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Abstract
Intraoperative awareness is the explicit recall of sensory 
perceptions during general anesthesia. I presume 
the epidemiology and characteristics of intraoperative 
awareness from these surveys in Japan. A questionnaire 
survey was conducted via  the Internet. The first survey 
was conducted in 2008. Our survey showed 17% of 
anesthesiologists experienced definite or possible 
awareness. The second survey was conducted to 

evaluate the first survey in detail in 2008. A total of 
172 anesthesiologists answered. The total number 
of reported anesthetic cases was 85156. Twenty-four 
cases of definite or possible awareness were reported 
by 21 anesthesiologists. The most surprising finding was 
total intravenous anesthesia (TIVA) was used in 21 of 
the 24 cases. The third survey was conducted in 2011 
as a continuous survey. Six cases of definite or possible 
awareness were reported by six anesthesiologists (7%). 
Two cases were maintained by TIVA, and 2 cases were 
sevoflurane. The survey showed 76% anesthesiologists 
routinely use bispectral index (BIS) for TIVA, but for 
sevoflurane only 27% anesthesiologists routinely 
use BIS. The incidence of intraoperative awareness 
decreased in the third survey. The continuous survey 
revealed the current status of daily anesthesia and the 
results might be used to prevent the awareness during 
general anesthesia.
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Core tip: The epidemiology and characteristics of 
intraoperative awareness from these surveys in Japan 
are reviewed in this manuscript. The incidence of 
intraoperative awareness decreased in the third survey. 
The continuous survey revealed the current status 
of daily anesthesia and the results might be used to 
prevent the awareness during general anesthesia.
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INTRODUCTION
Intraoperative awareness is a rare but still serious 
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problem in clinical anesthesia. It is defined as ann explicit 
recall of sensory and auditory awareness during general 
anesthesia. The incidence of intraoperative awareness 
has been reported as 0.1%-0.2%[1,2]. Although this 
problem is rare, some patients might suffer prolonged 
psychological side effects, including post-traumatic 
stress disorders.

Widespread changes have occurred after the intro
duction of remifentanil in Japan in 2007. This caused a 
reduction of the maintenance dose or concentrations 
in volatile anesthesia. These changes might induce the 
increase in the incidence of intraoperative awareness. 
Therefore, we conducted three separate questionnaire 
surveys of anesthesiologists from 2008 through 2011. 
From the results of these surveys, we were able to 
make presumptions about the epidemiology and 
characteristics of intraoperative awareness, and discuss 
recommendations to decrease its incidence. 

THE FIRST SURVEY
Remifentanil was released in Japan in 2007, followed 
by widespread changes in anesthesiology procedures. 
The doses of anesthetics used in combination with 
remifentanil might decrease. Moreover, the choice 
of total intravenous anesthesia (TIVA) increased. 
These changes might have increased the incidence of 
awareness.

The incidence of awareness during general anes
thesia has not been evaluated prospectively in Japan. 
Therefore, we conducted a questionnaire survey in 
2008[3]. The purpose of the survey was to assess the 
status of anesthesia after the release of remifentanil 
and the incidence of intraoperative awareness during 
remifentanil anesthesia.

Letters were sent to the chief staff anesthesiologists 
in Japanese hospitals to response the survey. The 
responders answered the survey questions anonymously 
on an open access website. It was designed to acquire 
the information concerning daily clinical anesthesia, 
choice of anesthetics, and experiences of intraoperative 
awareness during 2007.

Awareness cases in the first survey
A total of 145 anesthesiologists responded to the 
survey. Five (3%) anesthesiologists reported cases of 
definite awareness, and 21 (14%) anesthesiologists 
reported cases of possible awareness. 

The relationship between daily anesthesia practice 
and experience with intraoperative awareness was 
evaluated. Concerning the standard maintenance con
centration of sevoflurane in combination with remifen­
tanil, 7% of the anesthesiologists used 0.7%, 44% 
used 1%, 30% used 1.2%, and 16% used 1.5%. 
These low concentrations might be explained by the 
manufacturer’s usage guide for remifentanil stating that 
sevoflurane should be used at a 1.0% concentration in 
combination with remifentanil. The choice of sevoflur

ane concentrations might also have been influenced 
by a report by Manyam et al[4] that recommended 
0.75% sevoflurane in combination with remifentanil. 
Figure 1 shows the relationship between cases of 
awareness reported by the anesthesiologists and their 
standard maintenance sevoflurane concentration. The 
anesthesiologists who experienced definite awareness 
cases maintained sevoflurane concentrations below 
1.0%. Cases of intraoperative awareness were signi
ficantly lower for anesthesiologists who maintained 
sevoflurane concentrations above 1.2% than for those 
who maintained concentrations below 1.0%. This result 
is compatible with a study by Avidan et al[5] that found 
the incidence of awareness in patients maintained with 
end-tidal volatile anaesthetic concentrations above 
0.7 minimum alveolar concentration (1.2%-1.4% 
sevoflurane) was 0.1%, which is compatible with the 
incidence in patients maintained at target bispectral 
index (BIS) values between 40 and 60. Our results 
show that, after the release of remifentanil, the inci
dence of intraoperative awareness might have been 
higher because 17% of anesthesiologists experienced 
definite or possible awareness cases in one year. 
Maintaining sevoflurane concentrations below 1.0% 
might be associated with a high risk for intraoperative 
awareness. Our results indicate that maintaining volatile 
anesthetic concentrations is the most important factor 
in preventing intraoperative awareness.

THE SECOND SURVEY
To get more detailed information, the second survey 
was planned[6]. The second survey was planned to 
obtain information concerning the cases involving 
intraoperative awareness in 2008. The survey method 
was similar to that of the first survey. A total of 172 
anesthesiologists responded to the second survey. The 
total number of general anesthesia cases in 2008 was 
85156 in this survey. Twenty-one anesthesiologists 
reported 24 cases of definite or possible awareness, of 
which 14 were cases of definite awareness and 10 were 
possible awareness. One patient experienced definite 
awareness twice, and another patient suffered possible 
awareness three times. The incidence of intraoperative 
awareness, including cases of possible awareness, was 
0.028%. Many previous studies demonstrate a higher 
incidence of about 0.2%[1,2]. However, the results of a 
retrospective study revealed that the actual incidence 
of awareness is underestimated. For example, a recent 
report[7] from the Fifth National Audit Project (NAP5), 
the national United Kingdom survey of intraoperative 
awareness during general anesthesia based on volun
tary reporting by doctors, estimated that the incidence 
of awareness in general anesthesia was as low as 
1:15414. Our survey results are consistent with the 
results of a retrospective study reported by Mashour et 
al[8]. The results of our study indicate that the incidence 
of awareness during anesthesia in Japan is compatible 
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with the incidence reported in other countries.

Awareness cases in the second survey
The most surprising finding from the second survey was 
that propofol was used as the anesthetic in TIVA in 21 of 
the 24 cases. Therefore, our results provide information 
about the characteristics of awareness in TIVA. Based 
on the data about daily anesthesia acquired from 
the survey, 16% of anesthesiologists reported using 
mostly propofol, 17% used more propofol than volatile 
anesthetics, 9% used propofol and volatile anesthetics 
equally, 26% used more volatile anesthetics than 
propofol, and 32% used mainly volatile anesthetics. This 
result indicates that volatile anesthetics were chosen 
more commonly than propofol. Our survey indicates 
that TIVA might be a risk for intraoperative awareness.

TIVA’s role as a risk for intraoperative awareness 
is still controversial. No prospective studies evaluated 
the incidence of awareness between the anesthetics. 
However, some studies have stated to TIVA as a risk 
factor for awareness[9]. One reported risk is associated 
with the failures of infusion pumps. The absence of 
real-time feedback of blood anesthetic concentrations 
might also be a risk factor. Moreover, the inter-individual 
variability in need of anesthetics essential to prevent 
movement during the noxious stimulation may be 
not as much of volatile anesthetics than TIVA[10]. The 
target-controlled infusion system predicts the plasma 
anesthetics concentrations, which might be different 
from the actual concentration. Therefore, the use of 
brain monitoring, including BIS, is essential. In our 
survey, BIS monitoring was used in seven (33%) out of 
21 awareness cases that were maintained by TIVA. This 
shows that the use of a BIS monitor could not prevent 
all cases of awareness. The usefulness of BIS to prevent 
awareness in TIVA should be evaluated in a future 
study.

In our survey, 16 (67%) of the patients experiencing 
awareness during general anesthesia were below 50 
years of age, and the majority of patients were female 
(Figure 1). Similarly, previous studies showed that the 
incidence of awareness is higher in female patients[11]. 
Moreover, women recovered from propofol anesthesia 

more rapidly than men[12]. This might indicate that 
women are less sensitive to propofol.

The reported surgical procedures included one 
craniotomy, four facial operations, seven neck and 
chest wall operations, one cardiac operation, three 
gynecologic operations, three operations for fractures of 
the leg, and one spinal operation. The results indicate 
that the surgical procedures with the highest risk for 
awareness are cervicofacial and chest wall surgery. In 
brief, surgery in the upper part of body produced the 
highest risk of awareness. Gynecologic and orthopedic 
procedures were the next most likely to be associated 
with intraoperative awareness.

The high incidence of awareness in cervicofacial 
surgery[2] has not reported previously. Although the 
reasons are unclear, it is thought that visual and auditory 
stimulation during surgery play a part[12]. The higher 
risk during orthopedic surgery supports this hypothesis 
because elevated levels of acoustic stimulation are 
common during orthopedic operations. There might 
also be an increased risk of awareness when general 
anesthesia is maintained by TIVA.

THE THIRD SURVEY
The third survey was conducted in 2011 as a continuous 
survey[13]. We particularly sought to evaluate whether 
TIVA is a risk factor for intraoperative awareness. The 
survey was designed to obtain information regarding 
cases involving intraoperative awareness in 2010. 
Responses were received from 119 anesthesiologists. 
Because of incomplete data, only 91 responses were 
analyzed. Respondents reported 29340 general 
anesthesia cases in 2010; volatile anesthetics were 
used in 18109 cases, and propofol was used in 10184 
cases.

Anesthesiologists reported six cases of definite 
or possible awareness. By the third survey, the 
incidence of awareness, including possible awareness, 
was 0.02%. This result is similar to the result of the 
second survey. Sevoflurane and propofol were used 
for maintenance of general anesthesia in four cases, 
two cases for each anesthetic (Table 1). The remaining 
two cases involved caesarean deliveries. Therefore, the 
incidence of intraoperative awareness in procedures 

  Case Age Sex Anesthetics BIS 
monitoring

Detail

  1 30 M Sevoflurane - Low sevoflurane 
concentration before surgery

  2 50 M Sevoflurane + Low sevoflurane 
concentration during 

bleeding
  3 70 F TIVA -
  4 80 F TIVA - Trouble in infusion pump

Table 1  Descriptions of awareness cases

BIS: Bispectral index; TIVA: Total intravenous anesthesia; M: Male; F: 
Female. 
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Figure 1  Patient demographics of definite and possible awareness cases. 
Sixteen (67%) were < 50 years old, 6 (26%) were men, and 17 (74%) were 
women.

Morimoto Y. Awareness in Japan



65 November 27, 2016|Volume 5|Issue 3|WJA|www.wjgnet.com

with volatile agents and TIVA was 0.011%, and 
0.019%, respectively. The difference in the incidence of 
awareness between volatile anesthesia and TIVA was 
not statistically significant (P = 0.622).

The survey results show that 74% of anesthesi
ologists routinely used BIS for TIVA, but only 28% 
of anesthesiologists routinely used BIS for volatile 
anesthesia (Figure 2). Use of BIS monitoring was more 
frequent during TIVA than volatile anesthesia (P < 
0.01). These results suggest that anesthesiologists feel 
that there is a need for BIS monitoring when they use 
TIVA for maintenance of general anesthesia, perhaps 
because propofol has a wide variability in dosing. 

The results of our second survey, which showed 
that TIVA was a risk factor for awareness, might have 
affected the frequency with which anesthesiologists used 
BIS monitoring. This concept is supported by the results 
of a review by Avidan et al[5]. The authors recommended 
using an end-tidal anesthetic concentration alarm rather 
than BIS when a volatile agent is used as the primary 
anesthetics. On the other hand, they suggested using 
BIS when volatile anesthetics are not used, because BIS 
monitoring prevents awareness in TIVA.

In one of two reported awareness cases, the 
patient might have awakened when sevoflurane was 
maintained at a low concentration before surgery; in 

the second case, the patient might have awakened 
when the sevoflurane concentration dropped because 
of hypotension caused by massive blood loss. These 
awareness cases could have been prevented if the 
sevoflurane concentration had been maintained above a 
certain level. There should be a further decrease in the 
incidence of awareness shortly.

COMPARISON OF RESULTS OF THE 
THREE SURVEYS
We conducted three surveys at separate times. 
The results were quickly disseminated to Japanese 
anesthesiologists after each survey. Figure 3 shows 
the standard maintenance sevoflurane concentration 
for daily clinical anesthesia reported in each of the 
three surveys. In the first survey, only 20% of the 
anesthesiologists used a sevoflurane concentration 
above 1.5%. However, in the second and third surveys, 
about 50% of the anesthesiologists used sevoflurane 
concentrations above 1.5%. This increased use of 
higher sevoflurane concentrations might be the reason 
for the lower incidence of awareness under sevoflurane 
reported in the second and third surveys. In the first 
survey, 18% of the anesthesiologists experienced cases 
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Figure 2  Use of bispectral index monitoring in total intravenous anesthesia or volatile anesthesia. Use of BIS monitoring was more frequent during TIVA than 
volatile anesthesia. BIS: Bispectral index; TIVA: Total intravenous anesthesia.
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Figure 3  Standard maintenance sevoflurane concentration for daily 
clinical anesthesia in the three surveys.
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Figure 4  The experience of awareness cases by respondents in the three 
surveys. Experience of awareness decreased in the third survey.
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of intraoperative awareness, including possible cases. 
However, this decreased to 7% in the third survey 
(Figure 4). Moreover, the tendency of TIVA to be a risk 
factor for intraoperative awareness was not observed. 
The continuous survey revealed the current status of 
anesthesia in Japan, and the results might be used to 
prevent awareness during general anesthesia.

In conclusion, awareness with explicit recall during 
general anesthesia remains a problem that should be 
prevented. Understanding the incidence of awareness 
and the status of daily anesthesia are one possible 
approach to a cure for this problem.
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