming stimuli
to the virtual exclusion of all others, but over and
above this voluntary selection there are occasional
highly ' significant' stimuli which obtrude them-
selves whether he wishes them to or not. The
likelihood of a stimulus, or event, being re-
membered depends partly on the amount of
attention paid to it and partly on its' significance ';
many stimuli are called into the central nervous
system but few are chosen for conscious
recollection.

It has often been assumed that because surgical
operations are known to be painful, inadequate
anaesthesia or partial ' awareness' of the patient
must be associated with pain. There are both
theoretical and practical reasons for believing this
assumption to be false. From the theoretical
point of view we know that although, to the fully
alert individual, pain is often a highly' significant '
stimulus, and one to which considerable attention
is paid, it is not always so. On the football field
or the battlefield, for example, severe contusions
may pass almost unnoticed in the excitement of the
moment. Similarly, in depressed states of con-
sciousness other forms of stimulation may have at
least as much ' significance' for the individual as
pain, and this is particularly true when the de-
pression of consciousness is due to a drug with
powerful analgesic properties. From the practical
point of view, we know that partial ' awareness'
during anaesthesia with ether, nitrous oxide and
cyclopropane, all of which have analgesic effects,
is not associated with any recollection of pain even
when conversation is remembered in considerable
detail.2, 3, 15, 18

Most anaesthetists who have interviewed
patients after episodes of ' awareness' during
surgery agree about the dispassionate manner in
which the experience is recalled. This might
suggest repression of a terrifying experience into
the subconscious, but if this were so one would
expect a high incidence of anxiety states and fear
of subsequent operations which is not apparent in
clinical practice. The effect of a psychically
traumatic experience inflicted upon a fully
conscious individual is not comparable vith the
effect of surgical stimuli inflicted during the
' couldn't care less' state of analgesia and de-
pressed awareness induced by anaesthetic drugs.

Confusion and Amnesia
The post-operative statements of patients

provide the only real evidence of awareness during
surgery and these statements are not always either
forthcoming or -conclusive. A patient may not
complain unless specifically questioned, and it is

sometimes not until a second operation is im-
minent that the deficiencies of the previous
anaesthetic become known. Moreover, memory
is often transient or intermittent so that a single
post-operative inquiry may elicit misleading in-
formation. If some recollection of the operative
experience appears during the very early post-
operative period it may well be ' covered ' by the
amnesic effect of the anaesthetic, and will have
disappeared completely by the following day.
Some drugs used for premedication, such as sco-
polamine, are particularly liable to produce am-
nesia; this fact was exploited for the production of
'twilight sleep.' General anaesthesia can also
produce an amnesic effect; when patients under-
going cordotomy are deliberately awakened during
the operation and then reanaesthetized, for
example, a high proportion exhibit total amnesia.
Even during the early post-operative period it is
not uncommon for patients to hold rational con-
versations of which they are later unaware, and
this phenomenon is often related to the administra-
tion of analgesic drugs.

Occasionally a patient has been able to recall a
specific incident or conversation that occurred
during an operation.' In such cases true ' aware-
ness' cannot be doubted but many patients'
recollections are so vague and illdefined that it is
difficult to know what, if anything, is actually
being remembered. Realistic dreams may occur
during anaesthesia, as noted by Dudley Buxton
6o years ago.4 The fears uppermost in the
patient's mind, whether they be fears of pain or of
sexual assault, may emerge as dreams or hallucina-
tory experiences initiated by some trifling ac-
companiment of the actual surgical procedure.
A case is known to the author in which a patient
returned to the ward and told all her fellow patients
that she had felt the whole of her operation,
although the following day she realized quite
clearly that what she had felt was the dressing
being applied to her abdomen.

Conclusions
There have been several recent reports of

'awareness ' during general anaesthesia, which
have been of a nature hardly likely to inspire con-
fidence in the anaesthetist's colleagues or pros-
pective patients.9' 19 At least one of these reports
has been quoted by the lay press,6 so that an
explanation of the modern anaesthetist's pro-
blems, in reasonable perspective, may not be
untimely.
The use of muscle relaxants has created new

difficulties by abolishing the classical signs of
anaesthesia and by tempting anaesthetists to use
minimal quantities of anaesthetic drugs, but it
should not be forgotten that it is the avoidance of
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deep general anaesthesia which has made many
surgical advances possible. The anaesthetist's
duty is to enable the surgeon to perform his opera-
tion without inflicting pain on the patient. This
does not necessarily imply that the patient will be
unconscious, and many thousands of patients have
tolerated surgery under spinal or local anaesthesia
without complaint. Most general anaesthetic
agents are powerful analgesics so that even if a
patient is not totally unaware of his surroundings
it is still unlikely that he will feel pain. The
deliberate use of ether and nitrous oxide to
produce a state of ' general analgesia' serves to
illustrate the fact that there is nothing intrinsically
wrong in a patient maintaining some degree of
' awareness ' during an operation as long as the
situation is understood and controlled. It is
clearly unreasonable to employ such methods with-
out the full co-operation of the surgeon, who must
be made aware that anything he says may be
remembered by the patient.
Even after paralysing doses of curare, ' aware-

ness ' is not necessarily a terrifying experience as
long as adequate ventilation is maintained. Many
patients with long lasting paralysis, such as those
with poliomyelitis, polyneuritis or tetanus treated
with curare, tolerate artificial ventilation of the
lungs without anaesthesia. Furthermore, the
post-operative comments of inadequately anaes-
thetized patients suggest nothing in the way of
alarm; indeed, respiratory paralysis has often
been quite unnoticed by them.

It is always possible to ensure that a patient is

completely unaware of what takes place in the
operating theatre, but there are circumstances in
which the ' danger' of some fragmentary recol-
lection may justifiably be regarded as the least of
several evils. No anaesthetist would dispute the
British Medical Journal's7 statement that the
patient's need for analgesia is paramount. How-
ever, their Editorial suggestion that total un-
awareness is equally important cannot be accepted
in the light of available evidence.
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