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7.1

Key messages

In sudden onset severe maternal shock e.g. anaphylaxis, the presence of a pulse may be an unreliable
indicator of adequate cardiac output. In the absence of a recordable blood pressure or other indicator of
cardiac output, the early initiation of external cardiac compressions may be life saving. ACTION: Health
professionals
Anaesthetists must continue to be vigilant about the risk of pulmonary aspiration in pregnant women
who require general anaesthesia. An individualised risk assessment should be made and appropriate
precautions taken. ACTION: Health professionals
In cases of massive obstetric haemorrhage women must be adequately resuscitated and bleeding stopped
prior to extubation following general anaesthesia. Evidence of adequate resuscitation should be sought
prior to extubation. ACTION: Health professionals
Aortocaval compression should be suspected in any supine pregnant woman who develops severe
hypotension after induction of anaesthesia, even if some lateral tilt has been applied. If there is a delay
in delivery, putting the woman into the left lateral position may be the only option if other manoeuvres fail
or if the woman has refractory severe hypotension. ACTION: Health professionals
In the absence of contraindications such as hypertension, prophylactic vasopressors should be administered to pregnant women who have spinal anaesthesia. ACTION: Health professionals
The choice of endotracheal tube for pregnant women should start at size 7.0mm and proceed to smaller
tube selections if needed (size 6.0mm and 5.0mm). It is recommended that all resuscitation carts used in
maternity units should include endotracheal tubes no larger than 7.0mm and include smaller sizes such
as 6.0mm and 5.0mm. ACTION: Service managers, health professionals
Pregnant women with complex needs or a complex medical history should have timely antenatal multidisciplinary planning, and an experienced obstetric anaesthetist should contribute to the planning.
ACTION: Policy makers, service planners/commissioners, service managers, health professionals
Hospital serious incident reviews should comment on the quality of the documentation i.e. observations and
the clinical management, of adverse serious events. The reviews should also comment on whether there
was any process for debriefing and support available to staff involved in these very stressful situations.
ACTION: Policy makers, service planners/commissioners, service managers, health professionals

7.2

Background

The maternal death rate directly in relation to anaesthesia remains reassuringly low despite the background of an increasingly high-risk obstetric population. This reflects well on the standards of anaesthetic
practice in the UK. Anaesthetists have a crucial and growing role in promoting and improving safety in
maternity units, in addition to specific anaesthetic skills in the provision of care to women who develop
complications during pregnancy and delivery. It has been estimated that anaesthetists are involved in the
care of 60% of pregnant women, therefore during the period covered by this report anaesthetists will have
been involved in the care of approximately 1.4 million women (The Audit Commission 1997). Although
the number of deaths directly attributed to anaesthesia is extremely low, the potential for anaesthesia to
cause significant morbidity and mortality must never be forgotten.
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7.3

Summary of the key findings 2009–13

In the UK and Ireland there were 2 women who died directly from complications of anaesthesia between
2013–15, both of whom died during or within 42 days of the end of pregnancy. This represents an overall
maternal mortality rate directly due to anaesthesia of 0.08 per 100,000 maternities (95% CI 0.01 to 0.28
per 100,000 maternities). As noted above, this is unchanged from previous triennia.

7.4

Overview of care and lessons to be learned

Lessons from direct anaesthetic deaths
A woman presented with immediate acute bronchospasm followed by severe
hypotension and a skin rash after induction of general anaesthesia. Her
anaphylaxis was suspected immediately, senior help arrived very quickly and
adrenaline was administered promptly. Ventilation through the tracheal tube
was impossible and in accordance with good practice the tube was replaced
to exclude equipment obstruction as a cause. Although a pulse was felt the
woman’s blood pressure was not recordable and several doses of adrenaline
were given. Resuscitation was successful but she sustained a hypoxic brain
injury from which she died.
During a critical event such as anaphylaxis, where the woman has a palpable pulse but profound hypotension, it is appropriate to commence cardiopulmonary resuscitation. However, there is currently no
national recommendation for the specific level of hypotension in an adult, which should mandate the initiation of cardiac compressions to support organ perfusion. Anaphylaxis is the focus of the Royal College of
Anaesthetists 6th National Audit Project (NAP6) and this topic is likely to be the subject of further scrutiny
in the NAP6 Report. Guidance for clinicians about what level of hypotension should mandate the initiation of cardiac compressions is required.
Trained healthcare staff cannot assess the breathing and pulse sufficiently reliably to confirm
cardiac arrest.
Delivering chest compressions to a patient with a beating heart is unlikely to cause harm. However,
delays in diagnosis of cardiac arrest and starting CPR will adversely affect survival and must be
avoided.
A woman with a small bowel obstruction aspirated during induction of anaesthesia for a combined Category 3 caesarean section and general surgical procedure. Pulmonary aspiration has been identified as
a leading cause of airway-related anaesthetic deaths, in most instances associated with identifiable risk
factors (Cook TM, Woodall N et al. 2011). A UKOSS study of failed intubation in obstetrics found an incidence of aspiration of 8% associated with failed intubation, compared to 1% in case matched controls
(Quinn, Milne et al. 2013). More recently a UK two-year national descriptive study examining pulmonary
aspiration during pregnancy and the immediate postpartum period found an overall incidence of only
6.0 per 1,000,000 maternities (95% CI 2.8 to 11.4). In seven out of the nine women aspiration occurred
in association with general anaesthesia, representing an estimated incidence of 2.2 cases per 10,000
general anaesthetics (95% CI 0.9 to 4.5)(Knight M, Bogod D et al. 2016). While these figures are reassuring for obstetric anaesthetists, it is imperative to remember that pregnancy is a risk factor for pulmonary aspiration. Obesity is another risk factor that is increasingly present.
Anaesthetists must continue to be vigilant about the possibility of pulmonary aspiration and undertake
individualised risk assessment and precautions against pulmonary aspiration in every woman. Precautions should include the use of H2 antagonists and antacids which have been demonstrated in a Cochrane
Review to be associated with a decrease in the risk of intragastric pH < 2.5 at intubation when compared
with placebo (Paranjothy, Griffiths et al. 2014). The use of a nasogastric tube to empty the stomach is
indicated in conditions such as bowel obstruction or ileus. The woman who aspirated did not have a
nasogastric tube in place or aspiration of her stomach prior to induction.
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Improvements to care were noted in both these women, but for only one was it thought that the improvements identified may have made a difference to the outcome.

Lessons for anaesthetic care
During the Enquiry process anaesthetic assessors reviewed the anaesthetic care of all women who died.
This provides an opportunity for detailed analysis of related factors that may have contributed to their
deaths, including the standard of care provided by anaesthetists. This analysis has highlighted important
themes for anaesthetic care; many of these themes will be familiar to experienced obstetric anaesthetists
and should be used as a focus for teaching and training junior colleagues.

Recurrent themes
Hypoventilation after extubation
A woman had a category 1 caesarean section under general anaesthesia. After
delivery she developed uterine atony, which was treated with multiple uterotonics. Prior to extubation she had a tachycardia of 130bpm, and haemoglobin
of 64g/L assessed by a point of care testing device. No blood transfusion was
given until after extubation. The woman’s condition deteriorated post extubation and she was re-anaesthetised one hour later for a hysterectomy but was
acidotic, coagulopathic and had a cardiac arrest from which she could not be
resuscitated despite having a massive blood transfusion.
The issue of inadequate resuscitation prior to extubation was highlighted in previous reports (Knight,
Kenyon et al. 2014) but was once again noted to be a factor in some women’s deaths. These women
frequently had postpartum haemorrhage but had not been adequately resuscitated prior to extubation.
Following extubation, various factors can contribute to rapid depletion of oxygen stores and a reduction
in arterial oxygen saturation. It is essential that the complications of postpartum haemorrhage such as
metabolic derangement (acid-base and electrolyte), and hypothermia are corrected prior to extubation
(Difficult Airway Society Extubation Guidelines, Popat et al. 2012). Extubation of a woman who is underresuscitated is imprudent as she is unlikely to be able to adequately compensate for her metabolic acidosis by increased respiratory effort because of her impaired consciousness and the residual effects of any
opioid analgesia that has been given prior to extubation.
In the vignette above the woman may have been extubated because the haemorrhage had been underestimated or the effectiveness of resuscitation had not been assessed using blood lactate and acid base
balance measurements. National and international guidelines highlight the importance of measuring
serial lactate and bicarbonate levels (Kozek-Langenecker, Afshari et al. 2013) when managing haemorrhage. Persistent abnormal lactate and bicarbonate levels may indicate inadequate resuscitation, but a
deteriorating trend may also indicate unrecognised ongoing bleeding.
Supine hypotension
The alleviation of aortocaval compression by the gravid uterus is another issue highlighted in the previous report and which may have contributed to one woman’s death in the current report.
A morbidly obese woman who had a combined epidural and general anaesthetic became profoundly hypotensive after induction of general anaesthesia
and then had a cardiac arrest during a haemorrhage at delivery. It was not
evident that manoeuvres were utilised to prevent or minimise the onset of
aortocaval compression.
It may be difficult to judge whether uterine displacement has been achieved in the morbidly obese patient.
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Aortocaval compression should be suspected in any supine pregnant woman who develops
severe hypotension after induction of anaesthesia, even if some lateral tilt has been applied. If
there is a delay in delivery, putting the woman into the left lateral position may be the only option
if other manoeuvres fail or if the woman has refractory severe hypotension.

Hypotension during spinal anaesthesia
Spinal anaesthesia-induced maternal hypotension can occur in up to three quarters of women in the
absence of prophylactic measures, causing maternal nausea and vomiting and impaired uteroplacental perfusion leading to fetal acidaemia. The assessors identified several instances where prophylactic
vasopressors with spinal anaesthesia were not administered, which may have compromised further the
condition of an already ill woman. The Cardiac Arrest in Pregnancy Study (Beckett, Knight et al. 2017)
identified that obstetric anaesthesia, predominantly due to a high neuraxial block, was the leading cause
of cardiac arrest in pregnant women in the UK, although this remains a rare complication and all women
in that study were successfully resuscitated. The use of prophylactic vasopressors is a national recommendation in the NICE caesarean section guideline CG132 (National Institute for Health and Care Excellence 2011) and consensus recommendations on the use of vasopressors during caesarean section were
published this year (Kinsella, Carvalho et al. 2017).
Alpha agonist drugs are the most appropriate agents to treat or prevent hypotension following
spinal anaesthesia. Although those with a small amount of beta agonist activity may have the
best profile (noradrenaline (norepinephrine), metaraminol), phenylephrine is currently recommended because of the amount of supporting data. Single-dilution techniques, and / or prefilled
syringes should be considered.
Left lateral uterine displacement and intravenous colloid preloading or crystalloid co-loading,
should be used in addition to vasopressors.
International consensus statement on the management of hypotension with vasopressors during
caesarean section under spinal anaesthesia (Kinsella, Carvalho et al. 2017)

Airway management
The Obstetric Anaesthetists’ Association and the Difficult Airway Society have published guidelines on
airway management in obstetrics (Mushambi, Kinsella et al. 2015). These concentrate on provision of
general anaesthesia for caesarean section, and the management of failed tracheal intubation. There is an
aid to decision making for the latter, as the anaesthetist will either have to waken the woman and provide
alternative anaesthesia, or continue the general anaesthetic with an unsecured airway. This aid can
also help other health professionals to understand the management decisions made by the anaesthetist.
Although provision of anaesthesia for pregnant women in other situations may be less complex than
at caesarean section, a number of the same factors apply with regard to anatomical and physiological
changes.
A postnatal woman collapsed and required cardiopulmonary resuscitation, but the anaesthetists concerned
had difficulty intubating with a size 7.5mm tracheal tube. The physiological changes of pregnancy include
respiratory tract mucosal oedema, and capillary engorgement of nasal, oropharyngeal mucosa and laryngeal tissues, which can all affect the size of the glottic opening. Smaller tubes may be easier to insert, as
the view of the larynx during passage of the tube is subjectively better (Asai and Shingu 2004). Insertion of
a smaller endotracheal tube is likely to be less traumatic and there is an association between larger tubes
and glottic and tracheal damage, particularly in women (Hawkins 1977, Bishop, Weymuller et al. 1984).
The choice of tracheal tube for pregnant women should start at size 7.0 and proceed to smaller
tube selections if needed (size 6.0 and 5.0).
Obstetric Anaesthetists’ Association and Difficult Airway Society guidelines for the management
of difficult and failed tracheal intubation in obstetrics (Mushambi, Kinsella et al. 2015)
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A recent UK national survey of airway training in anaesthetic departments highlighted the widespread
variation in the provision, frequency and content of practical airway training outside the operating theatre; in 16% of units there was no provision for workshop-type manikin-based airway training (Lindkaer
Jensen, Cook et al. 2016). The authors of this survey suggested it is time for a national and consistent
approach to airway training. The difficulties associated with training for general anaesthesia in obstetrics have previously been highlighted (Johnson, Lyons et al. 2000); it would seem timely for a national
strategy for airway training in obstetrics to be developed and mandated.
Team working, communication and escalation of care
The best care of pregnant and postpartum women requires health professionals to work and communicate effectively as a team. As in previous reports poor team working, communication or failure to seek
the involvement of senior doctors may have adversely affected care of several women who died.
Three main interventions have been identified as having a key role in improving team working: training
in the use of systematic processes such as PROMPT (Practical Obstetric Multi-Professional Training),
ALSO (Advance Life Support in Obstetrics) and mMOET (Managing Medical and Obstetric Emergencies
and Trauma); structured communication utilising tools such as SBAR (Situation, Background, Assessment, Recommendation) to improve the reliability of transferring critical information; and organisational
interventions that change work processes and structures so that they support more effective communication (Buljac-Samardzic, Dekker-van Doorn et al. 2010).
A woman became hypotensive and pale very shortly after a forceps delivery.
The duty trainee anaesthetist was called to attend to assist with additional intravenous access but was unable to insert a cannula. Fluid resuscitation continued
through the single existing large bore cannula and she received three litres of
crystalloid over the next hour. Her hypotension persisted and a point of care
haemoglobin measurement recorded a haemoglobin of 49g/L. Only at this
time was blood ordered, and only one unit of blood was initially given due the
woman feeling breathless. Two hours after the anaesthetist first attended, the
woman was transferred to the operating theatre for the insertion of a central
line for additional intravenous access. The consultant obstetrician was called
but could not attend immediately. After several failed attempts at central venous
cannulation and at the request of the consultant obstetrician the consultant
anaesthetist was called to attend. By the time the consultant anaesthetist
arrived the woman had already had a cardiac arrest due to hypovolaemia. The
woman died from intra-abdominal bleeding secondary to a ruptured uterus.
In some instances, as illustrated above, an appropriately trained senior or consultant doctor did not see
a woman in time to potentially make a difference to the outcome. It is essential that senior colleagues are
actively involved when managing complications around the time of delivery. If there are concerns about
the condition of a woman, midwives and junior medical staff must be actively encouraged to seek the
advice and input of their senior colleagues and senior doctors must attend wherever possible.
Planning care of women with complex needs
Pregnant women with complex needs or a complex medical history should have antenatal multidisciplinary planning and an experienced obstetric anaesthetist should contribute to the planning.
The assessors noted several groups of pregnant women in whom there was no evidence of sufficient
planning or awareness that planning was required.
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Jehovah’s Witnesses
A woman with refractory antenatal anaemia who was a Jehovah’s Witness had
no antenatal discussion of what blood products would or would not be acceptable to use, no discussion of how peripartum haemorrhage would be managed
or any referral to an anaesthetic clinic.

All women declining blood transfusion require careful multidisciplinary planning with senior clinician input during pregnancy to minimise anaemia and to manage blood loss. Early use of iron
replacement is indicated with, if needed, use of intravenous iron.
RCOG Green-top Guideline No. 47 (Royal College of Obstetricians and Gynaecologists 2015)
In women who are Jehovah’s witnesses absolute clarity about which fractions of blood products
are acceptable and which are not is required, and should be formally documented in the antenatal period.

Difficult airway
A woman with a known congenital abnormality of her upper airway and previous history of difficult intubation was not assessed by an anaesthetist until the
day before her delivery. She had been referred for anaesthetic review in early
pregnancy but this was not followed up until very late in her pregnancy.

Women predicted to have significant airway difficulties, such that rapid sequence induction
would not be suitable, should be referred antenatally for formulation of a specific anaesthetic
and obstetric management plan.
Obstetric Anaesthetists’ Association and Difficult Airway Society guidelines for the management
of difficult and failed tracheal intubation in obstetrics (Mushambi, Kinsella et al. 2015)

Morbid obesity
A woman with a BMI of 55kg/m2 and a past history of sepsis and intensive
care after a previous caesarean section had an anaesthetic assessment by
an anaesthetic registrar. The documented assessment was limited to briefly
recorded advice as to when thromboprophylaxis should be withheld prior to an
elective caesarean section. There was no documentation of an anaesthetic
management plan for delivery.
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Women with a booking BMI ≥30kg/m2 should have an informed discussion antenatally about
possible intrapartum complications associated with a high BMI, and management strategies
considered. This should be documented in the notes.
Pregnant women with a booking BMI ≥40kg/m2 should have an antenatal consultation with an
obstetric anaesthetist, so that potential difficulties with venous access, regional or general anaesthesia can be identified. An anaesthetic management plan for labour and delivery should be
discussed and documented in the medical records.
Royal College of Anaesthetists Guidelines for the Provision of Anaesthesia Services for an Obstetric Population 2017 (Royal College of Anaesthetists 2017)

Documentation
Clear documentation including recording of physiological parameters is essential to enable learning from
adverse incidents. A consistent finding in case reviews is poor documentation, particularly in the emergency situation. The presence of a nominated scribe to contemporaneously record events can mitigate
this problem. In addition a printout of the automatic vital sign readings can also be helpful.
Serious Incident (SI) Reviews
The anaesthetic assessors found that for several local reviews of the care of women who died, there was
no anaesthetic representation. The Confidential Enquiry into Maternal Deaths has involved anaesthetists
in the review process for most of its history and regards the involvement of anaesthetists as essential.
The care of all women who die is reviewed as part of this Enquiry by at least one anaesthetist irrespective
of whether the woman has undergone anaesthesia. Local hospital reviews will also benefit from ensuring the participation of anaesthetists in the review process, not only to identify improvements in anaesthetic care, but also to provide valuable insights into other aspects of care such as resuscitation and fluid
management. SI reviews may also wish to consider commenting on important, frequently unconsidered
aspects such as whether there was any process for debriefing and support available to staff involved in
these very stressful situations.

7.5

Conclusions

Many of the lessons highlighted in this chapter are not new and have been recognised by previous Confidential Enquiry Reports and existing national guidance. The challenge for the future lies in the implementation of national guidance through increased awareness of best practice by education, training and
shared learning from local reviews of serious adverse events and ‘near misses’.
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