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Caesarean section (CS) is one of the most performed operations
worldwide. In many parts of the world, there has been a reduction
in anaesthetic associated obstetric mortality, and this has been
attributed to the increased use of neuraxial anaesthesia and
improved safety of general anaesthesia, alongside improved
training and organisational changes. In resource-limited countries,
anaesthesia contributes disproportionately to maternal mortality,
with one in seven deaths being due to anaesthesia. A major
contributory factor to this is the severe shortage of trained
anaesthetic providers. Goals for anaesthesia for CS include the
woman's comfort and foetal well-being, focusing on strategies to
minimise morbidity and mortality for both. Anaesthetic options for
CS include neuraxial techniques (spinal or combined-spinal
epidural or epidural extension of labour analgesia) and general
anaesthesia. There is increasing evidence of the benefit of neu-
raxial techniques over general anaesthesia in terms of maternal
and foetal outcomes. For elective CS, spinal and combined-spinal
anaesthesia predominate. General anaesthesia is mainly reserved
for Category 1 CS where there is an immediate threat to the life of
the mother or the baby. This review discusses the practical aspects
of neuraxial and general anaesthesia for CS.

© 2022 Elsevier Ltd. All rights reserved.
Introduction

Caesarean section (CS) is one of the most commonly performed operations worldwide, with 1 in 5
women (21.1%) currently giving birth through this route [1]. However, rates of CS vary widely, ranging
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from an average of 5% in sub-Saharan Africa to 42.8% in Latin America and the Caribbean. The rate is
increasing globally, and it is estimated that by 2030, 28.5% of womenwill give birth by CS. In contrast to
spontaneous vaginal delivery, there is an absolute requirement for anaesthesia for CS. Increasing rates
of CS are likely to impact upon the obstetric anaesthetic workload.

Anaesthetic associated obstetric mortality is relatively low in high-income countries. In the UK,
direct anaesthetic maternal mortality associated with CS has decreased 240-fold over the last 40 years
from 36 per 100,000 CS in 1966 to 0.15 per 100,000 in 2018 [2]. This reduction is attributed to the
increased use of neuraxial anaesthesia for CS, improved safety of neuraxial techniques, algorithms and
airway devices to improve the safety of general anaesthesia, and improved training and organisational
changes.

The picture is different in resource-limited countries, where maternal mortality is approximately
fifty times higher than in high-income countries [3]. Anaesthesia contributes disproportionately to this
mortality, with one in seven deaths being due to anaesthesia [4]. Several factors contribute to this
including the severe shortage of trained anaesthetic providers; in some areas, there is only one
physician anaesthetist per million women [5]. Exposure to general anaesthesia and non-physician
anaesthetists is associated with increased risk to mothers in low- and middle-income countries [4].
Increased risk due to general anaesthesia may be linked to poor maternal condition (such as in ob-
stetric haemorrhage), but in one South African report, 10 out of 92 anaesthetic deaths were related to
complications of general anaesthesia conducted for an inadequate spinal block [6].

In contrast to other causes of maternal mortality, death due to anaesthesia represents an iatrogenic
cause. This point particularly behoves anaesthesia providers to seek ways to optimise care. Goals for
anaesthesia for CS must include the woman's comfort and foetal well-being, with a specific focus on
strategies to minimise morbidity and mortality for both. This review will discuss the management of
neuraxial and general anaesthesia for CS.
Classification of the urgency of caesarean section

The urgency of CS will affect the choice of anaesthesia. The classification of the urgency of CS is
based on the presence or absence of maternal and/or foetal compromise [7,8]. In a widely used clas-
sification, Category 1 is the most urgent and is defined as an immediate threat to the life of either the
woman or the foetus. Category 4 describes elective surgery where there is no maternal or foetal
compromise, e.g., delivery for breech presentation in a woman who is not in labour (see Box 1).
Box 1
Classification of the urgency of CS

Category Definition

(1) Emergency Immediate threat to the life of the woman or foetus

(2) Urgent Maternal or foetal compromise which is not immediately life threatening

(3) Scheduled Needing early delivery but no maternal or foetal compromise

(4) Elective At a time to suit the woman and maternity team
Choice of anaesthesia for CS

Anaesthesia for CS can broadly be divided into neuraxial anaesthesia and general anaesthesia.
Neuraxial may be desirable both socially and emotionally, as in contrast to general anaesthesia, a birth
partner is usually encouraged to be present in the operating room for delivery, and skin-to-skin contact
can be established very soon after delivery. Other advantages of neuraxial anaesthesia over general
anaesthesia include improved postoperative analgesia, a reduction in haemorrhage, and higher Apgar
scores in the neonate [8]. There is accumulating evidence of the relative safety of neuraxial anaesthesia
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compared to general anaesthesia for CS. Compared with neuraxial anaesthesia, general anaesthesia is
associatedwith significantly increased risks of maternal adverse events, including death, cardiac arrest,
anaesthesia-related complications (difficult or failed intubation, accidental awareness during general
anaesthesia), surgical site infection, increased risk of deep venous thrombosis, and pulmonary em-
bolism [9]. These risks are increased in avoidable general anaesthetics, i.e., general anaesthesia per-
formed without a recorded indication for general anaesthesia or contraindication to neuraxial
anaesthesia. General anaesthesia also appears to increase the risk for the neonate. A large population-
based study examined neonatal and early infant outcomes following different modes of anaesthesia for
CS [10]. Compared with spinal anaesthesia, general anaesthesia was associated with an increased risk
of neonatal resuscitation, Apgar <7 at 5 min and admission to the neonatal intensive care unit.
Crucially, these associations were strongest in non-urgent cases and at term, where the foetus was less
likely to be suffering from pre-existing compromise.

Given the advantages of neuraxial anaesthesia and disadvantages of general anaesthesia, neuraxial
anaesthesia is usually the preferred choice for CS in the absence of contraindications, e.g., patient
refusal, coagulation abnormalities, raised intracranial pressure, certain spinal pathology or surgery,
systemic sepsis, or localised skin infection. However, general anaesthesia is usually considered to be
faster and most likely to reduce the decision-to-delivery interval [68]. Therefore, it may be preferred in
the most urgent, Category 1 scenarios, where minimising the decision-to-delivery interval is essential,
e.g., persistent foetal bradycardia, which does not resolve with intrauterine resuscitation. General
anaesthesia may also be favoured in patients with haemodynamic instability due to massive hae-
morrhage or in women with sepsis [11,12].

Neuraxial anaesthesia for elective CS

The choice of anaesthesia for elective CS principally lies with spinal or combined-spinal epidural
anaesthesia. Spinal anaesthesia alone is the most commonly used technique [67]. It provides rapid
onset, effective, and reliable anaesthesia. The duration of a single-shot spinal is variable and depends
on the agents used but usually provides adequate surgical anaesthesia for around 90 min.

The placement of a spinal anaesthetic is technically easier than an epidural or combined-spinal
epidural. Combined-spinal epidural offers the potential to extend anaesthesia in the event of spinal
failure or during prolonged surgery. However, studies have not demonstrated the superiority of one
technique. Spinal anaesthesia can be safely used in patients with comorbidities such as preeclampsia
and cardiac disease [11,12].

Typically, spinal anaesthesia includes a local anaesthetic such as bupivacaine with an opioid.
Isobaric (plain) or hyperbaric (produced by the addition of glucose (80 mg.ml�1) to isobaric bupiva-
caine) preparations of local anaesthetic can be used. Although studies have failed to demonstrate an
advantage of hyperbaric over isobaric bupivacaine in terms of conversion rates to general anaesthesia
or the need for supplemental analgesia, limited evidence suggests a faster speed of onset with hy-
perbaric solutions, and they are generally favoured [13]. However, the speed of onset may also be
affected by the position of the patient (during spinal placement and immediately afterwards) and the
total dose of local anaesthetic [14]. The commonly recommended dose of 0.5% hyperbaric bupivacaine
is between 10 and 15 mg [15,16]. The challenge lies in balancing the lowest possible dose to produce
surgical anaesthesia and therefore minimise side effects, particularly spinal hypotension with the risk
of inadequate anaesthesia [17]. A systematic review assessed the difference between low-dose hy-
perbaric bupivacaine (�8 mg) with high-dose (�8 mg) for elective CS [18]. In the low-dose group, the
authors found a significant reduction in intraoperative hypotension (RR ¼ 0.78) and nausea and
vomiting (RR ¼ 0.71). However, this advantage was negated by a significantly increased need for
supplemental analgesia (RR ¼ 3.76) and need for conversion to general anaesthesia. If a low-dose
technique is chosen, this should mandate the use of combined-spinal epidural anaesthesia to enable
the extension of anaesthesia if required [19].

The addition of an opioid can contribute to intraoperative anaesthesia quality and improve post-
operative analgesia. Long-acting neuraxial opioids are a cornerstone for post-CS analgesia and are
recommended in international guidance [8,20]. The pharmacokinetic characteristic of the drugs de-
termines the choice of neuraxial opioids. Hydrophilic opioids, e.g., morphine, enter the spinal cord
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slowly to bind to specific opioid receptors. They also penetrate the dura and epidural adipose tissue
slowly, thus resulting in delayed clearance from the cerebrospinal fluid, leading to slower onset
(30e60 min) but much longer, dose-dependent duration of action (13e33 h). In contrast, lipophilic
opioids, e.g., fentanyl or sufentanil, enter the spinal cord quickly and are then swiftly distributed into
epidural adipose tissue and the systemic circulation leading to a rapid onset (10e20 min) and shorter
duration of analgesic action (4e6 h) [21]. The difference in the therapeutic profile between these
opioids allows the option for intrathecal administration of a combination of fentanyl and morphine
with the local anaesthetic. The fentanyl dose would supplement the local anaesthetic effects and
analgesia during a CS while morphine would provide longer duration postoperative analgesia.

Neuraxial opioids can be associated with side effects such as nausea, vomiting, pruritus, sedation,
and respiratory depression. The dose of opioid has to balance achieving optimal postoperative anal-
gesia with the lowest incidence of side effects. A meta-analysis examined outcomes in women who
underwent CS under spinal anaesthesia comparing low-dose (between 50 and 100 mg) to high-dose
(>100e250 mg) intrathecal morphine [23]. There was a significant prolongation of analgesia in the
high-dose group compared with the low-dose group (mean difference 4.4e5.9 h). There were no
differences in pain scores at 12 and 24 h after delivery between groups and morphine consumption at
24 h was similar between groups. The incidence of pruritus was greater in the high-dose group.

The most feared complication of neuraxial opioids is delayed respiratory depression. The risk of
delayed respiratory depression inwomenwho received neuraxial morphine or diamorphine during CS
was examined in a systematic review [24]. The authors estimated the highest (definite and probable/
possible cases) and lowest (definite cases) prevalence of clinically significant respiratory depression
with all doses of neuraxial opioids. The highest prevalence was 8.67 per 10,000 (95% CI, 4.20e15.16),
and lowest prevalence was 5.96 per 10,000 (95% CI, 2.23e11.28), respectively. The highest and lowest
prevalence of clinically significant respiratory depression with clinically relevant doses of neuraxial
morphine ranged between 1.63 per 10,000 (95% CI, 0.62e8.77) and 1.08 per 10,000 (95% CI, 0.24e7.22),
respectively. The prevalence of clinically significant respiratory depression due to neuraxial morphine
or diamorphine in the obstetric population is low. Practice recommendations about the respiratory rate
and sedation monitoring vary slightly. The Society for Obstetric Anesthesia and Perinatology recom-
mend that with low-dose intrathecal morphine (>0.05 to �0.15 mg) or epidural morphine (>1 mg to
�3 mg) in low-risk, healthy parturients, it is reasonable to monitor with respiratory rate and sedation
measurement every 2 hours for 12 hours postoperatively [24]. In the UK, extended monitoring is only
recommended in women at high risk of respiratory depression, e.g., women with an increased body
mass index or diagnosed with obstructive sleep apnoea [8]. A suggested dosing regimen for neuraxial
opioids is shown in Box 2.
Box 2
Suggested doses of neuraxial opioids for CS

Intrathecal dose

300 mg diamorphine or 15e20 mg fentanyl þ100 mg preservative-free morphine

OR

Epidural dose

Prior to removal of the epidural catheter give:

� 3 mg diamorphine or 3 mg preservative-free morphine
� Flush the epidural catheter with 2 ml normal saline
Neuraxial anaesthesia for emergency CS

If a CS is needed in a woman with an existing labour epidural, it is common practice to ‘top-up’ the
epidural to convert labour analgesia to surgical anaesthesia. Around18% of emergency CS are undertaken
in the UK using this technique [67]. Key considerations to ensure effective and safe management of
topping-up an epidural arewhich epidurals to top-up, what drug to use andwhere to initiate the top-up.
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The likelihood of successfully converting labour analgesia for CS is increased if the epidural has
provided effective pain relief in labour. In a systematic review and meta-analysis to assess for risk
factors for failure of conversion of analgesia for CS, three factors were associated with an increased risk
for failed conversion [25]:

� An increasing number of clinician-administered boluses during labour (OR ¼ 3.2, 95% CI 1.8e5.5).
� Greater urgency for CS (OR ¼ 40.4, 95% CI 8.8e186).
� A non-obstetric anaesthetist providing care (OR ¼ 4.6, 95% CI 1.8e11.5).

The first two of these factors (clinician-administered boluses and urgency of CS), underline the
essential role of the anaesthetist as part of the labour ward multidisciplinary team and active anaes-
thetic care in the labour ward. This includes early recognition and management (e.g., with re-site of a
poorly performing epidural) and maintaining ongoing communication with the obstetric team to
identify those women most likely to require a CS. Structured clinical handover tools can reduce the
chances of critical omissions during handovers in obstetric anaesthesia and ensure that labour epi-
durals are reviewed regularly [26].

Themost effective and fastest epidural top-up solution has beenwidely discussed. The heterogeneous
nature of studies limits comparisons, e.g., studies comparing elective and emergency CS, different regi-
mens used during labour before the top-up, and differentmethods of block assessment. A recent network
meta-analysis assessed the speed of onset of six local anaesthetics commonly used to extend labour
epidural analgesia for CS [27]. The speeds of onset of surgical anaesthesia, from fastest to slowest, were as
follows: lidocaine 2% with bicarbonate; 2-chloroprocaine 3%; lidocaine 2%; ropivacaine 0.75%; L-bupiva-
caine 0.5%; bupivacaine 0.5%. The mean (95% credible interval, CrI) onset time after bupivacaine 0.5%was
19.8 (17.3e22.4)min,with themean (95%CrI) speed of onset after lidocaine 2%with bicarbonate being 6.4
(3.3e9.6) min faster. The rate (CrI) of intraoperative supplementation of analgesia was least after ropi-
vacaine, 0.75%, 48 (19e118) per 1000 and highest after 2-chloroprocaine, 3%, 250 (112e569) per 1000.

Alongside these characteristics another but infrequently considered aspect of extending labour
epidural anaesthesia is the impact of preparation times for local anaesthetic solutions and safety of this
practice [28]. Because of concerns about the instability of previously mixed preparations of local
anaesthetic and additives such as epinephrine and bicarbonate, solutions are usually made up
immediately before use. There is, therefore, the potential for a delay while such solutions are prepared.
Themore complex themixture, the greater the potential for errors during preparation, especially when
in a hurry. Other hazards of mixing solutions include the possibility of bacterial contamination and
drug incompatibility; for example, adding bicarbonate 2 ml to 0.5% bupivacaine 20 ml causes instant
precipitation [29]. Another consideration is the variation possible that can occur when mixing very
small quantities of drugs, with the final concentration being affected by the dead space of the in-
strument used for aspiration and the presence of air bubbles in tiny volumes of injectate [30].

It is the authors’ view that the balance of speed of onset, requirement for intraoperative supple-
mentation, and safety is best met by drugs that do not require preparation before use, e.g., ropivacaine
0.75% or premixed solutions of preservative-free 2% lidocaine and epinephrine.

Before any epidural extension, a ‘test dose’ is recommended to ensure there has not been intrathecal
migration of the catheter, thus reducing the risk of high or total spinal blockade. One study found that
gentle aspiration of the epidural catheter alonewas associatedwith a sensitivity of 98% and a specificity
of 100% of identifying an intrathecal catheter, but there has been little further data to support this [31].
There is also limited evidence to support the best method of a test dose. Individual studies have hinted
towards the use of 2e3 ml of 2% lignocaine due to its rapid onset of action if injected intrathecally
(objective block at 90 s compared with no block with an epidural injection at this same time point)
compared with longer-acting local anaesthetics [32]. Other suggestions include a bolus of fentanyl that
may be useful in identifying an intravascular epidural catheter due to rapid onset of sedation,
drowsiness, or dizziness, but there is no evidence to support this as any more beneficial than a simple
negative aspiration [32]. Further evidence is clearly required for future practice. At present, many
anaesthetists are reassured by the absence of a rapid (within 3e5 min) onset of a surgical block with
3e5 ml of their chosen extension local anaesthetic. However, a survey conducted in 2008 identified
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that only 34% of respondents admitted to regularly performing a test dose [33].
The role of adding an opioid drug to the local anaesthetic for epidural extension is unclear. Some

studies suggest it may increase the speed of onset, although there did not appear to be any effect on the
requirement for intraoperative supplementation [27,34]. However, this effect is not consistent, possibly
due to maximal effect in some patients having already been achieved through the low-dose fentanyl in
the labour epidural mixture. The benefit of adding opioid to the top-up mixture needs to be balanced
with the risk of increased side effects, e.g., nausea and vomiting.

The location of administration of epidural top-up to convert epidural analgesia to anaesthesia for CS
remains controversial. Topping-up in the delivery room canminimise the decision-to-delivery interval.
However, topping-up in the operating room may be safer. Evidence from practice surveys suggest that
anaesthetists are developing a more cautious approach; in 2008, 68% of anaesthetists chose to give the
full epidural top-up in the delivery room compared to only 14% in 2014 [35]. A pragmatic approachmay
be for the anaesthetist to support the labour ward team in expediting patient transfer to the operating
room rather than topping-up in the delivery room. If the top-up is administered or started in the
delivery room, the anaesthetist must ensure that they have both monitoring and vasopressor drugs
immediately to hand, to recognise and manage acute complications such as high neuraxial block
[36,37].

A checklist to support practice when extending labour epidural analgesia is shown in Box 3, and a
practical approach is shown in Box 4.
Box 3
Epidural top-up checklist

Is there evidence of effective analgesia? � Check effectiveness of labour analgesia with patient and
midwife

� Check epidural record e frequency of top-ups/bolus
doses/drugs used

Is there evidence of a symmetrical block � Are both feet warm?
Is the epidural still in situ? � Check for catheter dislodgement or leakage
What are the existing block height/

characteristics?
� Check block height to cold and touch
� Check the presence and extent of motor block

Box 4
How to top-up an epidural.

How to top-up

� Discuss and explain options for anaesthesia and seek consent
� Discuss the planned level of block and how it will be tested, the sensations that should be
expected with an effective block, the possibility of pain, and the potential ways of treating
it, including general anaesthesia

� Check the patency of intravenous access
� If possible and time allows check epidural site, e.g., while patient is in left lateral position
� Ensure monitoring is in place
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Neuraxial anaesthesia for CS e general considerations

Management of hypotension

Hypotension following spinal and combined-spinal epidural anaesthesia is common and can cause
maternal and foetal/neonatal adverse effects. It may also arise with the extension of labour epidural
analgesia. It is paramount that prophylactic measures are used, and there is international guidance on
this topic [38]. This is summarised in Box 5.
Box 5
Prophylaxis of hypotension associated with spinal anaesthesia

� Maintain systolic arterial pressure at �90% of an accurate baseline obtained before spinal
anaesthesia, and avoid a decrease to <80% baseline

� a-agonist drugs are the most appropriate agents to treat or prevent hypotension following
spinal anaesthesia. Phenylephrine is currently recommended.

� Use a variable rate prophylactic infusion, e.g., with a syringe driver, of phenylephrine. The
initial infusion rate should be 25e50 mg min�1 started immediately after the intrathecal local
anaesthetic injection and titrated to blood pressure and pulse rate.

� Fluid pre-loading or co-loading should be used in addition to vasopressors
� Aortocaval compression should be avoided with left lateral uterine displacement
Prevention and management of pain during CS under neuraxial anaesthesia

Although neuraxial anaesthesia is generally reliable, failure, either complete or partial, can be
associated with intraoperative pain. A woman who experiences pain during CS under neuraxial
anaesthesia is at risk of adverse psychological sequelae [39]. The risk of failure of neuraxial anaesthesia
must be minimised by using a recognised technique with sufficient doses of local anaesthetic and
opioids and an assessment of the neuraxial block before starting surgery. Finally, it is essential that if a
woman experiences pain during CS under neuraxial anaesthesia, this is managed appropriately,
including converting to general anaesthesia. If a clinician disregards a woman's experience intra-
operatively, it may compound her distress, which can contribute to psychological trauma [40].

Objective assessment of neuraxial anaesthesia can be challenging. Surveys of neuraxial block
assessment before CS reveal significant variation in practice [41,42]. The urgent need for guidelines to
support best practice and offer a standard approach to practice in this area has been recognised by the
publication of national guidelines in the UK and France [43,44]. Both guidelines focus on three thematic
areas: patient consent, assessment of the neuraxial block, and management of intraoperative pain.
Additionally, they emphasise the critical role of communication at all stages of clinical care and finally
highlight the crucial role of follow-up for women who experience pain and distress during CS under
neuraxial anaesthesia.

General anaesthesia for CS

During general anaesthesia for CS, a significant area of concern is the increased risk of airway
complications. Pregnant women have a higher risk of difficult or failed intubation, the development of
hypoxaemia during induction and intubation, and pulmonary aspiration. The incidence of failed
tracheal intubation during general anaesthesia for CS has been estimated as one in 443 [45]. In 2015,
the Obstetric Anaesthetists' Association and Difficult Airway Society (OAA/DAS) published guidelines
for managing difficult and failed tracheal intubation in obstetrics [46]. These guidelines provide al-
gorithms for the safe provision of general anaesthesia in obstetrics, failed tracheal intubation, and
‘cannot intubate, cannot oxygenate’ situations (Figs. 1e3). They also describe factors to assist with
decision-making around whether to wake a woman or proceed following failed tracheal intubation
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Fig. 2. Obstetric failed tracheal intubation.

S.E. Watson, A.L. Richardson and D.N. Lucas Best Practice & Research Clinical Anaesthesiology 36 (2022) 53e68
(Table 1). While the focus on safety during general anaesthesia for CS is on the mother's life, there may
be situations where it is appropriate to proceed. The final decision will depend on the anaesthetist's
clinical judgement.
Optimising airway management

Optimum positioning should be the teaching and practice norm for all obstetric patients under-
going general anaesthesia. In a small qualitative observational study to identify difficulties associated
with intubation by inexperienced personnel, Satyapal noted that the commonest mistake was a failure
to ensure the optimal head positioning before intubation and the absence of a pillow [47]. The authors
commented that ‘the scarcity of pillows in resource-constrained hospitals should be regarded not as an
inconvenient laundry issue but as a serious lack of vital equipment.’ Pillows may not always be
available, but the anaesthetist must ensure optimal position of the patient's head using whatever is
convenient, practical, and available. The head elevated laryngoscopy position (a 25� head elevation)
combined with the ramped position (horizontal alignment between the external auditory meatus and
sternal notch) can improve airway management (cricoid pressure, insertion of laryngoscope, and view
at intubation) [48,49]. This positionmay also increase functional residual capacity in parturients, which
may increase the time to desaturation after the onset of apnoea [50]. The ramped position can be
achieved using pillows or specific devices (e.g., Oxford Head Elevating Laryngoscopy Pillow (HELP)
System®). While videolaryngoscopy has transformed airway management in anaesthesia, its role in
obstetric general anaesthesia has been subject to less scrutiny than in other areas of anaesthesia. There
are inherent difficulties with research in obstetric general anaesthesia; smaller overall numbers of
general anaesthetics given, and most cases occuring in the emergency setting. A recent systematic
review and meta-analysis comparing videolaryngoscopy and direct laryngoscopy for tracheal intu-
bation in obstetrics identified only four RCTs, nine observational studies, and 35 case reports/series
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with a total of only 528 participants [51]. The authors found that in obstetric patients without pre-
dictors of difficult intubation, videolaryngoscopy compared with direct laryngoscopy in the hands of
experienced operators does not affect the first-pass success rate at tracheal intubation with no dif-
ference in the time to tracheal intubation. Nevertheless, the small number of available studies and case
reports in obstetrics, coupled with information from the non-obstetric population, do support the use
of videolaryngoscopy in obstetrics. The OAA/DAS guidelines recommend that videolaryngoscopes
should be immediately available on the labour ward [46].

Prevention of hypoxaemia

Hypoxaemia, defined as an oxygen saturation �95%, during induction of obstetric general anaes-
thesia is common, with recent studies suggesting an incidence of 19% [53]. There is significant interest
in strategies to optimise preoxygenation with a particular interest in high flow nasal oxygen. The
available evidence is currently limited. Volunteer studies have failed to establish a benefit of high flow
nasal oxygen over standard techniques (as assessed by the ability to achieve optimal preoxygenation,
i.e., end-tidal oxygen>90%) [54,55]. However, these studies were limited bymethodological issues, e.g.,
in one study, only 25% of patients in the study group breathed with a closed mouth during the study
period, potentially leading to air entrainment diluting the inspired concentration and diminishing the
effectiveness of high-flow nasal oxygenation [55]. More recently, a clinical study has evaluated the
efficacy of high flow nasal oxygen in comparison with the conventional facemask for oxygenation
during rapid sequence induction for CS under general anaesthesia [56]. The primary outcome was the
PaO2 immediately after intubation. The authors found that PaO2 in the high flow nasal oxygen group
was significantly higher than in the standard face mask group. There was no difference in lowest
saturation, intubation times, duration of apnoea, pH value, or foetal outcomes. While promising, these
results need to be interpreted with caution; the study was small, only 34 parturients with a normal
body mass index, and was conducted in the setting of elective surgery. While high flow nasal oxygen
shows promise as an adjuvant tool to support preoxygenation, there are also increased costs and
training issues to consider before its routine use can be recommended.

Achieving effective preoxygenation is an important element to reduce the incidence of hypoxaemia,
but another element that should also be considered is apnoeic oxygenation, i.e., maintaining oxygen
flow in a patent airway through the open glottis during apnoea. In a computational model, the positive
effect of increasing oxygen concentration at the open glottis on oxygen saturation during apnoea in the
average term parturient has been demonstrated; an FIO2 of greater than 0.6 delayed desaturation by
almost 15 min, with an FIO2 of 1.0 increasing this time to more than 70 min [57]. The OAA/DAS
guidelines state that in obstetric general anaesthesia, the anaesthetist should consider attaching nasal
cannulate with 5 litres min�1 oxygen flow before starting preoxygenation to maintain a bulk flow of
oxygen during intubation attempts. Although this may provide some benefit in delaying maternal
desaturation, the use of high-flow nasal oxygenation offers a far more effective way of delivering a high
FIO2 at the glottis during the apnoeic period, and future work should focus on this area.

Conduct of anaesthesia

Rapid sequence induction of anaesthesia remains the preferred mode in obstetric general anaes-
thesia. The most commonly used induction agents are propofol, thiopental, etomidate, and ketamine.
In the UK, thiopental persisted for many years as the induction agent of choice. The publication of two
national reports led to a revaluation of the role of thiopental in obstetric general anaesthesia. The 5th
National Audit Project investigated accidental awareness under general anaesthesia [58]. In this report,
14 cases of awareness in obstetric anaesthesia were reported e approximately 10% of reports e while
obstetric general anaesthetics represented only 0.8% of the total general anaesthetics given. Thiopental
was the most commonly used induction agent in the cases of accidental awareness: this association
between an increased risk of accidental awareness and thiopental use was confirmed in a recent
prospective investigation of obstetric general anaesthesia [59]. The second report that highlighted
issues with the use of thiopental as an induction agent in obstetrics was the 2014 Report on Confi-
dential Enquiries into Maternal Deaths. The report commented on the finding that in some maternal
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deaths, the dose of thiopental (and occasionally, propofol) used for induction of anaesthesia in severely
ill women (e.g., those with septic or haemorrhagic shock) seemed excessive [60]. This finding served to
highlight the increasing unfamiliarity of anaesthetists with thiopental. More recently, a multicentre
study from France investigating the incidence of hypoxaemia during induction of general anaesthesia
found the risk was increased with an induction agent other than propofol [53].

Evolving practice in general anaesthesia for CS

It is increasingly recognised that some of the dogmas associated with the rapid sequence induction
technique lack an evidence base andmay in some cases contribute to poor outcomes [61]. For example,
manual bag-mask ventilation has traditionally been avoided during rapid sequence induction for fear of
creating gastric insufflation sufficient to cause aspiration. The evidence that gentle bag-mask ventilation
increases the risk of aspiration is non-existent, and it enables the anaesthetists to continue oxygenation
during the apnoeic period. Similarly, opioids have traditionally been avoided as a component of rapid
sequence induction for CS because of concerns about potential adverse effects on the neonate and, in the
event of failed intubation and discontinuation of anaesthesia, potentially delaying the return of spon-
taneous ventilation in themother. There is limited data to support either of these assertions. Opioids are
effective sympatholytic agents. They can also reduce the ‘induction agent e maintenance inhalational
gap’ that has been identified as a specific problem in general anaesthesia for CS, because surgery starts so
soon after induction and potentially increases the risk of accidental awareness. Previous surveys have
identified a disparity between opioid use in obstetric vs. non-obstetric rapid sequence induction, with
greater use outside the obstetric setting [62]. A recent meta-analysis has shown that induction opioids
(remifentanil and alfentanil, in particular) appear to be safe, with no significant effect on Apgar scores or
neonatal airway intervention [63]. If a short-actingopioid such as alfentanil is usedduring induction, it is
good practice to inform the neonatologist at delivery.

While supraglottic airway (SGA) devices have an established role in difficult or failed intubation in
obstetric general anaesthesia, there is limited evidence to support a role as the primary airway device.
There are no published trials comparing the use of SGA devices with endotracheal intubation in the
setting of emergency CS, but there are several studies describing their use during low-risk, elective CS.
A recent systematic review compared SGA devices with endotracheal intubation in low-risk patients
for CS. They identified fourteen studies with 2236 patients comparing SGA and endotracheal intuba-
tion. Overall, there was no statistically significant difference in first-attempt success rates (OR ¼ 1.92;
95% CI, 0.85e4.32; I ¼ 0%; P ¼ 0.44) and no clinically significant difference in time to insertion [64].
There was no difference in any adverse event rate except sore throat, which was reduced with the use
of an SGA device (OR ¼ 0.16; 95% CI, 0.08e0.32 P < 0.001). The limitations of the underlying studies
(elective, low-risk population) preclude the extrapolation of this evidence to emergency CS. Even
routine use during elective CS cannot be recommended until further evidence is available.

Recovery from anaesthesia after CS

After CS and regardless of the mode of anaesthesia, all patients must receive the same standard of
recovery care as per recovery from anaesthesia in any other surgical speciality, i.e., with staff trained in
post-anaesthetic care and an environment containing adequate space and equipment for providing
safe and effective care [65]. Equipment should include blood pressure, ECG, oxygen saturation, and
capnography monitoring. The anaesthetist is responsible for handing over the patient, who requires
one-to-one care until they have regained control of their airway, are awake and able to communicate,
and are stable from a cardiorespiratory perspective. There must also be specific and pre-defined
discharge criteria. During the recovery phase after neuraxial anaesthesia, straight-leg raising should
be used as a screening method to assess motor block. If the woman is unable to straight-leg raise at 4 h
from the last dose of epidural/spinal local anaesthetic, the anaesthetist should be called to assess
whether the woman's care should be escalated to investigate the possibility of reversible causes of
neurological injury [66].
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Summary

Providing safe and high-quality perioperative care is a cornerstone for obstetric anaesthesia. Clinical
advances in obstetric anaesthesia have improved maternal outcomes. Neuraxial anaesthesia for
caesarean section provides an optimal patient experience, avoids the risks associated with general
anaesthesia, and is associated with improved maternal and foetal outcomes. However, a role remains
for general anaesthesia in situations of extreme urgency or the presence of contraindications to
neuraxial anaesthesia. Strategies to optimise airwaymanagement should be a focal point of anaesthetic
care to minimise maternal and foetal complications.
Practice points

Caesarean section rates are increasing internationally.

Neuraxial anaesthesia (spinal or combined-spinal epidural and epidural) for caesarean section
confers an optimal patient experience and improved patient and foetal/neonatal outcomes
compared to general anaesthesia.

For planned caesarean section, spinal or combined-spinal epidural anaesthesia are the
preferred modes of neuraxial anaesthesia.

For emergency caesarean section spinal or combined-spinal epidural anaesthesia, the exten-
sion of labour epidural analgesia and general anaesthesia all have a role, depending on the
degree of urgency.

General anaesthesia for caesarean section should be reserved for women where there is a
contraindication to neuraxial anaesthesia or extreme urgency.

General anaesthesia must focus on optimising safety andminimising the risk of complications,
particularly related to airway management and accidental awareness.

Research agenda

What is the most effective strategy to extend labour epidural analgesia for caesarean section
anaesthesia?

What is the most effective way to prevent hypoxaemia during induction of anaesthesia for
caesarean section?

What is the role of supraglottic airway devices in obstetric general anaesthesia?
Declaration of competing interest

The authors declare no conflicts of interest.

References

[1] Betran AP, Ye J, Moller AB, et al. Trends and projections of caesarean section rates: global and regional estimates. BMJ Glob
Health 2021;6(6):e005671.

[2] Knight M, Bunch K, Tuffnell D, et al. Saving lives, improving mothers' care maternal, newborn and infant clinical outcome
review programme [Internet]. 2020. Available from: www.hqip.org.uk/national-programmes. [Accessed 27 June 2021].

[3] Bishop D, Dyer RA, Maswime S, et al. Maternal and neonatal outcomes after caesarean delivery in the African Surgical
Outcomes Study: a 7-day prospective observational cohort study. Lancet Glob Health 2019;7(4):e513e22.

*[4] Sobhy S, Zamora J, Dharmarajah K, et al. Anaesthesia-related maternal mortality in low-income and middle-income
countries: a systematic review and meta-analysis. Lancet Glob Health 2016;4(5):e320e7.

[5] Hoyler M, Finalyson SR, McClain CD, et al. Shortage of doctors, shortage of data: a review of the global surgery, obstetrics,
and anesthesia workforce literature. World J Surg 2014;38(2):269e80.
66

http://refhub.elsevier.com/S1521-6896(22)00020-9/sref1
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref1
http://www.hqip.org.uk/national-programmes
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref3
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref3
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref3
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref4
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref4
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref4
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref5
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref5
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref5


S.E. Watson, A.L. Richardson and D.N. Lucas Best Practice & Research Clinical Anaesthesiology 36 (2022) 53e68
[6] Moodley J, Pattinson RC, Fawcus S, et al. The confidential enquiry into maternal deaths in South Africa: a case study. BJOG
2014;121(4):53e60.

*[7] Lucas DN, Yentis SM, Kinsella SM, et al. Urgency of caesarean section: a new classification. J R Soc Med 2000;93(7):
346e50.

[8] Caesarean birth. Caesarean birth [Internet]. 2021. Available from: https://pubmed.ncbi.nlm.nih.gov/33877751/. [Accessed
2 April 2022].

[9] Guglielminotti J, Landau R, Li G, et al. Adverse events and factors associated with potentially avoidable use of general
anesthesia in cesarean deliveries. Anesthesiology 2019;130(6):912e22.

[10] Kearns RJ, Shaw M, Gromski PS, et al. Neonatal and early childhood outcomes following maternal anesthesia for cesarean
section: a population-based cohort study. Reg Anesth Pain Med 2021;46(6):482e9.

[11] Dyer RA, Piercy JL, Reed AR, et al. Hemodynamic changes associated with spinal anesthesia for cesarean delivery in severe
preeclampsia. Anesthesiology 2008;108(5):802e11.

[12] Langesæter E, Dragsund M, Rosseland LA. Regional anaesthesia for a Caesarean section in women with cardiac disease: a
prospective study. Acta Anaesthesiol Scand 2010;54(1):46e54.

*[13] Sng BL, Siddiqui FJ, Leong WL, et al. Hyperbaric versus isobaric bupivacaine for spinal anaesthesia for caesarean section.
Cochrane Database Syst Rev 2016;9(9):CD005143.

[14] Loubert C, Hallworth S, Fernando R, et al. Does the baricity of bupivacaine influence intrathecal spread in the prolonged
sitting position before elective cesarean delivery? A prospective randomized controlled study. Anesth Analg 2011;113(4):
811e7.

[15] Carvalho B, Durbin M, Drover DR, et al. The ED50 and ED95 of intrathecal isobaric bupivacaine with opioids for cesarean
delivery. Anesthesiology 2005;103(3):606e12.

[16] Ginosar Y, Mirikatani E, Drover DR, et al. ED50 and ED95 of intrathecal hyperbaric bupivacaine coadministered with
opioids for cesarean delivery. Anesthesiology 2004;100(3):676e82.

[17] Rucklidge MWM, Paech MJ. Limiting the dose of local anaesthetic for caesarean section under spinal anaesthesia–has the
limbo bar been set too low? Anaesthesia 2012;67(4):347e51.

[18] Arzola C, Wieczorek PM. Efficacy of low-dose bupivacaine in spinal anaesthesia for Caesarean delivery: systematic review
and meta-analysis. Br J Anaesth 2011;107(3):308e18.

[19] Van De Velde M. Low-dose spinal anesthesia for cesarean section to prevent spinal-induced hypotension. Curr Opin
Anaesthesiol 2019;32(3):268e70.

[20] Roofthooft E, Joshi GP, Rawal N, et al. PROSPECT guideline for elective caesarean section: updated systematic review and
procedure-specific postoperative pain management recommendations. Anaesthesia 2021 May 1;76(5):665e80.

[21] Bujedo BM. Spinal opioid bioavailability in postoperative pain. Pain Pract 2014;14(4):350e64.
[23] Sharawi N, Carvalho B, Habib AS, et al. A systematic review evaluating neuraxial morphine and diamorphine-associated

respiratory depression after cesarean delivery. Anesth Analg 2018;127(6):1385e95.
*[24] Bauchat JR, Weiniger CF, Sultan P, et al. Society for obstetric anesthesia and Perinatology consensus statement: moni-

toring recommendations for prevention and detection of respiratory depression associated with administration of
neuraxial morphine for cesarean delivery analgesia. Anesth Analg 2019;129(2):458e74.

[25] Bauer ME, Kountanis JA, Tsen LC, et al. Risk factors for failed conversion of labor epidural analgesia to cesarean delivery
anesthesia: a systematic review and meta-analysis of observational trials. Int J Obstet Anesth 2012;21(4):294e309.

[26] Dharmadasa A, Bailes I, Gough K, et al. An audit of the efficacy of a structured handover tool in obstetric anaesthesia. Int J
Obstet Anesth 2014;23(2):151e6.

*[27] Reschke MM, Monks DT, Varaday SS, et al. Choice of local anaesthetic for epidural caesarean section: a Bayesian network
meta-analysis. 5th, 75. Anaesthesia; 2020. p. 674e82.

[28] Lucas DN, Borra PJ, Yentis SM. Epidural top-up solutions for emergency Caesarean section: a comparison of preparation
times. Br J Anaesth 2000;84(4):494e6.

[29] Morison DH. Alkalinization of local anaesthetics. Can J Anaesth 1995;42(12):1076e9.
[30] Dull RO, Peterfreund RA. Variations in the composition of spinal anesthetic solutions: the effects of drug addition order

and preparation methods. Anesth Analg 1998;87(6):1326e30.
[31] Guay J. The epidural test dose: a review. Anesth Analg 2006;102(3):921e9.
[32] Abraham RA, Harris AP, Maxwell LG, et al. The efficacy of 1.5% lidocaine with 7.5% dextrose and epinephrine as an

epidural test dose for obstetrics. Anesthesiology 1986;64(1):116e9.
[33] Regan KJ, O’Sullivan G. The extension of epidural blockade for emergency Caesarean section: a survey of current UK

practice. Anaesthesia 2008;63(2):136e42.
[34] Hillyard SG, Bate TE, Corcoran TB, et al. Extending epidural analgesia for emergency Caesarean section: a meta-analysis.

Br J Anaesth 2011;107(5):668e78.
[35] Richardson AL, Bhuptani S, Lucas DN. The extension of epidural blockade for emergency caesarean delivery: a survey of

UK practice. Int J Obstet Anesth 2021 May 1;46.
[36] Klein AA, Meek T, Allcock E, et al. Recommendations for standards of monitoring during anaesthesia and recovery 2021:

guideline from the Association of Anaesthetists. Anaesthesia 2021;76(9):1212e23.
[37] Lucas DN, Russell R, Bamber JH, et al. Recommendations for standards of monitoring during anaesthesia and recovery

2021. Anaesthesia 2021;76(10):1426e7.
*[38] Kinsella SM, Carvalho B, Dyer RA, et al. International consensus statement on the management of hypotension with

vasopressors during caesarean section under spinal anaesthesia. Anaesthesia 2018;73(1):71e92.
[39] Vogel TM, Homitsky S. Antepartum and intrapartum risk factors and the impact of PTSD on mother and child. 3rd, 20. BJA

Education; 2020. p. 89e95.
[40] Stanford SER, Bogod DG. Failure of communication: a patient’s story. Int J Obstet Anesth 2016;28:70e5.
[41] Bourne TM, DeMelo AE, Bastianpillai BA, et al. A survey of how British obstetric anaesthetists test regional anaesthesia

before Caesarean section. Anaesthesia 1997;52(9):901e3.
[42] Husain T, Liu YM, Fernando R, et al. How UK obstetric anaesthetists assess neuraxial anaesthesia for caesarean delivery:

national surveys of practice conducted in 2004 and 2010. Int J Obstet Anesth 2013;22(4):298e302.
67

http://refhub.elsevier.com/S1521-6896(22)00020-9/sref6
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref6
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref6
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref7
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref7
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref7
https://pubmed.ncbi.nlm.nih.gov/33877751/
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref9
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref9
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref9
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref10
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref10
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref10
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref11
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref11
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref11
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref12
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref12
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref12
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref13
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref13
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref14
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref14
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref14
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref14
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref15
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref15
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref15
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref16
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref16
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref16
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref17
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref17
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref17
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref18
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref18
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref18
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref19
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref19
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref19
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref20
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref20
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref20
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref21
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref21
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref23
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref23
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref23
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref24
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref24
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref24
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref24
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref25
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref25
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref25
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref26
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref26
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref26
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref27
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref27
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref27
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref28
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref28
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref28
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref29
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref29
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref30
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref30
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref30
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref31
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref31
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref32
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref32
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref32
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref33
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref33
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref33
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref34
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref34
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref34
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref35
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref35
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref36
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref36
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref36
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref37
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref37
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref37
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref38
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref38
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref38
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref39
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref39
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref39
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref40
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref40
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref41
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref41
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref41
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref42
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref42
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref42


S.E. Watson, A.L. Richardson and D.N. Lucas Best Practice & Research Clinical Anaesthesiology 36 (2022) 53e68
*[43] Plaat F, Stanford SER, Lucas DN, et al. Prevention and management of intra-operative pain during caesarean section under
neuraxial anaesthesia: a technical and interpersonal approach. Anaesthesia 2022.

*[44] Keita H, Deruelle P, Bouvet L, et al. Raising awareness to prevent, recognise and manage acute pain during caesarean
delivery: the French Practice Bulletin. Anaesthesia Crit Care Pain Med 2021;40(5):100934.

*[45] Kinsella SM, Winton AL, Mushambi MC, et al. Failed tracheal intubation during obstetric general anaesthesia: a literature
review. Int J Obstet Anesth 2015;24(4):356e74.

*[46] Mushambi MC, Kinsella SM, Popat M, et al. Obstetric Anaesthetists’ Association and Difficult Airway Society guidelines for
the management of difficult and failed tracheal intubation in obstetrics. Anaesthesia 2015;70(11):1286e306.

[47] Satyapal VM, Rout CC, Somerville TE, et al. Errors and clinical supervision of intubation attempts by the inexperienced.
South Afr J Anaesth Analg 2018;24(47e53):115.

[48] Lee BJ, Kang JM, Kim DO. Laryngeal exposure during laryngoscopy is better in the 25 degrees back-up position than in the
supine position. Br J Anaesth 2007;99(4):581e6.

[49] Lebowitz PW, Shay H, Straker T, et al. Shoulder and head elevation improves laryngoscopic view for tracheal intubation in
nonobese as well as obese individuals. J Clin Anesth 2012;24(2):104e8.

[50] Hignett R, Fernando R, McGlennan A, et al. A randomized crossover study to determine the effect of a 30� head-up versus
a supine position on the functional residual capacity of term parturients. Anesth Analg 2011;113(5):1098e102.

[51] Howle R, Onwochei D, Harrison SL, et al. Comparison of videolaryngoscopy and direct laryngoscopy for tracheal intu-
bation in obstetrics: a mixed-methods systematic review and meta-analysis. Can J Anaesth 2021;68(4):546e65.

[53] Bonnet MP, Mercier FJ, Vicaut E, et al. Incidence and risk factors for maternal hypoxaemia during induction of general
anaesthesia for non-elective Caesarean section: a prospective multicentre study. Br J Anaesth 2020;125(1):e81e7.

[54] Tan PCF, Millay OJ, Leeton L, et al. High-flow humidified nasal preoxygenation in pregnant women: a prospective
observational study. Br J Anaesth 2019;122(1):86e91.

[55] Shippam W, Preston R, Douglas J, et al. High-flow nasal oxygen vs. standard flow-rate facemask pre-oxygenation in
pregnant patients: a randomised physiological study. Anaesthesia 2019;74(4):450e6.

[56] Zhou S, Zhou Y, Cao X, et al. The efficacy of high flow nasal oxygenation for maintaining maternal oxygenation during
rapid sequence induction in pregnancy: a prospective randomised clinical trial. Eur J Anaesthesiol 2021;38(10):1052e8.

[57] Pillai A, Chikhani M, Hardman JG. Apnoeic oxygenation in pregnancy: a modelling investigation. Anaesthesia 2016;71(9):
1077e80.

[58] Pandit JJ, Andrade J, Bogod DG, et al. 5th National Audit Project (NAP5) on accidental awareness during general anaes-
thesia: summary of main findings and risk factors. Br J Anaesth 2014;113(4):549e59.

[59] Odor PM, Bampoe S, Lucas DN, et al. Incidence of accidental awareness during general anaesthesia in obstetrics: a
multicentre, prospective cohort study. Anaesthesia 2021;76(6):759e76.

[60] Freedman RL, Lucas DN. MBRRACE-UK: saving lives, improving mothers’ care - implications for anaesthetists. Int J Obstet
Anesth 2015;24(2):161e73.

[61] Preston R. Management of the obstetric airway - time for a paradigm shift (or two)? Int J Obstet Anesth 2015;24(4):
293e6.

[62] Koerber JP, Roberts GEW, Whitaker R, et al. Variation in rapid sequence induction techniques: current practice in Wales.
Anaesthesia 2009;64(1):54e9.

[63] White LD, Hodsdon A, An GH, et al. Induction opioids for caesarean section under general anaesthesia: a systematic
review and meta-analysis of randomised controlled trials. Int J Obstet Anesth 2019;40:4e13.

[64] White LD, Thang C, Hodsdon A, et al. Comparison of supraglottic airway devices with endotracheal intubation in low-risk
patients for cesarean delivery: systematic review and meta-analysis. Anesth Analg 2020;131(4):1092e101.

[65] Whitaker DK, Booth H, Clyburn P, et al. Immediate post-anaesthesia recovery 2013: association of anaesthetists of great
britain and Ireland. Anaesthesia 2013;68(3):288e97.

[66] Yentis SM, Lucas DN, Brigante L, et al. Safety guideline: neurological monitoring associated with obstetric neuraxial block
2020: a joint guideline by the Association of Anaesthetists and the Obstetric Anaesthetists’ Association. Anaesthesia
2020;75(7):913e9.

[67] Bamber JH, Lucas DN, Russell R, et al. Obstetric anaesthetic practice in the UK: a descriptive analysis of the National
Obstetric Anaesthetic Database 2009-14. Br J Anaesth 2020;125(4):580e7.

[68] Kathirgamanathan A, Douglas MJ, Tyler J, et al. Speed of spinal vs general anaesthesia for category-1 caesarean section: a
simulation and clinical observation-based study. Anaesthesia 2013;68(7):753e9.
68

http://refhub.elsevier.com/S1521-6896(22)00020-9/sref43
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref43
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref44
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref44
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref45
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref45
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref45
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref46
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref46
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref46
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref47
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref47
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref47
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref48
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref48
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref48
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref49
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref49
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref49
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref50
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref50
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref50
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref50
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref51
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref51
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref51
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref53
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref53
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref53
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref54
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref54
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref54
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref55
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref55
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref55
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref56
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref56
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref56
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref57
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref57
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref57
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref58
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref58
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref58
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref59
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref59
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref59
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref60
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref60
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref60
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref61
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref61
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref61
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref62
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref62
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref62
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref63
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref63
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref63
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref64
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref64
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref64
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref65
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref65
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref65
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref66
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref66
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref66
http://refhub.elsevier.com/S1521-6896(22)00020-9/sref66
http://refhub.elsevier.com/S1521-6896(22)00020-9/optNMf7rwxx4P
http://refhub.elsevier.com/S1521-6896(22)00020-9/optNMf7rwxx4P
http://refhub.elsevier.com/S1521-6896(22)00020-9/optNMf7rwxx4P
http://refhub.elsevier.com/S1521-6896(22)00020-9/optET2125nmXq
http://refhub.elsevier.com/S1521-6896(22)00020-9/optET2125nmXq
http://refhub.elsevier.com/S1521-6896(22)00020-9/optET2125nmXq

	Neuraxial and general anaesthesia for caesarean section
	Introduction
	Classification of the urgency of caesarean section
	Choice of anaesthesia for CS
	Neuraxial anaesthesia for elective CS
	Neuraxial anaesthesia for emergency CS
	Neuraxial anaesthesia for CS – general considerations
	Management of hypotension
	Prevention and management of pain during CS under neuraxial anaesthesia

	General anaesthesia for CS
	Optimising airway management
	Prevention of hypoxaemia
	Conduct of anaesthesia
	Evolving practice in general anaesthesia for CS

	Recovery from anaesthesia after CS
	Summary
	Declaration of competing interest
	References


