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Abstract
Background: Caesarean section under general anaesthesia is the surgical
intervention with the highest incidence of accidental awareness. This state can result
in traumatic complications such as anxiety, nightmares, sleep problems and post-
traumatic stress disorder.
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Objective: The aim of this systematic review was to synthesise measurements of
sleep depth throughout the whole course of anaesthesia from randomised controlled
trials where we compared induction of anaesthesia with propofol and thiopental in
elective caesarean section.

Method: The study is a systematic review with meta-analysis. Systematic searches
were carried out in the following databases: the Cochrane Database of Systematic
Reviews �CDSR�, Embase �OVID�, Cinahl �EBSCO�, PubMed, Google Scholar and
Epistemonikos. The objective was to obtain bispectral index �BIS� values at the
following measurement points: induction, intubation, skin incision, uterine incision,
delivery, uterine suture and skin suture. 

Result: a total of four randomised controlled trials were included in this systematic
review. The meta-analysis shows significantly lower BIS values in favour of the
propofol group (mean difference �9.27; 95 per cent confidence interval �11.32; �7.2�.
For patients who had induction of anaesthesia with propofol, the mean BIS value was
below 60 and the participants had a low risk of awareness compared with the
thiopental group across all studies. The sub-groups of ‘induction’, ‘intubation’, ‘skin
incision’, ‘uterine incision’, ‘delivery’ and ‘uterine suture’ show significant results in
favour of lower BIS in induction with propofol compared with thiopental. The
calculation of heterogeneity in the meta-analysis shows a high degree of statistical
heterogeneity between the studies, with a p-value of < 0.00001 and I² at 78 per cent.

Conclusion: This study shows that patients who had induction of anaesthesia with
propofol in elective caesareans have a lower risk of experiencing accidental
awareness during general anaesthesia. Furthermore, it illustrates the necessity of
nurse anaesthetists measuring sleep depth and being conscious of risk factors in the
pregnant woman which may involve increased risk of awareness.

Introduction
Caesarean section under general anaesthesia is associated with an increased risk of
perioperative accidental awareness �1, 2, 8�. 

Regional anaesthesia is the preferred method for caesarean section; however, in
certain circumstances a general anaesthetic may be an alternative, including in
elective procedures. General anaesthesia is an alternative in cases where the mother
suffers from a coagulation disorder, certain neurological conditions, spinal deformities,
or where regional anaesthesia has failed to work or the mother prefers it �1, 2, 8�.



Awareness under general anaesthesia is a feared complication where the patient may
experience being conscious without being able to move. At the same time, the patient
may feel pain and/or hear what is happening without being able to communicate it �1,
5�. One important cause of awareness is underdosing of sleep medication in
combination with muscle relaxant drugs �2, 4�.

The challenge with anaesthesia in caesarean section is that the need of the mother
for pain relief and sufficient sleep depth must be safeguarded, while the drugs being
administered affect the child via the placenta �1�.

Inhalation drugs which ensure sleep can cause uterine atony, while benzodiazepines
and opioids which prevent pain and discomfort in the mother can cause respiratory
depression in the child. Underdosage of these drugs increases the risk of awareness
in the mother �1, 3�.

The studies of Brown et al. �2� and Odor et al. �3� found that patients who
experienced awareness might suffer later from anxiety, nightmares, sleep problems,
stress and post-traumatic disorder �3, 4�.

Risk factors for awareness during caesarean sections have been shown to be young
age, anxiety and a low or high body mass index �1, 3, 4�. Other risk factors are acute
surgery immediately after induction of anaesthesia, carrying out caesarean section at
night, perioperative bleeding and inexperienced anaesthesia personnel. Physiological
changes in the pregnant woman, such as increased cardiac output per minute which
in turn increases the redistribution of intravenous anaesthetic drugs and slows the
establishment of sufficient partial pressure of anaesthetic gas, are also trigger
factors �1�.

Increased cardiac output per minute reduces the duration of action of a bolus dose of
the induction drug. At the same time, the altered physiology contributes to the mother
needing longer to achieve the effect of the anaesthetic gas �1�.

In 2019, 8 670 caesarean sections were registered in Norway. Of these, 959 �11.1 per
cent) were carried out under general anaesthesia �5�. Awareness during general
anaesthesia in caesarean section corresponds to 1 in 670 compared to 1 in 19 000 for
other surgical procedures �6�. The most common anaesthetics used to induce
anaesthesia in caesarean section are thiopental and propofol. Since 1959, the
standard medications used to induce general anaesthesia in caesarean sections have
been thiopental and suxamethonium �1, 7�.

Propofol entered the market in the 1980s, but for a number of reasons it was not
adopted for use in caesarean section. Unlike propofol, thiopental was authorised for
use in pregnant women, and it was further claimed that thiopental had a more rapid
onset of action and could be used in rapid sequence induction �RSI�.



Compared with propofol, thiopental had less of a haemodynamic effect on the mother
and the placenta. Based on these findings, thiopental remained the first choice over
propofol �7�.

The study by Tumukunde et al. �8� compared induction with thiopental and propofol in
emergency caesarean section. They investigated the condition of neonates after
delivery �Apgar score) and the time from when the mother received induction of
anaesthesia until she was awake.

Tumukunde et al. concluded that there was no significant difference in the Apgar
score after delivery between the group receiving thiopental and the group receiving
propofol �8�. Mothers in the propofol group were found to take significantly less time
to wake up. In their study, Park et al. �9� found no significant haemodynamic
difference in women who were given induction with propofol or thiopental
respectively.

Previously a single dose of thiopental was recommended as the preferred induction
agent for general anaesthesia in caesarean section; however, in the last few years
there has been a change in which propofol is used together with suxamethonium for
induction in caesarean section �3�.

Compared to propofol, there is a four-times greater risk of awareness �3�, and many
textbooks, guidelines and studies now recommend the use of propofol. Induction
agents such as thiopental, etomidate and propofol have not been shown to have any
teratogenic effect. Neither have they affected brain development in animal embryos.
Their use is nevertheless not stated as safe in the Norwegian Pharmaceutical Product
Compendium (Felleskatalogen) �3�.

It is, however, highly likely that propofol is being used off label because the drug is not
licensed in many countries apart from the USA. Most medicines used in obstetric
anaesthesia are only allowed if the therapeutic effect outweighs the risk �3�.

The Bispectral index �BIS� is based on electroencephalography �EEG� and shows
electrical impulses from the brain. The values reflect the patient’s level of
consciousness. A value of 0 represents an absence of brain activity and 100 shows an
awake state �10�.

In order to assess how deeply anaesthetised a patient is during general anaesthesia,
BIS has proved to be a safe measurement tool �10�. BIS values between 40 and 60
represent sufficient sleep depth and are recommended in order to reduce the risk of
awareness during anaesthesia �10�.



The aim of the study

The aim of this systematic review was to investigate whether there is a difference in
BIS values throughout the whole course of anaesthesia following induction with
propofol versus thiopental in elective caesarean section. The following research
question is addressed:

‘How does propofol, compared to thiopental, affect BIS values in the course of
anaesthesia measured in elective caesarean section under general anaesthesia?’

Method
In order to be able to formulate an explicit and focused research question we
systematised and structured the search strategy using the PICO model �Table 1�,
which was also used to develop the research question.

In PICO the clinical questions are formulated to identify four components: population,
intervention, control and outcomes �11�. Search words were structured using PICO,
and mesh.uia.no was used to find text words and topic words for the search strategy.

Inclusion and exclusion criteria are presented in Table 2.
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Article search and search words 

We carried out systematic searches in the last quarter of 2020. An updated search
was carried out in April 2021, which did not result in the inclusion of any new articles.
We consulted a university librarian for guidance on search strategy and relevant
databases.

In order to achieve the maximum number of hits we did not apply limits on publication
year or other filters in the databases. We contacted an expert in the specialist field
who made suggestions about reference works and supporting literature.

We used SveMed+ and MeSH to identify subject headings and text words. Systematic
searches were carried out in the following databases: the Cochrane Database of
Systematic Reviews, Embase �OVID�, Cinahl �EBSCO�, PubMed, Google Scholar and
Epistemonikos.

The reference lists of included studies were reviewed in order to capture articles
which had not been identified by the search; however this only identified duplicates.
Because the results of the systematic searches provided relatively few hits, we
carried out a thorough manual review of these rather than using EndNote. All relevant
hits in Google Scholar, which was the last database we searched in, were duplicates
of other hits.
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We identified six articles in languages we do not master, such as Iranian, Farsi and
Korean. In an attempt to obtain these in an English version we emailed the principal
authors of all the articles, but did not receive any replies.

Selection and critical appraisal

Independently of each other, the principal author and co-author �JØ, LMR� went
through titles, summaries and complete articles for inclusion based on the inclusion
and exclusion criteria. The assessments of the texts were then compared before a
pilot test on the first 40 studies was carried out in order to quality-assure a common
understanding of the criteria. The pilot test confirmed that we agreed on the inclusion
and exclusion criteria.

Two articles were critically appraised in order to obtain a common understanding of
how to interpret and assess the questions in the Norwegian Electronic Health Library’s
checklist for randomised controlled trials �12�. The included articles were
subsequently critically assessed by two individuals independently of each other.

The following data were captured and systematised in the data extraction (see Table
3 for details): author, country, year, number of participants, study design, intervention,
control, outcome and how the outcome was measured, as well as the result.

Analysis and classification of data 

In order to classify and analyse the results from the included studies we carried out a
meta-analysis, since we considered the studies to have low clinical heterogeneity
�13� in relation to population characteristics, intervention and surgical procedure. The
meta-analysis was carried out using Review Manager software �14�.

Single studies may give rise to diverging results as a result of chance factors, so a
meta-analysis can provide a more secure basis for establishing causal effects �15�.
Mean BIS values were extracted for the following measurement time points: induction,
intubation, skin incision, uterine incision, delivery, uterine suture and skin suture. The
measurement time points for BIS during a caesarean section were defined in the
planning of the systematic review, following the identification of a relevant study in
the pilot search.

The mean BIS-value is a continuous variable, and the mean difference �MD� was
therefore calculated with a 95 per cent confidence interval �CI� and p-value
(significance level ˂ 0.05�, in order to measure the effect in the intervention group
(propofol) versus the control group (thiopental) in each sub-group, as well as the total
effect for the whole course of anaesthesia. We chose an inverse-variance, random-
effects meta-analysis model �16�. The findings are presented as a forest plot in Figure
2.



Results
We identified 4 441 references through systematic literature searches. Of these, 4 391
were excluded because the title and abstract did not meet the inclusion criteria, were
duplicates of hits in other databases, were in languages we do not master, were not
randomised controlled trials �RCTs) or lacked abstracts or full texts. Duplicates were
removed manually.

Fifty articles were then read in full-text and assessed in accordance with the inclusion
and exclusion criteria. In total, four RCTs fulfilled the criteria for meta-analysis. A total
of 302 patients were included in the studies in the meta-analysis.

The included studies were carried out in Turkey, Iran, Saudi Arabia and Korea between
2012 and 2020. All the studies had been approved by a research ethics committee. All
the studies included in the meta-analysis compared propofol and thiopental for
induction of anaesthesia in caesarean section under general anaesthesia.

There were no significant differences in the number of participants in each group, the
age of the participants, body mass index, gestational age of the foetus or the
inclusion and exclusion criteria of the studies.

All participants were aged between 18 and 44 and assessed as healthy without
functional limitations. The participants underwent elective caesarean section, and all
were voluntary participants in the research. In all the studies the participants were
randomly placed in groups, either with the help of a table or a data program.

Critical appraisal

Two of the articles have higher validity �17, 18� because they have a thorough
description of method and randomisation compared with the articles by Gençoğlu et
al. �19� and Çakırtekin et al. �20�.

The participants in all four studies are described as being equally monitored and all
the studies use BIS to measure sleep depth. The studies by Gençoğlu et al. �19� and
Çakırtekin et al. �20� do not describe how the randomisation was carried out, only that
the participants were randomised, while the studies by Hadavi et al.�17� and Mercan
et al.�18� describe using a double-blind technique in relation to both participants and
anaesthesia personnel.

There may be a greater risk of bias in the articles where there is no detailed
description of how the participants were randomised. One may therefore have less
faith in those articles �19, 20�. All the four studies �17�20� are well described, and the
method is approximately the same. This makes them well suited to a meta-analysis.





The effect of propofol versus thiopental on mean BIS values

Total effect measurements in the meta-analysis showed significantly lower BIS in the
patients for whom anaesthesia was induced with propofol versus thiopental �MD –
9.27; 95 per cent CI �11.32; �7.2�, which indicates a significantly reduced danger that
the patient may experience awareness.

If we look at effect in the various sub-groups, the findings are more varied and six of
the sub-groups show effect in favour of lower BIS in patients who had induction with
propofol, while the sub-group ‘skin suture’ does not show any significant difference
between the groups. Below we present the findings for the various sub-groups.

The sub-group ‘induction’ shows lower BIS for the intervention group propofol �MD –
5.47; 95 per cent CI �8.54; �2.40�. If we look at mean BIS and standard deviation in
the two studies addressing this sub-group, BIS is below 60 in the intervention and the
control groups in both studies.
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BIS values in the sub-group ‘intubation’ also show a significant difference between the
propofol group and the thiopental group, but not as great a significance as ‘induction’
�MD �10.11; 95 per cent CI �16.73; �3.49�. In one of the included studies, the patients
who had induction with thiopental had mean BIS above 60 and were therefore at risk
of awareness.

In the sub-groups ‘skin incision’ and ‘uterine incision’ the analysis shows major
differences between the intervention and the control groups with, respectively, MD –
10.57 �95 per cent CI �13.07; �8.07� for ‘skin incision’, and MD �12.9 �95 per cent CI –
15.62; �10.8� for ‘uterine incision’.

The mean BIS value was once more above 60 in patients for whom anaesthesia was
induced with thiopental in several of the studies we included in our analysis. On
delivery of the child it becomes apparent that there is a highly significant difference
between the groups. The mean difference here is �15.04 �95 per cent CI�, and it is
precisely in this comparison that we see the most significant difference between the
groups. The mean BIS value was again over 60 in the control group in three of the
included studies.

Following delivery of the child there is a smaller significant difference between the
groups in the sub-group ‘uterine suture’ �MD �5.16; 95 per cent CI �8.34; �1.97�, still in
favour of the patients in whom anaesthesia was induced with propofol. In some of the
patients who had induction with thiopental, the mean BIS was above 60.

In the final stages of surgery in the sub-group ‘skin suture’ the analysis does not show
any significant difference between the two groups �MD �2.28; 95 per cent CI �8.11;
3.54�. Here it is natural to envisage that the concentration of sevoflurane is the same
in both groups, and that neither propofol nor thiopental are relevant components at
that stage, hence no significant difference.

In the meta-analysis it is worth noting that the BIS value for some of the patients will
be above 60 even in the intervention group, even though the mean BIS value is below
60. The calculation of heterogeneity in the meta-analysis shows a high degree of
statistical heterogeneity between the studies, with a p-value of < 0.00001 and I² of 78
per cent, as shown in Figure 2.
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The findings in the meta-analysis show significant differences in the mean BIS values
between the groups at the measurement points of induction, skin incision, uterine
incision and delivery, and we have great confidence in the estimates. The results in
several of our sub-groups are in favour of the intervention group (propofol) and have
effect estimates which do not cross the no-effect line �16�. In the ‘skin suture’ sub-
group, the result is not significant.

Discussion
The result of the meta-analysis in this systematic review indicates that the switch
from thiopental to propofol for induction of anaesthesia in elective caesarean section
may contribute to preventing awareness. Patients who had induction with propofol
clearly had a lower BIS value compared to those who had induction with thiopental.

The findings from this systematic review show that the patients in whom anaesthesia
was induced with thiopental had BIS values which put them in danger of experiencing
awareness. The included studies involved elective patients, and this means a
reduction in risk factors such as night shifts, urgency and limited time for preparation.

Thiopental increased the risk of awareness compared with propofol

The result from the sub-group analysis showed significantly higher BIS values from
induction to delivery in the control group thiopental, something which corresponds to
patient casuistics that report on awareness in this period �3�.

The result is supported by Odor et al. �3�, who found that thiopental had a four times
greater risk of awareness compared with propofol. They suggest there may be a
pharmacological basis for these observations and argue that there ought to be a
specific rationale for using thiopental as an induction agent, rather than regarding it
as a standard choice �3�.

Even though awareness is a feared complication in caesarean section, there are
several other factors that affect the mother and the child. For example,
haemodynamic stability is important to ensure adequate oxygenation of the foetus.

The findings from our systematic review indicate that propofol is preferable for
induction in elective caesarean section, as the risk of accidental awareness is
reduced. However, it is not a given that propofol should be the first choice in
emergency caesareans �1, 2�. In emergency caesarean section where the mother is
haemodynamically unstable, propofol can affect the haemodynamics of the mother to
such a degree that it is no longer appropriate to use propofol as the sole medicament
�8�.



Several studies have mapped predisposing factors, situations and possible reasons
for awareness without making any concrete proposals for changes in order to prevent
the condition �1, 3, 4�.

Lack of experience in the use of thiopental increases the danger of
complications

In addition to lower BIS, there are other factors contributing to a possible
recommendation to change from thiopental to propofol. According to Chaggar and
Campbell �1�, less experienced anaesthetists have little knowledge of the use of
thiopental, and this has led to both overdosing and underdosing when using this
substance. It has further resulted in cases where the pregnant woman becomes
haemodynamically unstable or experiences accidental awareness.

Syringe swaps, due to the resemblance thiopental has to antibiotics, have also been
described, as well as the fact that it is time-consuming to dilute thiopental in saline
solution �1�. In comparison, there is no need for propofol to be diluted in advance
which saves time and makes it cheaper than thiopental �1, 7�.

Midazolam in combination with propofol further reduces the risk of awareness

In the studies included in the meta-analysis, opioids were administered to patients
following delivery. Opioids do not cause retrograde amnesia and do not have the
same anxioltic properties as midazolam.

In the studies by Hadavi et al. �17� and Ok et al. �21�, midazolam was administered to
patients following delivery, which further reduced the BIS values. BIS values below 60
are shown to reduce the risk of intraoperative consciousness in populations with a
high risk of awareness �18�.

In a large, retrospective study, midazolam was administered to all patients following
delivery and none of the patients experienced awareness �9�. The findings from our
review show that the BIS value was not below the recommended limit in the thiopental
control group in three of the included studies, and that the risk of awareness was
highest at delivery �18�20�.

BIS monitoring ought to be standard in caesarean section

In an expert article, Chaggar and Campbell recommend that sleep depth is monitored
as standard practice in caesarean section under general anaesthesia �1�. This may
indicate that the anaesthesia team needs to focus more closely on sleep depth, and
that BIS monitoring should be standard practice in caesarean section �4, 18�20�.



It is the task of anaesthesia personnel to regularly assess the level of consciousness
and anaesthetic depth during surgery, for example, by observing the pupil diameter,
cilia reaction by stroking the patient’s eyelashes, as well as blood pressure and pulse.
In cases of high risk of accidental awareness, measuring the depth of sleep with BIS
monitoring is recommended �22�. Based on the findings in this study, the
argumentation for measuring BIS during elective caesarean section is reinforced.¤

Updated research must be the basis of any change in practice

The shift from thiopental to propofol as anaesthesia for patients undergoing elective
caesarean section was made as a result of research findings �1, 4, 7�. Even if the
evidence base for the induction agents’ effect on BIS is small, this meta-analysis
supports a shift from thiopental to propofol. However, in order to achieve a more
secure basis for the change there is a need for further robust studies, preferably
randomised controlled trials.

It is important that the new research leads to changes and updates in procedures,
and that the work of anaesthetic personnel is based on research as well as
experience. The field of anaesthetics must be based on applied research, which
implies using research directed at specific practical objectives or applications. It is
easy to think that the more experience we gain the better we become. However,
excellence in a specialist field is achieved by finding, assessing and using research-
based knowledge in light of our experience in encounters with individual patients �23�.

Methodical considerations

The search results were thoroughly reviewed several times to make sure we had not
overlooked any relevant studies. We screened titles and abstracts manually as the
number of hits was manageable. A university librarian helped us to structure searches
and formulations in the PICO framework �24�, and this is a strength of our study.

Data extraction from the various studies was carried out by two individuals
independently of each other, who then discussed the results. This is another strength
of our study �25�. We did a critical review of the articles with the aid of the Norwegian
Electronic Health Library’s checklist. Here we had the option of carrying out a risk-of-
bias assessment. This involves creating a figure where the risk of bias is shown from
green to red for each article, which was included in the meta-analysis. This helps to
make it more visual for the reader.



The fact that we carried out a meta-analysis is a strength because the total findings
are more precise. Only RCT reports were included in the meta-analysis �15�. The
weakness in only including RCTs is that the number of studies is limited �23�. In order
to maintain quality we have followed the manual of Cochrane Training. Guidance from
a specialist with competence in this field who also went through the description of the
result strengthens the analysis.

Implications for clinical practice and further research

This systematic review shows that BIS is lower with propofol compared to thiopental
in elective caesarean section. In clinical practice the indication of using thiopental in
preference to propofol for induction of general anaesthesia should therefore be
considered.

This systematic review looks at the connection between thiopental or propofol and
awareness, and calls for more research in this field. There is also a need for more
research into midazolam administered in caesarean section, both in terms of whether
it affects the child before delivery and how it affects the patient’s experience of
awareness.

One of the risk factors of awareness is inexperienced personnel �3� and a lack of
insight into the procedure of a caesarean section under general anaesthesia �26�. In
order to ensure better learning, simulation-based training and teaching can contribute
to making the anaesthesia nurse better equipped to act in stressful situations. One
important factor in the avoidance of awareness is BIS monitoring, which should also
be used in this patient group to measure depth of sleep.

Conclusion
This systematic review shows that patients who have induction with propofol for
general anaesthesia in elective caesareans have significantly lower BIS values than
patients who had induction with thiopental. Patients who have induction with propofol
in elective caesarean section may thus have a lower risk of experiencing accidental
awareness under general anaesthesia.

However, this review includes only a small number of studies, and there is a need for
more high-quality randomised controlled trials in order to achieve a more reliable
conclusion. BIS monitoring is an evidence-based measure for monitoring sleep depth
in patients, and it is therefore important for anaesthesia personnel to introduce this in
patients undergoing elective caesarean section under general anaesthesia. 
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