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Midlatency Auditory Evoked Potentials and Explicit
and Implicit Memory in Patients Undergoing

Cardiac Surgery
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Background: A high incidence of intraoperative awareness
during cardiac surgery has been reported. Midlatency auditory
evoked potentials (MLAEP) have been used recently as an in-
dicator of awareness. In the current study, memory for in-
formation presented during anesthesia was investigated using
MLAEP as one experimental indicator in 45 patients scheduled
for clective cardiac surgery.

Methods: In all patients general anesthesia was maintained
using high-dosage fentanyl (1.2 mg-h™'). In addition, the pa-
tients of group 1 (n = 10) received flunitrazepam (1.2 mg-h™),
the patients of group 2 (n = 10) isoflurane (0.6-1.2 vol%), and
the patients of group 3 (n = 10) propofol (4-8 mg kg™ -h™).
Group 4 (n = 15) served as a control, and those patients were
assigned randomly to one of the anesthetic regimes. After
sternotomy and before cardiopulmonary bypass, an audiotape,
which included an implicit memory task, was presented to
the patients of groups 1-3. Auditory evoked potentials were
recorded while the patients were awake and during general
anesthesia immediately before and after the audiotape pre-
sentation. Latencies of the brain stem peak V and the early
cortical potentials Na and Pa were measured.

Results: Three to 5 days postoperatively no patient had a
clear explicit memory of intraoperative events. However,
there were statistically significant differences in the incidence
of implicit recall among the groups. Five patients in the flun-
itrazepam-fentanyl group, 1 patient in the isoflurane-fentanyl
group, 1 patient in the propofol-fentanyl group, and no pa-
tient in the control group showed an implicit memory of the
intraoperative tape message. In the awake state, MLAEP
showed high peak-to-peak amplitudes and a periodic wave-
form. In the patients with implicit memory postoperatively,
MLAEP continued to show this pattern during general anes-
thesia. The early cortical potentials Na and Pa did not increase
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in latency or decrease in amplitude before or after the audio-
tape presentation. In contrast, in the patients without implicit
memory, MLAEP waveform was severely attenuated or abol-
ished. Na and Pa showed marked increases in latencies and
decreases in amplitudes or were completely suppressed. In 9
patients, including all patients (7 of 9) with implicit memory,
Pa latency increased less than 12 ms, and 21 of 23 patients
without implicit memory showed a Pa latency increase of
greater than 12 ms during anesthesia and the audiotape pre-
sentation. Therefore, the Pa latency increase of greater or less
than 12 ms may provide sensitivity of 100% and specificity of
77% in distinguishing patients with implicit memory from pa-
tients without implicit memory postoperatively.

Conclusions: When the early cortical potentials of MLAEP
are preserved during general anesthesia, auditory information
may be processed and remembered postoperatively by an im-
plicit memory task. (Key words: Anesthetics, intravenous:
fentanyl; flunitrazepam; propofol. Anesthetics, volatile: iso-
flurane. Surgery: cardiac. Memory: explicit; implicit. Monitor-
ing: auditory evoked potentials.)

CASE reports and clinical studies about intraoperative
awareness differ considerably, presumably because of
different patient populations, anesthetic techniques,
and methods of monitoring and defining awareness.
Despite these differences, all reports point out that au-
ditory stimuli in particular can be perceived intra-
operatively and recalled postoperatively. This suggests
that the auditory modality is apparently the most re-
ceptive sensory channel for perception during general
anesthesia.'=®

The process of transduction, transmission, and pro-
cessing of acoustic stimuli from the cochlea to the cor-
tex can be monitored by recording auditory evoked
potentials (AEP).® Early components of the AEP are
generated mainly in the brain stem (brain stem auditory
evoked potentials [BAEP], 0-10 ms poststimulus) and
represent the process of stimulus transduction and early
transmission.® The midlatency auditory evoked poten-
tials (MLAEP) are observed 10-100 ms after stimulus
presentation, and they are generated within cortical
regions of the auditory system."'" The late auditory
evoked potentials reflect neural activity of association
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areas 100-1,000 ms after stimulus onsct. They arc
strongly influenced by stimulus evaluation and cogni-
tive analysis.''=" The early auditory evoked potentials,
generated in the brain stem, are minimally affected by
general anesthetics and therefore cannot be used to
monitor auditory information processing during gen-
cral anesthesia.'®>™!7 The late cortical components show
considerable variation in latency and amplitude during
the awake state.®!! In contrast, midlatency peaks of the
AFEP show little variability. During general anesthesia
with one of a number of general anesthetic agents,
MLAEP are suppressed in a dose-dependent manner.'>™'
Recording of MLAEP may therefore offer an opportunity
to monitor auditory information processing in the pri-
mary auditory cortex during general anesthesia.

A necessary condition for the retrieval of information
perceived intraoperatively is the presence of a memory
system that is at least partially unimpaired. New cx-
perimental evidence suggests a difference between im-
plicitand explicit memory functions. Explicit memory
requires the conscious recollection of a previous epi-
sode, including the spatiotemporal context in which
the event occurs, and the self as the experiencer of the
event. Implicit memory is revealed by a change in task
performance that is attributable to information ac-
quired during such an episode and is expressed without
any conscious or deliberate recollection of the expe-
rience.'2~2! Until now, it has been far from clear which
type and which dose of the commonly used anesthetic
agents reliably suppress auditory stimulus processing,
conscious and subconscious perceptions, encoding,
and explicit and implicit recall of auditory stimuli.

A high incidence of intraoperative awareness and
postoperative recall of intraoperative events can be ob-
served in patients undergoing cardiac surgery.?*** The
aim of the current study was to investigate implicit and
explicit memory in patients undergoing cardiac sur-
gery. For the maintenance of anesthesia, high-dose
opioid analgesia was used, combined with a benzodi-
azepine, isoflurane, or propofol. The main goals of this
study were to determine whether explicit or implicit

memory is present during cardiac surgery, and if so,
whether memory functions can be related to specific
characteristics of MLAEP.

Materials and Methods

Institutional ethics committee approval was granted,
and informed consent was obtained from 45 patients
scheduled for elective cardiac surgery. All patients were
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to undergo open-chest surgery, i.e., aortocoronary by-
pass grafting or valve replacement. In all patients, hy-
pothermic cardiopulmonary bypass was used. Only pa-
tients who had clinically normal hearing levels and who
could write, read, and speak the German language
fluently were included. The perioperative psycholog-
ical care of the patients included a short preoperative
visit, the preparation of an intraoperative audiotape,
and a postoperative interview, all of which were per-
formed by the same investigator (AK). The day before
surgery, this investigator introduced herself to the pa-
tients to establish rapport and to achieve the patient’s
cooperation. She told the patients that she would ac-
company them throughout the perioperative period,
giving some short, positive suggestions for the peri-
operative course.

All patients received a benzodiazepine (flunitrazepam
1-2 mg orally) 45-60 min before anesthesia. Then,
patients were assigned randomly to one of four patient
groups. Anesthesia was induced in group 1 (n = 10)
with flunitrazepam and fentanyl (0.01 and 0.01
mg-kg™', respectively) and in group 2 (n = 10) and
3 (n = 10) with etomidate and fentanyl (0.25 mg- kg™
and 0.005 mg - kg™, respectively). For maintenance of
anesthesia all patients received high-dose fentanyl an-
algesia (1.2 mg-h™"). In addition, the patients of group
1 received flunitrazepam (1.2 mg-h™"), the patients
of group 2 isoflurane (0.6-1.2 vol%), and those of
group 3 propofol (4-8 mg-kg™'-h™') to maintain
general anesthesia. For muscle relaxation, pancuron-
ium 0.1 mg-kg™' was given. The patients of group 4
(n = 15) were randomly assigned to one of the three
anesthetic regimes.

A three-lead electrocardiogram, heart rate, systolic
and diastolic arterial blood pressures via an 18-G cath-
eter in the radial artery, and central venous pressure
via a 14-G central venous catheter placed via the in-
ternal jugular vein were recorded continuously. Mean
arterial pressure was maintained at greater than 80
mmHg. Body core temperature was measured by an
esophageal temperature probe and maintained at
34.5°C in the prebypass period using heated blankets
and warmed infusions. Patients’ lungs were mechani-
cally ventilated with a 1:1 mixture of oxygen and ni-
trous oxide to achieve an arterial carbon dioxide ten-
sion of 35-40 mmHg, as verified by intermittent arterial
blood gas analysis. Group 4 served as a control, and
patients were not exposed to the audiotape.

After sternotomy, but before cardiopulmonary bypass,
an audiotape, which included an implicit memory task,
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was presented to the patients of groups 1-3. The tape’s
duration was approximately 10 min. The text contained
positive and supportive suggestions for postopcerative
recovery. In this instance a short version of the novel
Robinson Crusoe was told. It provided an example of
how a person overcame a very difficult situation. The
story was meant to be a parable for the patients to cope
with their current difficult situation and facilitate post-
operative recovery. The parable illustrated that intel-
lectual knowledge (Robinson Crusoe) and unconscious
skill (Friday) can form a symbiosis to master encoun-
tered difficulties. The story was only told once; ‘‘Rob-
inson Crusoe’ was mentioned four times; and at the
end of the text the patients received the suggestion to
associate “‘Robinson Crusoc’ when they were asked
about their associations to “Friday’” 3~5 days after the
operation.

Explicit and implicit memory were tested in a post-
operative interview of approximately 30 min. First, the
patients were invited to talk about their experience
during anesthesia and surgery and the intensive care
unit period, with regard, for instance, to pain, mood,
and well-being. Then patients were asked to remember
explicitly anything they may have perceived during
anesthesia. To test implicit memory the patients were
invited to name any spontaneous association (‘‘the first
word that comes to mind’”) with the code word ‘Fri-
day’’ (i.e., the key word “‘Robinson Crusoe’’). No em-
phasis was put on the question, in attempt to hide that
this was a special aspect of the interview. Implicit recall
was tested roughly in the middle of the talk so that the
patients had approximately 15 min to form their as-
sociations. Finally, at the end of the interview the pa-
tients were asked if anything remained that they wanted
to talk about, and anything clse that they may have
associated with the code word “‘Friday.” The interview
was closed with some short, positive suggestions for
the postoperative recovery. All experimental evalua-
tions were conducted under double-blind conditions:
neither the patients nor the interviewer knew which
anesthetic had been used or whether an audiotape had
been presented.

AEP were recorded while patients were awake and
during general anesthesia immediately before and im-
mediately after the audiotape presentation. The clec-
trodiagnostic system Pathfinder I (Nicolet Instruments)
was used for auditory stimulation, registration, and
analysis of evoked potentials. Rarefaction clicks of 0.1
ms at 70 dB above the normal hearing level were pre-
sented binaurally with a stimulation frequency of 9.3
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Hz using acoustically shiclded earphones (TDH 39,
Amplivox, Manchester, England). For recording, silver
clectrodes were positioned at Cz and A; /A, with Fpz as
ground (according to the international 10-20 system).
The impedance of all electrodes was less than 2.0 kohm.
An epoch of 100 ms (bin width 0.2 ms) was bandpass-
filtered (1-1,500 Hz) with an analogue Butterworth fil-
ter (roll-off 6 dB/octave) and averaged across 1,000
stimulus presentations. The recording procedure was
controlled visually on a monitor, and an automatic ar-
tifact detector rejected signals greater than 96% of full
scale. To guarantee reliability of the signal and correct
transduction and transmission of the auditory stimuli,
evoked potentials without a brain stem response (peak
V) also were rejected. For off-line data analysis, latencies
of the peaks V, Na, Pa, Nb, P1, and N1 were measured.
For frequency analysis a fast-Fourier transformation was
used to calculate power spectra of the MLAEP.

For a statistical comparison of the latencies of peaks V,
Na, and Pa, the Wilcoxon test was used within groups
and the Kruskal-Wallis test between groups. The inci-
dence of implicit memories was compared between
groups using the chi-squared test. o < 5% (P < 0.05)
was considered statistically significant. Statistical analysis
included Bonferroni’s correction (e adjustment) to ac-
count for multiple comparisons. Sensitivity and specificity
were calculated for the relation between the change of
Pa latency and the incidence of implicit memory.

Results

The four groups were comparable in terms of age,
sex, weight, height, ASA physical status, type and dose
of premedication, type of surgery, total time of surgery
and anesthesia, total time of cardiopulmonary bypass
and aortic occlusion, lowest temperature during car-
diopulmonary bypass, temperature during separation
from cardiopulmonary bypass, and intraoperative
changes of hemodynamic data (table 1).

In the postoperative interview none of the patients
was able to recollect explicit memories of intraoper-
ative events. Some patients stated having heard voices
or noise, but these perceptions could not be related
definitively to the intraoperative situation. Typical as-
sociations to the code word “‘Friday” were ‘‘approach-
ing weekend,” ““last working day of the week,” or ““fish
for lunch or dinner.” After these statements some pa-
tients spontaneously associated ‘‘Robinson Crusoe.”
Typical reproductions of the story of Robinson Crusoe
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Table 1. Demographic and Intraoperative Hemodynamic Data of the Four Groups

Group
1 2 3 4
Number of patients (n) 10 10 10 15
Age (yr) (x + SD) 57.4 8.6 61.6 5.2 61.2 5.8 56.8 8.1
Sex (male/female) (n) 8 2 8 2 7 3 12 3
Weight (kg) (x = SD) 73.5 8.0 76.0 105 676 11.0 71.6 101
Height (cm) (x + SD) 170 8.8 172 5.3 168 6.0 170 10.5
ASA physical status (x = SD) 240 05 263 05 264 05 230 05
Premedication: flunitrazepam [mg] (x = SD) 2.00 2.00 191 0.3 2.00
Type of surgery (n)
CABG 7 5 5 10
CABG + AR 2 1 1 2
AVR 1 2 2 2
MVR 0 0 2 0
AVR + MVR 0 2 0 1
Type and dose of anesthesia
Flunitrazepam (1.2 mg/h) 4 Fentanyl (1.2 mg/h) (n) 10 5
Isoflurane (0.6-1.2 vol%) + Fentanyl (1.2 mg/h) (n) 10 5
Propofol (4-8 mg/kg™-h™") -+ Fentanyl (1.2 mg/h) (n) 10 5
X +SD X +8D X +8D X +8D
Total time of (t) surgery (min) 2075 374 1725 46.8 1955 30.2 208.5 476
tt anesthesia (min) 268.5 457 216.3 54.0 2355 413 258.4 58.2
tt CPB (min) 85.0 141 794 563 714 196 88.5 465
tt aortic occlusion (min) 55.0 135 51.3 343 429 137 57.0 293
Lowest temperature during CPB (° C) 28.5 1.2 29.1 15 28.1 0.8 27.6 1.4
Temperature at end of CPB (° C) 36.7 0.2 36.3 0.4 36.4 0.5 36.4 0.4
HR awake (min™") 63.0 7.1 61.9 10.0 64.3 127 69.0 12.0
HR after induction 63.8 7.7 60.6 145 58.3 7.2 70.5 144
HR after skin incision 63.5 8.2 66.3 119 61.7 10.0 68.5 125
HR after sternotomy 757 16.6 69.4 9.4 715 115 720 123
HR after CPB 921 105 93.1 133 89.6 233 99.5 9.0
HR end of surgery 959 114 93.8 116 93.0 21.3 97.5 8.9
SAP awake (mmHg) 126 131 123 14.9 124 20.4 127 18.9
SAP after induction 122 12.3 121 14.6 107 18.0 123 15.7
SAP after skin incision 117 16.5 126 5.2 123 22.8 131 19.8
SAP after sternotomy 132 17.4 130 8.9 114 16.7 125 7.6
SAP after CPB 116 15.1 119 9.9 109 17.7 119 12.2
SAP end of surgery 122 14.9 125 9.3 110 13.9 113 19.9
DAP awak (mmHg) 72.0 7.5 69.4 10.2 726 11.0 73.0 6.7
DAP after induction 70.0 7.1 71.3 8.3 60.0 7.4 68.0 6.3
DAP after skin incision 64.5 4.4 72.5 4.6 679 137 72.0 7.9
DAP after sternotomy 72.5 9.8 73.8 7.4 63.3 118 70.0 8.2
DAP after CPB 62.5 6.8 66.9 4.6 62.2 37 66.0 8.4
DAP end of surgery 66.5 6.3 68.8 3.5 63.8 5.3 65.0 127

CABG = coronary artery bypass grafting; AVR = aortic valve replacemernt; MVR = mitral valve replacement; CPB = cardiopulmonary bypass; HR = heart rate;

SAP = systolic arterial blood pressure; DAP = diastolic arterial blood pressure.

were as follows: “When you say ‘Friday,’ I think of an
island and the story of Robinson Crusoe, but I think
this has nothing to do with your question.” Another
typical answer was: “When you say ‘Friday,’ I remember
that when I was a child we used to play on a little
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island in a river near my parent’s home. We called that
place Robinson island.” It is noteworthy that all pa-
tients with implicit memory for “Robinson Crusoe”
deniced that their associations were related to something
heard during anesthesia.
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The incidence of implicit memory was different
among the four groups. No patient in the control group
(group 4), the patients who did not hear the audiotape
intraoperatively, associated the key word (“‘Robinson
Crusoe™) with the code word (“Friday’). In contrast,
five patients of group 1, one patient of group 2, and
onc patient of group 3 showed implicit memory for
the intraoperative tape message. Implicit recall was
statistically significant more often in group 1 than in
the control group (group 4) or group 2 or group 3 (P
<0.01).

Figure 1 shows an original tracing of an AEP (left)
and its power spectrum (right) of an awake patient.
The Roman numeral Vindicates BAEP, giving cvidence
that auditory stimuli were transduced and transmitted.”
Na, Pa, Nb, and P1 (MLAEP) arc gencrated mainly in
the primary auditory cortex of the temporal lobe
and they are the clectrophysiologic correlate of the
primary cortical processing of auditory stimuli. The
MIAEP shows large peak-to-peak amplitudes and a
characteristic periodic waveform, and the power spec-
trum has its maximal energy in the 30-40-Hz frequency
range.

Original tracings of the MLAEP of two patients with-
out implicit memory are presented in figures 2A and
2B. In every top trace one can see the AEP of the awake
paticnts. The BAEP can be easily identified. The MLAEP
show high amplitudes and their characteristic periodic
waveform. During general anesthesia in these patients,
BAEP could be identified as in the awake state. In con-
trast, during anesthesia, MLAEP showed markedly in-
creased latencies and decreased amplitudes, or they
were completely suppressed.

Auditory Evoked Potential Power trym
BAEP MLAEP
T ]
Pa 1.2sIuV °'°5L‘Vz
. L
Vv P,
! 1
v i
Na i
No N

20 30 4 50 60 70 80
{ms] [Hz)

Fig. 1. Original tracing of an auditory evoked potential (Jefr)

and its power spectrum (right) of an awake patient. V = the

brain stem auditory evoked response (BAEP); Na, Pa, Nb, and

P1 = the midlatency auditory evoked potentials (MLAEP).
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(Isoflurane. 1.0 vol %

Fentanyt: 1.2 mg/m)
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b1 t——t 1 =y
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[ms] [Hz]

Auditory Evoked Potentia

BAEP MLAEP
[

Powerspectrum B
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{Propolol: 5 mgkgm +
Fentanyl: 1.2 mg/)

before audiotape

after audiotape

A e | —
20 40 60 80 100 20 30 4 50 60 70 B8O
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Fig. 2. (A and B) Original tracings of the auditory evoked po-
tentials of two patients without implicit memory. In those of
the awake patients (all top traces), brain stem auditory evoked
potentials can be identified easily. Midlatency auditory evoked
potentials show high amplitudes and a characteristic periodic
waveform., During general anesthesia, before and after the
audiotape presentation (every second and third trace) in these
patients, brain stem auditory evoked potentials can be iden-
tified as in the awake state, whereas the midlatency auditory
evoked potential waveform is severely attenuated or abol-
ished.

A different picture was seen in the AEP of the two
patients, presented in figures 3A and 3B. These patients
could remember “Robinson Crusoe’ implicitly after
the operation. The MLAEP of the awake patients are
again characterized by high amplitudes and a periodic
wavceform. During general anesthesia before and after
the audiotape was presented to these patients, BAEP as
well as MLAEP were similar to those of the awake state.
The high amplitudes and periodic waveforms of the carly
cortical potentials suggest a preservation of cortical pro-
cessing of auditory information in these patients.

Table 2 presents mean values and standard deviations
of latencies of the peaks V, Na, and Pa (in milliseconds)
for the patients with and without implicit memory. La-

202 YoIe 80 U0 3sanb Aq 4pd ¥0000-000€0+66 L-27S0000/582.LZE/E6Y/E/08/4Pd-ajonie/ABOjOISaUISBUR/WIOD JIBYDIDA|IS ZESE//:dPY WO papEOjUMOQ



498

SCHWENDER ET AL.

Auditory Evoked Potential

BAEP MLAEP
anesthesia

|
(Flunitrazepam: 1.4 mg/h +

Fentanyl: 1.4 mg/h)
/\-_. before audiotape

after audiotape

Powerspectrum A
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20 30 40 S50 60 70 60

{ms] [Hz)
udi oked Potential Powarspectrum B
BAEP MLAEP
T )

N

“ after audiotape

20 40, 60 80 100 20 30 40 50 6 70 &0
[ms] [Hz)
Fig. 3. (4 and B) Auditory evoked potentials of two patients
who could remember “Robinson Crusoe” implicitly after the
operation. Those of the awake patients are characterized by
high amplitudes and a periodic waveform and continue to
show this pattern during general anesthesia.

e[\

awake
anesthesla
(Flunitrazepam: 1.7 mgh +
Fentanyl: 1.2 mg/h)

before audiotape

tencies of the peaks Na and Pa are significantly pro-
longed in the patients without implicit memory com-
pared to the awake patients or the patients with implicit
memory postoperatively. In the patients with implicit
memory, Na and Pa latencies were not statistically dif-
ferent from the latencies of the awake patients. Also in
table 2, latencies of Na and Pa of the patients with and
without implicit memory are compared within every
experimental group. There is a marked statistically sig-
nificant increase of Na and Pa latencies in the patients
without implicit memory in the isoflurane—fentanyl and
the propofol-fentanyl groups, whereas in the two pa-
tients with implicit memory in the isoflurane—fentanyl
and the propofol-fentanyl groups, Na and Pa latencies
increased only slightly. There was also only a small
increase of Na and Pa latencies in the patients of the
flunitrazepam-fentanyl group who showed implicit
memory postoperatively. In contrast, Na and Pa latency
increases were statistically significant in the patients
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Table 2. Latencies of the Peaks V, Na, and Pa (in ms) for the Patients with and without Implicit Memory

After Audiotape

Before Audiotape

Awake

Pa

Na

Pa

Na

Pa

Na

n

Patients

Group

187 (1.68) 30.1(297) 6.48(0.48) 20.1(4.45% 36.6(552)f 6.42(0.32) 209(5.26)F 367 (5.61)t

5.88 (0.32)

X £ SD

7

With implicit

All patients

memory

Without implicit

190(1.24) 31.4(321) 678(0.42) 51.8(129) 77.0(10.5° 7.04(0.38) 47.9(132) 743(162)

6.17 (0.24)

x + SD

23

All patients

memory

Group 1 (flunitrazepam  With implicit

35.4 (3.76)t

19.1 (2.99)t

18.8(1.86) 30.6(3.47) 648(0.30) 19.8(1.69)t 359(267F 6.40(0.24)

5.76 (0.33)

x = SD

5

memory

Without implicit

plus fentanyl)

190(1.69) 30.6(3.78) 6.35(0.41) 224(1.21 407(1.95  6.35(0.41) 23.4(1.167 41.0(5.31)

6.00 (0.32)

x = 8D

5

memory

With implicit

204 32.8 6.40 22.8 33.6 6.00 27.2 37.6

x+SD 580

1

Group 2 (isoflurane

memory

Without implicit

plus fentanyl)

78.2(23.9 7.42(1.03) 51.8(21.8) 75.0(24.9)

19.5(1.42) 327(5.10) 7.03(0.52) 558 (21.4)

6.17 (0.43)

x + SD

9

memory

With implicit

17.2 26.6 6.40 18.2 374 6.60 21.2 35.6

x+S8SD 6.00

1

Group 3 {propofol plus

memory

Without implicit

fentanyl)

183(149) 29.6(2.09) 6.62(0.45 56.6(17.97 89.2(19.8) 684(0.52) 51.7(1507 84.9(204)

6.30 (0.28)

x = SD

9

memory

The latencies of the peaks Na and Pa are significantly prolonged in the patients without implicit memory. In the patients with implicit memory, there are only slight increases of Na and Pa latencies

compared to the awake state.

* P < 0.01 compared with awake.

1 P < 0.05 compared with *“without implicit memory.
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of the flunitrazepam-—fentanyl group without implicit
memory postoperatively.

As shown in figure 4, we assigned our patients ac-
cording to Pa latency increasc of greater or less than
12 ms. Nine patients, including all patients with im-
plicit memory (7 of 9), had a Pa latency increasc of
less than 12 ms. Twenty-one of 23 patients without
implicit memory had a Pa latency increase of greater
than 12 ms. These data indicate that in our study, the
threshold of Pa latency increase of greater or less than
12 ms may provide sensitivity of 100% and specificity
of 77% in distinguishing paticnts with implicit memory
from patients without implicit memory postopera-
tively, and in predicting implicit recall with a proba-
bili[y of 77%.

Discussion

Our experiments showed the following main results.
Auditory information could be recorded and retained
during general anesthesia, but retrieval was mainly
linked to an implicit memory system. Certainly, it may
be possible that our patients consciously perceived the
information at the time it was presented during surgery,
but after surgery they had no conscious recollection of
these experiences. Recall of intraoperatively presented
auditory information was related to continued cortical
processing of auditory stimuli, as evidenced by MLAEP
behavior. Memory could be detected postoperatively
when the early cortical potentials of the AEP remained
nearly unchanged during general anesthesia compared
to the awake state. In contrast, no recall could be ob-
served postoperatively, when MLAEP were suppressed
during anesthesia, indicating that auditory stimulus
processing was blocked at the level of the primary au-
ditory cortex.

Nevertheless, there also were some patients with
preserved MLAEP during surgery who did not recall
information from the audiotape postoperatively. This
observation probably must be considered in the context
of the limited test material used in the current study.
Furthermore, it may indicate that MLAEP are a neces-
sary, but not in every case sufficient, prerequisite for
the processing, encoding, and retricval of auditory in-
formation. We chose a threshold for the Pa latency in-
crease during anesthesia of greater or less than 12 ms.
In this way, 100% sensitivity but only 77% specificity
were provided, indicating that a latency increase of
less than 12 ms (7.e., MLAEP relatively unaffected com-
pared with the awake state) is a necessary but not suf-
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EI] N = numbsr of patisnts
without knplick recsll

N = number of petients
. with impiick recall

* p<0,05

sPa<12ms

4Pa >12ms

Fig. 4. The patients assigned to two groups according to Pa
latency increases of more than 12 and less than 12 ms. All
patients with implicit memory were assigned to the group
with a Pa increase of less than 12 ms. That means that a small
increase of Pa correlates with a high incidence of implicit
memory postoperatively. With a marked increase in Pa latency
during anesthesia, no implicit memory could be observed.

ficient condition to distinguish patients with implicit
from those without implicit recall.

In contrast to these implicit memories, we could not
demonstrate definitive explicit memories postopera-
tively, probably because the task we used to measure
explicit memory (asking the patients to recall anything
they may have perceived during anesthesia) was insen-
sitive. Nevertheless, our results agree with the obser-
vations of others, who found only few explicit mem-
ories postoperatively. There was no free recall of an
intraoperatively presented short story?! or word list.?
Only vague memories have been reported after the in-
traoperative presentation of personal messages or music
in 5-7% of tested patients.*® Patients recalled a sc-
quence of digits presented at the end of the operation,
when the effect of general anesthesia had decreased,
but not digits presented during the surgical proce-
dure.”’

Nevertheless, several studies have shown a recall of
intraoperatively presented auditory stimuli when in-
formation had to be retrieved implicitly, indicating that
implicit tasks apparently are a more sensitive measure
of memory during anesthesia than are explicit tasks.
Millar and Watkinson®® demonstrated that patients who
had heard a list of words during general anesthesia
scored significantly better on a postoperative recog-
nition task than did patients of the control group, who
had heard a tape of radio static during the operation.
In studies by Jelicic et al.*” and Roorda-Hrdlickova et
al.,*" patients postoperatively displayed implicit mem-
ory for target words that had been presented during
anesthesia, compared to the control group, who had
been presented with seaside sounds during the oper-
ation. Block et al*' found postoperatively implicit
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memory in a word completion task and memory for
nonsense words presented during anesthesia. In a study
by Bethune et al.,** patients undergoing coronary artery
bypass grafting displayed postoperatively implicit re-
call for word associations presented during surgery and
during emergence from general anesthesia.

Some investigators have demonstrated implicit learn-
ing during anesthesia when suggestions are given in-
traoperatively in an attempt to change postoperative
behavior or feelings. Bonke et al.? reduced the dura-
tion of the postoperative hospital stay in a group of
patients who heard positive suggestions during gencral
anesthesia. Evans and Richardson®' exposed patients
cither to recorded therapeutic suggestions or to a blank
tape. The patients in the suggestion group spent sig-
nificantly less time in the hospital after surgery, had a
shorter period of postoperative pyrexia, and recovered
better than expected when compared to the control
group. McLintock et al. reduced the postoperative re-
quircments of analgesic agents by presenting sugges-
tions intraoperatively to patients who were to receive
patient controlled analgesia postoperatively.*® Bennett
et al. observed that paticnts more often touched their
carlobe when suggestions for these gestures were given
intraoperatively.*® Patients who were instructed during
anesthesia to touch either their ear or their nose
touched the suggested body part longer than the other
part.*! In a study by Goldmann et al.,?? patients who
intraoperatively had reccived the suggestion to touch
their chin did so significantly more often during a post-
operative interview than did patients who had not re-
ceived these intraoperative behavioral suggestions.

Although these studies provided evidence of implicit
memory during general anesthesia, several studies were
not able to replicate these positive results. Dwyer et
al.* studied the effects of isoflurane and nitrous oxide
at subanesthetic concentrations on memory in volun-
teers. Implicit memory was prevented by 0.45 MAC
isoflurane. Block et al.*® were unable to prove the ef-
ficacy of intraoperative therapeutic suggestions for im-
proved postoperative recovery in patients undergoing
a variety of surgical procedures. Westmoreland ef al.*®
could not show implicit memory or significant effects
of priming during general anesthesia using free asso-
ciation, category member generation, and homophone
spelling tasks. Cork et al.*® were unable to demonstrate
significant priming effects in a free-association test pre-
sented during general anesthesia.

Taken together, the studies cited above have not pre-
sented uniform results, and therefore, the phenomenon
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of implicit memory during general anesthesia still re-
quires study. Likewise, Ghoneim and Block™! point out
that the mechanisms of actions of the different drugs
on memory still must be analyzed in detail and that the
concentrations of the commonly used anesthetics that
prevent explicit and implicit recall still need to be
determined. In our study, implicit recall was related
to continued presence of MLAEP. MLAEP monitoring
during ancsthesia therefore might be useful for inves-
tigating doses and concentrations of general anesthetics
that reliably block conscious and unconscious percep-
tion and cxplicit and implicit memory during ancs-
thesia.

Our data on MLAEP agree closcely with data obtained
by Thornton ef al.*? and Newton ef al.** They studied
the relation between MLAEP and conscious awareness,
explicit conscious recall, and response to verbal com-
mands in surgical patients and anesthetized volunteers
during anesthesia with different sub-MAC concentra-
tions of nitrous oxide and isoflurane. When MLAEP peak
latencies were significantly increased compared with
the awake state, no conscious awareness, recall, or re-
sponse to verbal commands could be observed. In con-
trast, when MLAEP were slightly increased during anes-
thesia, they found a high incidence of response to ver-
bal commands and postoperative recall. The AEP
variables were significantly related to the level of re-
sponse and recall, fitting response and recall more
closely than end-expiratory gas concentrations.

Our results indicate that it is possible to demonstrate
memory for information presented during general
anesthesia when a sensitive, implicit memory task is
usced to assess memory. Implicit memory is linked to
the carly cortical potentials of the auditory evoked re-
sponse. The electrophysiologic data give evidence that
stimulus transmission up to the level of the midbrain
does not lead to explicit or implicit memory. In con-
trast, spared information processing in primary sensory
cortices, as evidenced by MLAEP, can result in post-
operative memory for intraoperative information.
MLAEP reflect the level of auditory processing during
general anesthesia and must be considered as a func-
tional prerequisite for the cortical processing, encod-
ing, and retrieval of auditory information heard during
general anesthesia.
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