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The purpose of this study was to investigate the state of wakefulness during
the induction of anesthesia with high-dose fentanyl using the isolated forearm
technique. Ten patients scheduled for elective cardiovascular surgery were pre
medicated with morphine (0.15 mg/kg) and scoploamine (0.3--0.4 mg) intramus
cularly one hour before induction. The induction of anesthesia was performed by
intravenous administration of 100 p.g/kg of fentanyl in 15 min or over. The pneu
matic tourniquet applied on the left upper arm was inflated to 220-240 mmHg
after 10 p.g/kg of fentanyl was given and then pancuronium was administered.
Verbal commands were given to the patient after 25, 50, 75 and 100 p.g/kg of
fentanyl was administered. Eight patients out of 10 responded to the verbal com
mands after administration of 25 p.g/kg of fentanyl. Six patients also responded
after administration of 100 p.g/kg of fentanyl and diazepam 5 mg was given to
prevent tachycardia and rigidity during endotracheal intubation. Muscle rigid
ity and tachycardia were noticed in three and four patients respectively. These
complications disappeared by diazepam administration.

It was noted that wakefulness frequently occurred during the induction by
high-dose fentanyl and oxygen anesthesia. To prevent such wakefulness therefore,
it is necessary to use anesthetic supplements which do not cause cardiovascular
depression. (Key words: high-dose fentanyl, isolated forearm technique, cardio
vascular operation, wakefulness)

(Watanabe A, Namiki A, Ujike Y et al.: Wakefulness during the induction
with high-dose fentanyl and oxygen anesthesia. J Anesth 2: 165-169, 1988)

High-dose fentanyl and oxygen anesthesia
has been generally used for cardiac surgery
because of its minimal cardiovascular depres
sive effects since Stanley et al. made their
report in 19781 • Fentanyl used as a sole
anesthetic, however, may not always produce
amnesia or unconsciousness in the patients",
Several cases have been reported in which
patients ~howed awareness and recall dur-
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ing operation under high-dose fentanyl and
oxygen anesthesia'":".

We unexpectedly found the evidence of
wakefulness during the induction of high
dose fentanyl and oxygen anesthesia.

In this study, therefore, the evidence of
wakefulness during induction of high-dose
fentanyl and oxygen anesthesia was investi
gated in 10 patients scheduled for elective
cardiovascular surgery by using the iso
lated forearm technique described by Tun
stall (1977)7.

Methods

The subjects of the study were 10 patients
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Table 1. Patient Characteristics

J Anesth 1988

Patient No Age (yr) Sex Weight (kg) Risk (ASA) Diagnosis

1 33 F 48 II Mitral regurgitation
2 40 F 61 II ASD
3 21 M 56 II ASD
4 56 M 54 II Thoracic aneurysm
5 55 M 50 III Aortic annular

micotic aneurysm
6 32 F 56 II Aortic stenosis and

regurgitation + Mitral
stenosis

7 40 F 49 II ASD
8 23 M 59 II Mitral stenosis and

regurgitation
9 52 F 50 II Mitral stenosis

10 46 M 54 II Mitral stenosis

classified as ASA II or III and scheduled
for cardiovascular surgery (table 1). Their
ages ranged from 21 to 56 years, average
age 40 years. Approval from the Institutional
Ethical Committee of Sapporo Medical Col
lege and Hospital was granted for the study,
and informed consent was obtained from pa
tients.

The patients were premedicated with 0.15
mg/kg of morphine and 0.3 to 0.4 mg of
scopolamine intramuscularly one hour before
the induction of anesthesia. In the operat
ing room, electrocardiographic (ECG) mon
itoring was done, and radial and venous
catheters were inserted percutaneously in the
right hand under local anesthesia. A pneu
matic tourniquet with 13 em width was
wrapped around the left upper arm. A cuff of
endotracheal tube (J.D. 8.5, Portex Limited,
England) filled with water was placed in the
palm of left hand. The pressure produced
by compression of the cuff was displayed on
a chart of a recorder through a pressure
transducer connected to the cuff.

Before the induction of anesthesia, head
phones were placed over the patients' ears,
and they were trained to squeeze the cuff
when a verbal message was given from a
tape recorder. The induction of anesthesia
was conducted by an intravenous adminis
tration of 100 p.g/kg of fentanyl in 15 min
or over. During fentanyl infusion ventilation

by face mask was assisted initially and con
trolled afterwards. The pneumatic tourniquet
on the left upper arm was inflated to 220
240 mmHg after fentanyl infusion of a dose
of 10 p.g/kg. Following this divided doses of
0.08 mg/kg of pancuronium were adminis
tered intravenously. The verbal message from
the tape recorder was given to the patient
after fentanyl infusion of 25, 50, 75 and
100 p.g/kg, respectively. Compression of the
cuff in the hand of isolated left forearm was
plotted as pressure curves on a recorder.

The patierrts were intubated after fentanyl
infusion of 100 p.g/kg. When the patient
moved at the endotracheal intubation, 0.05
0.1 mg/kg of diazepam was intravenously
given. After intubation, the patients were
ventilated with 100% oxygen, and the tourni
quet was released. The patients were inter
viewed to confirm the evidence of wakeful
ness or awareness during anesthesia on the
third day after surgery.

Results

Patients appeared well sedated in the op
erating room except one patient (Case 4)
with slight anxiousness. The results of the
response of the patient to the verbal mes
sages from a tape recorder are summarized
in table 2. Eight patients responded to ver
bal commands after 25 p.g/kg of fentanyl
administration. Six patients also responded
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Table 2. Results

Patient No Dosage of fentanyl (ILg/kg) Complications
25 50 75 100

1 + + + +
2 + + + +
3 + + + + Rigidity Tachycardia
4 + + + + Rigidity
5 + + + + Tachycardia
6
7 + +
8 Tachycardia
9 + +

10 + + + + Rigidity Tachycardia

+ = response to verbal commands, - = no response to verbal commands
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Discussion

after administration of a dose of 100 p.g/kg,
therefore supplemental administration of di
azepam (0.05 to 0.1 mg/kg) was required
until their responses disappeared.

Figure 1 shows an example of pressure
curves produced by compression of the cuff
after fentanyl infusion of 25, 50, 75 and 100
p.g/kg, respectively.

Complications during the induction of
anesthesia are summarized in table 2. Mus
cle rigidity appeared on the isolated forearm
in three patients. Tachycardia (more than
120 per min) occurred in four patients. The
rigidity and tachycardia disappeared after
intravenous administration of 5 mg of di
azepam.

There was no significant hypotention fol
lowing administration of diazepam. In the
postoperative interview none of the patients
could recall any intraoperative events or
dreams.

Although the analgesic potency of fen
tanyl is estimated to be about 100 times
as strong as morphine, awareness episodes
in high-dose fentanyl and oxygen anesthe
sia have been reported rather frequently''r".
The episodes occurred at the sternal incision,
the start of cardiopulmonary bypass or after
cardiopulmonary bypass. It is presumed that
such episodes occurred in low plasma concen
trations of fentanyl". Intraoperative aware-

100 JJ9/kg

Fig. 1. An example of the pressure curves
produced by compression of the cuff placed in the
palm of left hand after 25, 50, 75 and 100 p.g/kg
of fentanyl administration, respectively.

ness certainly is undesirable for the patients
undergoing cardiovascular surgery because of
eliciting hypertensive crisis during operation"
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or psychiatric symptoms in the postoperative
period",

We first found out that many of the pa
tients could respond to verbal commands
even when the plasma concentration of fen
tanyl was increased. In our study, four pa
tients had tachycardia during induction of
anesthesia and three of them could re
spond to verbal command after 100 p.g/kg
of fentanyl. And then all of these tachy
cardic episodes resolved after a supplement
of intravenous diazepam without significant
hypotention.

Incidentally, the term of awareness refers
to the situation where a patient remem
bers either awaking or having an unpleasant
dream during operation. On the other hand,
the term of wakefulness refers to the situa
tion where a patient indicates awaking be
haviors during operation even though he can
not recall the behavior afterwards7 • There
are several case reports of patients with
awareness during high-dose fentanyl and oxy
gen anesthesia-r". However, in our study, we
demonstrated that more than half of patients
could respond to verbal commands after 100
p.g/kg of fentanyl administration by using

the isolated forearm technique, and that
none of them could recall their experiences of
squeezing a cuff afterwards.

It is known that loss of responses to
verbal commands l ,3 ,8 , l o- l 2 or pin prick
stimulation! could be assumed that the pa
tient be in a state of unconsciousness. How
ever, in these" reports, loss of response to
verbal commands and rigidity of the chest
wall often occurred concurrently at a dose
of 8-19 p.g/kg of fentanyl. Therefore many
of patients required neuromuscular block
ade in order to provide adequate ventila
tion prior to unconsciousness'PrP. This fact
shows that patients might be awake during
induction after the administration of muscle
relaxant.

The method for detecting consciousness
would be necessary with administration of
muscle relaxant in high-dose fentanyl and
oxygen anesthesia.

In 1977, Tunstall introduced the isolated
forearm technique which demonstrated a re
sponse to verbal commands by preventing
spread of relaxant drug into one forearm iso
lated by an inflated pneumatic tourniquet7 .

This method is useful for detecting wakeful-
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ness in a light plane of general anesthesia
with administration of a muscle relaxant. Be
cause the sense of hearing is the last to go
and the first to return after anesthesia':'.

We investigated the usefulness of this
method by using Anesthesia and Brain Ac
tivity Monitor (DATEX) before the start of
this study. An example is shown in figure
2. Muscle action potentials of the abductor
digini minimi in isolated forearm show no
suppression after pancuronium administra
tion because of the inflation of pneumatic
tourniquet.

To guard against awareness, the addition
o"f anesthetic supplements such as diazepam,
scopolamine, or N20 has been recom
mended during high-dose fentanyl and oxy
gen anesthesia2 ,4 ,14 . However, it was known
that the addition of one or more of these
supplements might produce cardiovascular
suppression under high-dose fentanyl and
oxygen anesthesia'P-". In our study, there
was no case with significant hypotension fol
lowing diazepam administration, when it was
needed just to abolish consciousness.

In Case 3 and Case 10, muscle rigidity
and tachycardia occurred concurrently dur
ing fentanyl infusion, but these ceased imme
diately after the administration of diazepam.

In conclusion, this study clearly showed
the. appearance of wakefulness during the
induction of high-dose fentanyl and oxygen
anesthesia by using isolated forearm tech
nique. To prevent and treat the wakefulness
of fentanyl anesthesia, it is necessary to
give anesthetic supplements without cardio
vascular depression, such as a small dose of
diazepam.

(Received Feb. 17, 1988, accepted for publi
cation Jul. 13, 1988)
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