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The present study evaluated implicit and explicit memory for auditory stimuli in 10 surgical 
patients. Anesthetized subjects heard sentences that contained low-frequency versions of homo
phones and infrequent category exemplars. During the postoperative test, subjects (a) produced 
sentences using the homophones and (b) generated exemplars from conceptual categories. Multiply 
primed items were generated less often on the test than were singly primed or new (control) items. 
This outcome suggests the conditioned suppression of information experienced during anesthesia, 
establishing a possible experimental analogue of clinical repression. 

For an experience to be retrieved from memory, it is 
often assumed that at least some aspect of this memory 
must be conscious. We now know, however, that both 
basic (i.e., motor) and more complex (i.e., verbal) in
formation can be retrieved without access to conscious 
awareness. Such processes have been recently classified 
as procedural/implicit memory, to distinguish them from 
the conscious memory systems known collectively as 
declarative/explicit memory (Graf & Schacter, 1985). The 
two common subtypes of explicit memory are episodic, 
which involves an autobiographical record of daily ex
periences, and semantic, which is the encyclopedic store 
of world knowledge that exists independently of an aware
ness of the original source (Tulving, 1985; Tulving & 
Schacter, 1990). 

There are at present two traditions of evidence for un
conscious memory processes. One, popularized initially 
by Freud, emphasizes reduced access to traumatic or emo
tional experiences, a process known by psychoanalysts 
as repression (Erdelyi & Goldberg, 1979; Freud, 19011 
1960). A second, noted more recently, emphasizes a fa
cilitation of responsivity to test stimuli not consciously 
perceived during input (Schacter, 1987). 

Within this general context, there exist reports of pa
tients who claim to remember certain words or phrases 
spoken by the operating-room staff while the patients were 
anesthetized. Some of these experiences are consciously 
recalled, probably because of an inadequate anesthesia 
state (Kihlstrom & Schacter, 1990). However, most are 
revealed indirectly. For instance, a patient may have a 
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difficult time recovering from surgery or suffer severe 
postoperative mood difficulties because of a careless com
ment made during the operation. This may not be con
sciously recalled but be verified later by operating-room 
staff (Kihlstrom & Schacter, 1990). 

Several investigators have attempted to verify this anec
dotally reported implicit memory phenomenon through 
controlled experimentation. This research usually involves 
presenting information to the patient while he/she is anes
thetized and then administering a postoperative test. Un
fortunately, these studies have not yielded clear and 
replicable evidence of memory for events under anesthe
sia (Bennett, 1988; Kihlstrom & Schacter, 1990; Trust
man, Dubovsky, & Titley, 1977). 

The present study evaluates memory for auditory events 
during surgery. We used a postoperative implicit memory 
test and attempted to bias subjects' responses on this test 
by auditory information presented intraoperatively. Sen
tences containing the low-frequency version of certain 
homophones, as well as relatively infrequent category ex
emplars paired with their category name, were presented. 
During the postoperative test, subjects were required to 
(a) produce sentences using the homophones and (b) gen
erate three exemplars from a number of conceptual cate
gories. Memory for information presented during anesthe
sia should be revealed through higher incidence of primed 
as compared with nonprimed responses on the postoper
ative test. 

METHOD 

Subjects 
Ten patients (4 male, 6 female) who were to undergo nasal or sinus 

surgery volunteered to participate in the investigation. The surgery was 
performed at the HCA Medical Center of Plano, Texas. Prior to par
ticipation, each subject was fully informed about the experimental pro
cedures and signed a consent form. 



Stimulus Materials 
The stimuli consisted of nine homophones and nine category exem

plars. For the homophones (e .g ., week/weak), the less frequently spelled 
version (week) was implied by a sentence that biased this particular mean
ing (e .g . , "seven days make a WEEK") (Eich, 1984). The remaining 
homophone pairs, with the less-frequent version listed first, were: 
poll/pole, hymn/him, brake/break, sea/see, knight/night, kernel/colonel, 
beet/beat, ferry/fairy . The category exemplars were the fifth most fre
quent normative response to each of nine different conceptual categories 
(Battig & Montague, 1969): animaI-UON, clothing-BWUSE, body part
FOOT, vegetable-POTATO, military title-CAPTAIN, relative-BRoTHER, 
metal-ALUMINUM, fruit-PEACH, and furniture-DESK . Both the homo
phone and conceptual materials were randomly divided into three sets 
(A, B, and C) , with three homophones and three category exemplars 
per set. This enabled each item to serve in each of three presentation 
conditions across subjects . 

Anesthesia 
No preoperative drugs were given to the patients. Anesthesia induc

tion was accomplished by the intravenous administration of SO-I 00 lAg 
of Fentanyl (a narcotic) and 300-400 mg of sodium pentothal (a bar
biturate) . Anesthesia maintenance involved 50-100 lAg of Fentanyl given 
intravenously and 70% nitrous oxide and 0.5%-2.0% isoflurane (Flo
rane) given in inspired concentration. No patients received benzodiaze
pines (i.e., Valium or Versed) either preoperatively or intraoperatively. 
One patient received 60 lAg of a substitute narcotic (Sufentanyl), in place 
of Fentanyl, and another received 0 .625 mg of droperidol (lnapsine) 
intraoperatively to control nausea . 

Stimulus Administration 
After each patient was fully anesthetized, and before the incision, the 

prerecorded stimulus list (category-word pairs; homophone sentences) 
was played through button earphones connected to a portable tape player. 
The stimulus list was spoken by a female at the rate of one item every 
5 sec (sentence or word pair) . The same person contacted the patients 
by phone after surgery to conduct the memory tests . 

Each subject heard each sentence or word pair either three times (tri
ples), one time (singles), or zero times (controls). For each set of items 
(A, B, and C) to be in each presentation condition across subjects, three 
forms of the stimulus list were required: Form I-A = triples, B = 
singles, C = controls; Form 2-A = controls, B = triples, C = sin
gles; Form 3-A = singles, B = controls, C = triples. The stimulus 
series presented to the subject was divided into three blocks. Within 
each block, all six triples (three homophones, three category-word pairs) 
were presented one time, as were one homophone single and one cate
gory single. This resulted in eight trials per block, or 24 stimulus pre
sentations for the complete input list. Patients were assigned to stimu
lus form on a block-randomized basis: within each successive three 
patients, one received each of the three forms. Following the taped stim
ulus list (approximately 2 min), the earphones were removed from the 
patient for the remainder of the surgery. 

Memory Test 
Two days following the surgical procedure, each patient was inter

viewed by phone at home. The subject was initially given an explicit 
memory assessment, in which he/she was asked to recall anything said 
or done during the operation. Following this, the implicit memory test 
was administered. In the first part, 18 individual words were presented, 
one at a time, and the subject was asked to use each one in a sentence. 
This list contained the 9 homophone words plus 9 filler (nonhomophonic) 
words. The sentence-generation task was used rather than a spelling test 
because the intended meaning of a homophone is not always reflected 
in its spelling. The second part of the implicit memory test involved 
category associations . For each of the nine category labels (e.g. , " fur
niture"), the subject produced three members (e.g., "table, chair, sofa"). 

After the sentence and category-exemplar generation, the interviewer 
repeated the 18 words in the sentence-generation test and the 27 cate
gory responses produced by the patient. For each word, the patient was 
asked whether he/she recalled hearing it during the operation. 
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RESULTS 

None of the subjects expressed conscious recollection 
of experiences during anesthesia, either in a general form 
or with respect to the specific items on the memory test. 
Turning to the implicit memory test, for the homophones 
the average number of low-frequency homophones pro
duced was 1.2,0.9, and O.S for the control, single, and 
triple conditions, respectively; for category exemplars, 
the fifth most common response was generated on the 
average 0.6, 1.0, and 0 times for the control, single, and 
triple conditions, respectively. Combined across both 
types of material, the mean production frequency was 0.9, 
1.0, and 0.4 for the control, single, and triple conditions, 
respectively. This outcome is illustrated in Figure 1. 

An analysis of variance revealed that the overall differ
ence across conditions was statistically significant at a bor
derline level [F(2,lS) = 2.94, p = .07SJ. A Newman
Keuls test of pairwise differences indicated a significant 
difference between the control and triple conditions and 
between the single and triple conditions but not between 
the control and single conditions. Thus, it appears that 
there is evidence of memory under anesthesia. However, 
this is in the form of response suppression, rather than 
facilitation. 

The reliability of this outcome is supported by examin
ing this difference on a subject-by-subject basis. Compar
ing the control and triple conditions, 1 subject generated 
more triples, 5 generated more controls, and 4 generated 
the same number of both types. Comparing singles and 
triples, 7 subjects generated more singles, 0 generated 
more triples, and 3 generated the same number of both 
types. Again, there appears to be consistent evidence for 
response suppression with the triples, compared with the 
single and control conditions. 

DISCUSSION 

The results of this experiment indicate that items primed during 
anesthesia can be suppressed on a postoperative test. With both homo-
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F1gure I. Target-response-genera frequency under control, sin
gle, and triple prime conditions. 
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phones and category exemplars , items presented three times during 
anesthesia were produced less often than were control items. This out
come indicates that conditioned suppression of information may occur 
when the information is presented during specific surgical states. The 
reason this occurred for the triple items and not for the single items 
may be that an adequate number of pairings of the verbal material with 
the aversive experience is required to establish an avoidance response. 
In subsequent experiments of this type, it would be worthwhile to de
termine if more repetitions of the words during anesthesia further sup
press implicit memory. Number of repetitions will most likely prove 
to be a complex issue , since one study with 12 homophone repetitions 
produced no effect (Eich, Reeves, & Katz, 1985), whereas another study 
with an average of 67 repetitions of paired word associates (KihIstrom, 
Schacter, Cork, Hurt, & Behr, 1990) yielded a significant priming effect. 

The present outcome ostensibly resembles the clinical phenomenon 
of repression in which ego-threatening communications are actively 
blocked from access to consciousness (Erdelyi & Goldberg, 1979; Freud, 
1901/1960). It might be of value to determine whether these responses 
could be reactivated in the~ surgical patients during hypnosis (Cheek, 
1959; Ewin, 1986). This is a procedure sometimes used in psychoana
lytical settings to gain access to supposedly repressed material . It would 
also be of interest to determine if emotionally charged material is more 
susceptible to response suppression during anesthesia than is neutral input. 

Our outcome may shed some light on why research on memory under 
anesthesia has produced equivocal results (Bennett, 1988; Trustman 
et a1., 1977). Perhaps both facilitative and inhibitory factors operate dur
ing anesthesia states. If the material happens to be experienced at an 
aversive point in the surgical procedure, retrieval may be subsequently 
suppressed. However, at other points in the procedure, there may be 
facilitation. A mixture of facilitation and inhibition may cancel each other 
out or increase item variance to the point of nullifying any statistically 
significant effects. 

In this investigation, we expected that priming would be reflected in 
an increased likelihood that subjects would produce low-probability re
sponses following intraoperative exposure (i .e., priming) . Because of 
this, we used materials with relatively low response probabilities to de
termine if their likelihood would exceed a minimal baseline. In light 
of the response suppression we noted, a future design might include 
a mixture of both high- and low-probability responses to reduce the likeli
hood of obtaining floor effects to items with initially low response prob
abilities. 

Finally, accessing implicit memory may be importantly related to the 
anesthesia agents used preoperatively, intraoperatively, and postopera
tively. For example, benzodiazepines are noteworthy for their amnes
tic effects and were therefore avoided in the present study . However, 
narcotic agents (e.g . , morphine, Fentanyl, and Demerol) may also pro
duce evidence of amnesia, and the use of Fentanyl in most of the pro
cedures in this study may have influenced retrieval of implicit material 
under the present conditions. 
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