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A B S T R A C T

Background

Anaesthetic drugs during general anaesthesia are titrated according to sympathetic or somatic responses to surgical stimuli. It is now
possible to measure depth of anaesthesia using electroencephalography (EEG). Entropy, an EEG-based monitor can be used to assess the
depth of anaesthesia using a strip of electrodes applied to the forehead, and this can guide intraoperative anaesthetic drug administration.

Objectives

The primary objective of this review was to assess the eHectiveness of entropy monitoring in facilitating faster recovery from general
anaesthesia. We also wanted to assess mortality at 24 hours, 30 days, and one year following general anaesthesia with entropy monitoring.

The secondary objectives were to assess the eHectiveness of the entropy monitor in: preventing postoperative recall of intraoperative
events (awareness) following general anaesthesia; reducing the amount of anaesthetic drugs used; reducing cost of the anaesthetic as well
as in reducing time to readiness to leave the postanaesthesia care unit (PACU).

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL; 2014, Issue 10), MEDLINE via Ovid SP (1990 to September 2014)
and EMBASE via Ovid SP (1990 to September 2014). We reran the search in CENTRAL, MEDLINE via Ovid SP and EMBASE via Ovid SP in
January 2016. We added one potential new study of interest to the list of ‘Studies awaiting Classification' and we will incorporate this study
into the formal review findings during the review update.

Selection criteria

We included randomized controlled trials (RCTs) conducted in adults and children (aged greater than two years of age), where in one arm
entropy monitoring was used for titrating anaesthesia, and in the other standard practice (increase in heart rate, mean arterial pressure,
lacrimation, movement in response to noxious surgical stimuli) was used for titrating anaesthetic drug administration. We also included
trials with an additional third arm, wherein another EEG monitor, the Bispectral index (BIS) monitor was used to assess anaesthetic depth.

Data collection and analysis

We used standard methodological procedures expected by Cochrane. Two review authors independently extracted details of trial
methodology and outcome data from trials considered eligible for inclusion. All analyses were made on an intention-to-treat basis. We
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used a random-eHect model where there was heterogeneity. For assessments of the overall quality of evidence for each outcome that
included pooled data from RCTs, we downgraded evidence from 'high quality' by one level for serious (or by two for very serious) study
limitations (risk of bias, indirectness of evidence, serious inconsistency, imprecision of eHect or potential publication bias).

Main results

We included 11 RCTs (962 participants). Eight RCTs (762 participants) were carried out on adults (18 to 80 years of age), two (128
participants) involved children (two to 16 years) and one RCT (72 participants) included patients aged 60 to 75 years. Of the 11 included
studies, we judged three to be at low risk of bias, and the remaining eight RCTs at unclear or high risk of bias.

Six RCTs (383 participants) estimated the primary outcome, time to awakening aAer stopping general anaesthesia, which was reduced in
the entropy as compared to the standard practice group (mean diHerence (MD) -5.42 minutes, 95% confidence interval (CI) -8.77 to -2.08;
moderate quality of evidence). We noted heterogeneity for this outcome; on performing subgroup analysis this was found to be due to
studies that included participants undergoing major, long duration surgeries (oH-pump coronary artery bypass graAing, major urological
surgery). The MD for time to awakening with four studies on ambulatory procedures was -3.20 minutes (95% CI -3.94 to -2.45). No trial
reported the second primary outcome, mortality at 24 hours, 30 days, and one year with the use of entropy monitoring.

Eight trials (797 participants) compared the secondary outcome, postoperative recall of intraoperative events (awareness) in the entropy
and standard practice groups. Awareness was reported by only one patient in the standard practice group, making meaningful estimation
of benefit of entropy monitoring diHicult; moderate quality of evidence.

All 11 RCTs compared the amount of anaesthetic agent used between the entropy and standard practice groups. Six RCTs compared the
amount of propofol, four compared the amount of sevoflurane and one the amount of isoflurane used between the groups. Analysis of three
studies (166 participants) revealed that the MD of propofol consumption between the entropy group and control group was -11.56 mcg/kg/
min (95% CI -24.05 to 0.92); low quality of evidence. Analysis of another two studies (156 participants) showed that the MD in sevoflurane
consumption in the entropy group compared to the control group was -3.42 mL (95% CI -6.49 to -0.35); moderate quality of evidence.

No trial reported on the secondary outcome of the cost of general anaesthesia.

Three trials (170 participants) estimated MD in time to readiness to leave the PACU of the entropy group as compared to the control group
(MD -5.94 minutes, 95% CI -16.08 to 4.20; low quality of evidence). Heterogeneity was noted, which was due to the diHerence in anaesthetic
technique (propofol-based general anaesthesia) in one study. The remaining two studies had used volatile-based general anaesthesia. The
MD in time to readiness to leave the PACU was -4.17 minutes (95% CI -6.84 to -1.51) with these two studies.

Authors' conclusions

The evidence as regards time to awakening, recall of intraoperative awareness and reduction in inhalational anaesthetic agent use was
of moderate quality. The quality of evidence of as regards reduction in intravenous anaesthetic agent (propofol) use, as well as time to
readiness to leave the PACU was found to be of low quality. As the data are limited, further studies consisting of more participants will be
required for ascertaining benefits of entropy monitoring.

Further studies are needed to assess the eHect of entropy monitoring on focal issues such as short-term and long-term mortality, as well
as cost of general anaesthesia.

P L A I N   L A N G U A G E   S U M M A R Y

Entropy or EEG-based depth of anaesthesia monitoring for adults and children undergoing general anaesthesia

Review question

We wanted to assess if giving anaesthetic medicines according to the values shown in the entropy monitor would help in avoiding
overdosing or underdosing of patients with these drugs.

Background

General anaesthesia is a reversible state of unconsciousness produced by administering anaesthetic medicines that enable patients
to undergo surgery without pain or recollection of intraoperative events. Electroencephalography (EEG) is a method whereby sensors
attached on the scalp are used to pick up and record electrical activity of the brain. The entropy monitor measures the irregularity of the
processed EEG signals and displays it as a numerical value, denoting level of anaesthesia.

Too little anaesthesia can cause the patient to awaken during surgery, feel pain, hear conversations and realize that they are paralysed.
Recollection of these experiences aAer awakening can lead to severe mental distress, anxiety and inability to function normally. Excessive
anaesthesia can lead to delayed awakening and increased anaesthetic costs, as well as contribute to an increase in incidence of death
within 24 hours, or up to a year aAer surgery.
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An entropy monitor, by displaying values indicating adequate level of anaesthesia, can guide anaesthetic medicine administration, without
increasing chances of awakening during surgery. Further, it can facilitate faster awakening at the end of surgery, reduce costs and decrease
chances of death.

Study characteristics

We included studies that compared entropy monitoring to the standard practice of administering anaesthetic drugs according to changes in
heart rate, blood pressure, tearing, sweating or movement in response to surgery. The evidence is current to September 2014. We included
adults and children aged two to 16 years. The participants underwent all types of surgery, except brain surgery, under general anaesthesia.
We reran the search in January 2016. We identified one potential new study of interest; we will incorporate it into the formal review findings
during the review update.

Key results

We found 11 studies, with a total of 962 participants.

Six studies (383 participants) found minimally shorter time to awakening in the entropy group. No study reported on death occurring in
the first 24 hours aAer surgery or within 30 days to a year aAer surgery.

Eight studies (797 participants) evaluated recollection of intraoperative events (awareness). Adverse events were rare and no benefit was
evident.

All 11 studies compared anaesthetic medicine use: six compared propofol (given in the vein) and five evaluated anaesthetic gas (sevoflurane
or isoflurane). Limited studies were analysed because of diHerences in methodology and units of measurement. Analysis of three studies
(166 participants) found reduced propofol use, and two studies (156 participants) found lower sevoflurane use in the entropy group.

No study reported on cost of general anaesthesia. Three studies found shorter length of stay in the postanaesthesia care unit (PACU) in
the entropy group.

Quality of evidence

The evidence for assessing reduction in time to awakening, recall of intraoperative events and amount of inhalation of anaesthetic agents
used is of moderate quality. The quality of evidence as regards intravenous anaesthetic agent used and length of stay in the PACU is of
low quality.
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Summary of findings for the main comparison.   Entropy versus Standard for adults and children undergoing general anaesthesia

Entropy versus Standard for adults and children undergoing general anaesthesia

Patient or population: adults and children undergoing general anaesthesia
Settings: People undergoing various surgical procedures under general anaesthesia in hospitals in Europe (France, Germany, Bulgaria, Finland, Norway, Sweden) and Asia
(South Korea, China, Saudi Arabia, India, Taiwan).
Intervention: Entropy versus Standard

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Entropy versus Standard

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Time to awakening 

minutes1
  The mean time to awakening in the

intervention groups was
5.42 lower 
(8.77 to 2.08 lower)

  383
(6 studies)

⊕⊕⊕⊝

moderate 2
 

Study population

See comment See comment

Moderate

Decrease in mortality with
the use of the entropy moni-
tor at 24 hours, 30 days and
one year 
Assessng mortality at 24 hours,
30 days and one year

   

Not estimable 0

(03)

See comment  

Postoperative recall of intra-
operative events 
Validated questionnaire/ not

validated interview4

2 per 1000 0 per 1000 
(0 to 0)

Not estimable5 797
(8 studies)

⊕⊕⊕⊝

moderate 6
 

Anaesthetic agent (Intra-
venous used) 

mcg/kg/min7

The mean reduc-
tion in anaesthetic
agent (intravenous)
used was in mcg/
kg/min

The mean anaesthetic agent (intra-
venous requirement) in the interven-
tion groups was
11.56 lower 
(24.05 lower to 0.92 higher)

  166
(3 studies)

⊕⊕⊝⊝

low 8,9
 

Anaesthetic agent (Inhala-
tional used) 

ml10

The mean reduc-
tion in anaesthetic

The mean anaesthetic agent (inhala-
tional requirement) in the interven-
tion groups was

  156
(2 studies)

⊕⊕⊕⊝

moderate 11
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agent (inhalation)
used was in ml

3.42 lower 
(6.49 to 0.35 lower)

Study population

See comment See comment

Moderate

Cost of general anaesthesia 
GBP or USD

   

Not estimable 0

(012)

See comment  

Time to readiness to leave
PACU 

minutes13

  The mean time to readiness to leave
PACU in the intervention groups was
5.94 lower 
(16.08 lower to 4.20 higher)

  170
(3 studies)

⊕⊕⊝⊝

low 14,15
 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Defined as either time to extubation in intubated patients, or eye opening in response to verbal commands or spontaneous movements in non-intubated patients) aAer stopping
the anaesthetic agent
2 We downgraded the quality of evidence by one level because of the 6 included studies, only 2 RCTs had low risk of bias ( Choi 2010; Talawar 2010). Three RCTs had unclear risk
of bias in 3, 2 and 1 domains respectively (Aimé 2006; Jiahai 2012; Marinova 2012). In one study GE Healthcare Monitoring Solutions Helsinki, loaned the authors a S5 monitor
and probes (other bias) however authors did not find decreased time to awakening in the entropy group (Aimé 2006) . Only one RCT had high risk of bias because the outcome
assessor was not blinded (Ellerkmann 2010).
3 No RCT has studied this outcome, therefore no data available.
4 Five studies (Aimé 2006; Ellerkmann 2010; Jiahai 2012; Marinova 2012; Vakkuri 2005) used validated questionnaires [Brice (Brice 1970), Nordstrom (Nordström 1997), modified
Brice (Enlund 2002) , Dowd (Dowd 1998)] to elicit recall of intraoperative events whereas three studies (Choi 2010; Gruenewald 2007; Riad 2007) used non-validated interview
for eliciting incidence of awareness.
5 As postoperative recall of intraoperative events (awareness) is an extremely rare event and was observed in only one participant out of the 797 participants studied, any
estimation of the relative risk for the event on comparison of the groups would be misleading
6 We downgraded the quality of evidence by one level because of the 8 RCTs included,5 RCTs had unclear risk of bias in one or more domains (Aimé 2006; Gruenewald 2007; Jiahai
2012; Marinova 2012; Riad 2007) . Two RCTs had high risk of bias in one domain each (Ellerkmann 2010; Vakkuri 2005). Only one RCT had low risk of bias (Choi 2010).
7 Three studies (Ellerkmann 2010; Gruenewald 2007; Marinova 2012) calculated propofol requirement in mcg/kg/min
8 We downgraded quality of evidence by one level because of risk of bias. Two studies had unclear risk of bias in one or more domains (Gruenewald 2007; Marinova 2012). One
study (Ellerkmann 2010) had high risk of bias in one domain.
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9 We downgraded the quality of evidence by one level because of the wide confidence intervals observed -11.56 [-24.05, 0.92] mcg/kg/min in propofol consumption. The upper
boundary of the confidence interval denoted no eHect but the lower boundary denotes appreciable benefit. This was due to the heterogeneity introduced by one study (Marinova
2012) that had a small sample size.
10 Two studies assessed total sevoflurane requirement for the procedure, in one study (Aimé 2006) this was assessed in mg and in the other (Wu 2008) in ml. The values obtained
from the first study were converted into ml.
11 We downgraded the quality of evidence by one level because of the unclear risk of bias in more than one domains in both the studies (Aimé 2006; Wu 2008).
12 No RCT studied this outcome, therefore no data is available.
13 Time to readiness to leave PACU was evaluated from analysis of three studies (Choi 2010; El Hor 2013; Marinova 2012) in minutes. In the study by Choi 2010, authors were
contacted and time to complete recovery i.e. an Aldrete score of 9 (Aldrete 1970) or more was confirmed to be equivalent to time to readiness to leave PACU. Another study
(Marinova 2012) provided us time to readiness to discharge from the PACU aAer retrospectively calculating it.
14 We downgraded quality of evidence by one level because in one RCT (Marinova 2012) had an unclear risk of bias in one domain. The other two RCTs had low risk of bias (Choi
2010; El Hor 2013).
15 We downgraded the quality of evidence by one level because of the wide confidence intervals observed -5.94 [-16.08, 4.20] min. The upper boundary of the confidence interval
denoted no eHect but the lower boundary denotes appreciable benefit. This was due to a single study (Marinova 2012) which had unclear risk of bias due to allocation concealment.
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B A C K G R O U N D

Anaesthetic drug administration has classically been titrated
according to clinical signs, such as increases in heart rate or
mean arterial pressure, lacrimation or movement to noxious
stimuli (ASA Task Force 2006). The development of microprocessor
technology and Fourier transformation has made it possible to
use electroencephalographic (EEG)-based depth of anaesthesia
monitors in the operating room (Bruhn 2006; Punjasawadwong
2014). 'Entropy' is such a monitor, which can be used to assess the
depth of anaesthesia in patients undergoing general anaesthesia
(Vakkuri 2004), thereby providing the clinician with an alternative
tool to titrate anaesthetic agents.

Description of the condition

Anaesthesia is a drug-induced reversible loss of consciousness
which is produced for the purpose of facilitating a surgical
procedure. The drugs used in anaesthesia are very potent and
produce a global loss of consciousness. Despite this, there is a
0.1% to 0.2% incidence of awareness or recall of intraoperative
events in patients undergoing surgery under general anaesthesia
(Myles 2004; Spitellie 2002). The incidence of awareness is higher
in patients undergoing caesarean sections, cardiac surgery or
trauma surgery than other surgeries (Myles 2004; Spitellie 2002).
As many as 70% of participants with awareness during anaesthesia
can develop unpleasant sequale such as sleep disturbances,
nightmares, distressing flashbacks, anxiety attacks, inability to
concentrate and, in severe cases, prolonged or chronic post-
traumatic stress disorder (Leslie 2010a; Messina 2008: Spitellie
2002). Therefore the underdosage of anaesthetic drugs, which may
result in awareness, is to be avoided.

On the other hand, literature has revealed that anaesthetic drugs
can lead to neuronal cell apoptosis, especially in the elderly and
in children (Lu 2010; Xie 2006). In addition, there are reports of
increased mortality at 30 days, six months, as well as many years
aAer surgery in participants found to have increased depth of
anaesthesia by another EEG monitor, the Bispectral index (BIS)
monitor (Kertai 2010; Leslie 2010b; Monk 2005; Monk 2011). The
relationship may be an epiphenomenon rather than directly related
to anaesthetic drug overdose (Kertai 2010; Leslie 2010b; Monk 2005;
Monk 2011). However, the ability to titrate the anaesthetic drugs
and avoid underdosage or overdosage of these drugs may benefit
patients.

Description of the intervention

Entropy is an EEG-based monitor that measures the randomness or
irregularity of a signal. In the awake state, the EEG signal has greater
irregularity or randomness and therefore a higher value. With
increasing depth of anaesthesia, the EEG signal becomes regular
and the entropy value decreases (Vakkuri 2004). The entropy
monitor, a proprietary soAware of GE Datex-Ohmeda measures
two indices, state entropy (SE) and response entropy (RE).  SE is
computed from signals of 0.8 to 32 hertz (Hz) frequencies and
reflects cortical EEG activity. RE measures higher frequencies, from
0.8 to 47 Hz, and in addition, also assesses electromyogram (EMG)
signals originating from contraction of the frontalis muscle (Vakkuri
2004; Viertiö-Oja 2004). It was hoped that measuring RE and SE
would enhance the ability of the entropy monitor to assess the
depth of anaesthesia as compared to other EEG-based monitors,
such as Bispectral index (BIS). SE and RE values in the range of 40

to 65 indicate adequate depth of anaesthesia (Vakkuri 2004; Viertiö-
Oja 2004); the maximum awake value of SE is 91 and of RE is 100
(Vakkuri 2004; Viertiö-Oja 2004). An increase in the diHerence of RE
and SE values of 10 or more is thought to reflect pain or recovery
from muscle relaxants (Vakkuri 2004; Viertiö-Oja 2004).

Many studies (adults and children) found the entropy values
decrease with induction of anaesthesia, recovering to preinduction
awake values aAer anaesthetic drugs have been stopped (Davidson
2005; Klockars 2006; Klockars 2012; Moller 2008; Weil 2008). In other
studies, entropy values (40 to 65) have been found to correlate with
similar BIS values denoting adequate depth of anaesthesia (Baulig
2010; Bonhomme 2006; Meybohm 2010; Vanluchene 2004; White
2006). The entropy values also correlate with verbal rating scores,
denoting adequate depth of sedation (Iannuzzi 2005; Moller 2008;
Vanluchene 2004). Some studies have questioned participants
in the postoperative period about postoperative recollection of
intraoperative events (awareness) (Baulig 2010; Moller 2008).
Another method of assessing intraoperative awareness with the
entropy monitor would be by the use of the isolated forearm
technique in anaesthetized patients. However, such information
is lacking at present. Most studies use either validated (Baulig
2010), or non-validated questionnaires (Moller 2008), to ascertain
postoperative recollection of intraoperative events.

How the intervention might work

Monitoring anaesthetic depth with the entropy monitor could
facilitate reduction in amount of anaesthetic drug used without the
risk of recollection of intraoperative events. Reduced anaesthetic
agent administration could facilitate faster awakening aAer the
surgery (Aimé 2006; Choi 2010; Vakkuri 2005). The ability of the
RE index to sense impulses originating from frontalis muscle
contractions in response to nociceptive stimuli, further improves
the eHiciency of the monitor (Vakkuri 2004; Viertiö-Oja 2004).

Why it is important to do this review

Entropy is used to ensure adequate depth of anaesthesia. This is
ascertained by observing a decrease in the SE (from a maximum
awake value of 91) and RE (from a maximum awake value of 100)
indices to SE and RE values between 40 to 65, following induction
of anaesthesia. In addition, an increase in the RE-SE diHerence of
≥ 10 indicates either a need for analgesia or recovery from muscle
relaxants in paralysed patients. This review aimed to ascertain
whether titrating anaesthetic depth with entropy (RE and SE values
maintained between 40 to 65) resulted in faster awakening of
patients at the end of surgery, together with decreased incidence
of awareness and reduced anaesthetic use. This was assessed in
adult and paediatric patients undergoing elective and emergency
surgery (other than intracranial surgery) under volatile anaesthetic-
based general anaesthesia or propofol-based general anaesthesia.

The entropy monitor module is only compatible with a particular
workstation, and its use involves the standing cost of the module
as well as the cost of the disposable sensors. The costs have been
estimated as GBP 5352 per operating theatre for the machine
module and GBP 8.68 per sensor, assuming use of a single sensor
per person (NICE 2011). One study found evidence that monitoring
depth of anaesthesia using the BIS monitor, decreased anaesthetic
agent consumption by 19%, and reduced the time spent in the
recovery room by four minutes, however this did not lead to a
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reduction in costs due to the cost of the disposable BIS sensors (Liu
2004).

We carried out this review to assess the benefits obtained from
using an entropy monitor in terms of faster awakening from
anaesthesia, mortality at 24 hours, 30 days and one year, decreased
incidence of awareness, reduction in amount of anaesthetic agents
used, reduction in cost of the anaesthetic agents and reduction in
time to readiness to leave the postanaesthesia care unit (PACU).

O B J E C T I V E S

The primary objective of this review was to assess the eHectiveness
of entropy monitoring in facilitating faster recovery from general
anaesthesia. We also wanted to assess mortality at 24 hours, 30
days, and one year following general anaesthesia with entropy
monitoring.

The secondary objectives were to assess the eHectiveness
of the entropy monitor in: preventing postoperative recall of
intraoperative events (awareness) following general anaesthesia;
reducing the amount of anaesthetic drugs used; reducing cost of
the anaesthetic as well as in reducing time to readiness to leave the
postanaesthesia care unit (PACU).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomized controlled trials (RCTs) in adults and
children (aged two to 16 years of age) where in one arm entropy
was used for titrating anaesthesia and in the other arm standard
practice (monitoring mean arterial pressure or heart rate or clinical
signs such as lacrimation or movement in response to noxious
stimuli) was used for titrating anaesthetic drug administration. We
also included studies that had a third arm in which another EEG-
based depth of anaesthesia monitor, such as Bispectral index (BIS),
was used.

We included studies where entropy monitoring was used with
volatile anaesthetic-based general anaesthesia or propofol-based
general anaesthesia, and where patients breathed spontaneously
or were mechanically ventilated aAer muscle paralysis.

Types of participants

We included a heterogenous population with the following
characteristics.

1. Adults (> 16 years) and children (aged two to 16 years) of both
genders.

2. Participants undergoing any elective or emergency surgery,
except intracranial surgery, under general anaesthesia.

We excluded:

1. infants and children aged less than two years of age; and

2. patients undergoing intracranial surgery under general
anaesthesia.

Types of interventions

Intervention: entropy monitoring during general anaesthesia.
The entropy monitoring could have been started preinduction
or postinduction (children), and continued up to postoperative
awakening of the patients (defined as either time to extubation
in intubated patients, or eye opening in response to verbal
commands, or spontaneous movements in non-intubated patients
following stopping of the intravenous or inhalational agent).

The control or standard practice group included patients
monitored by conventional haemodynamic variables (mean
arterial pressure or heart rate) or clinical signs such as lacrimation,
sweating or movement in response to noxious stimuli to titrate
anaesthetic agent administration.

Types of outcome measures

Primary outcomes

1. Time to awakening (defined as either time to extubation
in intubated patients, or eye opening in response to verbal
commands, or spontaneous movements in non-intubated
patients) aAer stopping the anaesthetic agent.

2. Mortality with the use of the entropy monitor at 24 hours, 30
days, and one year.

Secondary outcomes

1. Postoperative recall of intraoperative events (awareness) in the
immediate postoperative period, at 24 hours, one week, and one
month.

2. Anaesthetic agent (intravenous or inhalational) used.

3. Cost of general anaesthesia.

4. Time to readiness to leave the postanaesthesia care unit (PACU).

Search methods for identification of studies

Electronic searches

We searched for eligible trials in the  following databases:  the
Cochrane Central Register of Controlled Trials (CENTRAL; 2014,
Issue 10 see Appendix 1), MEDLINE via Ovid SP (1990 to September
2014, see Appendix 2), EMBASE  via Ovid SP (1990 to September
2014, see Appendix 3). We applied the highly sensitive filter for
randomized controlled trials (RCTs) in MEDLINE and EMBASE.

We adapted our MEDLINE search strategy for searching all other
databases.

We did not impose any language restrictions.

We reran the search in CENTRAL, MEDLINE via Ovid SP and EMBASE
via Ovid SP in January 2016. We added one potential new study of
interest to the list of ‘Studies awaiting Classification' and we will
incorporate this new study into the formal review findings during
the review update.

Searching other resources

We searched for relevant ongoing trials (1990 to February 2015) on
specific web sites such as:

1. www.indmed.nic.in;

2. www.cochrane-sadcct.org; and

3. www.Clinicaltrials.gov

Spectral entropy monitoring for adults and children undergoing general anaesthesia (Review)
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Data collection and analysis

We recorded the data obtained from the above publications on a
predesigned data collection form (Appendix 4).

Selection of studies

Using the results of the above searches, we screened all titles and
abstracts for eligibility. Two authors (AC and SP) independently
performed this screening. We obtained and assessed the full
articles of all potentially eligible RCTs for relevance based on the
preplanned checklist. We avoided duplication of studies. Each
author independently documented the reason for excluding a trial.
We resolved any disagreement by discussion with a third review
author (HP), who decided on the inclusion or exclusion of the study.
We compiled a list of all eligible trials.

If further information was required to make a decision about
trial inclusion, AC contacted the first/corresponding author of
the relevant trial. We recorded the selection process in suHicient
detail to complete a PRISMA flow diagram (Moher 2009), and
'Characteristics of excluded studies' table. We did not impose any
language restrictions

Data extraction and management

We used a data collection form for study characteristics and
outcome (Appendix 4). Two review authors [AC, SP] extracted study
characteristics from included studies. We extracted the following
study characteristics.

1. Methods: study design, total duration of study, details of any 'run
in' period, number of study centres and location, study setting,
withdrawals, and date of study.

2. Participants: N, mean age, age range, gender, severity of
condition, diagnostic criteria, baseline lung function, smoking
history, inclusion criteria, and exclusion criteria.

3. Interventions: intervention, comparison, concomitant
medications, and excluded medications.

4. Outcomes: primary and secondary outcomes specified and
collected, and time points reported.

5. Notes: funding for trial, and notable conflicts of interest of trial
authors.

Two review authors (RS, AS) independently extracted outcome data
from included studies. We noted in the 'Characteristics of included
studies' table if outcome data were not reported in a usable way.
We resolved disagreements by consensus or by involving a third
review author (HP). One review author (AC) transferred data into
the Review Manager file (RevMan 2014). We double-checked that
data were entered correctly by comparing the data presented in the
systematic review with the study reports. A second review author
(HP) spot-checked study characteristics for accuracy against the
trial report.’

Assessment of risk of bias in included studies

Two review authors (AC, AS) independently assessed risk of bias for
each study using the criteria outlined in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). We resolved any
disagreements by discussion or by involving another review author
(HP).

We assessed the risk of bias according to the following domains.

1. Allocation concealment.

2. Blinding of participants and personnel.

3. Blinding of outcome assessment.

4. Incomplete outcome data.

5. Selective outcome reporting.

6. Other bias.

We completed a 'Risk of bias' table for each eligible study and
outcome using the categories of low, high or unclear risk of bias.
For each outcome, we presented the summary 'Risk of   bias'
assessments within domains in the 'Risk of bias' graphs or figures,
and across domains in the 'Summary of findings' table.

Measures of treatment e>ect

For binary outcomes, such as whether entropy (state entropy (SE)
values of 40 to 65) was associated with postoperative recall of
intraoperative events (awareness) in patients receiving general
anaesthesia, we planned to estimate the risk ratio (RR) with its
95% confidence interval (CI) from a random-eHects model analysis.
However, the event was rare and observed in only one patient,
therefore, we did not estimate the risk ratio.

For continuous data, such as time to awakening, reduction in
amount of anaesthetic agent used, and time to readiness to leave
the PACU, we calculated the mean diHerence (MD).

In studies where propofol-based general anaesthesia had been
used, we calculated the dose of propofol used in mcg/kg/min. In
studies where volatile anaesthetic-based general anaesthesia was
used we calculated the volume of volatile anaesthetic used. In
cases where particular information regarding an outcome was not
available, we contacted the authors. If the authors could not or did
not provide required data, it was not entered in analysis of that
particular outcome.

Unit of analysis issues

We included RCTs with a parallel group design in the review.

Dealing with missing data

We performed quantitative analysis on an intention-to-treat (ITT)
basis and contacted the authors in order to obtain any missing data.

Assessment of heterogeneity

We planned not to perform meta-analysis if on examining the
included trials we suspected important clinical heterogeneity.
We used the Q statistic to test the statistical heterogeneity
between trials and considered P ≤ 0.05 as indicating significant

heterogeneity (Higgins 2002; Higgins 2003). We used the I2

statistic to assess the magnitude of heterogeneity (Higgins 2002).

When I2 > 50% we performed a subgroup analysis based on
preplanned criteria. We also performed a sensitivity analysis to
check robustness of results. We planned to used a random-eHects

model analysis if the I2 statistic was between 30% and 50% (Higgins
2011).

Assessment of reporting biases

We planned to test for funnel plot asymmetry if more than 10
studies (for each outcome) were included in the meta-analysis.
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Data synthesis

We quantitatively reviewed the included data and combined the
data by intervention, outcome and population using Cochrane
statistical soAware, Review Manager 5 (RevMan 2014). We
synthesized the data in the absence of important clinical or
statistical heterogeneity. We pooled estimates of the MD for
continuous variables and risk ratio (RR) for proportions, as
described above.

Subgroup analysis and investigation of heterogeneity

Where appropriate, based on obvious clinical or statistical (I2

> 50%) heterogeneity, we considered subgroup analysis. We
observed heterogeneity for the outcome, time to awakening

(I2 = 95%). On performing preplanned subgroup analysis we
found that studies in which patients underwent major surgeries
(oH-pump coronary artery bypass graA (Jiahai 2012), and
major urological surgery (Marinova 2012) were heterogenous.
Four studies comprising patients undergoing short, ambulatory

procedures showed no heterogeneity (I2 = 0%) (Aimé 2006; Choi
2010; Ellerkmann 2010; Talawar 2010). The diHerence in time to
awakening between the entropy and control group was MD -3.20
minutes (95% CI -3.94 to -2.45).

We observed heterogeneity for intravenous anaesthetic agent use

(I2 = 49%). This could not be explained on preplanned subgroup
analysis.

Similarly, we observed heterogeneity in time to readiness to leave

the PACU (I2 = 78%). We performed a preplanned subgroup analysis
and found that this was due to the diHerence in anaesthetic
technique (propofol-based general anaesthesia in the study by
Marinova 2012). The remaining two studies that used volatile-
based general anaesthesia were homogenous (Choi 2010; El Hor
2013).

We did not carry out subgroup analysis based on eHect of age on
risk of postoperative recall of intraoperative events (awareness),
long-acting opioids compared to ultrashort-acting opioids, or
regional anaesthesia alone, due to paucity of data.

Sensitivity analysis

We had planned to perform sensitivity analyses to explore the
consistency of eHect size measures in trials with low risk of bias

versus high risk of bias, and to investigate the impact of any missing
data using the imputation method described above. We observed

heterogeneity for intravenous anaesthetic agent use (I2 = 49%)
however, we could not perform a sensitivity analysis because of the
three included studies, two had unclear risk of bias in one or more
domain (Gruenewald 2007; Marinova 2012) and one had high risk of
bias in one domain (Ellerkmann 2010).

We noted heterogeneity in time to readiness to leave the PACU (I2

= 78%) (Choi 2010; El Hor 2013; Marinova 2012). On performing
sensitivity analysis this was found to be due to a single study
(Marinova 2012) that had unclear risk of bias due to allocation
concealment.

'Summary of findings' table and GRADE

We used the principles of the GRADE system to assess the
quality of the body of evidence associated with specific outcomes
(Guyatt 2008). We constructed Summary of findings table 1 using
GRADE soAware (GRADEproGDT 2015). We included the following
outcomes in Summary of findings table 1: time to awakening,
mortality with the use of the entropy monitor at 24 hours, 30
days, and one year, postoperative recall of intraoperative events,
intravenous or inhalational anaesthetic agent use, cost of general
anaesthesia, and time to readiness to leave the PACU. The GRADE
approach appraises the quality of a body of evidence based on the
extent to which one can be confident that an estimate of eHect
or association reflects the item being assessed. The assessment
of the quality of a body of evidence considers within study risk
of bias (methodological quality), the directness of the evidence,
heterogeneity of the data, precision of eHect estimates, and risk of
publication bias.

R E S U L T S

Description of studies

Results of the search

We identified a total of 876 trials through electronic database
searching. AAer we had removed duplicate trials (trials that were
identical), 510 trials remained. We did not obtain trials from other
sources. Twelve trials fulfilled the criteria of our review and we
obtained the full-text of these trials. We excluded one trial because
the patient population was undergoing intracranial procedures.
Therefore, we included 11 studies in this review (Figure 1).
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Figure 1.   Study flow diagram. We reran the search in CENTRAL, MEDLINE via Ovid SP, EMBASE via Ovid SP in
January 2016. One potential new study of interest was added to the list of ‘Studies awaiting Classification' and will
be incorporated into the formal review findings during the review update.
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Figure 1.   (Continued)

 
We contacted the lead authors of all the included studies by email
to gather missing data. The corresponding authors of four studies
either did not respond to our request or did not provide further
information (Aimé 2006; Gruenewald 2007; Vakkuri 2005; Wu 2008).
The authors of the remaining seven studies confirmed that studying
mortality and the cost of the anaesthetic was not a part of their
studies (Choi 2010; El Hor 2013; Ellerkmann 2010; Jiahai 2012;
Marinova 2012; Riad 2007; Talawar 2010).

See: Characteristics of included studies; Characteristics of excluded
studies.

Included studies

We included 11 studies with 962 participants in our review (Aimé
2006; Choi 2010; El Hor 2013; Ellerkmann 2010; Gruenewald 2007;
Jiahai 2012; Marinova 2012; Riad 2007; Talawar 2010; Vakkuri
2005; Wu 2008). All studies were of a parallel design and included
patients undergoing surgical procedures conducted under general
anaesthesia, wherein in one arm entropy was used for titrating
anaesthesia, and in the other arm standard practice (monitoring
mean arterial pressure or heart rate or clinical signs such as
lacrimation or movement in response to noxious stimuli) was used
for titrating anaesthetic drug administration. Two of these studies
had an additional third arm, wherein Bispectral index (BIS) was
also used for titrating depth of anaesthesia (Aimé 2006; Ellerkmann
2010). Eight studies were carried out on adults (> 18 years to 80
years) (Aimé 2006; El Hor 2013; Ellerkmann 2010; Gruenewald 2007;
Jiahai 2012; Marinova 2012; Vakkuri 2005; Wu 2008), two studies
exclusively involved children (two years to 16 years) (Choi 2010;

Talawar 2010), and one study involved participants from 60 to
75 years of age (Riad 2007). Only one study was in the Bulgarian
language (Marinova 2012); all other studies were in English.

Excluded studies

We excluded Reviron 2008 for the reasons detailed in
Characteristics of excluded studies. This study involved entropy
monitoring during cerebral artery embolism, an intracranial
procedure that may interfere with entropy monitoring (exclusion
criteria in our protocol).

Studies awaiting classification

We reran the search in CENTRAL, MEDLINE via Ovid SP, and
EMBASE via Ovid SP in January 2016. We added one potential new
study of interest to the list of ‘Characteristics of studies awaiting
classification' and we will incorporate this study into the formal
review findings during the review update.

Ongoing studies

There are no ongoing studies.

Risk of bias in included studies

We assessed the risk of bias of included studies using the 'Risk of
bias' tool developed by Cochrane (Higgins 2011). The risk of bias
tool invites judgement on five items for each trial (selection bias,
performance bias, detection bias, attrition bias, reporting bias).
All authors independently assessed risk of bias for each study.
We resolved disagreements by discussion. The characteristics of
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the included studies for assessment of the risk of bias are shown
in Figure 2 and Figure 3. We found three studies to be of high
methodological quality (Choi 2010; El Hor 2013; Talawar 2010).
The majority of remaining studies had unclear bias in one or

more domains (Aimé 2006; Gruenewald 2007; Jiahai 2012; Marinova
2012; Riad 2007; Wu 2008). However two studies had at least one
domain with high risk of bias (Ellerkmann 2010; Vakkuri 2005). See
Characteristics of included studies.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Of the 11 studies included, only five reported allocation
concealment (Choi 2010; El Hor 2013; Gruenewald 2007; Talawar
2010; Vakkuri 2005). In the remaining six studies, either allocation
concealment was not done or not described. However, the review
authors feel that this domain does not aHect the outcomes of the
review.

Blinding

Of the 11 included studies, blinding of participants and personnel
was unclear in one study (Wu 2008).

Blinding of outcome assessor was not done in one study
(Ellerkmann 2010) and unclear in five studies (Aimé 2006;
Gruenewald 2007; Jiahai 2012; Riad 2007; Wu 2008).

Incomplete outcome data

Attrition bias was not observed in any of the 11 included studies.
The studies wherein participants were excluded due to missing
data, or technical problems, had less than 15% of participants
excluded from the analysis (Aimé 2006; Choi 2010; El Hor 2013;
Ellerkmann 2010; Marinova 2012; Vakkuri 2005; Wu 2008)

Selective reporting

We found that all planned outcomes were reported in the studies.
The authors reported all the outcomes which they mentioned in
their methodology.

Other potential sources of bias

Three studies had potential risk of bias. GE Healthcare Monitoring
Solutions in Helsinki, loaned a S5 monitor and probes to the
authors in one study (Aimé 2006).

Gruenewald 2007 acknowledged GE Healthcare for supplying the
M-Entropy module and electrodes.

Technical assistance, financial support, and equipment for data
collection and analysis were provided for another study by Datex-
Ohmeda, Helsinki, Finland and two authors of this study Drs.
Vakkuri and Yli-Hankala were medical advisors for GE healthcare
Finland, Helsinki, Finland (Vakkuri 2005).

E>ects of interventions

See: Summary of findings for the main comparison Entropy
versus Standard for adults and children undergoing general
anaesthesia

Primary outcomes

1. Time to awakening (defined as either time to extubation in
intubated participants, or eye opening in response to verbal
commands, or spontaneous movements in non-intubated
participants) a)er stopping the anaesthetic agent

Six studies consisting of 383 participants (39.8% of total included
participants in the meta analysis) estimated the primary outcome,
time to awakening aAer general anaesthesia (Aimé 2006 (91
participants); Choi 2010 (78 participants); Ellerkmann 2010 (52
participants); Jiahai 2012 (70 participants); Marinova 2012 (42
participants); Talawar 2010 (50 participants). Time to awakening
decreased in the entropy as compared to the standard practice

group (mean diHerence (MD) -5.42 minutes; 95% CI -8.77 to -2.08, P
< 0.00001; Analysis 1.1). We noted heterogeneity for this outcome

(I2 = 95%). On performing subgroup analysis of major surgeries and
ambulatory procedures, we found that two studies that included
participants undergoing major surgeries of long duration, oH-pump
coronary artery bypass graA (Jiahai 2012), and major urological
surgery (Marinova 2012), contributed to the heterogeneity. The MD
for time to awakening aAer ambulatory surgeries for the entropy as
compared to the control group was found to be MD -3.20 minutes
(95% CI -3.94 to -2.45) (Aimé 2006; Choi 2010; Ellerkmann 2010;
Talawar 2010). These studies were homogenous.

Of the six included studies, only two studies had a low risk of
bias across all domains (Choi 2010; Talawar 2010; Figure 3). Three
studies had unclear risk of bias in one or more domains (Aimé
2006; Jiahai 2012; Marinova 2012). One study had high risk of bias
in one domain (blinding of outcome assessor or detection bias)
(Ellerkmann 2010).

For this outcome, we downgraded the evidence from high to
moderate quality because of risk of bias (selection and detection
bias mainly, other source of bias in one study because equipment
was loaned by GE Healthcare Monitoring Solutions to the study
authors).

2. Mortality with the use of the entropy monitor at 24 hours, 30
days, and one year

No study reported this outcome.

Secondary outcomes

1. Postoperative recall of intraoperative events (awareness) in
the immediate postoperative period, at 24 hours, one week, and
one month

Eight trials with 797 participants (82.8% of total included
participants) compared the secondary outcome, postoperative
recall of intraoperative events in the entropy and standard
practice groups (Aimé 2006 (91 participants); Choi 2010 (78
participants); Ellerkmann 2010 (52 participants); Gruenewald 2007
(72 participants); Jiahai 2012 (70 participants); Marinova 2012
(42 participants); Riad 2007 (72 participants); Vakkuri 2005 (320
participants).

Of the 797 participants included in the eight studies (391
participants in the entropy group; 406 in the standard practice
group), only one participant in the standard practice group
reported explicit recall of intraoperative events (Gruenewald 2007).
As postoperative recall of intraoperative events (awareness) is an
extremely rare event and was observed in only one participant out
of the 797 participants studied, any estimation of the risk ratio
for the event in the standard practice group as compared to the
entropy group would be inaccurate. Five studies used a validated
score to assess postoperative recall of intraoperative events (Aimé
2006; Ellerkmann 2010; Jiahai 2012; Marinova 2012; Vakkuri 2005).

Seven of the eight studies evaluated this outcome (postoperative
recall of intraoperative events) on the first postoperative day
(Aimé 2006; Choi 2010; Ellerkmann 2010; Gruenewald 2007; Jiahai
2012; Marinova 2012; Vakkuri 2005). One study evaluated incidence
of postoperative recall of intraoperative events on the second
postoperative day (Riad 2007). Three studies repeated evaluation
on the third postoperative day (Aimé 2006; Ellerkmann 2010;
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Jiahai 2012). Only one study evaluated awareness at one week
postsurgery (Marinova 2012). No study evaluated awareness at one
month postsurgery. See Characteristics of included studies.

Of the eight included studies, only one study had a low risk of
bias across all domains (Choi 2010; Figure 3). The majority of
remaining studies had unclear bias in one or more domains (Aimé
2006; ; Gruenewald 2007; Jiahai 2012; Marinova 2012; Riad 2007).
However two studies had at least one domain with high risk of
bias (Ellerkmann 2010; Vakkuri 2005). We downgraded the evidence
from high to moderate quality because of risk of bias (selection,
performance, detection bias, as well as other potential sources of
bias).

2. Anaesthetic agent (intravenous or inhalational) used

All 11 RCTs compared anaesthetic agent consumption between
the entropy and standard practice groups. Six studies compared
propofol consumption (Ellerkmann 2010; Gruenewald 2007; Jiahai
2012; Marinova 2012; Riad 2007; Vakkuri 2005). Four studies
evaluated sevoflurane consumption (Aimé 2006; Choi 2010; El Hor
2013; Wu 2008), and one study (Talawar 2010), compared isoflurane
consumption between the groups. However, the parameters and
the units of measurement used were diHerent in the diHerent
studies.

Analysis of three studies consisting of 17.2% of total included
participants (Ellerkmann 2010 (52 participants); Gruenewald 2007
(72 participants); Marinova 2012 (42 participants)), revealed that
the MD of propofol use between the entropy group and control
group was -11.56 mcg/kg/min (95% CI -24.05 to 0.92, P =
0.07; Analysis 1.2). We observed heterogeneity for intravenous

anaesthetic agent consumption (I2 = 49%). This could not be
explained on preplanned subgroup analysis. We could not perform
sensitivity analyses because two of these studies had unclear risk of
bias in one or more domain (Gruenewald 2007; Marinova 2012) and
the third had a high risk of bias in one domain (Ellerkmann 2010).

For this outcome, we downgraded the evidence by two levels from
high to low quality because of risk of bias (selection, performance
and detection bias, other potential sources of bias), and also
because the results were imprecise (wide CIs observed: MD -11.56
mcg/kg/min, 95% CI -24.05 to 0.92 in propofol consumption).

Analysis of another two studies (Aimé 2006 (91 participants);
Wu 2008 (65 participants)), consisting of 16.2% of total included
participants, showed that the MD in sevoflurane consumption in the
entropy group compared to the control group was -3.42 mL (95% CI
-6.49 to -0.35, P = 0.03; Analysis 1.2).

Both studies had unclear risk of bias in more than one domain
(Figure 3).

For this outcome, we downgraded the evidence from high to
moderate quality because of unclear risk of bias (selection,
performance and detection bias, other potential sources of bias).

3. Cost of general anaesthesia

No trial reported this outcome. The authors of one study
commented on cost of anaesthesia, taking into account the cost of
the entropy electrodes (Aimé 2006). The authors stated that: "the
saving in sevoflurane realized in the monitor groups, 1 euro per
hour, accounts for 8% of the price of the electrode for each hour of

anaesthesia." Therefore, the savings in cost because of decreased
anaesthetic agent consumption were overshadowed by the cost of
the entropy electrodes (see Characteristics of included studies).

4. Time to readiness to leave the postanaesthesia care unit
(PACU)

Time to readiness to leave the PACU was assessed by one study
with 50 participants (El Hor 2013). Time to achieve an Aldrete score
of nine or more (Aldrete 1970), was considered to be equivalent
to time to readiness to leave the PACU (aAer corresponding with
the authors of another study (Choi 2010, 78 participants)). Authors
of yet another study provided us with time to readiness to leave
the PACU aAer retrospectively calculating it (Marinova 2012, 42
participants). We evaluated time to readiness to leave the PACU
from analysis of three studies consisting 17.6% of total included
participants (Choi 2010; El Hor 2013; Marinova 2012). It was found
that time to readiness to leave the PACU was shorter in the entropy
when compared to the standard practice group (MD -5.94 minutes,
95% CI -16.08 to 4.20, P = 0.001). We performed a preplanned
subgroup analysis and found that this was due to the diHerence
in anaesthetic technique (propofol-based general anaesthesia in
the study by Marinova 2012). The remaining two studies that used

volatile-based general anaesthesia were homogenous (I2 = 0%): MD
-4.17 minutes, 95% CI -6.84 to -1.51 (Choi 2010; El Hor 2013; Analysis
1.3).

Of the three studies, two had a low risk of bias (Choi 2010; El
Hor 2013; Figure 3). The third study had unclear risk of bias in
one domain (selection bias) (Marinova 2012). For this outcome, we
downgraded the quality of evidence by two levels from high to
low because of the unclear risk of bias and because the results
were imprecise (wide CIs observed -5.94 minutes, -16.08 to 4.20).
The upper boundary of the CI denoted no eHect, but the lower
boundary denoted appreciable benefit. We noted heterogeneity

in time to readiness to leave the PACU (I2 = 78%) on performing
sensitivity analysis, this was due to the study (Marinova 2012) which
had unclear risk of bias due to allocation concealment.

D I S C U S S I O N

The review was carried out to ascertain if the use of entropy
monitoring with general anaesthesia would result in faster
awakening, reduced anaesthetic drug consumption and cost, and
shorter stay in the postanaesthesia care unit (PACU) without
increasing risk of intraoperative awareness. Most importantly the
review addressed the question of whether entropy monitoring
and titrated use of anaesthetic agents would lead to reduction in
mortality at 24 hours, one month, and one year aAer surgery.

Summary of main results

Six studies consisting of 383 participants estimated the primary
outcome, time to awakening aAer general anaesthesia, which was
reduced in the entropy as compared to the standard practice
group (Aimé 2006; Choi 2010; Ellerkmann 2010; Jiahai 2012;
Marinova 2012; Talawar 2010). We noted heterogeneity for this

outcome (I2 = 95%). On performing subgroup analysis of major
surgeries and ambulatory procedures, we found that two studies
that included participants undergoing major surgeries of long
duration such as oH-pump coronary artery bypass graA (Jiahai
2012), and major urological surgery (Marinova 2012), contributed to
the heterogeneity.
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None of the studies evaluated the second primary objective i.e.
postoperative mortality at 24 hours, 30 days, and one year in the
entropy and standard practice groups.

Eight trials with 797 participants compared the secondary
outcome, postoperative recall of intraoperative events in the
entropy and standard practice groups (Aimé 2006; Choi 2010;
Ellerkmann 2010; Gruenewald 2007; Jiahai 2012; Marinova 2012;
Riad 2007; Vakkuri 2005). Postoperative recall of intraoperative
events or awareness is an extremely rare event and only one
participant in the standard practice group had awareness. In view
of the scarcity of available data, no benefit of entropy monitoring
on awareness was evident.

All 11 studies estimated anaesthetic agent consumption. Six studies
compared propofol consumption (Ellerkmann 2010; Gruenewald
2007; Jiahai 2012; Marinova 2012; Riad 2007; Vakkuri 2005). Four
studies evaluated sevoflurane consumption (Aimé 2006; Choi 2010;
El Hor 2013; Wu 2008), and one study (Talawar 2010) compared
isoflurane consumption between the groups.

Analysis of three studies consisting of 166 participants,
demonstrated that the entropy group participants consumed a
lower dose of propofol compared to the standard practice group
participants (Ellerkmann 2010; Gruenewald 2007; Marinova 2012).

Heterogenity was observed for this outcome (I2 = 49%). This could
not be explained on subgroup analysis. We could not perform
sensitivity analysis because two of these studies had unclear risk of
bias in one or more domain (Gruenewald 2007; Marinova 2012) and
the third had a high risk of bias in one domain (Ellerkmann 2010).
Two other studies found that sevoflurane consumption was lower
in the entropy compared to the standard practice group (Aimé 2006;
Wu 2008).

Only one study commented on cost of anaesthesia, taking into
account the cost of the entropy electrodes (Aimé 2006). The authors
stated that the saving in sevoflurane in the entropy group was less
than the cost of the disposable, single-use electrodes.

Evaluation of data from three studies consisting of 170 participants
showed that time to readiness to leave the PACU was shorter in
the entropy when compared to the standard practice group (Choi
2010; El Hor 2013; Marinova 2012). We noted heterogeneity for this

outcome (I2 = 78%). This was found on subgroup analysis to be due
to the anaesthetic technique (propofol-based general anaesthesia
in the study by Marinova 2012).

Overall completeness and applicability of evidence

The methodological quality of only three studies was good (Choi
2010; El Hor 2013; Talawar 2010).

We observed heterogeneity in studies on time to awakening aAer
the end of the anaesthesia, intravenous anaesthetic requirement,
and time to readiness to discharge from the PACU.

No data were available on the important clinical and primary
outcome of mortality, or the secondary outcome, cost of
anaesthesia in the entropy and standard practice groups.

We found that there was no evidence of benefit of entropy
monitoring on postoperative recall of intraoperative events or
awareness.

Due to methodological diHerences, diHerences in anaesthetic
agents used, and diHerences in units of measurement, we used
data from limited studies for evaluating time to awakening,
anaesthetic agent consumption, and time to readiness to leave the
PACU. The reduction in time to awakening, intravenous (propofol)
and inhalational (sevoflurane) anaesthetic agent consumption,
and time to readiness to leave the PACU, although statistically
significant, may not have much clinical significance.

The above findings should be interpreted with caution, keeping in
mind that data were collected from a limited number of studies.

Quality of the evidence

We selected RCTs in participants undergoing anaesthesia for
diHerent type of surgeries, under entropy monitoring or under
standard monitoring. The majority of studies (10 RCTs, 90.9%
of included studies) reported on the method of randomization,
five RCTs (45.4% of included studies) also carried out allocation
concealment. Blinding of participants and personnel was carried
out in 10 of the 11 included RCTs (90.9% of the studies). However,
the outcome assessors were blinded in only five RCTs (45.4% of
included studies).

We estimated the quality of evidence for all outcomes studied using
Summary of findings table 1. We found the quality of evidence for
the outcome of time to awakening and reduction in amount of
inhalational agent used to be of moderate quality, primarily due
to risk of bias (selection, detection, performance and other bias).
The quality of evidence as regards awareness, intravenous agent
(propofol) use as well as time to readiness to leave the PACU, was of
low quality because of risk of bias and imprecise results. Therefore,
we are uncertain about the estimates.

Potential biases in the review process

In an attempt to minimize bias, we followed the guidelines
recommended in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011). The eligibility for inclusion and
exclusion and assessment of risk of bias of the studies was carried
out by two authors independently.

We reran the search in CENTRAL, MEDLINE via Ovid SP, and EMBASE
via Ovid SP in January 2016. We added one potential new study of
interest to the list of ‘Studies awaiting Classification' and we will
incorporate this study into the formal review findings during the
review update.

Agreements and disagreements with other studies or
reviews

There is a systematic review on the clinical eHect and cost-
eHectiveness of all depth of anaesthesia monitors (E-Entropy,
Bispectral Index and Narcotrend) in participants undergoing
various types of surgery under general anaesthesia (Shepherd
2013).

In agreement with our review, Shepherd et al concluded that
there is evidence that monitoring depth of anaesthesia resulted
in faster recovery times. Evaluation of reduction in mortality with
entropy monitoring was not done in this review (Shepherd 2013).
The authors opined that the impact of all depth of anaesthesia
monitors, including entropy monitoring, on reducing the likelihood
of intraoperative awareness is limited, as is the eHect on reducing
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general anaesthetic drug consumption. The authors opined that
the cost-eHectiveness of depth of anaesthesia monitors appears to
be dependent on a number of factors, including the probability of
awareness. The base-case cost per quality-adjusted life-year (QALY)
for entropy compared with standard clinical monitoring ranged
from GBP 14,421 to GBP 31,430.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The diHerence observed in time to awakening, reduction in amount
of intravenous and inhalational anaesthetic agents used, as well
as time to readiness to leave the PACU between the entropy
and standard practice group is more of statistical than clinical
significance. We do not have suHicient evidence to support entropy
monitoring for detecting awareness. In view of the limited data
available, there is insuHicient evidence to support the use of
entropy monitoring for monitoring depth of anaesthesia in routine
practice. However larger, multicentric studies of uniform design are
needed before this can be conclusively ascertained.

Implications for research

Due to methodological diHerences and diHerent units of
measurement used, we could only include limited numbers of
studies in the analysis for determining time to awakening aAer
stopping the anaesthetic agent, reduction in amount of anaesthetic
agents used, and time to readiness to leave the PACU.

There is a need to conduct multicentric RCTs with uniform
methodology, adequately powered, to assess the above outcomes,
as well as mortality and cost of anaesthetic for participants
undergoing surgery under general anaesthesia, with and without
entropy monitoring. This would also be useful for assessing
incidence of postoperative recall of intraoperative events
(awareness), which is extremely rare.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Methods RCT, parallel design, single centre, Department of Anaesthesiology, Hospital Foch, Suresnes, France.
Duration of study period not mentioned

Participants Total of 140 adult participants of both genders were randomly allocated to one of 3 groups: standard
practice (numbers = 60), entropy (numbers = 40) and Bispectral index (numbers = 40)

M/F: entropy: 23/33; standard practice: 23/14

Inclusion criteria: ASA I-III participants of 18-80 years 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, hypersensitiv-
ity 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

Interventions 1. Standard practice group: (n = 60) (sevoflurane titrated using routine clinical signs)

2. Entropy group: (n = 40) (sevoflurane adjusted to keep SE, and RE values, in the range of 40–60)

3. BIS group (n = 40) sevoflurane adjusted to keep values in the range of 40–60)

Outcomes 1. Awareness assessed (in the PACU, on the first and third postoperative days)

2. Assessed sevoflurane requirement intraoperatively

3. Emergence from anaesthesia

Notes Intraoperative recall assessed using the Brice protocol

On contacting corresponding author, no information provided regarding time to readiness for dis-
charge from PACU, mortality

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization list performed with computer-generated random numbers

Allocation concealment
(selection bias)

Unclear risk Authors contacted

Quote: "too old study, sorry"

Aimé 2006 
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Comment: Probably not done. However, the review authors feel that this do-
main does not affect the outcomes of the review

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 1. All participants had BIS & entropy electrodes applied to the forehead prein-
duction, therefore they were blinded

2. In the standard practice group, the screen monitor was customized to make
BIS and entropy values invisible to the attending anaesthesiologist. In the BIS
and in the spectral entropy-guided groups, only the guiding parameter was
displayed to the users. Therefore, the observers were also blinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified if outcome assessors were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk < 15% excluded from analysis

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias Unclear risk GE Healthcare Monitoring Solutions Helsinki, loaned the authors a S5 monitor
and probes. However authors did not find decreased time to awakening in the
entropy group

Aimé 2006  (Continued)

 
 

Methods RCT, parallel design, single centre, Department of Anaesthesiology & Pain Medicine, Dong-A University
Hospital, Busan South Korea

Duration of study period: 'late 2008 to early 2009, study duration: 3 months', information obtained after
contacting authors

Participants A total of 80 children

M/F: entropy: 27/12; standard practice: 25/14

Inclusion criteria: ASA physical status I & II children of both genders aged 3-12 years scheduled for ton-
sillectomy/adenoidectomy

Exclusion criteria: participants with neurological disease and participants on anticonvulsants

Interventions 1. Standard practice group: (n = 40) (sevoflurane adjusted to maintain heart rate and systolic blood
pressure within 20% of baseline value)

2. Entropy group: (n = 40) (sevoflurane titrated to keep state entropy values maintained between 40-50)

Outcomes 1. Intraoperative recall in the PACU & the first postoperative day

2. Emergence from anaesthesia

3. Time to fitness for discharge from the PACU

Notes Authors were contacted to ascertain whether time to complete recovery could be considered equiva-
lent to time for fitness for discharge from the PACU in their hospital, and they replied in the affirmative.
Cost of anaesthetic not studied. Research funds from Dong-A University

Choi 2010 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Authors contacted.

Quote: "The method of randomization have been described in the my paper"/
in text stated that "participants were randomly assigned to the standard prac-
tice (Standard) group or to the spectral entropy-guided (entropy) group by
parents opening a sealed envelope"

Allocation concealment
(selection bias)

Low risk Sealed envelopes containing randomization number opened by parents

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 1. Entropy electrodes were applied for children of both groups

2. Anaesthetist in standard practice group could not see entropy values which
were noted by a study nurse

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All data recorded by independent study nurse

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Only one patient per group has been excluded from analysis

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias Low risk Nothing suggestive

Choi 2010  (Continued)

 
 

Methods RCT, parallel design, single centre, University Hospital Center of Brugmann, Brussels, Belgium

Duration of study period: June 2006 to October 2009

Participants Total of 50 participants, of both genders

M/F: entropy: 17/8; standard practice: 17/8

Inclusion criteria: participants older than 18 years scheduled for elective laparoscopic recto sigmoidec-
tomy lasting more than 2 hours

Exclusion criteria: participants with impaired liver (plasma transaminases > 2 times normal); renal (cre-
atinine > 2 mg/dL); History of drug abuse

Interventions Entropy group (n = 25) (SE value maintained between 40-60 by titration by increasing or decreasing
sevoflurane)

In the control group (n = 25) (sevoflurane titrated on the basis of the haemodynamic and clinical as-
sessment)

Outcomes 1. Sevoflurane uptake between the groups

2. Extubation time

El Hor 2013 
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3. PACU length of stay

Notes Values of extubation time are available in median and 25-75 interquartile range. Authors contacted, but
they could not provide the values in mean (standard deviation) as data did not have a normal distribu-
tion. Authors provided values of time to readiness for discharge from the PACU using mean (standard
deviation). Institutional and departmental sources used for the study

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Blocks of 10 envelopes, 5 entropy and 5 control were prepared and sealed in
envelopes

Allocation concealment
(selection bias)

Low risk Sealed envelopes were chosen from a block and opened by a responsible
anaesthetist who then assigned the patient to the control or the entropy group

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk All participants had entropy electrodes applied on forehead prior to induction,
irrespective of group; therefore blinded

In the control group, the anaesthesiologist was blinded to the SE values, and
in the study or entropy group, the anaesthetists were blinded to the actual in-
spiratory and expiratory fractions of sevoflurane by concealing values using a
swab on the screen

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All participants were managed by the same anaesthetic team who were not in-
volved in data collection or analysis

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk < 15% excluded from analysis (5 excluded after enrolment of 55 participants)

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias Low risk Nothing suggestive

El Hor 2013  (Continued)

 
 

Methods RCT, parallel design, single centre, University of Bonn, Bonn, Germany

Duration of study period: not mentioned; awaiting response from authors

Participants Total of 90 participants of both genders randomized

M/F: entropy: 10/15; standard practice: 12/15

Inclusion criteria: ASA physical status I- III participants, aged 18-80 years undergoing minor or-
thopaedic surgery of upper limb or lower limb lasting at least one hour under general anaesthesia with
regional anaesthesia to provide intra and postoperative pain control/analgesia

Exclusion criteria: history of any disabling central nervous or cerebrovascular a diseases, hyper- sensi-
tivity to opioids, substance abuse, or a treatment with opioids or any psychoactive medication

Interventions 1. Standard practice group: (n = 30) (titration of propofol using routine clinical signs)

2. Entropy group: (n = 30) (propofol infusion adjusted to keep SE, target values of 50)

Ellerkmann 2010 
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3. BIS group (n = 30) propofol infusion adjusted to keep BIS target values of 50, not relevant to the
present meta-analysis

Outcomes 1. Awareness assessed in the PACU & on the 1st and 3rd postoperative day

2. Propofol consumption in the entropy as compared to standard practice group assessed

3. Time to recovery from anaesthesia

4. Time taken to achieve modified Aldrete score of 10 considered to be equivalent to time to readiness
for discharge from the PACU after contacting authors

Notes Duration of study period was not informed, regarding cost of anaesthetic authors commented in the
published study "Since we did not find a significant effect in propofol saving etc. I would conclude that
Entropy-Monitoring is more expensive (Costs of one electrode about 10-12 Euro at that time)"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Drawing lots from a box

Allocation concealment
(selection bias)

Unclear risk Not mentioned.However, the review authors feel that this domain does not af-
fect the outcomes of the review

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk All participants had BIS and entropy electrodes applied on forehead prior to
induction, irrespective of group; therefore blinded

Entropy and BIS monitors hidden behind curtain in standard practice group
and either monitor visible in the respective group

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk The person collecting recovery times was not blinded to the groups; this was
ascertained after contacting the authors

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk < 15% excluded from analysis. In all, 13.3% excluded from analysis: 3 excluded
in standard group (insufficient EEG data = 1; insufficient regional anaesthesia
= 2); 5 participants excluded in entropy group (insufficient EEG data = 2; insuffi-
cient regional anaesthesia = 3)

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias Low risk Not suggestive

Ellerkmann 2010  (Continued)

 
 

Methods RCT, parallel design, single centre, University Hospital Schleswig-Holstein, Kiel, Germany

Duration of study period: not known; authors contacted, information not provided

Participants Total: 72 participants (only females) enrolled in the study

Inclusion criteria: ASA physical status I- II participants undergoing laparoscopic gynaecological surgery
lasting at least an hour

Gruenewald 2007 

Spectral entropy monitoring for adults and children undergoing general anaesthesia (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

26



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Exclusion criteria: participants were excluded if they were pregnant, or there was any neuromuscular or
neurological disease, or there was use of CNS-active medication or abuse of alcohol or illicit drugs

Interventions 1. Standard practice group:(n = 35) (titration of general anaesthesia using routine clinical signs)

2. Entropy group: (n = 37) (propofol infusion adjusted to keep SE, values of between 40-60)

Outcomes 1. Awareness assessed on 1st postoperative day

2. Assessing propofol consumption between the two groups

3. Time to awakening assessed

Notes Authors contacted for duration of study, but despite reply that author will "respond as soon as possi-
ble" no information sent despite repeated reminders

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation by opening sealed envelopes

Allocation concealment
(selection bias)

Low risk Sealed envelopes opened, but not specified if envelopes opaque

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk All participants had BIS & entropy electrodes applied to forehead prior to in-
duction, irrespective of group; therefore blinded

Entropy and BIS monitors screen obscured in standard practice group and en-
tropy monitor visible in the entropy group

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not mentioned, and unlikely it was done in view of the statement in the Dis-
cussion section where authors have written that "As entropy and standard
practice guidance could not be performed in a blinded fashion, bias cannot be
totally excluded"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants included in final analysis (37 assigned to entropy group and 35
to the standard practice group)

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias Unclear risk Authors acknowledged GE Healthcare for supplying the M-Entropy module
and electrodes, but did not find decreased time to awakening in entropy group

Gruenewald 2007  (Continued)

 
 

Methods RCT, parallel design, single centre, Yantai Yuhuangding Hospital, Medical College, Qingdao University,
Yantai, China

Duration of study: January 2010-Oct 2011, information obtained after contacting authors

Participants Participants of both genders undergoing first-time oH-pump coronary artery bypass surgery. Total par-
ticipants enrolled: 70

M/F: entropy: 19/6; standard practice: 20/5

Jiahai 2012 
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Inclusion criteria: were participants with good or only slightly reduced leA ventricular function (ejec-
tion fraction > 40%, leA ventricular end-diastolic pressure <15 mmHg) and participants below 70 years
of age

Exclusion criteria: participants requiring CPB either electively or during the course of surgery; partic-
ipants with renal insufficiency (creatinine > 1.5 mg/dL) or hepatic impairment (alanine aminotrans-
ferase or aspartate aminotransferase > 40 U/mL); and participants who misused alcohol or drugs

Interventions 1.Entropy group: (n = 35) (propofol infusion rate adjusted to maintain SE range between 45-55)

2.Control group: (n = 35) (propofol and sufentanil adjusted based on haemodynamic parameters and
clinical signs of inadequate or too deep anaesthesia)

Outcomes 1. Awareness assessed immediately after tracheal extubation and 3 days later

2. Consumption of anaesthetics (propofol and sufentanil) assessed in cumulative dose of mg/kg

3. Time to awakening assessed

Notes Authors contacted for converting cumulative mg/kg dose to microgram/kg/min, but authors did not
provide these values

As regards cost of anaesthetic, authors commented that "The cost of anaesthesia in the entropy group
is about 150 Yuan (Renminbi) less than standard practice group in my study"

Study supported by the Science and Technology Programme Foundation of Yantai, Yantai, China (grant
number 2010148-03)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random numbers

Allocation concealment
(selection bias)

Unclear risk No allocation concealment done, information obtained after contacting au-
thors.However, the review authors feel that this domain does not affect the
outcomes of the review

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 1. All participants had entropy electrodes applied on forehead prior to induc-
tion irrespective of group; therefore were blinded

2. Entropy values were apparent only to the entropy group anaesthetists, in
control group entropy data collected in laptop every 5 seconds but obscured
from anaesthetist

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not mentioned

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No, apparently all participants included in final analysis

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias Low risk Not suggestive

Jiahai 2012  (Continued)
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Methods Prospective, RCT, single-blind study, parallel design, single centre in Bulgaria; duration: October 2010-
September 2011

Participants 42 patients, ASA II-III of both genders. All patients undergoing elective urological surgery of 45-150 mins
duration under general anaesthesia

M/F: entropy: 12/10; standard practice: 11/9

Inclusion criteria: 19-80 year old, both genders, elective urological surgery of 45-150 mins duration un-
der general anaesthesia

Exclusion criteria: history of psychiatric or neurological disease; previous head trauma with loss of con-
sciousness; addictions (alcohol, drugs); on treatment with drugs with CNS activity; abnormalities of the
scalp or skull; hypertension (baseline systolic blood pressure > 180 mmHg or baseline diastolic blood
pressure > 105 mmHg); baseline systolic blood pressure < 90 mmHg heart rate < 55 beats/minute; in-

sulin dependent diabetes mellitus; kidney or liver disease; body mass index > 33 kg/m2; any serious ill-
ness/condition which would affect the cardiovascular response; use of epidural anaesthesia/analgesia;
emergency operations

Interventions 1.Entropy group: (n = 22) (propofol infusion rate adjusted to maintain SE range between 40-60)

2.Control group: (n = 20) (propofol adjusted based on haemodynamic parameters and clinical signs)

Outcomes 1.Time to awakening

2. Awareness assessed, the second hour after awakening of anaesthesia and on the first postoperative
day

3. Intraoperative total dose of anaesthetic agents (propofol)

4. Time to readiness to leave the PACU

Notes Authors provided time to readiness to discharge from the PACU

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Authors were contacted to ascertain method of randomization and they said
they used a random number table

Allocation concealment
(selection bias)

Unclear risk Authors contacted, reply: "there was no concealment of allocation". However,
the review authors feel that this domain does not affect the outcomes of the
review

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Authors contacted, reply: "the patients and the personnel were blinded"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Authors contacted, reply: "the outcomes were measured from a blinded ob-
server"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Authors contacted, reply: "After randomization we excluded 1 patient from the
entropy group and 3 patients from the control group"

Marinova 2012 
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Selective reporting (re-
porting bias)

Low risk All the outcomes mentioned in methodology have been reported

Other bias Low risk Nothing suggestive

Marinova 2012  (Continued)

 
 

Methods RCT, parallel design, single centre, King Khaled Eye Specialist Hospital, Riyadh, Kingdom of Saudi Ara-
bia. Duration of study: 2005-2007, obtained after contacting authors

Participants Total of 72 participants of both genders studied

M/F: entropy: 27/9; standard practice: 24/12

Inclusion criteria: were elderly participants aged between 60 and 75 yrs of age, ASA physical status I–II,
scheduled for elective ophthalmic surgery under general anaesthesia

Exclusion criteria: with a history of cardiac, pulmonary, liver or renal disease; significant obesity (body
mass index > 30); diagnosed Alzheimer disease, dementia, brain atrophy, previous cerebrovascular ac-
cident and other neurological disorders; those on long-term use of drugs affecting the central nervous
system, benzodiazepines and/or opioids were also excluded because of the possible effect on their pre-
anaesthesia EEG

Interventions 1.Entropy group: (n = 36) (propofol boluses adjusted until RE values dropped to 50 and the RE–SE dif-
ference was less than 10)

2.Control group: (n = 36) (propofol adjusted based on haemodynamic parameters and clinical signs to
ensure adequate hypnosis. If the patient is still responding verbally, additional increments of 30 mg
each were given)

Outcomes 1. Awareness assessed 2 days postoperatively

2. Propofol requirement during induction of anaesthesia in elderly participants

Notes Authors contacted, a validated interview tool for assessing postoperative recall of intraoperative
events not used

Propofol dose in mg/kg used during induction of anaesthesia

The authors confirmed that entropy monitoring was continued until after extubation. Authors did not
receive any external funding for the study

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random numbers

Allocation concealment
(selection bias)

Unclear risk No concealment of allocation done; this was elicited after contacting the au-
thors.However, the review authors feel that this domain does not affect the
outcomes of the review

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 1. Brain function monitoring using the entropy monitor used for both group
participants; therefore they were blinded

2. During induction of anaesthesia in the control group, the anaesthesiolo-
gist was not guided by a fall in EEG entropy reading, whereas in the entropy

Riad 2007 
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group, propofol was given in successive 30 mg doses every 2 min until RE val-
ues dropped to 50 and the RE–SE difference was less than 10

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not mentioned

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Data from all participants included in study were analysed

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias Low risk Nothing suggestive

Riad 2007  (Continued)

 
 

Methods RCT, parallel design, single centre, All India Institute of Medical Sciences, Ansari Nagar, New Delhi.Dura-
tion of study: Sept 2006-Nov 2008

Participants Total participants: 50.

M/F: entropy: 25/0; standard practice: 22/3

Inclusion criteria: ASA grade I-II children, aged 2–12 years, scheduled for lower abdominal or urological
surgeries

Exclusion criteria: Children whose parents refused consent; those with known neurological disorders;
with history of major head injury; those on antiepileptic drugs; those having any contraindications to
laryngeal mask airway insertion

Interventions 1.Entropy group: (n = 25) (isoflurane adjusted to maintain SE, RE range between 40-60)

2.Control group: (n = 25) (isoflurane adjusted based on haemodynamic parameters and clinical signs)

Outcomes 1. Comparison of the intraoperative end tidal isoflurane concentrations, between the entropy and con-
trol group

2. Time to awakening evaluated

Notes Dr Chhabra did not decide on the inclusion of this trial in the meta-analysis; two other co-authors (SP,
HP) decided that the trial met the inclusion criteria. No funding taken from external sources, depart-
mental equipment used

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random number tables

Allocation concealment
(selection bias)

Low risk Sealed envelopes

Blinding of participants
and personnel (perfor-
mance bias) 

Low risk 1. Entropy electrodes were applied on all children postinduction; therefore
they were blinded

Talawar 2010 
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All outcomes 2. An anaesthesiologist not involved in the anaesthetic management of the pa-
tient opened the envelope, and either obscured, or kept the entropy values
visible on the monitor; therefore personnel blinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Time to awakening was assessed by resident anaesthesiologist who was blind-
ed to the groups

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Data of all participants analysed

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias Low risk Nothing suggestive

Talawar 2010  (Continued)

 
 

Methods RCT, parallel design, multiple centre, 3 hospitals from Finland, 2 in Sweden, and 1 in Norway. Duration
not known; authors contacted but no response

Participants Data of 368 participants (48 historical controls, 160 controls, and 160 entropy participants) were
analysed

M/F: entropy: 44/116; standard practice: 39/121

Inclusion criteria were patients of either sex, aged between 18 and 80 years, ASA physical status I–III
with the ability to read and understand the consent form and scheduled for elective surgery proce-
dures estimated to last from 45 to 150 min

Exclusion criteria:

1. Those with known psychiatric or neurologic disorders; history of major head injury; substance abuse;
medication affecting the central nervous system; acquired scalp or skull abnormalities

2. Uncontrolled hypertension (baseline systolic blood pressure > 160 mmHg or baseline diastolic blood
pressure > 105 mmHg); baseline systolic pressure below 90 mmHg; baseline heart rate below 55 beats/
min

3. Insulin-dependent diabetes mellitus; renal or hepatic disease

4. Pregnancy; body mass index over 33.0 kg/m2

5. Any serious medical condition that would interfere with cardiovascular response assessment; car-
diac, vascular, or cranial neurosurgery; intraoperatively activated epidural analgesia; and emergency
or other non-elective surgery

Interventions 1.Standard practice group: (n = 160) ( titration of general anaesthesia using routine clinical signs)

2. Entropy group: (n = 160) (propofol infusion adjusted to keep SE, RE values between 45-65)

Outcomes 1.All participants were interviewed twice regarding possible intraoperative memories with a modified
Brice interview, first in the PACU and during the first postoperative day

2. The study tested the hypothesis that intraoperative entropy monitoring would decrease propofol
consumption during propofol-nitrous oxide-alfentanil anaesthesia

Vakkuri 2005 
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3. Time of stopping the infusions to recovery of spontaneous breathing and extubation, time to eye
opening, time to squeezing of the anaesthesiologist’s hand on command, and orientation to time and
place were recorded

4. The time of discharge from the PACU was recorded

Notes The propofol consumption in mg/kg/ hour and recovery times i.e. times to spontaneous breathing,
extubation, eye opening, complete orientation to time place and person are all recorded in median
(range); authors contacted but no response

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random number table

Allocation concealment
(selection bias)

Low risk Each study site provided with a sufficient number of "closed" randomization
envelopes. They were in sequential coding and subjects were treated in blocks
of 10 (5 in each group)

Envelopes were opened in, or immediately prior to, induction of anaesthesia

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 1. All participants had entropy electrodes applied preinduction

2. The enrolled participants were randomized to receive propofol–nitrous ox-
ide–alfentanil anaesthesia with either entropy values shown (entropy group)
or with entropy values not shown (control group)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Entropy indices were collected with 5-s intervals on a laptop computer but
were not displayed

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Only 17 participants out of 385 were excluded: 48 historical controls, 160 con-
trol and 160 entropy group participants included in final analysis

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias High risk Technical assistance, financial support, and equipment for data collection and
analysis for this study were provided by Datex-Ohmeda, Helsinki, Finland. The
authors Drs. Vakkuri and Yli-Hankala are medical advisors for GE Healthcare
Finland, Helsinki, Finland

Vakkuri 2005  (Continued)

 
 

Methods RCT, parallel design, single centre, Chang Gung Memorial Hospital, Kaohsiung 833, Taiwan, ROC

Participants Total participants = 68, data of 3 participants excluded because of missing data

M/F: entropy: 28/6; standard practice: 25/6

Inclusion criteria: ASA physical status I or II participants of either gender, scheduled for total knee re-
placement, all participants received general anaesthesia without regional analgesia reinforcement

Wu 2008 
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Exclusion criteria: history of cerebrovascular disease, treatment with psychoactive medication, existing
cardiac dysrhythmia, weight less than 70% or more than 130% of ideal body weight

Interventions 1.Standard practice group: (n = 31) (sevoflurane titrated using routine clinical signs)

2. Entropy group: (n = 34) (sevoflurane titrated to keep SE, RE values between 35-45)

Outcomes 1.All participants were interviewed in the PACU in the 72 hour postoperative period about explicit recol-
lection of the procedure they had undergone

2.The consumption of sevoflurane, the sole inhalational agent used, in the entropy-assisted group and
in the conventional group was also assessed

Notes Authors contacted for information on duration of study and other queries, but no response from au-
thors. This work was supported in part by the National Science Council (NMRPG 850311), the Statistical
Analysis Laboratory, the Department of Medical Research of Kaohsiung Medical University Hospital and
the University itself for its help

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Authors have stated patients were randomized, but method of randomization
not described; authors contacted, no response

Allocation concealment
(selection bias)

Unclear risk Not specified; authors contacted, no response.However, the review authors
feel that this domain does not affect the outcomes of the review

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk 1. All participants had entropy sensors attached before operation and anaes-
thesia induction; therefore were blinded

2. Entropy values were used to titrate sevoflurane in entropy group and
haemodynamic changes and clinical signs in the conventional group, but there
is no mention if the personnel/anaesthetists were blinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not mentioned; authors contacted, no response

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No, data of 65 out of 68 participants analysed. Only 3 participants of control
group excluded because of missing data

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in methodology have been reported

Other bias Low risk Nothing suggestive

Wu 2008  (Continued)

ASA - American Society of Anesthesiologists
BIS: Bispectral Index
CNS: central nervous system
CPB: cardiopulmonary bypass
EEG: electroencephalography
F: female
ICU: intensive care unit
M: male
PACU: postanaesthesia care unit
RCT: randomized controlled trial
RE: response entropy
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SE: state entropy
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Reviron 2008 This study was excluded because it involved entropy monitoring during cerebral artery embolism,
an intracranial procedure that can interfere with entropy monitoring, and was an exclusion criteria
in our protocol

 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Randomized controlled trial

Participants 72 American Society of Anesthesiologists’ physical status I and II patients undergoing general and
orthopaedic surgeries

Interventions Entropy monitoring

Outcomes To assess propofol dose required for induction of general anaesthesia in patients with entropy
monitoring (state entropy < 50 and state and response entropy difference < 10 ) as compared to the
dose titrated to loss of response to verbal commands

Notes  

Rao 2015 

We reran the search in CENTRAL, MEDLINE via Ovid SP, and EMBASE via Ovid SP in January 2016. We added one potential new study of
interest to the list of ‘Studies awaiting Classification' and we will incorporate this study into the formal review findings during the review
update.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Entropy monitoring versus standard practice

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Time to awakening after stop-
ping anaesthetic agent

6 383 Mean Difference (IV, Random,
95% CI)

-5.42 [-8.77, -2.08]

2 Anaesthetic agent (intravenous
or inhalational) requirement

5   Mean Difference (IV, Random,
95% CI)

Subtotals only

2.1 Intravenous 3 166 Mean Difference (IV, Random,
95% CI)

-11.56 [-24.05, 0.92]

2.2 Inhalational 2 156 Mean Difference (IV, Random,
95% CI)

-3.42 [-6.49, -0.35]

3 Time to readiness to leave the
PACU

3 170 Mean Difference (IV, Random,
95% CI)

-5.94 [-16.08, 4.20]
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Analysis 1.1.   Comparison 1 Entropy monitoring versus standard
practice, Outcome 1 Time to awakening aPer stopping anaesthetic agent.

Study or subgroup Entropy Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Aimé 2006 37 11.5 (5.8) 54 14.2 (9) 17.79% -2.7[-5.74,0.34]

Choi 2010 39 8.3 (1.4) 39 11.9 (2.5) 20.56% -3.6[-4.5,-2.7]

Ellerkmann 2010 25 7.3 (2.9) 27 9.2 (3.9) 19.6% -1.9[-3.76,-0.04]

Jiahai 2012 35 312 (41) 35 405 (38) 2.82% -93[-111.52,-74.48]

Marinova 2012 22 5.8 (1.4) 20 9.2 (2.4) 20.3% -3.36[-4.58,-2.14]

Talawar 2010 25 8.2 (4.5) 25 11 (3.9) 18.94% -2.8[-5.13,-0.47]

   

Total *** 183   200   100% -5.42[-8.77,-2.08]

Heterogeneity: Tau2=13.93; Chi2=93.04, df=5(P<0.0001); I2=94.63%  

Test for overall effect: Z=3.18(P=0)  

Favours Entropy 10050-100 -50 0 Favours Control

 
 

Analysis 1.2.   Comparison 1 Entropy monitoring versus standard practice,
Outcome 2 Anaesthetic agent (intravenous or inhalational) requirement.

Study or subgroup Entropy Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.2.1 Intravenous  

Ellerkmann 2010 25 101 (22) 27 106 (24) 42.56% -5[-17.5,7.5]

Gruenewald 2007 37 81 (22) 35 95 (14) 55.33% -14[-22.47,-5.53]

Marinova 2012 22 520 (123.4) 20 600 (153.2) 2.11% -80[-164.66,4.66]

Subtotal *** 84   82   100% -11.56[-24.05,0.92]

Heterogeneity: Tau2=54.65; Chi2=3.89, df=2(P=0.14); I2=48.54%  

Test for overall effect: Z=1.82(P=0.07)  

   

1.2.2 Inhalational  

Aimé 2006 37 22.8 (14.4) 54 25.6 (17.2) 22.11% -2.8[-9.32,3.72]

Wu 2008 34 27.8 (7.4) 31 31.4 (6.9) 77.89% -3.6[-7.08,-0.12]

Subtotal *** 71   85   100% -3.42[-6.49,-0.35]

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.83); I2=0%  

Test for overall effect: Z=2.19(P=0.03)  

Test for subgroup differences: Chi2=1.54, df=1 (P=0.21), I2=35.09%  

Favours Entropy 10050-100 -50 0 Favours Control

 
 

Analysis 1.3.   Comparison 1 Entropy monitoring versus standard
practice, Outcome 3 Time to readiness to leave the PACU.

Study or subgroup Entropy Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Choi 2010 39 24.3 (7.3) 39 28.8 (5.7) 52.83% -4.5[-7.42,-1.58]

El Hor 2013 25 99.5 (10.8) 25 102 (12.9) 44.78% -2.5[-9.09,4.09]

Marinova 2012 22 192 (96) 20 294 (114) 2.4% -102[-166.07,-37.93]

Favours Entropy 10050-100 -50 0 Favours control
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Study or subgroup Entropy Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

   

Total *** 86   84   100% -5.94[-16.08,4.2]

Heterogeneity: Tau2=48.44; Chi2=9.23, df=2(P=0.01); I2=78.34%  

Test for overall effect: Z=1.15(P=0.25)  

Favours Entropy 10050-100 -50 0 Favours control

 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1 (spectra* or entropy) or ((entropy near monitor*) or (spectral near (entropy or monitor*)))
#2 MeSH descriptor: [Anesthesia, General] explode all trees
#3 an?esth*
#4 #2 or #3
#5 #1 and #4

Appendix 2. MEDLINE (Ovid SP) search strategy

1.     (spectra* or entropy).ti,ab. or ((entropy adj3 monitor*) or (spectral adj3 (entropy or monitor*))).af.
2.     exp Anesthesia, General/ or an?esth*.ti,ab.
3.     1 and 2
4.       ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. or
randomly.ab. or trial.ti.) not (animals not (humans and animals)).sh.
5.     3 and 4

Appendix 3. EMBASE (Ovid SP) search strategy

1. (spectra* or entropy).ti,ab. or ((entropy adj3 monitor*) or (spectral adj3 (entropy or monitor*))).af.

2. general anesthesia/ or an?esth*.ti,ab.

3. 1 and 2

4. (placebo.sh. or controlled study.ab. or random*.ti,ab. or trial*.ti,ab. or ((singl* or doubl* or trebl* or tripl*) adj3 (blind* or mask*)).ti,ab.)
not (animals not (humans and animals)).sh.

5. 2 and 3

Appendix 4. Data Collection Form

CARG

Data collection form

Intervention review – RCTs only

 

Review title or ID

Spectral entropy monitoring for adults and children undergoing general anaesthesia
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Study ID (surname of first author and year first full report of study was published e.g. Smith 2001)

     

 

 
 

Report IDs of other reports of this study (e.g. duplicate publications, follow-up studies)

     

 

 
 

Notes:        

 

 

 

 
1.    General Information

 

Date form completed (dd/mm/yyyy)      

Name/ID of person extracting data      

 

Report title

(title of paper/ abstract/ report that data are extracted from)

     

 

Report ID

(ID for this paper/ abstract/ report)

     

 

Reference details

 

     

 

 

Report author contact details      

 

Publication type

(e.g. full report, abstract, letter)
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Study funding sources

(including role of funders)

     

 

Possible conflicts of interest

(for study authors)

     

 

Notes:      

 

  (Continued)

 
2.    Study Eligibility

 

Study
Character-
istics

Eligibility criteria

(Insert eligibility criteria for each characteristic as defined
in the Protocol)

Yes No Unclear Location in
text

(pg & ¶/fig/
table)

Type of
study

Randomized Controlled Trials            

Partici-
pants

 Children > 2years up to 16years and adults > 16 to 65
years, participants > 65 years undergoing surgery under
general anaesthesia or sedation    

           

Types of
interven-
tion

 RCTS with 2 arms - where in the control/standard prac-
tice group anaesthetic agent administration is monitored
according to conventional parameters (HR, MAP, move-
ment, lacrimation, sweating etc) and in the entropy group
anaesthetic agent administration is going to be titrated
according to the entropy values    

 

           

Types of
outcome
measures

     

Primary outcomes

1. Postoperative recall of intraoperative events within 24
hours, 1 week, and 1 month postoperatively

2. Anaesthetic agents - Propofol/Remifentanil/Fen-
tanyl/Sevoflurane/Isoflurane/Desflurane requirement in-
traoperatively

3. Cost of the anaesthesia

Secondary outcomes  

1. Time to awakening (defined as either time to extuba-
tion in intubated participants or eye opening in response
to verbal commands/spontaneous movements in non-in-
tubated participants) after stopping the anaesthetic agent
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2. Time to readiness for discharge from the postanaesthe-
sia care unit (PACU)

3. Mortality at 24 hours, 1 week, and 1 year postoperative-
ly

 

 

INCLUDE participants of the above age
group undergoing elective or emergency
surgery under general anaesthesia or seda-
tion

EXCLUDE 

Children < 2 years of age

Participants undergoing intracranial surgery

Reason for
exclusion 

     

Notes:       

 

  (Continued)

 
DO NOT PROCEED IF STUDY EXCLUDED FROM REVIEW

3.    Population and setting

 

  Description

Include comparative information for each group
(i.e. intervention and controls) if available

Location in text

(pg & ¶/fig/table)

Population description

(from which study participants are drawn)

           

Setting

(including location and social context)

           

Inclusion criteria            

Exclusion criteria            

Method/s of recruitment of participants            

Informed consent obtained

 

            

Yes      No     Unclear

           

Notes:         
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4.    Methods

 

  Descriptions as stated in report/paper

 

Location in text

(pg & ¶/fig/table)

Aim of study

 

 

           

Design (e.g. parallel, crossover, cluster)            

Unit of allocation

(by individuals, cluster/groups or body parts)

           

Start date

 

     

 

     

End date

 

     

 

     

Total study duration

 

           

Ethical approval needed/obtained for study             

Yes      No     Unclear

           

Notes:         

 

 
5.    'Risk of bias' assessment

See Chapter 8 of the Cochrane Handbook

 

Risk of bias

 

Domain

Low risk High risk Unclear

Support for judge-
ment

 

Location in
text

(pg & ¶/fig/ta-
ble)

Random sequence generation

(selection bias)

                 

Allocation concealment

(selection bias)
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Blinding of participants and per-
sonnel

(performance bias)

      Outcome group:
All/     

     

     

(if required)       Outcome group:      

     

     

Blinding of outcome assessment

(detection bias)

      Outcome group:
All/     

     

     

(if required)       Outcome group:      

     

     

Incomplete outcome data

(attrition bias)

 

                 

Selective outcome reporting?

(reporting bias)

                 

Other bias

 

 

                 

Notes:         

  (Continued)

 
6.    Participants

Provide overall data and, if available, comparative data for each intervention or comparison group.

 

  Description as stated
in report/paper

 

Location in text

(pg & ¶/fig/table)

Total no. randomized

(or total pop. at start of study for NRCTs)

           

Clusters

(if applicable, no., type, no. people per cluster)

           

Baseline imbalances            
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Withdrawals and exclusions

(if not provided below by outcome)

           

Age            

Sex            

ASA grade            

Comorbidities

 

           

Treatment received for comorbidities            

Premedication given            

Surgery performed            

Subgroups measured

 

           

Subgroups reported

 

           

Notes:         

  (Continued)

 
7.    Intervention groups

Copy and paste table for each intervention and comparison group

Intervention Group (entropy group)

 

  Description as stated
in report/paper

 

Location in text

(pg & ¶/fig/table)

Group name

 

           

No. randomized to group

(specify whether no. people or clusters)

           

Theoretical basis (include key references)
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Description (include sufficient detail for replication, e.g. content, dose, compo-
nents)

           

Duration of anaesthesia            

Timing of entropy monitoring (prior to induction or after induction of anaes-
thesia)

           

Delivery  of anaesthetic agents (whether propofol(TIVA), inhalational agents
or opioids titrated)

           

Anaesthetic agent titrated by blinded observer or not            

Cointerventions 
Need for muscle relaxants/analgesics assessed

           

Economic variables 
(i.e. intervention cost, changes in other costs as result of intervention)

           

Notes:         

  (Continued)

 

Control group (Standard Practice group)

 

  Description as stated
in report/paper

 

Location in text

(pg & ¶/fig/table)

Group name

 

           

No. randomized to group

(specify whether no. people or clusters)

           

Theoretical basis (include key references)

 

           

Description (include sufficient detail for replication, e.g. content, dose, compo-
nents)

           

Duration of anaesthesia            

Timing of entropy monitoring (prior to induction or after induction of anaes-
thesia)

           

Delivery  of anaesthetic agents (whether propofol(TIVA), inhalational agents
or opioids titrated)

           

Anaesthetic agent titrated by blinded observer or not            
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Cointerventions 
Need for muscle relaxants/analgesics assessed

           

Economic variables 
(i.e. intervention cost, changes in other costs as result of intervention)

           

Notes:        

  (Continued)

 

8.    Outcomes

Copy and paste table for each outcome.

Outcome 1

 

  Description as stated in report/paper

 

Location in text

(pg & ¶/fig/table)

Outcome name

Any report of postoperative recall of intraoperative events in
the entropy and standard practice group.

 

       

Time points measured

Immediately postoperatively, within 24 hours up to 1 week
postoperatively, 1 month postoperatively

           

Time points reported            

Outcome definition –

YES/NO

           

Person measuring/reporting: Anaesthesiologist not involved
in the study, other experts

           

Unit of measurement

(if relevant) 

           

Scales: upper and lower limits entropy & BIS levels: 40-65
indicate adequate depth of anaesthesia

           

Is outcome/tool validated?             

Yes      No     Unclear

           

Imputation of missing data 
(e.g. assumptions made for ITT analysis)

           

Power            
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Notes:        

  (Continued)

 

Outcome 2

 

Outcome name: Mortality at 24 hours, 1 week, and 1 year post-
operatively

       

Time points measured: at 24 hours, 1 week, and 1 year postop-
eratively

           

Time points reported-            

Outcome definition –

YES/NO

           

Person measuring/reporting 
Blinded as to the technique used for titrating anaesthetic
agent (entropy/standard practice group)

           

Unit of measurement:

  (if relevant)

           

Scales: upper and lower limits, entropy levels: 40-65 indi-
cate adequate depth of anaesthesia

           

Is outcome/tool validated?             

Yes      No     Unclear

           

Imputation of missing data 
(e.g. assumptions made for ITT analysis)

           

Power            

Notes:         

 

 
 Outcome 3

 

  Description as stated in report/paper

 

Location in text

(pg & ¶/fig/table)

Outcome name: Time to awakening (defined as either time
to extubation in intubated participants or eye opening in re-
sponse to verbal commands/spontaneous movements in non-
intubated participants) after stopping the anaesthetic agent
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Time points measured : at the end of the procedure            

Time points reported- 
the above endpoint

           

Outcome definition – Difference in awakening in minutes in
the entropy group and standard practice group

           

Unit of measurement: minutes            

Is outcome/tool validated?   Yes      No     Un-
clear

           

Person measuring/reporting:

Blinded as to the technique used for titrating anaesthetic agent
( entropy/standard practice group)

     

Imputation of missing data 
(e.g. assumptions made for ITT analysis)

           

Power            

Notes:         

  (Continued)

 
Outcome 4

 

  Description as stated in report/paper

 

Location in text

(pg & ¶/fig/table)

Outcome name

Anaesthetic agent requirement - Propofol/ Remifentanil/Fen-
tanyl/Sevoflurane/Isoflurane/ Desflurane requirement intraop-
eratively in entropy and standard practice group

 

       

Total anaesthetic agent used for the procedure:

Inhalation agents: MAC-hour

Propofol/fentanyl/remifentanil = mL 

     

Time points measured: after the end of surgery

 

           

Time points reported:            

Outcome definition: Mean difference in drug used in entropy
and standard practice group

           

 

Spectral entropy monitoring for adults and children undergoing general anaesthesia (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

47



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Person measuring/reporting: Anaesthesiologist administering
anaesthetic

           

Inhalational agent=MAC equivalents

 

           

Scales: upper and lower limits entropy 40-65 indicate ade-
quate depth of anaesthesia

           

Is outcome/tool validated?             

Yes      No     Unclear

           

Imputation of missing data 
(e.g. assumptions made for ITT analysis)

           

Power            

Notes:        

  (Continued)

 

Outcome 5

 

  Description as stated in report/paper

 

Location in text

(pg & ¶/fig/table)

Outcome name

Cost of anaesthetic 

       

Time points measured: after the end of surgery            

Time points reported 
All the above endpoints

           

Outcome definition: Mean difference in cost of anaesthetic in
USD/GBP between entropy and standard practice group

           

Person measuring/reporting 
Anaesthesiologist administering anaesthetic

           

Quantity of inhalation or intravenous agent in millilitres            

Scales: upper and lower limits, entropy 40-65 indicate ade-
quate depth of anaesthesia

           

Is outcome/tool validated?             

Yes      No     Unclear

           

Imputation of missing data 
(e.g. assumptions made for ITT analysis)
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Power            

Notes:      

  (Continued)

 

Outcome 6

 

  Description as stated in report/paper

 

Location in text

(pg & ¶/fig/table)

Outcome name: Difference in the time to readiness for dis-
charge from the postanaesthesia care unit (PACU) in the en-
tropy and standard practice group.

       

Time points measured: In the PACU when patient meets dis-
charge criteria according to study protocol

           

Time points reported-            

Outcome definition: Patient meets criteria for discharge from
the PACU according to study protocol

           

Unit of measurement: minutes            

Is outcome/tool validated?             

Yes      No     Unclear

           

Imputation of missing data 
(e.g. assumptions made for ITT analysis)

           

Power            

Notes:         

 

 
9.    Results

Copy and paste the appropriate table for each outcome, including additional tables for each time point and subgroup as required.

Dichotomous outcome

 

  Description as stated in report/paper

 

Location in
text

(pg & ¶/fig/
table)
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Comparison            

Outcome            

Subgroup            

Timepoint 
(specify whether from start or end of inter-
vention)

           

Intervention Comparison

No. events No. participants No. events No. partici-
pants

Results

                       

     

No. missing participants and reasons                  

No. participants moved from other
group and reasons

                 

Any other results reported            

Unit of analysis (by individuals, clus-
ter/groups or body parts)

 

           

Statistical methods used and appropri-
ateness of these methods (e.g. adjust-
ment for correlation)

           

Reanalysis required? (specify)             

Yes      No     Unclear

           

Reanalysis possible?             

Yes      No     Unclear

           

Reanalysed results            

Notes:        

  (Continued)

 

Continuous outcome
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5
1

  Description as stated in report/paper

 

Location in text

(pg & ¶/fig/table)

Comparison            

Outcome            

Subgroup            

Timepoint 
(specify whether from start or end of interven-
tion)

           

Postintervention or change from baseline?            

Intervention Comparison  

Mean SD (or oth-
er vari-
ance)

No. participants Mean SD (or oth-
er vari-
ance)

No. partic-
ipants

Results

                                   

     

No. missing participants and reasons                  

No. participants moved from other group
and reasons

                 

Any other results reported             

Unit of analysis

(individuals, cluster/ groups or body parts)

           

Statistical methods used and appropriate-
ness of these methods (e.g. adjustment for
correlation)

           

Reanalysis required? (specify)             

Yes      No     Unclear

           

Reanalysis possible?                         
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5
2

Yes      No     Unclear

Reanalysed results            

Notes:      

  (Continued)
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Other outcome

 

  Description as stated in report/paper

 

Location in
text

(pg & ¶/fig/
table)

Comparison            

Outcome            

Subgroup            

Timepoint 
(specify whether from start or end of inter-
vention)

           

Interven-
tion result

SD (or other variance) Control re-
sult

SD (or oth-
er variance)

                       

Overall results SE (or other variance)

Results

           

     

Intervention ControlNo. participants

           

 

No. missing participants and reasons                  

No. participants moved from other
group and reasons

                 

Any other results reported            

Unit of analysis (by individuals, clus-
ter/groups or body parts)

           

Statistical methods used and appropri-
ateness of these methods

           

Reanalysis required? (specify)             

Yes      No     Unclear

           

Reanalysis possible?             

Yes      No     Unclear

           

Reanalysed results            

Notes:         
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10. Applicability

 

Have important populations been excluded from the study? (consider
disadvantaged populations, and possible differences in the intervention ef-
fect)

            

Yes      No     Unclear

     

Is the intervention likely to be aimed at disadvantaged groups? (e.g.
lower socioeconomic groups)

            

Yes      No     Unclear

     

Does the study directly address the review question?

(any issues of partial or indirect applicability)

            

Yes      No     Unclear

     

Notes:        

 

 
11. Other information

 

  Description as stated
in report/paper

 

Location in text

(pg & ¶/fig/table)

Key conclusions of study authors             

References to other relevant studies             

Correspondence required for further study information (from whom, what
and when)

     

Notes:        

 

 

Appendix 5. Formula for calculating MAC-hour or MAC equivalents for ascertaining inhalational agent cost

For inhalation agents we will calculate MAC-hour and calculate the cost of the inhalation agent used by the following formula: Cost per MAC
hour ($) = [(Concentration)(FGF)(duration)(MW)(cost/mL)]/[(2412)(D)], where concentration is the (%) of gas delivered (i.e. the delivered
vaporizer setting), fresh gas flow rate (FGF in L/min), duration of inhaled anaesthetic delivery (min), cost per mL ($), molecular weight (MW
in gm), density (D in gm/mL), and a factor to account for the molar volume of a gas at 21°C (2412) (Dion 1992a).

The MAC of isoflurane, sevoflurane and desflurane for adults will be 1.15, 1.8, 6.0 respectively. For participants > 65 years the values would
be 1.0, 1.45 and 5.17 respectively (Mayer 2007). The MAC of isoflurane, sevoflurane for children 1 to12 years would be 1.6, 2.5 (Cameron
1984 ; Lerman 1994). For desflurane the MAC would be as follows in children 1 to 3 yr 8.72 ± 0.59%, in children 3 to 5 yr 8.62 ± 0.45%, and
in children 5 to 12 yr 7.98 ± 0.43% (Taylor 1991).
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Co-ordinating the review: AC

Undertaking manual searches: AC, Saloni Paranjape (SP)

Screening search results: AC, SP

Organizing retrieval of papers: AC, Rajeshwari Subramaniam (RS)

Screening retrieved papers against inclusion criteria: AC, SP

Appraising quality of papers: Anurag Srivastava (AS), AC

Abstracting data from papers: AC, SP, Hemanshu Prabhakar (HP)

Writing to authors of papers for additional information: AC

Providing additional data about papers: AC, SP

Obtaining and screening data on unpublished studies: RS, AC

Data management for the review: AC, HP

Entering data into Review Manager (RevMan 2014): AC, HP

RevMan statistical data: Mani Kalaivani (MK), AC

Other statistical analysis not using RevMan: MK, AS

Interpretation of data: AC, HP

Statistical inferences: MK, AC

Writing the review: AC, HP

Securing funding for the review: none

Performing previous work that was the foundation of the present study: AC

Guarantor for the review (one author): AC

Person responsible for reading and checking review before submission: AC, HP, AS

D E C L A R A T I O N S   O F   I N T E R E S T

Anjolie Chhabra published a RCT (Talawar 2010). Dr Chhabra did not decide on the inclusion of this trial in the meta-analysis; two other co-
authors (SP, HP) decided that the trial met the inclusion criteria. No financial aid was received for the study, only departmental equipment
was used.

Rajeshwari Subramaniam: none known.

Anurag Srivastava: none known.

Hemanshu Prabhakar: none known.

Mani Kalaivani: none known.

Saloni Paranjape: none known.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

1. We included a new author Paranjape S in the Review aAer the protocol had been published.

2. We changed the wording of secondary outcome number two, from Anaesthetic agent (intravenous or inhalational) 'requirement' to
Anaesthetic agent (intravenous or inhalational) 'used'.

3. We had intended, in the protocol (Chhabra 2012), that where the dose of propofol was given in mg/kg/min, we would calculate the
total dose used by multiplying the mg/kg/minute dose by the duration of the procedure. This was not possible because we could not
get individual patient data from the authors and therefore we could not calculate the mean and standard deviation values of the total
dose in mg/kg.

4. For inhalation agents we had proposed to calculate minimum alveolar concentration over one hour (MAC-hour) and the cost of the
inhalation agent used by the formula given in Appendix 5 (Dion 1992a). This would have been possible if the end tidal values of the
inhalational agents were available, together with data of individual patients showing duration, so that we could calculate mean duration
with standard deviation. This was not possible, therefore we could not calculate the MAC equivalents of the inhalation agents based
on the MAC for that age multiplied by the end tidal concentration (Punjasawadwong 2014). The cost of the inhalation agent also could
not be calculated by replacing concentration and fresh gas flow (FGF) in the above equation with the MAC equivalent and calculating
the MAC-hour costs.

5. The first objective mentioned in the protocol was to assess the eHectiveness of entropy monitoring in preventing postoperative recall
of intraoperative events (awareness) following general anaesthesia. The second and third objectives were to assess the eHectiveness of
entropy monitoring in decreasing the cost of the anaesthetic as well as in facilitating faster recovery from general anaesthesia. These
objectives were changed in the review, in order to avoid overlap with another review (Messina 2008). The objectives of the review now
are to assess the eHectiveness of entropy monitoring in facilitating faster recovery from general anaesthesia as well as assessing the
mortality at 24 hours, 30 days, and one year with the use of the entropy monitor. The other objectives are to assess the eHectiveness of
entropy monitoring in preventing postoperative recall of intraoperative events (awareness) following general anaesthesia; in decreasing
the cost of the anaesthetic as well as reduction in time to readiness for discharge from the PACU.

6. The primary outcome (number one) 'postoperative recall of intraoperative events (awareness) in the immediate postoperative period,
at 24 hours, one week, and one month' was made secondary outcome (number one). and secondary outcome (number one) 'time to
awakening (defined as either time to extubation in intubated patients, or eye opening in response to verbal commands or spontaneous
movements in non-intubated patients) aAer stopping the anaesthetic agent' was made primary outcome number one to avoid overlap
with another review (Messina 2008).

7. 'Summary of findings' section in the protocol stated that we would include the outcome 'awareness'; this has been changed in the text
of the review to 'postoperative recall of intraoperative events'. Further the outcome 'length of time in the PACU' in the same section has
been changed in the text of the review to 'time to readiness to leave the PACU'.

8. We did not do a manual search of the reference lists of journals and texts, and abstracts from proceedings of international conferences.

9. We did not carry out subgroup analysis based on eHect of age on risk of postoperative recall of intraoperative events (awareness), long-
acting opioids compared to ultrashort-acting opioids or regional anaesthesia alone, and total intravenous and inhalational (including
balanced) anaesthesia for assessing time to awakening because of paucity of data.

10.Total intravenous anaesthesia (TIVA) has been replaced by propofol-based general anaesthesia and inhalational (including balanced)
anaesthesia replaced by volatile anaesthetic-based general anaesthesia.

11.We replaced the term 'awareness recall' by 'awareness'.

12.In the 'Assessment of heterogeneity' section we replaced, 'We considered an I2 statistic > 50% to indicate that a meta-analysis was not

appropriate' with 'When I2 > 50% we performed a subgroup analysis based on preplanned criteria.' We also performed a sensitivity
analysis to check robustness of results.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Anesthesia, General  [mortality];  *Entropy;  Anesthesia Recovery Period;  Anesthetics  [administration & dosage];  Intraoperative
Awareness  [prevention & control];  Isoflurane  [administration & dosage];  Memory, Short-Term;  Methyl Ethers  [administration &
dosage];  Propofol  [administration & dosage];  Randomized Controlled Trials as Topic;  Sevoflurane;  Time Factors

MeSH check words

Adult; Child; Humans

Spectral entropy monitoring for adults and children undergoing general anaesthesia (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

56


