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Abstract

Background: Intraoperative awareness is a rarely occurring phenomenon. Obesity is considered as one of the factors
increasing the probability of intraoperative awareness due to problems with the dosing of anaesthetics. In a rand-
omized prospective study we compared bispectral index (BIS) recordings during propofol-based total intravenous
anaesthesia (TIVA) and sevoflurane-based inhalation anaesthesia in morbidly obese patients as a sign of possible
intraoperative awareness.

Methods: 120 morbidly obese patients were randomly allocated into two subgroups: TIVA or SEVO. Propofol TIVA
was performed following the Servin formula, while sevoflurane was administered based on the age of the patients.
The physician administering anaesthesia was blinded to the BIS recordings while the evaluation of the depth of an-
aesthesia was conducted based on the clinical symptoms of adequate anaesthesia. BIS recordings were evaluated
for periods of BIS > 60. Blinded structured interviews were conducted 2 hours after anaesthesia was administrated.
Results: The incidence of BIS > 60 occurred in 90% vs. 91.67% of patients while the mean duration of periods of BIS
> 60 was 13.74 + 21.74% vs. 14.21 + 18.78% of the duration of anaesthesia in TIVA and SEVO groups, respectively
(P> 0.05). There was no correlation between the BMI value and the duration of elevated BIS values observed during
anaesthesia in both studied methods of anaesthesia, nor between the total time of anaesthesia and the duration of
elevated BIS values above 60 in this study. No patient complained of intraoperative awareness when asked in the
post-operative period, probably due to the administration of midasolam.

Conclusions: Although the incidence of BIS > 60 are very common in obese patients, true awareness during anaes-
thesia infrequent in this group of patients despite the type of anaesthesia, whether intravenous or inhalation.
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The Royal College of Anaesthetists in the UK have co-
ordinated five national audit projects over the past ten years.
The fifth National Audit Project (NAP5) was a study into the
patterns of Accidental Awareness under General Anaesthe-
sia (AAGA) [1]. Although the overall incidence in the UK was
estimated at 1in 19,000 cases, in cases where neuromuscular
blockade was used this was 1in 8,000 cases. Awareness oc-
curred most frequently atinduction, in over 50% of cases. For
bariatric anaesthetists this is worth further discussion. The

use of total intravenous anaesthesia (TIVA) was associated
with a doubling of the risk of AAGA. Although obesity or
morbid obesity was present in 22% of the general anaes-
thetic population overall, it represented 35% of AAGA cases
at induction. The mechanisms by which awareness occurs
are identified as (a) failure to deliver sufficient anaesthetic
agent to the body and (b) individual patient resistance to
an otherwise sufficient dose of anaesthetic agent. In obese
patients there are clear reasons by which the first process
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may occur, particularly at induction. Such individuals have
a raised baseline cardiac output, and increased fat mass
into which induction agents can be rapidly distributed (and
which may need to be saturated with a volatile agent in cas-
es of those which are gaseous. Thus, although i.v. induction
agents need to be dosed to one’s lean body weight, these
two factors tend to result in the washout of these agents,
and therefore the reduction in brain concentrations occur
more rapidly than in the non-obese (www.espcop.org). The
widely recognized issues with propofol TIVA dosing in obese
patients (the limitations of the Marsh and Schnider models
in higher-weight patients) may also have lead to problems
during the maintenance of anaesthesia.

Among the patients undergoing elective surgery, nearly
50% experience fear related with the possibility of intraoper-
ative awareness, while 37% are afraid of death [2]. Although
intraoperative awareness is a rare phenomenon (occurring
during 0.1-0.2% of general anaesthesia procedures) [3, 4],
it is classified as a serious anaesthetic incident. Especially
dangerous are incidents of conscious awareness with ex-
plicit recall and those with severe pain (less frequent than
1 per 3000 of general anaesthetics) [3]. While both the oc-
currence and intensity of the fear related to this risk may
be investigated with the use of special preoperative check
forms, they have been rarely used in clinical practice [4].
Among possiblerisk factors for the occurrence of intraopera-
tive awareness, severe obesity is listed [3, 4]. A consensus
exists that the traditional approach to anaesthesia adequacy
evaluation with the use of the indirect methods based on
the circulatory parameters variation assessment may be
inadequate and difficult [5]. In order to ensure the avoid-
ance of unaccepted intraoperative awareness occurrence,
many methods of anaesthesia depth evaluation have been
tested in previous years.

Anaesthesia adequacy evaluation primarily consisted
of the assessment of patient movements, vegetative disor-
ders, contractility of the lower part of the oesophagus and
EEG analysis. Unfortunately, the classical method of EEG
analysis has no value for intraoperative assessment due
to the complicated structure and subtle changes in the
observed waveforms, as well as additional disturbances
generated by electrical devices placed in the operational
theatre [6]. BIS usage for bariatric surgery is described and
recommended [6].

Today, there are new methods available which may help
limit the risk of inadequate anaesthesia and intraoperative
awareness [7], namely BIS (bispectral index) and AEP (audi-
tory evoked potentials).

The possibility of using such methods has a special
value for increased-risk populations, such as obese pa-
tients. In advanced countries, obesity is starting to be
an important healthcare problem with growing conse-
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quences. On the other hand, the rules of proper dosage
and administration of the anaesthetic agents in the obese
patient population have not been precisely established
up to this moment while there are still subjects under
discussion. Following the recommendations of European
Society for Perioperative Care of the Obese Patient (www.
espcop.org), in every case of general anaesthesia in an
obese patient, itis recommended to employ monitoring
of the depth of anaesthesia.

The aim of this study was to establish the real risk of
intraoperative awareness for obese patients undergoing
elective surgery analyzing BIS recordings during general
anaesthesia. We compared two techniques of administer-
ing anaesthesia, namely TIVA using continuous infusion of
propofol and the inhalation of anaesthesia using sevoflu-
rane. Additionally, we estimated the correlation between
the grade of obesity and the risk of incidence of increased
BIS levels, indicating possible intraoperative awareness.

METHODS

After gaining the approval of the appropriate ethics com-
mittee, 120 obese patients (BMI > 33 kg m2) undergoing elec-
tive surgery (bariatric surgery) were included into the study.
All participating patients were randomly allocated into two
subgroups: TIVA using propofol infusion (TIVA group) or inha-
lation anaesthesia using sevoflurane (Fig. 1). In the TIVA group,
propofol infusion was used following the Servin formula: for
the induction of anaesthesia 1.5-2.0 mg kg2 of corrected
body weight (calculated as follows: IBV [ideal body weight]
+ 0.4 x [total body weight-ideal body weight]); then continu-
ous infusion using Robert’s formula (step-down infusion): 10
mg kg™ h™ for first 10 minutes of anaesthesia; subsequently
8 mg kg™ h™! for the next 10 minutes; and then 6 mg kg' h"'!
to the end the administration of the anaesthesia. The rate
of infusion was modified depending on clinical parameters:
hemodynamic parameters were kept within normal values
for the age of the patients.

In the SEVO group, sevoflurane was administrated ac-
cording to patient’s age, modified depending on clinical
parameters in order to maintain haemodynamic stability
during anaesthesia. At the beginning of anaesthesia, fresh
gas flow (FGF) was setat 4 L min™', and after 10 minutes was
changed to 1 L min™, after 1 hour to 2 L min™.

Other similar anaesthetic drugs were administrated in
both groups: for muscle relaxation rocuronium was adminis-
tered according to the IBW while a neuromuscular blockade
was monitored using a TOF-Guard device. At completing the
procedure, sugammadex for reversing the neuromuscular
block was given. A dose of 0.05 mg kg™' of IBW of midazolam
i.v. was administered for premedication on arrival in the
operating theatre. Intraoperative analgesia was achieved
using intravenous fentanyl.
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Figure1. Flow Diagram for the study

Each patient was monitored with the use of the BIS
VISTA™ Monitoring System (Aspect Medical Systems Inc,
Norwood, USA), connected via a frontal-temporal set of
electrodes. BIS-registered results from all patients were
analyzed after collection. The anaesthesiologist perform-
ing the anaesthesia was blinded to the BIS monitor and
administered the anaesthesia following his experience and
the clinical parameters of the patient.

An independent investigator checked for the presence
of BIS values above 60 and the time of anaesthesia with
such a high BIS value. Blinded structured interviews with
patients were conducted 2 hours after anaesthesia was
administered. A questionnaire was employed consisting of
16 questions (Appendix 1) in which memories of anaesthesia
were evaluated. The patient could answer “yes’,“no” or“l do
not know”. If patient answered “yes”to any question, further
analysis was performed evaluating whether this was true
awakening or a dream.

A statistical analysis of the collected data was performed
with the use of the Microsoft Excel Package.

RESULTS

The TIVA group consisted of 20 men and 40 women,
aged from 17 to 64 years (mean 35.9 years), with a BMI from
35t058.1 (mean 42.7) kg m2. BIS values above 60 were no-
ticed in cases of 54 patients (90%), while in 30 cases (37%)
the BIS values reached more than 80, which may represent,
with a high probability, intraoperative awareness.

For further analysis of the correlation between BIS and
BMI, the studied groups were divided into subgroups basing
on the grade of obesity:

+  BMI < 30.0-34.9 > — first grade obesity
+  BMI < 35.0-39.9 > — second grade obesity
+  BMI < 40.00 — third grade obesity

In the TIVA group, a comparison of the patients with sec-
ond and third grade obesity showed that third grade obesity
was connected with longer periods of high BIS values (43.53
vs. 18.16 % respectively). In first grade of obesity, a time of
BIS > 60 was 8.54% of the time of anaesthesia. There was no
correlation between the duration of the procedure and the
duration of BIS > 60 occurrence. There was no correlation
between BIS > 60 kg m~ and BMI in the TIVA group (Fig. 2).

In the TIVA group, the mean total consumption of propo-
fol was: 2012 £ 310.19 mg (range: 1620-2350). The mean
time of infusion was 127.5 + 21.62 min while the mean rate
of infusion was 10 mg kg™ h'.

The SEVO group consisted of 12 men and 48 women,
from 18 to 65 years (mean age 40 years), with a BMI from
33.79t057.37 kg m (mean 45.09). BIS values above 60 were
noticed in cases of 55 patients (91.67%), while in 5 cases
(8.33%) the BIS values reached more than 80, which may
represent, with a high probability, intraoperative awareness.

When checking the correlation between the BMI value
and the time of an elevated BIS value observed during
anaesthesia in the SEVO group, the results showed no
significant correlation (Fig. 3). Moreover, there was no
correlation between the total time of anaesthesia and the
time of BIS elevation above 60 (Fig. 4). A comparison of
the patients with first and second grade obesity showed
that second grade obesity was connected with longer
periods of high BIS values (18.08 vs. 6.14% respectively).
Additionally, the longest periods of high BIS values were
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Figure 2. Correlation between the BMI value and the time of BIS > 60 during anaesthesia in the SEVO group
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Figure 3. Correlation between the BMI value and the time of BIS > 60 during anaesthesia in the SEVO group
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Figure 4. Correlation between the total time of anaesthesia and the time of BIS elevation above 60 in the SEVO group

present during relatively short anaesthetic procedures
(50—90 min). There was no correlation between the pa-
tient’s age and periods of BIS value elevation. The longest
period of BIS value elevation occurred in the age group
18-30 years and the shortest in the age group 31-40
years (18.4 vs. 8.55% respectively).

In the SEVO group, the mean consumption of sevoflu-
rane was 57.94 + 25 mL while the mean duration of anaes-
thesia was 109.8 + 32.9 min.

When comparing these two groups, there was no dif-
ference, either in the mean occurrence of BIS > 60 (90%
vs. 91.67%) between the TIVA and SEVO groups, or in the
duration of periods of BIS > 60 (13.74 £ 21.74% vs. 14.21
18.78% of duration of anaesthesia, respectively, P > 0.05).

Although there was one case in the propofol group of
prolonged intubation, no patient complained on intraop-
erative awareness when asked in the post-operative period.
Moreover, 16% of patients had dreams in both groups: in the
TIVA and SEVO groups respectively, 10% vs. 12.5% pleasant
dreams, while 6% vs. 4% had those difficult to estimate. No
patient revealed direct memories of the period of surgery,
such as feeling pain, touch, hearing conversations or noise.

DISCUSSION

The intraoperative awareness perception is a subjec-
tive patient’s feeling, which may be confirmed after awak-
ing. The fear of such a situation is present in more than
50% of patients and has been identified as one of the main

perioperative stress factors [8]. In many cases the results of
intraoperative awareness may be temporal as excitation,
depression, prolonged fear and sleep disorders. However,
in some cases it may be cause of the Post Traumatic Stress
Disorders Syndrome (PTSD). The frequency of PTSD occur-
rence as a consequence of intraoperative awareness is es-
timated at 4-40% of awareness cases [9, 10]. The gravity
emodynamic instability, multitrauma and cardiac surgery
with the use of external circulation are considered as factors
foranincreased risk of PTSD. The diagnosis of intraoperative
awareness is simple only from the theoretical point of view.
In clinical practice, however, there are many factors which
may influence changes in observed patients’ parameters.
Thus, monitoring methods focused on brain responsiveness
and reactivity, such as BIS [2—4, 11], Entropy, Narcotrend [12],
AEP [9, 13-18] are especially important for the possible
control of this risk. The published data suggests that among
patients confirming intraoperative awareness, this occurs
much more frequently regarding people under 60 years
(89%), women (77%), those in good physical form — ASA |
and Il (68%), as well as those under elective surgery (87%)
[9, 19]. In cases of obesity, the incidence of intraoperative
BIS value elevation, which may be the equivalent of intra-
operative awareness, was observed in up to 10% of cases
[20]. The data gained by our study may suggest that the
problem of intraoperative awareness among patients with
significant obesity may be much more frequent than previ-
ously considered (91.7% patients faced intraoperative BIS
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elevation, which may be the equivalent of temporal limited
intraoperative awareness — i.e. conscious awareness with-
out explicit recall). Severe forms of intraoperative awareness
were identified in 8.3% of cases, with BIS values above 80,
which represent a risk of conscious awareness with explicit
recall and severe pain. This incidence is much higher than
observed in the general population (below 0.03%) [3, 21]. It
may be one of the causes for disturbances observed much
more frequently among the patients presenting obesity,
such as postoperative agitation and depression. Addition-
ally, even anaesthesia causing safe BIS values may be not
enough protection against intraoperative awareness [22].
We used a specially prepared computer algorithm which
evaluated BIS elevation over 60 in BIS recordings (Fig. 5-7).
Although we are aware that this method is very simple, we
decided that this is objective method in order to estimate
the possible risk of intraoperative awareness. The type of
BIS > 60 may be different: thus from that which is very short
(Fig. 6) related possibly to intubation stimulus; to that which
is long, covering almost the whole duration of anaesthesia
(Fig. 7). However, there was no correlation either between the
duration of BIS > 60 or the grade of BIS elevation and patient
complaints. BIS elevation may be related to artifacts, namely:
the patient’s head movement, facial muscle activity, as well
as electrocoagulation used by surgeons [23]. We tried to
eliminate all such possible factors influencing BIS monitoring.

BIS monitoring is described and recommended for
anaesthesia in obese patients [6, 24]. It prevents intraop-
erative awareness and helps to individualize the dosage of
anaesthetics [25].

In the morbidly obese, the dosing of intravenous anaes-
thetics can be based on Ideal Body Weight [26], Corrected
Body Weight [27] or Total Body Weight [28]. We used CBW
for the calculation of the dosage of propofol [27]. BIS may
be used for the estimation of dosages of propofol in the

morbidly obese [29]. In the obese the dosing of inhalation
anaesthetics may be similar to dosing in non-obese patients,
and may be based on the age of the patient [30, 31].

There is a limited number of papers on intraoperative
awareness in morbidly obese patients. Two cases described
by Japanese researchers were observed during propofol
TIVA anaesthesia [32]. The latest review of reported cases
in the literature revealed that obesity may not be a risk fac-
tor of intraoperative awareness any longer [33]. However,
still we think that the estimation of propofol dosage in the
morbidly obese should be based not only on clinical symp-
toms of the depth of anaesthesia but also on monitoring of
brain function [34].

Despite the high incidence of BIS > 60, no patient com-
plained of intraoperative awareness during anaesthesia.
This may be related to the administration of midasolam
which causes amnesia. The administration of midasolam is
recommended in cases of patients who may be exposed to
risk of intraoperative awareness in order to prevent PTSD
[9]. In cases of prolonged intubation, anaesthetics should be
administered in order to prevent awakening of the patient
[35]. Having occurred once, awareness during anaesthesia
does not have to occur during the next period of anaesthe-
sia [36]. However, patients who reported awareness during
previous anaesthesia should be monitored for adequate
depth of anaesthesia for subsequent procedures.

This study has several limitations: first of all, we could
only use psychological testing for estimating the real num-
ber of intraoperative awareness. Unfortunately, such tests
are complicated and difficult to perform by non-psychia-
trists. More studies involving not only anaesthesiologists,
but also psychiatrists are needed to evaluate the real inci-
dence of intraoperative awareness among obese patients.
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Figure 5. BIS registration example 1 — dark grey area under BIS > 60 may indicate possibility of intraoperative

awareness
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Figure 6. BIS registration example 2 — dark grey area indicate short-time intraoperative awareness, related possibly to

intubation stimulus
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Figure 7. BIS registration example 3 — dark grey areas indicate prolonged periods of high electrical brain
activity — may be representative of multiple intraoperative partial awareness

CONCLUSIONS:

1.

Although the incidence of BIS > 60 are very common
in obese patients, true awareness during anaesthesia
infrequent in this group of patients, despite type of
anaesthesia, namely intravenous or inhalation.

There was no correlation between the BMI value and
the duration of an elevated BIS value observed during
anaesthesia in both studied methods of anaesthesia,
namely TIVA or inhalation anaesthesia.

There was no correlation between the total time of an-
aesthesia and the duration of BIS elevation above 60 in
this study.

Further studies in this population of patients are neces-
sary for better recognition and evaluation of the risk of
intraoperative awareness.
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Appendix 1.
Questionnaire evaluating patient's memories of anaesthesia.
Patient could answer “yes”, “no” or “l do not know".
. Do you remember being transferred to the operating theatre and preparation for anaesthesia?
. Do you remember the end of the operation?
. Do you recall that you were sleeping during the operation?
. Do you remember the moment of falling asleep?
. Do you recall any dreams during anaesthesia?
. If yes, were they pleasant?

. If yes, were they unpleasant?

0 N O A W=

. Did you feel pain during anaesthesia?

9. Do you remember that you could not take a breathe during anaesthesia?
10. Do you recall anything from the duration of surgery?

11. Did you hear anything during surgery?

12. If yes, could you specify whether it was personal conversation?

13. Did you hear any noise during surgery?

14. Did you feel anything during surgery?

15. If yes, did you feel touch?

16. If yes, did you feel something in your throat or mouth?
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