Aime et al.

Reference
and design

Author:
Aime et al.®'

Year: 2006

Study
design: RCT

Number of
centres: one

Country:
France

Sponsor: GE
Healthcare
Monitoring
Solutions
loaned the
authors a S5
monitor and
provided the
probes. No
other funding
source
reported

Trial name:
NR

Technology

Group 1: BIS
(Version 4.0 XP,
Aspect Medical
Systems), using
Datex-Ohmeda
S/5™ monitor

Target device/
index value:
40-60

Commencement
of monitoring:
started in the
operating room.
Not stated when
monitoring
ceased

Group 2: Entropy
module (GE
Healthcare) using
Datex-Ohmeda
S/5™ monitor

Target device/
index value:
response entropy
and state

entropy 40-60.
Intermittent

bolus doses of
sufentanil given if
response entropy—
state entropy
difference > 10 for
>2 minutes

Commencement
of monitoring:
started in the
operating room.
Not stated when
monitoring
ceased

Group 3:
Standard practice
(routine clinical
signs)
Hypertension/

hypotension,
tachycardia

Length of
experience/
training of
anaesthetist:
described as
‘more than
3 months of
routine use’

Participants

Total numbers involved: n = 140; group 1, n=40;
group 2, n=40; group 3, n=60

Premedication used: 100 mg hydroxyzine orally 1 hour
before surgery

General anaesthetic used: i.v. propofol 2-3 mg/kg
(induction). Sevoflurane in 60% nitrous oxide with
oxygen

Regional anaesthesia used: none

Analgesia used: i.v. sufentanil 0.2-0.3 ug/kg injected
over 15-30seconds (induction), 0.15-0.20 ug/kg/hour
with 5ug bolus given 5 minutes before surgical incision.
Intravenous morphine for postoperative analgesia
started approximately 20 minutes prior to scheduled
end of surgery (0.1-0.15mg/kg), plus paracetamol,
nefopam, non-steroidal anti-inflammatory drugs

Muscle relaxants used: i.v. atracurium 0.5 mg/kg
Antinausea drugs used: not stated

Other drugs used: esmolol (for tachycardia), nicardipine
1-2 mg (hypertension), ephedrine 3-6mg i.v./
phenylephrine 20-100pg i.v. (for hypotension), atropine
0.5mg i.v. (bradycardia)

Type of surgery: abdominal; gynaecological, urological,
orthopaedic

Duration of surgery: precise duration not stated.
Minimum 1 hour

Duration of GA: ranged from 170.8 (= 90.6) minutes
(standard practice group) to 190.8 (== 84.9) minutes
(spectral entropy-guided group)

Inclusion criteria: aged 18-80 years, ASA physical
status I, Il, Ill, scheduled for elective abdominal,
gynaecological, urological or orthopaedic surgery
expected to last at least 1 hour

Exclusion criteria: history of any disabling central
nervous or cerebrovascular disease, hypersensitivity to
opioids or substance abuse, treatment with opioids or
any psychoactive medication, or a body weight <70%
or more than 130% of ideal body weight

Baseline measurements:

Sex (male), n (%): group 1 =14 (41); group 2 =23
(62%); group 3 =23 (43%)

Age years, mean (SD): group 1 =57;(%=19); group

2 =58 (+18); group 3=54 (£ 15)

Ethnic groups, n (%): NR

Weight kg: group 1 =73 (£ 18.2); group 2=77.6
(+£17.3); group 3=68.8 (+ 13.4)

ASA grade, n (I/II/Il): group 1 =13/16/5; group

2 =14/19/4; group 3 = 26/24/4

Risk factors for awareness: none reported
Comorbidities: none reported

Losses to follow-up: none reported

Place of anaesthetic administration: operating
room

Outcome measures

Primary outcome:
Reduction in
sevoflurane
consumption

Secondary outcomes:

Sufentanil
consumption

BIS and E-Entropy
device values

Haemodynamic
profiles (bradycardia,
tachycardia, normal
range of arterial blood
pressure)

Treatment of adverse
events (hypotension/
hypertension/
tachycardia/
bradycardia)

% of time passed
with hypotension/
hypertension/
tachycardia/
bradycardia

Time to spontaneous
eye opening

Time to extubation
Intraoperative recall

Length of follow-up:
intraoperative recall
assessed on first and third
postoperative days

Methods of assessing
outcomes: sevoflurane
consumption measured
by sevoflurane vaporiser
weight: mean for one
patient; mean for one
patient normalised to the
duration of anaesthetic;
mean for one patient
normalised to the
duration of anaesthetic
and also to the weight of
the patient

Intraoperative recall
measured by standardised
interview (Brice et al.?)

NR, not reported; SD, standard deviation.



Outcome
Intraoperative awareness/recall

Patient distress and sequelae resulting from
perioperative awareness

Time to spontaneous eye opening (minutes)
Time to extubation (minutes)
Time to discharge to/from the recovery room
Anaesthetic consumption (for one patient) mean (SD)
Sevoflurane consumption (g)
Sevoflurane consumption normalised (g/hour)
Sevoflurane consumption normalised (g/kg/hour)
HRQoL
Nausea/vomiting/antisickness drugs
Pain/pain relieving drugs (for one patient)
Sufentanil induction dose
Sufentanil induction dose (ug/kg)
Sufentanil induction dose (ug/hour)
Sufentanil maintenance consumption (ug/kg/hour)
Other morbidity
Ephedrine use (n)
Nicardipine use (n)
Esmolol
Atropine (n)
Mortality

Group 1
0
NR

7.6 (+=4.1)
11.1(x5.1)
NR

21.3(=11.1)
7.2 (+3.0)
0.10 (£ 0.04)
NR

NR

0.22 (+0.05)
14.0 (x6.7)
0.20 (x0.09)

NR

Group 2
0
NR

7.2(+=4.7)
11.5(x5.8)
NR

22.8(x14.4)
7.8 (+3.4)
0.10 (£ 0.05)
NR

NR

0.21 (x0.05)
13.6 (x6.1)
0.18 (= 0.09)

o o NN

Group 3
0
NR

8.0 (=3.9)
14.2 (+9.0)
NR

25.6(x17.2)
9.4 (+5.6)
0.14 (x0.09)
NR

NR

0.23 (x0.06)
14.9 (+8.3)
0.22 (x12)

NR

p-value

NR
NR

NR
NR
NR

0.49
0.07
0.003
NR

NR

0.18
0.66
0.26

NR
NR
NR
NR
NR

NR, not reported; SD, standard deviation.



Additional resultsilcomments (e.g. early response factors, QoL)

Percentage of time passed (induction, maintenance, recovery and total) with bradycardia (<75% of baseline values),
normal range of heart rate, tachycardia (>125% of baseline values), hypotension (<75% of baseline values), normal range
of mean arterial blood pressure, and hypertension (>125% of baseline values) were similar among groups (data not
extracted)

Results demonstrate that BIS and spectral entropy guidance for the titration of sevoflurane results in a reduction of 29% in
sevoflurane consumption

Sevoflurane consumption was statistically significantly different between study arms only when normalised for patient
weight and duration of anaesthesia

Methodological comments

Allocation to treatment groups: random using a randomisation list performed with computer-generated random numbers
Allocation concealment: NR

Blinding: NR

Analysis by ITT: analysis excluded those who became ineligible post randomisation

Comparability of treatment groups at baseline: reported to be similar in demographics except that patients in the
E-Entropy-guided group (group 2) were statistically significantly heavier (o = 0.04). More males were included in the
E-Entropy-guided group

Method of data analysis: chi-squared test for nominal data. One-way analysis of variance with Bonferroni’s test for multiple
comparisons used for numerical data

Sample size/power analysis: previous open study from the authors’ institution in the same surgical population showed that
sevoflurane consumption was 0.16 = 0.10 g/kg/hour. Applying an a priori power analysis, at least 34 patients had to be
enrolled in each treatment group to detect a reduction of 50% in the sevoflurane consumption with a risk o of 0.05 and

a statistical power of 0.9. The authors included 60 patients in the standard practice group and 40 in the BIS and spectral
E-Entropy-guided groups

Attrition/dropout: six patients excluded from group 3 (one not extubated at the end of surgery due to hypothermia, three
required intraoperative propofol administration, and missing data in two cases), six patients excluded from group 1 (three
not extubated at the end of surgery because of hypothermia, two required intraoperative propofol administration, and
monitor data were lost in one case), and three from group 2 (all were not extubated at the end of surgery because of
hypothermia, two required intraoperative propofol administration)

General comments

Generalisability: general surgical population receiving an inhaled maintenance anaesthetic, not specifically identified as at
increased risk for intraoperative awareness

Intercentre variability: NA
Conflict of interests: none declared. Some of the monitoring equipment used was provided by GE Healthcare

NA, not applicable; NR, not reported.

Selection bias

Random sequence generation Low Computer-generated randomisation
Allocation concealment Unclear No information given
Performance bias

Blinding of participants and personnel Unclear No information given

Detection bias

Blinding of outcome assessment Unclear No information given

Attrition bias

Incomplete outcome data Low Exclusions generally balanced between
groups, and generally similar reasons given

Reporting bias

Selective reporting Low No evidence to suggest selective reporting




Avidan et al.

Reviewer 1: JS

Reference and
design

Author: Avidan*
Year: 2011

Study design:
RCT

Number of
centres: three

Countries: USA/
Canada

Sponsors:
Foundation for
Anaesthesia
Education

& Research;
American Society
of Anaesthetists
Winnipeg
Regional Health
Authority &
University of
Manitoba
Department of
Anaesthesia;
Department of
Anaesthesiology at
Washington in St.
Louis; University;
Department of
Anaesthesiology
at University of
Chicago

Trial name: BIS or
Anaesthetic Gas
to Reduce Explicit
Recall trial (BAG-
RECALL)

Reviewer 2: GF

Technology

Group 1: BIS
(Covidien)

Target device/
index value: 40-60
(audible alarms
used outside of
this range)

Group 2: ETAC
(audible alarms
used outside of
0.7 to 1.3 age-
adjusted MAC
range in group 2
only)

Patients in group
2 had monitors
configured to
conceal the BIS
value and did
not receive a BIS
audible alarm

Commencement
of monitoring: not
stated

Length of
experience/training
of anaesthetist:
summaries of BIS
and ETAC protocols
were given to the
practitioners to
provide education
and to increase
adherence. Signs
were affixed

to anaesthesia
machines

to remind
practitioners to
check BIS/ETAC
and consider
patient awareness

Participants

Total numbers involved: 6041
randomised; 3021 (group 1); 3020
(group 2)

Premedication used: midazolam used
in 80.8% patients (group 1); 79.7% of
patients (group 2)

General anaesthetic used: isoflurane,
sevoflurane or desflurane (further
information not reported)

Regional anaesthesia used: none (except for
13 patients who were excluded from the
study)

Analgesia used: not stated
Muscle relaxants used: not stated
Antinausea drugs used: not stated
Other drugs used: not stated

Type of surgery: not explicitly reported, but
inclusion criteria refer to open heart surgery
(see below)

Duration of surgery: not stated
Duration of GA: not stated

Inclusion criteria: 18 years or older,
undergoing GA with isoflurane, sevoflurane
or desflurane. At high risk for intraoperative
awareness for one or more of the following
risk factors: planned open heart surgery;
aortic stenosis; pulmonary hypertension;
use of opiates; use of benzodiazepines;

use of anticonvulsant drugs; daily alcohol
consumption; ASA status 4; end-stage lung
disease; history of intraoperative awareness;
history of or anticipated difficult intubation;
cardiac ejection fraction <40%; marginal
exercise tolerance

Exclusion criteria: patients with dementia,
unable to provide written informed consent,
or had a history of stroke with residual
neurological deficits. ‘Minor risk factors’

for awareness as used in the B-Aware study
were not used as enrolment criteria

Baseline measurements:

Sex (male), n (%): group 1=1621 (56.7);
group 2 =1679 (58.9)

Age years, mean (SD): group 1 =60
(+14.2); group 2="61 (= 14.4)

Outcome measures

Primary outcome:

o Incidence of definite
intraoperative awareness

Secondary outcomes:

o Definite or possible
awareness (pre-specified
secondary outcome)

o Distressing experience
of awareness (post hoc
secondary outcome)

Length of follow-up: up to
30 days post extubation

Methods of assessing
outcomes: awareness assessed
by modified Brice questionnaire
(references cited). Assessments
made 72 hours after surgery,
and 30 days after extubation.
Patients who reported
memories of the period
between ‘going to sleep” and
‘waking up’ were contacted by
a different evaluator, who asked
additional structured questions.
Three experts independently
reviewed responses to the
questionnaire from patients
who had reported memories
and determined whether the
reported event involved definite
awareness, possible awareness
or no awareness. Experts
assigned each event of definite
or possible awareness to one of
the categories of the Michigan
Awareness Classification
Instrument. In the event of
divergence of opinion a fourth
expert reviewer who reviews
cases for the Anaesthesia
Awareness Registry of the ASA,
made the final determination




Reviewer 1: JS Reviewer 2: GF

Reference and
design

Technology

Participants

Ethnic groups, n (%):

White: group 1 =2405 (84.1); group
2=12388(83.7)

Black: group 1 =357 (12.5); group 2 =369
(12.9)

Other: group 1 =99 (3.5); group 2 =95
(3.3)

Weight BMI (SD): group 1 =30 (=8.4);
group 2 =30 (+8.3)

ASA grade, n (%):

1: group 1=23(0.8); group 2=19 (0.7)
2: group 1 =468 (16.4); group 2 =407
(14.3)

3: group 1=1416 (49.5); group 2 = 1407
(49.3)

4: group 1 =954 (33.3); group 2=1019
(35.7)

Composite number of inclusion criteria
met (risk factors as defined above under
‘inclusion criteria’)

e Median: 2 (group 1); 2 (group 2)

o Interquartile range: 1-3 (group 1); 1-3
(group 2)

Comorbidities:

Composite number of pre-existing medical
conditions (as above)

e Median: 2 (group 1); 2 (group 2)

o Interquartile range: 1-3 (group 1); 1-3
(group 2)

Losses to follow up: 46 (group 1); 50

(group 2)

Place of anaesthetic administration: NR

Outcome measures

NR, not reported; SD, standard deviation.



Difference, BIS-ETAC

Outcome percentage points (95% Cl) p-value

Intraoperative awareness, n/N (%)

Definite 7/2861 2/2852 0.17 (-0.03 t0 0.38) 0.98
(0.24) (0.07)
Definite or possible 19/2861 8/2852 0.38 (0.03 t0 0.74) 0.99
(0.66) (0.28)
Patient distress and sequelae resulting from 8/2861 1/2852 0.24 (0.04 to 0.45) 0.99
perioperative awareness, n (%) (0.28) (0.04)
Time to emergence from anaesthesia NR NR NR NR
Time to extubation NR NR NR NR
Time to discharge to/from the recovery room NR NR NR NR
Anaesthetic consumption NR NR NR NR
HRQoL NR NR NR NR
Nausea/vomiting/antisickness drugs NR NR NR NR
Pain/pain-relieving drugs NR NR NR NR
Other morbidity (e.g. cognitive dysfunction) NR NR NR NR
Mortality
Died before first interview 33/2907  38/2902 NR NR

(1.14%) (1.31%)

30-day mortality 57/2907 64/2902 0.24 (-0.50 to 0.99) NR
(1.96%) (2.21%)

NR, not reported.



Additional results/comments

In total, 49 patients, including patients from all three enrolment sites, reported having memories of the period between
‘going to sleep’ and ‘waking up’ at the end of surgery

Experts determined that nine patients had definite intraoperative awareness (incidence 0.16%, 95% Cl 0.08 to 0.30), and
27 patients had definite or possible awareness (incidence 0.47%, 95% CI 0.32 to 0.68)

A classification of awareness events is given, according to the Michigan Awareness Classification (data not extracted)

Patients who experienced awareness compared with patients who did not, met a median of one additional inclusion
criterion and had a median of one additional pre-existing medical condition

A total of five of the nine patients who experienced possible awareness did not have either BIS values of >60 or ETAC
values of <0.7 age-adjusted MAC

Overall, during the maintenance of anaesthesia the BIS was <60, a median of 94.0% of the time (interquartile range,
93.6-100), and the ETAC was >0.7 age-adjusted MAC, a median of 84.8% of the time (interquartile range, 67.2-95.3)

In both groups the median length of stay in the hospital was 7.0 days, and the median length of stay in the ICU was
2.1 days

There were no important differences between the groups in the doses of sedative, hypnotic, opioid analgesic or
neuromuscular-blocking drugs administered

Methodological comments

Allocation to treatment groups: 6100 pre-randomisation designations were generated electronically n blocks of 100,
divided equally between the groups

Allocation concealment: labels indicating BIS group or ETAC group were sealed in opaque, numbered envelopes

Blinding: the anaesthesia practitioners were aware of the patients’ group assignments, but the patients, the postoperative
interviewers, the expert reviewers and the statisticians were not

Analysis by ITT: a modified ITT analysis was performed, which included all patients who underwent randomisation and
who were assessed for intraoperative awareness. All the patients were treated with the protocol to which they had been
randomly assigned

Comparability of treatment groups at baseline: Statistically significant differences were found for two variables: use of
anticonvulsant drugs (slightly higher in group 1); cardiac ejection fraction <40% (slightly higher in group 2)

Method of data analysis: Fisher's exact test for primary and secondary analysis. Chi-squared test, Fisher’s exact test,
unpaired Mann-Whitney U-test or unpaired Student’s t-test used for other comparisons

Sample size/power analysis: it is estimated that with 6000 patients the study would have 87% power to detect a clinically
significant reduction of 0.4 percentage points in the incidence of definite awareness with the BIS protocol, compared with
the ETAC protocol (from 0.5% in the ETAC group to 0.1% in the BIS group), at a one-tailed alpha level of 0.05 with the use
of Fisher’s exact test

Attrition/dropout: of the 3021 patients randomised to group 1, 114 (3.8%) were excluded post randomisation. Of the
remaining 2907 patients, 46 (1.6%) were lost to follow-up and 2861 were assessed for intraoperative awareness. Of the
3020 patients randomised to group 2, 118 (3.9%) were excluded. Of the remaining 2902, 50 (1.7%) were lost to follow-
up and 2852 were assessed for intraoperative awareness. Reasons given for exclusions and loss to follow-up in both
groups were similar (primarily death before awakening). 5713 (98.3%) completed at least one postoperative interview and
were included in the primary outcome analysis. 5413 (93.2%) completed the postoperative interviews at both times (within
72 hours after surgery and at 30 days after extubation)

General comments

Generalisability: surgical population classified at high risk of intraoperative awareness receiving inhaled anaesthesia.

Not applicable to the general surgical population, and those receiving i.v. anaesthesia. BIS and ETAC were used as part
of structured protocols. It was not the intention of the protocols to prescribe or restrict the use of anaesthetic agents.
Practitioners could decrease anaesthetic administration at their discretion if a patient’s condition was haemodynamically
unstable. The protocols were designed to increase vigilance and to provide warnings that patients might be aware

Intercentre variability: median BIS and ETAC values were similar between the three study sites
Conflict of interests: states that no potential conflict of interest was reported




Domain

Selection bias

Random sequence generation
Allocation concealment
Performance bias

Blinding of participants and personnel
Detection bias

Blinding of outcome assessment
Attrition bias

Incomplete outcome data

Reporting bias

Selective reporting

Author’s judgement

(state: low/high/unclear
risk)

Low

Low

Unclear

Low

Low

Low

Support for judgement

Electronic randomisation

Sealed opaque envelopes

Postoperative interviewers, the expert reviewers and
the statistician were not aware of group assignment

Level of missing data from postrandomisation
exclusions and loss to follow-up and reasons were
similar between study arms

No evidence to suggest selective reporting




Bannister et al.

Reviewer 1: GF

Reference
and design

Author:
Bannister et
al.®

Year: 2001

Study design:
RCT

Number of
centres: not
reported;
appears to be
one

Country: USA

Sponsor:
supported

in part by a
grant from
Aspect medical
systems (device
manufacturer)

Reviewer 2: JS

Technology

Group 1: BIS
(version 3.3, Aspect
Medical Systems)
using an A-1050
EEG monitor

Target device/
index value: 40-60
during maintenance
and 60-70 during
last 15 minutes of
surgery
Commencement of
monitoring: prior
to anaesthesia;
location not
reported

Group 2: standard
practice (at
anaesthesiologist’s
discretion using
unspecified

clinical signs and
haemodynamic
changes). BIS was
recorded but the
anaesthesiologist
was blinded to BIS
data

Length of
experience/training
of anaesthetist: NR

Participants

Total numbers involved: n=75; group 1, n =40,
group 2, n =35

NB part of a wider study (total n =202) that
included patients aged 0-3 years and 3-18 years,
with patients randomised within age groups. Only
the 3- to 18-years age group meets the systematic
review age inclusion criterion and is reported here
(mean age in the younger group <2.2 years)

Premedication used: midazolam 0.3-0.75mg/kg
(group 1, 77.5%, group 2, 88.6%)

General anaesthesia (induction and maintenance):
sevoflurane in 60% N,O in oxygen (8% sevoflurane
in induction; not stated for maintenance)

Regional anaesthesia: none

Analgesia: fentanyl 1-2 ug/kg or morphine
0.05-0.1 mg/kg

Muscle relaxants: non-polarising i.v. neuromuscular
block (no other details)

Antinausea drugs: none reported
Other drugs: opioids (dose not specified)

Type of surgery: tonsillectomy and/or
adenoidectomy

Duration of surgery, mean = SD: group 1,
27.7 =17.1 minutes; group 2, 33.2 = 20.3 minutes

Duration of GA: not reported

Inclusion criteria: not reported other than age
6-18 years and undergoing tonsillectomy and/or
adenoidectomy

Exclusion criteria: NR
Baseline measurements:

Sex (male), n (%): group 1, 26 (65.0); group 2, 23
(65.7)

Age (years), mean +SD: group 1, 6.7 = 2.5; group
2,6.1+x26

Ethnic groups, n (%): NR

Weight (kg), mean = SD: group 1, 26.9 + 10.6;
group 2: 27.7+14.7

ASA grade: NR

Risk factors for awareness: none reported
Comorbidities: none reported

Losses to follow-up: none reported

Place of anaesthetic administration: NR

Outcome measures

Outcomes (not
reported whether
primary or secondary):

o Sevoflurane
consumption

o BIS device values

o Time to first movement
response

o Time to extubation
o Time to PACU discharge

o Haemodynamic
parameters (mean
arterial pressure and
heart rate)

Length of follow-up:
limited to period up to
discharge from PACU

Methods of assessing
outcomes: sevoflurane
concentration was
measured with a
Capnomac Ultima gas
analyser (Datex Medical
Instrumentation Inc.,
Helsinki, Finland) and end-
tidal concentration was
continuously recorded by a
computer

PACU discharge readiness
was defined as a score of
>12, with no zeros, on a
modified Aldrete scale and
in a room air O, saturation
>94%

NR, not reported.



Group 1: Group 2: Standard

Outcome BIS (n=40) clinical practice (n = 35)
Intraoperative awareness/recall NR NR NR
Patient distress and sequelae resulting from perioperative NR NR NR
awareness

Time to emergence from anaesthesia: mean = SD time to first 42+37 7.0+3.9 <0.05
movement response, minutes

Mean = SD time to extubation, minutes 7.1+3.7 11.3+£5.9 <0.05
Mean = SD time to discharge from the PACU 20.0+7.9 26.7+11.2 <0.05

Anaesthetic consumption: mean =+ SD end-tidal sevoflurane
concentration (%)

Maintenance of GA 1.8+0.4 2.4=x0. <0.05

Last 15 minutes of GA 1.6x0.6 2.1x0.7 <0.05

End of procedure 1.1+0.6 1.5+0.7 NS
HRQoL NR NR NR
Nausea/vomiting/antisickness drugs NR NR NR

Pain/pain-relieving drugs

Opioid use, n (%) 37 (92.5) 35 (100) NR
Other morbidity NR NR NR
Mortality NR NR NR

NR, not reported; NS, not statistically significant (p>0.05).

Additional resultsicomments (e.g. early response factors, QolL)
Primary outcome not specified but the main focus appears to be on anaesthetic consumption and recovery times

Stated there were no statistically significant differences among groups for mean arterial pressure or heart rate recorded
during surgery (no quantitative data or p-values provided)

Stated there were no intergroup differences in any measured variables between group 2 and a historical control group —
showing no change in clinical practice during the trial

Methodological comments

Allocation to treatment groups. stated random allocation but sequence generation method not reported

Allocation concealment: NR

Blinding: single observer blinded to the patient groups was responsible for all PACU discharge assessments

Analysis by ITT: unclear: ITT not mentioned and sample sizes not reported for outcomes

Comparability of treatment groups at baseline: stated no statistically significant differences in demographic data between
the groups (no p-values reported), but data were only provided for age, weight and sex, which were similar in the two
study groups. No information was provided on ethnicity or health status

Method of data analysis: non-normally distributed variables (not specified) were identified by Kolmogorov—Smirnov statistic
then log-transformed. Parametric data (not specified) were compared between group 1 and group 2 using Bonferroni-
corrected t-tests. Chi-squared test was used to compare sex distribution

Sample size/power analysis: NR
Attrition/dropout: none reported

General comments

Generalisability: North American paediatric population aged 6-18 years undergoing tonsillectomy and/or adenoidectomy
under sevoflurane for GA; socioeconomic details not reported. Not specifically identified as at risk for intraoperative
awareness

Intercentre variability: NA (appears to be a single-centre study)

Conflict of interests: funded in part by Aspect Medical Systems (AMS) who supplied the BIS monitor. One author was
employed by AMS; another author was a paid consultant to AMS

NA, not applicable; NR, not reported.



Author’s judgement

(state: low/high/
Domain unclear risk) Support for judgement

Selection bias

Random sequence generation Unclear No information given
Allocation concealment Unclear No information given
Performance bias

Blinding of participants and Unclear No information given
personnel

Detection bias

Blinding of outcome assessment  Unclear Single observer blinded to the patient groups was responsible
for all PACU discharge assessments. Not reported whether or
not observers were blinded for other outcomes

Attrition bias

Incomplete outcome data Unclear Attrition and sample sizes for outcomes not reported
Reporting bias

Selective reporting Low No evidence to suggest selective reporting

Other bias

Other sources of bias High Notable conflict of interest declared likely to favour results

supporting the utility of BIS-guided anaesthesia




Bhardwaj and Yaddanapudi

Reviewer 1: JS

Reference
and design

Author:
Bhardwaj and
Yaddanapudi*®

Year: 2010

Study design:
RCT

Number of
centres: one

Country: India

Sponsor: not
stated

Reviewer 2: JB

Technology

Group 1: BIS
Monitor

Model A-2000 IP X
2 (Aspect Medical
Systems Inc.,
Newton, MA, USA)
(propofol infusion
rate manually
altered by 20 ug/
kg/minute to achieve
a BIS value between
45 and 60)

Group 2: Standard
clinical practice
(propofol infusion
rate manually
altered by
20ug/kg’'minute if
systolic blood
pressure changed by
>20% of baseline)

Commencement

of monitoring:
following transition
to the operating
theatre and just
before start of
induction of
anaesthesia.
Monitoring
continued in
recovery room and
monitored until
patients achieved
discharge criteria
(Steward score of 6)

BIS monitoring

took place in both
groups, but monitor
was kept covered in
group 2

Length of
experience/training
of anaesthetist: not
stated

Participants

Total numbers involved: 50; group 1 =25; group
2=25

Premedication used: midazolam 0.5mg/kg

General anaesthetic used: propofol 3 mg/kg (induction).
Propofol 150 pg/kg/minute with nitrous oxide in oxygen
(FiO, 0.33) (maintenance)

Regional anaesthesia used: none

Analgesia used: morphine 0.1 mg/kg (induction).
Additional dose of opioid (fentanyl or morphine) was
administered if signs of inadequate anaesthesia detected

Muscle relaxants used: atracurium (0.5 mg/kg) used to
facilitate tracheal intubation

Antinausea drugs used: NR

Other drugs used: atropine used to treat bradycardia
(heart rate <80 of baseline). Neostigmine
(0.05mg/kg and atropine (0.025 mg/kg) used for
reversal of neuromuscular blockade

Type of surgery: elective urogenital surgery

Duration of surgery (minutes), mean (SD): group
1=65.6(29.2); group 2=71.8 (27.3)

Duration of GA (minutes), mean (SD): group 1 =288.6
(31.8); group 2=95.1 (28.3)

Inclusion criteria:

ASA 1 children aged 2—12 years undergoing elective
urogenital surgery of about 1 hour in duration under GA

Exclusion criteria:

Patients with epilepsy and those taking drug known to
affect EEG

Baseline measurements:

Sex (male), n (%): group 1 =21/25 (84%); group

2 =24/25 (96%)

Age (years), mean (SD): group 1 =6.3 (3.2); group 2=6
3)

Ethnic groups, n (%): NR

Weight (kg), mean (SD): group 1=18.7 (8.1); group
2=18.5(5.9)

ASA grade: all grade 1

Risk factors for awareness: NR
Comorbidities: NR

Losses to follow-up: NA

Place of anaesthetic administration: premedication
took place prior to transfer to the operation theatre. GA
was initiated in the operation theatre

Outcome
measures

Primary outcome:

o Reduction in
consumption of
propofol

Secondary
outcome:

o Recovery from
anaesthesia

Length of follow-
up: NA (all outcomes
measured at the end
of surgery)

Methods of
assessing
outcomes: Steward
recovery scoring
system used to
assess eligibility

for discharge from
the recovery room
(eligibility = score
of 6)

Duration of
anaesthesia was
defined as the

time from the

start of propofol
bolus for induction
to extubation of
trachea. Duration of
surgery was defined
as the time from
surgical incision to
the application of
last suture

NA, not applicable; NR, not reported; SD, standard deviation.



Outcome
Intraoperative awareness/recall

Patient distress and sequelae resulting from
perioperative awareness

Time to emergence from anaesthesia

Time to extubation

Time to discharge to/from the recovery room

Anaesthetic consumption

Propofol consumption during maintenance of
anaesthesia, mean (SD)

Total propofol consumption, mean (SD)

Duration of propofol infusion, mean (SD)

HRQoL
Nausea/vomiting/antisickness drugs
Pain/pain-relieving drugs

Morphine consumption, Mean (SD)

Other morbidity, n/N (%)
Hypertension
Hypotension
Bradycardia

Mortality

Group 1
NR
NR

Group 2
NR
NR

p-value

NR
NR

Time to eye-opening and time to response to commands reported
to be comparable in the two groups

No difference in the time interval between end of anaesthesia and
return of consciousness between the groups on basis of log-rank

test; (p =0.86)

Time to extubation reported to be comparable in the two groups

Time to achieve a Steward recovery score of 6 (for discharge from
the recovery room) reported to be comparable in the two groups

108.6ug/
kg’minute (37.8)

232.6mg (136.7)

82 minutes (29.2)

NR
NR

1.9 (08)

5/25 (20%)
6/25 (24%)
8/25 (32%)
NR

106.6ug/
kg’minute (38.9)

250.8mg (118.2)

86 minutes (28.5)

NR
NR

1.9(0.6)

5/24 (21%)
7/24 (29%)
6/24 (25%)
NR

NR

Mean difference 1.9
(95% Cl -19.9 to 23.7)

NR

Mean difference —18.1
(95% Cl -68.2 to 76)

NR

Mean difference -4
(95% CI =20 to 13.5)

NR
NR

NR

Mean difference —0.01
(95% Cl -0.4 to 0.4)

NR
NR
NR
NR

NR, not reported.



Additional resultsicomments (e.g. early response factors, QolL)
Mean propofol infusion rates at various time intervals during the course of surgery were similar in the two groups

The number of patients requiring additional opioids was similar in both groups (two patients in group 1 compared with
three patients in group 2)

Mean heart rate and systolic blood pressure were not statistically different between the groups during the duration of
surgery

Methodological comments

Allocation to treatment groups: computer-generated randomisation table

Allocation concealment: randomisation to the two groups was performed by opening a sealed envelope

Blinding: NR

Analysis by ITT: all patients received their allocated intervention. Only one patient was excluded from the analysis (group 2)

because the child received lower propofol infusion rate owing to wrong dose calculation. Note that table 1 which provides
demographic data and study outcomes lists there being 25 patients in each group

Comparability of treatment groups at baseline: authors state that the two study groups were comparable in terms of
demographic variables (age, weight, sex)

Method of data analysis: age, weight, heart rate, systolic blood pressure, and duration of anaesthesia, surgery and
propofol infusion were compared between groups using Student’s t-test, whereas the BIS values were compared between
groups using Mann-Whitney U-test

Sample size/power analysis: calculated that 22 patients required in each study group to detect a 20% difference in
propofol consumption [average requirement of propofol 150 ug/kg/minute (SD 30) with an alpha error of 0.05 and power
of 90%]. To compensate for any exclusion 25 patients were studied in each group

Attrition/dropout: as above, one patient was excluded from the analysis from group 2

General comments

Generalisability: authors state that they used the three-sensor device for BIS monitoring and that it does not use the new
XP technology. The newer version became available later in the study but was not used as the algorithm in the newer
device may be different and may affect results. Results of this study may therefore not be applicable to newer versions of
BIS monitors

Intercentre variability: NA
Conflict of interests: reported as ‘Nil’

Other: the authors note that the Steward score for anaesthetic recovery has never been formally validated for the paediatric
patient population, although is widely accepted as a tool in paediatric anaesthesia research

NA, not applicable; NR, not reported.

Author’s judgement

(state: low/high/
Domain unclear risk) Support for judgement

Selection bias
Random sequence generation Low Computer-generated randomisation table

Allocation concealment Unclear Sealed envelopes were used although it does not say
whether or not they were opaque

Performance bias

Blinding of participants and personnel  Unclear NR
Detection bias

Blinding of outcome assessment Unclear NR

Attrition bias

Incomplete outcome data Low Only one exclusion from the study
Reporting bias
Selective reporting Low No evidence to suggest selective reporting

NR, not reported.



Chan et al.

Reviewer 1: GF

Reference and
design

Author: Chan et
a/'47

Year: 2010

Study design: RCT

Number of
centres: two

Country: China

Sponsor: none
reported

Note: abstract only

Reviewer 2: JS

Technology

Group 1: BIS (no
further details)

Target device/index
value: 40-60 during
maintenance of GA

Commencement of
monitoring: NR
Group 2: routine
practice

Anaesthesia
adjusted according
to traditional
clinical signs and
haemodynamic
parameters (no
further details).

BIS was measured
but values were
not revealed to the
anaesthesiologist

Length of experience/
training of
anaesthetist: NR

Participants

Total numbers involved:

Starting number: 921; group 1, 449; group 2,
452

Number randomised per group not stated.
Difference (20 patients) between starting number
and sample size reported for outcomes but
unclear whether this reflects attrition before or
after randomisation

NB. There was also a matched control group of
211 non-surgery patients which were outside
of the randomised cohort — unclear in the
presentation of one outcome whether ‘control’
refers to this group or to the routine practice

group
Premedication used: NR

General anaesthetic used: not explicitly reported
but implied that both an inhalational agent and
i.v. propofol were involved

Regional anaesthesia used: not reported
Analgesia used: NR

Muscle relaxants used: NR

Antinausea drugs used: NR

Other drugs used: NR

Type of surgery: stated as major non-cardiac
surgery (no other details)

Duration of surgery: NR
Duration of GA: NR

Inclusion criteria: elderly patients (>60 years)
undergoing major non-cardiac surgery. No other
details reported

Exclusion criteria: none reported

Baseline measurements: stated that patient
characteristics and surgical details were similar
between groups. No baseline data reported

Losses to follow-up: NR
Place of anaesthetic administration: NR

Outcome measures

Outcomes (not
stated whether
primary or
secondary):

o POCD

o BIS device values

© Anaesthetic
consumption

Length of follow-
up:1 week and

3 months after
surgery

Methods of
assessing
outcomes: POCD
assessed by a
battery of eight
neuropsychology
tests before and

at 1 and 3 weeks
after surgery (no
information on the
tests reported). POCD
was confirmed when
two or more test
parameters or the
combined z-score
>1.96 (no further
information given)

NR, not reported.



Group 1 (BIS) Group 2 (routine

Outcome (n =449) care) (n=452)
Intraoperative awareness/recall NR NR NR
Patient distress and sequelae resulting from perioperative NR NR NR
awareness

Time to emergence from anaesthesia NR NR NR
Time to extubation NR NR NR
Time to discharge to/from the recovery room NR NR NR

Anaesthetic consumption

ETAC 25.3% reduction  NR NR

vs group 2°
Target plasma propofol concentration 20.7% reduction  NR NR

Vs group 2°
HRQoL NR NR NR
Nausea/vomiting/antisickness drugs NR NR NR
Pain/pain-relieving drugs NR NR NR

Other morbidity (e.g. cognitive dysfunction), n (%)°
POCD, 1 week post surgery 146 (32.5) 177 (39.1) 0.07

POCD, 3 months post surgery 36 (8.1) 54 (12.0) 0.03 [OR (95% ClI)
1.6 (1.0 to 2.4)]

Mortality NR NR NR

NR, not reported.

a Assumed by reviewer that this comparison was between groups 1 and 2; however, the wording of the results does
not rule out that the comparison may instead have been between group 1 and the matched ‘control” group.

b Percentages only were provided in the abstract; numbers of patients estimated by reviewer.



Additional resultsilcomments (e.g. early response factors, QoL)

Only an abstract is available, hence, the information reported is limited

Reported ETAC and target plasma propofol concentration outcomes which would correspond, respectively, to inhaled and
i.v. anaesthesia; unclear how the patients received these different types of anaesthesia, as no subgroups were specified
Methodological comments:

Allocation to treatment groups: random assignment. No further details given

Allocation concealment: NR

Blinding: NR

Analysis by ITT: not discernible as the number randomised and the analysis methods were not reported

Comparability of treatment groups at baseline: stated patient characteristics and surgical details similar between groups,
but no data provided for any variables

Method of data analysis: NR

Sample size/power analysis: NR

Attrition/dropout: NR. The starting number of patients (921) is 20 more than the total sample size indicated for outcomes
data (449 + 452 =901); unclear whether or not this difference reflects attrition pre or post randomisation

General comments

Generalisability: elderly Chinese patients (>60 years) undergoing major non-cardiac surgery under GA, but limited
information on the types of anaesthesia (appears to include both inhaled and i.v.); unclear population characteristics (sex,
weight, comorbidities not reported); unclear surgical procedures (no information reported); and unclear which groups
some outcomes were reported for. Not reported whether or not population was at high risk of intraoperative awareness

Intercentre variability: NR
Conflict of interests: none reported

NR, not reported.

Author’s judgement

(state: low/high/
Domain unclear risk) Support for judgement

Selection bias

Random sequence generation Unclear No information given
Allocation concealment Unclear No information given
Performance bias

Blinding of participants and Unclear No information given
personnel

Detection bias
Blinding of outcome assessment Unclear No information given

Attrition bias

Incomplete outcome data Unclear No information given — number randomised not discernible
Reporting bias
Selective reporting Unclear Stated that postoperative complications were recorded, but

these were not reported




Choi et al.

Reviewer 1: JS

Reference and
design

Author: Choi
et al.>

Year: 2010

Study design:
RCT

Number of
centres: not
stated (presume
single-centre)
Country: South
Korea
Sponsor:
Dong-A
University

Reviewer 2: GF

Technology

Group 1: E-Entropy
(GE Datex-Ohmeda
S/5 Anaesthesia
monitor, Helsinki,
Finland)

Target device/index
value: state entropy
40-50

Entropy sensor
stripes were applied
upon arrival in the
operating room

Group 2: standard
practice

Sevoflurane adjusted
to maintain heart
rates and systolic
blood pressures
within 20% of the
baseline values

Entropy indices were
recorded with the
anaesthesiologist
blinded to them

Length of experience/
training of
anaesthetist: not
stated

Participants

Total numbers involved: 80 patients
enrolled. 39 were included in each group
Premedication used: i.v. midazolam (0.15mg/
kg)

General anaesthetic used: 5% vol%
sevoflurane in oxygen at fresh gas flow

of 5/minute (induction). Sevoflurane
administration was started at 2.5 vol% in air
and oxygen 1.5I/minute

Regional anaesthesia used: not stated
Analgesia used: intraoperative analgesics
were not used as their sedative effect may
not be detected by entropy monitoring.
ketorolac (non-steroidal anti-inflammatory)
0.5mg/kg i.v. administered following
sevoflurane cessation

Muscle relaxants used: rocuronium 0.6 mg/kg
i.v. used for endotracheal intubation

Antinausea drugs used: NR
Other drugs used: NR
Type of surgery: tonsillectomy/adenoidectomy

Duration of surgery (minutes), mean (SD):
group 1 =41.4 (+ 14.8); group 2 =48.1
(=17.8)

Duration of GA (minutes), mean (SD): group
1=64.3(x 16.4); group 2=67.9 (= 19.7)

Inclusion criteria: ASA physical status I-ll,
aged 3-12 years, scheduled for tonsillectomy/
adenoidectomy

Exclusion criteria: children with any
neurological disease or on any antiseizure
medication

Baseline measurements:

Sex (male), n (%): group 1 =25/39 (64);
group 2 =27/39 (69)

Age (years), median (range): group 1=4.0
(3.0-12.0); group 2 =16.0 (3.0-11.0)

Ethnic groups, n (%): NR

Weight (kg), median (range): group 1 =24.0
(13.0-35.0); group 2 =22.0 (14.0-52.0)

ASA grade: physical status I-II

Risk factors for awareness: none reported
Comorbidities: none reported

Losses to follow-up: NR

Place of anaesthetic administration: not
stated

Outcome measures

Primary outcome:

o Reduction in sevoflurane
use, as expressed by
end-tidal sevoflurane
concentration (described
as the ‘final end-point’)

Secondary outcomes:

o Time to extubation

o Time to eye opening

o Time to orientation

o Time to complete recovery
o Intraoperative recall

o Haemodynamic parameters
(heart rate; systolic and
diastolic blood pressure)

o Entropy values (state and
response entropy)

Length of follow-up:
longest follow-up appears to
be the first postoperative day
(for intraoperative recall)

Methods of assessing
outcomes: end-tidal
sevoflurane concentration,
entropy values and heart rate
were continuously recorded
using the S/5 Collect software
program (GE Healthcare)

on a computer hard drive

for off-line analysis. The
average end-tidal sevoflurane
concentration, entropy

values and haemodynamic
parameters during anaesthetic
maintenance were calculated
using data collected from

the application of the gag
retractor to the end of surgery

Patients were interviewed
about intraoperative recall
in the PACU and on the first
postoperative day by an
independent nurse

Time to the various recovery
parameters was measured
following discontinuation
of sevoflurane. Complete
recovery was defined as

a score of 9 or more on a
modified Aldrete score

NR, not reported.



Outcome Group 1 Group 2 p-value

Intraoperative awareness/recall Anaesthesia and surgery-related memories were
not reported by any patients in the postoperative
interview

Patient distress and sequelae resulting from perioperative awareness NR NR NR

Time (minutes) to emergence from anaesthesia, mean (SD)

Eye-opening 14.3 (3.6) 18.0 (3.3) NS

Orientation 18.2 (4.0) 23.3(5.0) <0.05

Complete recovery 24.3(7.3) 28.8(5.7) <0.05
Time (minutes) to extubation, mean (SD) 8.3 (1.4) 11.9 (2.5) <0.05
Time (minutes) to discharge to/from the recovery room NR NR NR
Anaesthetic consumption, end-tidal sevoflurane%, mean (SD) 2.2 (0.3) 2.6 (0.4) <0.05
HRQoL NR NR NR
Nausea/vomiting/antisickness drugs NR NR NR
Pain/pain-relieving drugs NR NR NR
Other morbidity (e.g. cognitive dysfunction) NR NR NR
Mortality NR NR NR

NR, not reported; NS, not statistically significant.

Additional resultsicomments (e.g. early response factors, QoL)

Systolic and diastolic blood pressure were significantly higher in group 1 compared with group 2 during anaesthesia
maintenance (p<0.05)

Methodological comments

Allocation to treatment groups: random, no further information given

Allocation concealment. parents opened a sealed envelope

Blinding: not stated

Analysis by ITT: NR. Analysis excludes two patients out of the 80 enrolled because of ‘technical problems’. It is not clear
whether this was pre or post randomisation

Comparability of treatment groups at baseline: authors state that there were no statistically significant demographic
differences between the groups or in the anaesthetic times or duration of surgery

Method of data analysis: nominal data were compared using the chi-squared test and parametric data were compared
using the two-sided t-test

Sample size/power analysis: applying a priori analysis, at least 33 patients had to be enrolled in each group to detect a
reduction of 20% in end-tidal sevoflurane concentration with an alpha of 0.05 and a statistical power of 0.9. Forty patients
were enrolled in each group for redundancy

Attriti