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Emergencies in obstetric anaesthesia: a narrative review
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Summary

We conducted a narrative review in six areas of obstetric emergencies: category-1 caesarean section; difficult
and failed airway; massive obstetric haemorrhage; hypertensive crisis; emergencies related to neuraxial
anaesthesia; and maternal cardiac arrest. These areas represent significant research published within the last
five years, with emphasis on large multicentre randomised trials, national or international practice guidelines
and recommendations from major professional societies. Key topics discussed: prevention and management of
failed neuraxial technique; role of high-flow nasal oxygenation and choice of neuromuscular drug in obstetric
patients; prevention of accidental awareness during general anaesthesia; management of the difficult and
failed obstetric airway; current perspectives on the use of tranexamic acid, fibrinogen concentrate and cell
salvage; guidance on neuraxial placement in a thrombocytopenic obstetric patient; management of neuraxial
drug errors, local anaesthetic systemic toxicity and unusually prolonged neuraxial block regression; and
extracorporeal membrane oxygenation use in maternal cardiac arrest.

Correspondence to: A. Chau

Email: anton.chau@ubc.ca

Accepted: 18 July 2022

Keywords: difficult airway; drug error; emergency caesarean delivery; failed airway; hypertensive emergencies; massive
obstetric haemorrhage; maternal cardiac arrest; obstetric anaesthesia

Twitter: @CharliePrior11; @Intrathecalcat; @antonchau’l

Introduction use in everyday practice, emphasising new data published

Anaesthetists play an essential role during obstetric
emergencies, contributing knowledge and skills in
resuscitation, human factors and critical care medicine to
optimise maternal and fetal outcomes. In this review, we aim
to provide a focused overview of the recent evidence and
developments surrounding six key areas of obstetric
emergencies: category-1 caesarean section; difficult and
failed airway; massive obstetric haemorrhage; hypertensive
crisis; emergencies related to neuraxial anaesthesia; and
maternal cardiac arrest. Where possible, we have included

practical clinical recommendations that anaesthetists can
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withinthe last5 y.

Methods

The search strategy is available in online Supporting

Information (Appendix S1).

Category-1 caesarean delivery

The 2021 National Institute for Health and Care Excellence
(NICE) caesarean birth guideline recommends a decision-
to-delivery interval of within 30 min for category-1
caesarean sections, defined as emergency operative

©2022 Association of Anaesthetists.
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delivery due to immediate threat to the life of the woman or
fetus [1]. However, there is significant heterogeneity in how
decision-to-delivery intervals are defined and measured.
One proposed definition is to mark the start time as when
the senior obstetrician decides that surgery is required and
the end time as the time when the fetus (or first in the case of
multiples) is  delivered [2]. Using standardised
interprofessional communication of the decision for surgery
can improve team response and minimise medicolegal

risks.

Failed neuraxial technique

Clear communication of the urgency of an emergency
caesarean section is critical, as it can influence the decision
to initiate general anaesthesia. One large prospective
cohort study of 3115 women who received general
anaesthesia for caesarean section in the UK found the most
common reason for general anaesthesia was perceived
threat to the life of the mother or neonate (52.1%), followed
by failed neuraxial block (25.7%) and contraindications to
neuraxial anaesthesia (14.9%)[3]. In a subset of patients with
failed neuraxial block, conversion to general anaesthesia
may potentially be avoidable. A systematic review of 54
randomised controlled trials found the overall prevalence of
failed neuraxial anaesthesia requiring general anaesthesia
conversion was 0.06% (95%Cl 0.0-0.2%). Importantly, spinal
or combined spinal-epidural anaesthesia was associated
with a lower failure rate compared with epidural anaesthesia
as a solo technique (10.2% vs. 30.3%) [4]. Given the time
pressure associated with category-1 caesarean section and
the potential lack of agency a woman may experience in
voicing their concerns, the true prevalence may be higher.
This highlights the importance of proactive management of
labour epidurals, as well as careful testing of the block
before incision [5]. Poor management of a failed neuraxial
block resulting in pain is currently the most common
successful medicolegal claim against obstetric anaesthetists
[6]. Expert recommendations for the prevention and
management of intra-operative pain during caesarean
section under neuraxial anaesthesia have recently been
published [6]. When neuraxial blocks fail to meet the
patient's expectations, you should acknowledge the
patient’s concerns, stop the surgery if feasible and be ready
to convert to general anaesthesia without delay. Failure to

do so may lead to significant psychological trauma[7].
Preparation for safe general anaesthesia

In preparation for rapid sequence induction and intubation,
there may be inadequate time for pre-oxygenation to reach

© 2022 Association of Anaesthetists.

the desired end-tidal oxygen fraction. Although studies on
the use of high-flow nasal oxygen in the obstetric population
have not demonstrated significant benefits over traditional
facemask for pre-oxygenation (see Table 1)[8-12], there is
likely to be a benefit during the apnoeic phase, which is
logistically more difficult to study. A clinical surrogate of
desaturation was explored in a study using high-fidelity
computer simulated models of pregnant patients [13]. The
findings illustrated a significant prolongation in time to
onset of apnoea to SaO;, 90% of > 60 min in lower BMI
24 kg.m, even when the starting end-tidal oxygen fraction
was at 60%. Moreover, the extent of the improvement is
markedly attenuated during labour and with increasing BMI
[13]. Since pre-oxygenation to end-tidal oxygen fraction
> 90% may be difficult to achieve in patients during an
emergency, this study provided valuable simulated
information. Furthermore, computational modelling found
only marginal improvement with this technique in high BMI
parturients.

The increasing availability of sugammadex has led to
some anaesthetists substituting succinylcholine  with
rocuronium as the primary neuromuscular block during
obstetric general anaesthesia. Muscle relaxation has been
shown to facilitate facemask ventilation [14] and front-of-
neck airway access [15] in the event of difficult intubation.
However, further research is needed to define the role of
rocuronium in obstetrics. The use of opioids has
traditionally been avoided due to concerns around
neonatal respiratory depression, but a recent meta-analysis
of 17 trials suggested that opioids are effective
sympatholytic drugs. Those with shorter duration of action
such as remifentanil 0.5-1 mcg.kg™' and alfentanil 7.5-
10 mcg.kg™” are safe and devoid of clinically significant
adverse effects on the neonate. However, fentanyl 0.5-1
mcg.kg™' may cause a significant reduction in 5 min Apgar
scores[16].

Accidental awareness during general anaesthesia
(AAGA)

The largest multicentre prospective cohort study of
obstetric general anaesthesia patients in the UK revealed an
incidence of 1 in 212 (95%CI 122-147) for accidental
awareness in caesarean deliveries, with one-third of patients
meeting the criteria for post-traumatic stress disorder at
12 months. The study found a 42-fold increase in the odds
of post-traumatic stress disorder after AAGA compared with
non-AAGA controls [17]. Approximately 75% of the cases
occurred during induction or emergence with risk factors
including high BMI (25-30 kg.m'z); low BMI (< 18.5 kg.m'2);
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out-of-hours procedures (20.00-08.00); and use of
ketamine or thiopental for induction. Interestingly, only
three out of 12 cases of AAGA were in patients undergoing
category 1 caesarean section.

Recommendations to reduce the risk of AAGA include
the use of propofol at >2.5 mg.kg™ for induction, with care
notto under-dose at extremes of BMI, as well as the addition
of a short-acting opioid adjunct at induction if readily
available. When lower intravenous doses are used before
paralysis, there is a risk of AAGA during the time interval
before sufficient depth of inhalational anaesthesia is
reached. If reduction of the volatile agentis required, ensure
depth of anaesthesia using propofol or opioids. The use of
an amnestic drug such as midazolam has also been
suggested [18], but evidence of efficacy is lacking and the
appropriate dose to prevent AAGA remains unknown so
recommendations cannot be made. Recovery of
neuromuscular function before waking should be
confirmed routinely. In addition, direct screening questions
for AAGA should be used routinely after general
anaesthesia, given the high incidence, risk of psychological

harm and likelihood of under-reporting [17].

Difficult and failed airway

A multicentre retrospective cohort study of patients
undergoing caesarean section under general anaesthesia in
the USA between 2004 and 2019 found the incidence of
difficult intubation was 1 in 49 (95%CI| 1:55-1:44) and the
frequency of failed intubation of 1 in 808 (95%Cl 1:1276~
1:511) [19]. The UK data from 2017-2018 reported a
frequency of difficult intubation of 1in 19 (95%CI 1in 16-22)
and failed intubation of 1 in 312 (95%CI 1 in 169-667).
Although heterogeneity in the definitions used makes it
difficult to directly compare frequencies across different
studies, both studies indicate that the incidence of difficult
airway remains consistent and continues to be a significant
concern. Failed intubations can lead to maternal mortality
due to aspiration or hypoxaemia secondary to obstruction
or oesophageal intubation [20]. The low rate of obstetric
general anaesthesia in many centres has reduced exposure
to difficult and failed intubation. Regular multidisciplinary
participation in difficult airway simulations and designation
of a local airway lead to implement current guidelines are

strategies that could promote patient safety [21, 22].

‘Can'tventilate, can‘t oxygenate’

A retrospective review of closed malpractice cases related
to obstetric anaesthesia in the USA between 2005 and 2015
found failed intubation was among the top three most

© 2022 Association of Anaesthetists.

common causes of maternal death or brain injury, along
with high neuraxial blocks and embolic events [23]. In the
analysis of difficult and failed intubations, documentation
on the use of videolaryngoscopy or other advanced airway
devices was absent. A prospective, multicentre study in the
UK also found that the use of videolaryngoscopy in obstetric
units was low in comparison with other subspecialties [3].
While evidence from randomised controlled trials favouring
videolaryngoscopy over direct laryngoscopy is lacking in
obstetric anaesthesia [24], data from the non-obstetric
population suggests that access to videolaryngoscopy as
thefirstline for intubation should be prioritised [25, 26].
During a ‘can't ventilate, cant oxygenate” scenario,
persistence with tracheal intubation and failure to perform
timely emergency front-of-neck airway access are common
ingredients for catastrophic patient outcomes. Every
obstetric anaesthetist should be skilled in performing
emergency front-of-neck airway via a midline vertical
incision using a scalpel-bougie-tube technique [27]. In
patients with impalpable neck landmarks, there is evidence
from a small observational study that pre-procedural airway
ultrasound can assist in greater accuracy and speed in
locating the cricothyroid membrane. During an emergency
caesarean section, waking the patient is not always feasible
or practical. One novel approach using supraglottic airway-
guided flexible bronchoscopic intubation has been
proposed as an alternative rescue technique for failed
intubation in obstetrics [28]. However, this is not currently
incorporated into national guidelines and is not

recommended without experience.

Massive obstetric haemorrhage

Postpartum haemorrhage (PPH) is a leading cause of
maternal morbidity and mortality worldwide, and its
incidence is increasing [29, 30]. Uterine atony is implicated
in 30-80% of all cases of PPH, but less common causes such
as morbidly adherent placentas, uterine inversion and
uterine rupture are also significant. Many cases occur in the
absence of recognised risk factors, highlighting the

constant need for systemic vigilance and preparedness[31].

Estimation of blood loss

Early recognition and management of PPH rely on accurate,
real-time measurement of blood loss. Even with protocol-
driven management in a high-resource setting, a response
will only be triggered when visual estimated blood loss, or
quantitative blood loss, using gravimetric or colourimetric
methods, reaches a pre-determined threshold volume. At
present, it is uncertain whether it is the use of quantitative
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blood loss alone, or its inclusion within a dedicated PPH
bundle, that leads to improved outcomes [32, 33].
Nevertheless, there is agreement that quantitative blood
loss is more accurate and objective than visual estimation
and that it can also increase the rate of PPH detection and
earlier care escalation [34, 35]. The inaccuracy of estimated
blood loss increases with increasing volume loss [36],
making quantitative blood loss especially useful in an
evolving, massive PPH.

Transfusion triggers and protocols

Blood transfusion is required in 0.5-3% of PPH and accounts
for 1% of transfused blood products in high-income
countries [37]. Transfusion decisions can be guided
clinically by massive transfusion protocols which utilise a
ratio-based transfusion that resembles that of whole blood.
However, there are no high-quality trial data to support the
use of fixed ratio transfusions in obstetrics and the empiric
use of this approach might expose patients to unnecessary
transfusion of plasma and platelets [38]. Early use of plasma
is rarely required and may be harmful, including the risk of
adverse reactions such as transfusion-related acute lung
injury, a major cause of transfusion-related death [39].
Placental abruption is a risk factor for requiring early platelet
transfusion, which is otherwise reserved until > 5000 ml of
blood loss has occurred [38]. Institution-specific transfusion
protocols are useful when the rate of blood loss is so rapid
that it outpaces any attempt to request and administer
blood productsin an individualised manner.

Alternatively, transfusion decisions can be guided by
laboratory results or point-of-care viscoelastic haemorrhage
assays such as thromboelastography or rotational
thromboelastometry. Viscoelastic testing can provide a
quicker and more current snapshot of the coagulation
profile for guiding plasma and coagulation product therapy
during an evolving PPH [40, 41]. Some institutions have
developed specific PPH transfusion protocols guided by
viscoelastic assays [38, 41] but larger studies demonstrating
the effectiveness of thromboelastography- or rotational
thromboelastometry-guided treatment algorithms for PPH

are needed to support their widespread clinical adoption.

Tranexamic acid

The use of tranexamic acid (TXA) was found to reduce death
from bleeding in women with PPH in the World Maternal
Antifibrinolytic  (WOMAN) multicentre randomised trial
involving 20,060 women from 23 countries (see Table 2)[42].
Based on this trial, the World Health Organization
recommended all women with PPH after vaginal or caesarean

1420

delivery receive TXA 1g intravenously within 3 h of delivery.
The borderline statistical significance of the primary outcome
and the generalisability of the WOMAN trial data to high-
income countries, where rates of death from haemorrhage are
around 40 times lower than in low-income countries, remain in
question [39]. However, there is evidence demonstrating its
cost-effectiveness [43] and several national guidelines have
recommended its use as part of the first response bundle for
the treatment of PPH. Prophylactic TXA, in addition to
prophylactic oxytocin administration for the prevention of PPH
(i.e. administration after delivery, but before PPH is declared)
has been investigated in two multicentre randomised
placebo-controlled trials [44, 45], during vaginal and
caesarean deliveries, respectively. In vaginal delivery, the
study by Sentilhes et al. found the risk of PPH was similar
between groups [44]. In caesarean delivery, the other study by
Sentilhes et al. found the risk of PPH was significantly lower in
the TXA group; however, there was no significant impact
found on haemorrhage-related secondary outcomes
including blood or iron transfusion, ICU admission or death
[45]. Overall, current evidence supports the early
administration of TXA 1g intravenously as an adjunct to aid
control of PPH during caesarean section [45, 46], particularly
in developing countries, with minimal adverse events. A
higher TXA dose (4 g loading then 1 g.h™" for 6 h) has been
studied but more safety data are needed [47]. The use of
prophylactic TXA during vaginal delivery is not currently
recommended [48]. Data from currently ongoing trials will
provide insight into the impact of TXA in preventing PPH in

women with anaemia[49, 50].

Fibrinogen concentrate

Fibrinogen levels during PPH are predictive of outcomes
[38]. A fibrinogen level < 2 g.I" early in PPH has a positive
predictive value of 100% for a > 4 U of packed red blood
cell transfusion [51]. Levels tend to fall below 4 g.I"" after 2 |
blood loss and below 2 gl'after 41 loss [38].
Hypofibrinogenaemia  can  develop  well  before
prolongation of the activated partial thromboplastin time/
prothrombin time and thrombocytopenia, particularly after
placental abruption [52-55]. Despite this, trials of empiric
fibrinogen concentrate administration without laboratory
testing in PPH > 1500 ml have been disappointing
(Table 3) [56-58]. Using point-of-care viscoelastic assays
during PPH to guide fibrinogen concentrate administration
did not reduce transfusion rates or blood loss [56]. Overall,
fibrinogen <2 gl' is suggested as a cut-off for
replacement with fibrinogen concentrate or cryoprecipitate
as< 1.5 g.IMislikely to be inadequate [38, 39].

©2022 Association of Anaesthetists.
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Table 2 (continued)

Conclusion

Result

Primary outcome

Study characteristic

Study

ClinicalTrials.gov NCT04274335

Recruiting

Maternal blood TXA

- Prospective, randomised, open-label

Arribas et al.[50]

concentrations

overtime

trial
-n = 120 patients

- Patients with >1 risk factor for PPH

having CS
-1 gTXAintravenous, 1 g TXA

intramuscular, 4 g TXA orally orno TXA

1 hpre-CS

CS, caesarean section; Hb, haemoglobin; RR, risk ratio; TXA, tranexamic acid.

Cell salvage

In a large pragmatic randomised controlled trial involving
26 obstetric units in the UK, no case of amniotic fluid
embolism was identified among the 1517 women who
received intra-operative cell salvage for caesarean
section. [59] Similarly, observational data over 10 yon 1170
women who had reinfusion of cell salvage blood
demonstrated no clinical safety concerns [60]. Evidence on
reduction of allogeneic blood transfusion and cost-
effectiveness do not support the routine use of cell salvage
[61, 62] and many institutions currently reserve the use of
cell salvage in high-risk bleeding cases such as morbidly
adherent placentas, with or without leukocyte depletion
filters. A leukocyte depletion filter is highly effective at
removing white blood cells and squamous cells [63];
however, its use is controversial as it has been associated
with acute hypotension.

Data are emerging for utilising cell salvage during
vaginal delivery. In a large case series describing 64 patients
with severe haemorrhage (median quantitative blood loss
2150 ml) who were reinfused with vaginally shed blood,
there were no cases of maternal sepsis or severe infectious
morbidity. There was one case of suspected amniotic fluid
embolism, but symptoms began before reinfusion of
vaginally shed blood. Further studies using a randomised

design and a control group are needed [64].

Placenta accreta spectrum

Placenta accreta spectrum is a leading cause of major
obstetric haemorrhage and the incidence has increased
from 0.03 per 1000 pregnancies in the 1950s to 0.79-3.11
per 1000 pregnancies [65]. The most important risk factors
are the number of previous caesarean deliveries and
placenta previa, the latter increasing the risk by 35-65 fold
[66]. However, some cases are unexpected and first
recognised during caesarean delivery.

There is no consensus on the optimal anaesthetic
technique and multiple clinical and institutional factors may
influence these choices [67]. The key to successful
management is anticipating the need for rapid and massive
transfusion. In a systematic review of 7001 cases of placenta
accreta spectrum, peripartum hysterectomy occurred in
52.2% (95%Cl 38.3-66.4%), and blood transfusion occurred
in46.9% (95%Cl 34.0-59.9%)[68].

There are minimal data on prophylactic placement of
vascular occlusion devices such as the resuscitative
endovascular balloon occlusion of the aorta (REBOA)
technique or internal iliac balloon catheters in obstetrics.
Prophylactic placement of REBOA in zone 3 of the aorta can
result in

significant  hypertension  (systolic  blood

©2022 Association of Anaesthetists.
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pressure > 160 mmHg) at deployment, and hypotension
requiring vasopressor at removal [69]. For patients at
imminent risk of exsanguination, REBOA by an obstetrician
trained in using the device may assist with resuscitation and
minimise blood transfusion, although the risk of arterial
thrombotic and ischemic complications have limited the use
of this technique [70]. By contrast, prophylactic placement
of iliac balloon catheters has been associated with a better
safety profile but the efficacy in reducing peripartum blood
loss is marginal, perhaps due to extensive collateral supply
or balloon migration [71, 72].

Hypertensive crisis

Women with pre-eclampsia are susceptible to hypertensive
emergencies, increasing the risk of intracranial haemorrhage
and other serious maternal complications such as heart failure
[73]. Systolic blood pressure > 160 mmHg or diastolic blood
pressure > 110 mmHg on two separate occasions at least 4 h
apart is a feature of severe pre-eclampsia [74]. Severe systolic
hypertension is more consistently predictive of adverse
cerebral events than severe diastolic hypertension [75].
Haemodynamic heterogeneity between those with early and
late onset severe pre-eclampsia is increasingly recognised.
The use of transthoracic echocardiography may help to
identify these distinct phenotypes and guide fluid and
pharmacological therapy [76, 77]. When blood pressure is
persistently  uncontrolled and unresponsive  to
antihypertensives, expedited delivery is indicated irrespective
of gestational age [74].

Neuraxial — procedures and  pre-eclampsia/HELLP
syndrome

Timely planning and provision of neuraxial analgesia may
contribute to blood pressure management in patients with
pre-eclampsia. ~ However, the  development  of
thrombocytopenia and coagulopathy in severely pre-
eclamptic patients can complicate or contraindicate
neuraxial placement. Evidence for precise thresholds for
safe neuraxial insertion is limited due to a low incidence of
adverse events and few cases involving very low platelet
counts. Recent practice recommendations from the Society
for Obstetric Anesthesia and Perinatology suggest that the
risk of epidural haematoma with neuraxial procedures is
likely to be low with platelet counts > 70 x 10°.I". In
patients with HELLP syndrome, verifying platelet counts 6 h
before the neuraxial procedure should be considered [78].
Recommendations from the Association of Anaesthetists

|-‘|

suggest using a threshold of > 75 x 10°.I" and checking

the platelet count 6 h before neuraxial procedures for all

1424

patients with pre-eclampsia, with the addition of
coagulation tests when platelets are < 100 x 1071 [79].
Determining the risk of epidural haematoma is an inexact
science and decisions must be balanced against the risk
associated with general anaesthesia on a case-by-case
basis. Potential complications of general anaesthesia,
including hypertensive surge during laryngoscopy, stroke
and intracranial haemorrhage are leading causes of
morbidity and mortality in the pre-eclamptic population.

Eclampsia

Eclampsia is caused by vasogenic oedema secondary to acute
severe hypertension, resulting in encephalopathy and seizures
[73]. The most common symptom preceding seizures is
headache, often described as throbbing or pounding. Focal
neurological deficits are not usually present [80]. Abrupt loss
of consciousness is followed by a generalised tonic—clonic
seizure, which may lead to maternal hypoxia and aspiration.
Transient fetal bradycardia is common during and
immediately after an eclamptic seizure. However, persistent
fetal bradycardia may signify an occult placental abruption
necessitating immediate delivery [81].

Evidence is well established for the administration of
magnesium sulphate in women with eclampsia or pre-
eclampsia with severe features; the number needed to treat
to prevent one seizure is approximately 50 [82]. The
evidence is less clear in asymptomatic cases (number
needed to treat approximately 100) [82]. An intravenous
bolus of 4 gand infusion of 1 g.h™is typically used. A recent
systematic review and meta-analysis of 10 randomised
controlled trials found that a shorter duration (< 12 h) of
magnesium sulphate was not associated with an increased
risk of eclamptic seizures compared with the standard 24 h
regimens [83]. However, external validity is limited due to
significant heterogeneity across studies (71%) and data

remain underpowered to draw firm conclusions.

Acute neurological complications and neuro-imaging

Severe pre-eclampsia can predispose women to cerebral
hypoperfusion (i.e. stroke), vasogenic cerebral oedema (i.e.
posterior reversible encephalopathy syndrome) and
cerebral vasoconstriction (i.e. reversible cerebral
vasoconstriction syndrome). Any acute neurological
deterioration constitutes an emergency. Neuro-imaging is
an essential part of evaluation regardless of cause, and the
appropriate modality based on suspected pathology
should be discussed with a neurologist or neuroradiologist.
lodinated computed tomography contrast may be given in
pregnancy with minimal risk to the fetus [84]. Gadolinium

©2022 Association of Anaesthetists.
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contrast is generally avoided in pregnancy due to limited
fetal data but there is consensus that its use can be
considered if the diagnostic value may significantly improve
maternal and fetal outcomes[85].

Emergencies related to neuraxial anaesthesia

Neuraxial drug errors

The incidence of wrong drug errors involving obstetric
neuraxial procedures is very low but may be under-reported.
Fortunately, most wrong drug neuraxial errors are successfully
managed with supportive measures alone and do not resultin
permanent adverse sequelae. Three notable exceptions for
drugs commonly used in obstetrics are thiopentone,
chlorhexidine and TXA, which have resulted in cauda equina
syndrome, catastrophic irreversible neurological impairment,
and death due to refractory ventricular arrhythmias,
respectively [86-88]. Recommended interventions to prevent
errors include a careful reading of all ampoule and syringe
labels, strategically storing the drugs in a way to prohibit
errors, proper labelling of all syringes, second person checks
and, recently, the use of non-Luer lock devices for all neuraxial
procedures [86, 89].

Wrong route errors are more common, typically
occurring in the context of an unrecognised intrathecal or
subdural catheter. This may lead to high neuraxial block,
respiratory depression and hypotension or in the case of
total spinal, loss of consciousness, apnoea and
cardiovascular collapse, with associated severe fetal
compromise. This is a potentially devastating complication,
usually necessitating emergency caesarean delivery under
general anaesthetic with appropriate cardiovascular
support. Where rapidly advancing block due to inadvertent
intrathecal injection is immediately recognised, the
successful use of emergency cerebrospinal fluid lavage
(intermittent aspiration of cerebrospinal fluid and injection
of saline) with 40 ml of sterile preservative-free normal
saline has been described [90]. Cerebrospinal fluid lavage
has also been performed for treatment of inadvertent wrong
drug administration [87]. Due to the rarity of these
emergency situations, trials to help inform the optimum
type of lavage solution, volume and duration to be utilised
are difficult to conduct and thus anaesthetists should

consider cerebrospinal fluid lavage on a case-by-case basis.

Local anaesthetic systemic toxicity

Physiological changes of pregnancy (i.e. increased cardiac
output, reduced plasma levels of ay-acid glycoprotein, and
engorgement of epidural veins) lead to relatively rapid local
anaesthetic absorption, high peak free local anaesthetic

© 2022 Association of Anaesthetists.

concentrations and increased risk of intravascular migration
of epidural catheters. These changes can predispose
parturients to local anaesthetic systemic toxicity [91]. All
obstetric anaesthetists should be familiar with therapeutic
protocols for local anaesthetic systemic toxicity; the 2020
American Society of Regional Anaestheisa and Pain
Medicine version has been published [92]. On recognition
or suspicion of toxicity, emphasis should be placed on
appropriate  airway support followed by rapid
administration of 20% lipid emulsion and subsequent
seizure control and cardiovascular support. In contrast to
earlier guidance that advised the administration of
intravenous lipid emulsion therapy at the first sign of rapid
deterioration, arrhythmia or prolonged seizure, current
guidelines unequivocally recommend early lipid emulsion
therapy after airway management in any suspected local
anaesthetic systemic toxicity event judged to be potentially

serious [93].

Neuraxial block regression

Serious complications including epidural haematoma,
abscess or cauda equina syndromes resulting in permanent
neurological injuries are rare. However, when they occur,
they may require emergency neurosurgical intervention as
recovery is time-dependent (e.g. decompression within 8 to
12 h in the case of epidural haematoma) [94]. Timely
identification of these complications is challenging as early
signs of nerve injury overlap with normal clinical signs of
residual block and limited access to imaging out-of-hours.
In recognition of these difficulties and the potentially
devastating consequences of missed or delayed diagnoses,
the Association of Anaesthetists has recently produced
practice guidelines for assessment and escalation. As a
screening tool, patients who are unable to straight-leg raise
at any point after initiation of neuraxial analgesia, or from
4 h after the last neuraxial anaesthetic dose, should be
formally assessed by an anaesthetist [94]. Quality
improvement initiatives such as the application of an alert
bracelet on neuraxial placement that is subsequently
removed if patients can perform straight-leg raise but left on
for those who cannot, may assist with the implementation of

these important recommendations.

Maternal cardiac arrest

Approximately 1 in 12,000 admissions for delivery in the
USA ends in cardiac arrest and the incidence appears to
be increasing [95]. The prospective descriptive study by
Beckett et al., using the UK Obstetric Surveillance
System, captured 66 peripartum cardiac arrests over

1425
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three years (1:16,000). Almost a quarter (15/66) were
precipitated by airway and neuraxial complications.
Maternal and neonatal survival rates were 58% and 71%,
respectively; a delay in perimortem caesarean section
> 5 min was associated with maternal death [96]. A high
perimortem caesarean section (74%, 49/66) rate was
observed, attributed in part to the influence of obstetric-
specific skills programmes, such as the Managing
Obstetric Emergencies and Trauma course [96].
Extracorporeal membrane oxygenation (ECMO) is an
option in cases of severe cardiac or respiratory failure or
cardiac arrest in the peripartum period. In a systematic
review of 90 case reports of ECMO use in 97 pregnant
or postpartum patients, the maternal and neonatal
survival rates were 90.7% (88/97) and 83.3% (80/96, one
undocumented), respectively. Haemorrhage was the
most frequently reported complication, with others
including infections, atrial fibrillation, renal impairment
and generalised myopathy. Survival was better for
cardiac than respiratory indications [97]. Overall, ECMO
is feasible in late pregnancy and has the potential for
good outcomes in advanced, severe maternal disease
and cardiac arrest. However, more studies are needed
due to the likelihood of publication bias towards cases

with favourable outcomes.

Conclusion

Emergencies in obstetrics pose a unique challenge to
obstetric anaesthetists because they are typically rare,
high acuity and dynamic, with the potential for rapid
deterioration. The recent publication of the Ockenden
report in the UK is a timely reminder of the importance
of multidisciplinary teamwork and training in all maternity
units, providing an impetus to consolidate and develop
the role of obstetric anaesthetists as ‘peripartum
physicians” [98]. Multidisciplinary training and simulation
can improve outcomes in many emergencies and
obstetric anaesthetists have a central role within the
multidisciplinary team in enhancing a culture of peri-

delivery safety.

Acknowledgements
AC is an Associate Editor of Anaesthesia. No other

competing interests declared.

References

1. National Institute for Health and Care Excellence. Caesarean
birth. [CG192]. March 2021. https://www.nice.org.uk/
guidance/ng192 (accessed 01/05/2022).

2. May RL, Clayton MA, Richardson AL, Kinsella SM, Khalil A, Lucas
DN. Defining the decision-to-delivery interval at caesarean

1426

10.

11.

12.

13.

14.

15.

16.

17.

section: narrative literature review and proposal for
standardisation. Anaesthesia 2022; 77: 96-104.

. Odor PM, Bampoe S, Moonesinghe SR, Andrade J, Pandit JJ,

Lucas DN. General anaesthetic and airway management
practice for obstetric surgery in England: a prospective,
multicentre observational study. Anaesthesia 2021; 76: 460-
71.

. Patel R, Kua J, Sharawi N, Bauer ME, Blake L, Moonesinghe SR,

Sultan P. Inadequate neuraxial anaesthesia in patients
undergoing elective caesarean section: a systematic review.
Anaesthesia 2022; 77:598-604.

. Bauer ME, Mhyre JM. Active management of labor epidural

analgesia is the key to successful conversion of epidural
analgesia to cesarean delivery anesthesia. Anesthesia and
Analgesia 2016;123: 1074-6.

. 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; 77: 588-97.

. Stanford SE, Bogod DG. Failure of communication: a patient’s

story. International Journal of Obstetric Anesthesia 2016; 28:
70-5.

. Shippam W, Preston R, Douglas J, Taylor J, Albert A, Chau A.

High-flow nasal oxygen vs. standard flow-rate facemask pre-
oxygenation in pregnant patients: a randomised physiological
study. Anaesthesia 2019; 74: 450-6.

. Tan PCF, Millay OJ, Leeton L, Dennis AT. High-flow humidified

nasal preoxygenation in pregnant women: a prospective
observational study. British Journal of Anaesthesia 2019; 122:
86-91.

Au K, Shippam W, Taylor J, Albert A, Chau A. Determining the
effective pre-oxygenation interval in obstetric patients using
high-flow nasal oxygen and standard flow rate facemask: a
biased-coin up-down sequential allocation trial. Anaesthesia
2020; 75: 609-16.

Al-Sulttan S, Bampoe S, Howle R, et al. A prospective, up-down
sequential allocation study investigating the effectiveness of
vital capacity breaths using high-flow nasal oxygenation versus
a tightfitting face mask to pre-oxygenate term pregnant
women. International Journal of Obstetric Anesthesia 2021; 45:
28-33.

Tan PCF, Peyton PJ, Unterscheider J, Deane A, Leeton L, Dennis
AT. O.3 high-flow humidified nasal oxygen versus facemask
oxygen for preoxygenation of pregnant women: a prospective
randomised controlled crossover study. International Journal of
Obstetric Anesthesia 2021; 46(Suppl 1): 102991. https://doi.
org/10.1016/j.ij0a.2021.102991.

Stolady D, Laviola M, Pillai A, Hardman JG. Effect of variable
pre-oxygenation endpoints on safe apnoea time using high
flow nasal oxygen for women in labour: a modelling
investigation. British Journal of Anaesthesia 2021; 126: 889—
95.

Soltész S, Alm P, Mathes A, Hellmich M, Hinkelbein J. The effect
of neuromuscular blockade on the efficiency of facemask
ventilation in patients difficult to facemask ventilate: a
prospective trial. Anaesthesia 2017; 72: 1484-90.

Law JA, Duggan LV, Asselin M, et al. Canadian airway focus
group updated consensus-based recommendations for
management of the difficult airway: part 1. Difficult airway
management encountered in an unconscious patient.
Canadian Journal of Anesthesia 2021; 68: 1373-404.

White LD, Hodsdon A, An GH, Thang C, Melhuish TM, Vlok R.
Induction opioids for caesarean section under general
anaesthesia: a systematic review and meta-analysis of
randomised controlled trials. International Journal of Obstetric
Anesthesia 2019; 40: 4-13.

Odor PM, Bampoe S, Lucas DN, Moonesinghe SR, Andrade J,
Pandit JJ. Incidence of accidental awareness during general

©2022 Association of Anaesthetists.

'scny wouy papeojumod ‘2T ‘2202 ‘r0eS9ET

B5UB9 |7 suoLIWOD aA1Ea.D a|geal|dde auyy Aq peusenob ake sappie YO ‘8sn JoSajnl 1oy Aelq 1T auljuQ A3|IM UO (SUONIPUOD-PUE-SLUB/W0Y" A3 | 1M ARIq 1 pU 1 uO//SdNy) SUONIPUOD pue SW | 3yl 88S *[z202/TT/0z] uo AriqiauliuQ A3|IM ‘BAuSQ opelo|oD JO AseAun Aq 6E8ST deue/TTTT OT/I0P/AU0D A3 |IMm A


https://www.nice.org.uk/guidance/ng192
https://www.nice.org.uk/guidance/ng192
https://doi.org/10.1016/j.ijoa.2021.102991
https://doi.org/10.1016/j.ijoa.2021.102991

Prioret al. | Emergencies in obstetric anaesthesia

Anaesthesia 2022,77,1416-1429

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

anaesthesia in obstetrics: a multicentre, prospective cohort
study. Anaesthesia 2021; 76: 759-76.

. Palanisamy A, Paech MJ. From Hypnos to Ephialtes: waking up

to the consequences of accidental awareness during obstetric
general anaesthesia. Anaesthesia 2021; 76: 736-9.

. Reale SC, Bauer ME, Klumpner TT, et al. Frequency and risk

factors for difficult intubation in women undergoing general
anesthesia for cesarean delivery: a multicenter retrospective
cohort analysis. Anesthesiology 2022; 136: 697-708.

Kinsella S, Winton A, Mushambi M, et al. Failed tracheal
intubation during obstetric general anaesthesia: a literature
review. International Journal of Obstetric Anesthesia 2015; 24:
356-74.

Baker PA, Behringer EC, Feinleib J, et al. Formation of an
airway Lead network: an essential patient safety initiative. British
Journal of Anaesthesia 2022; 128: 225-9.

Mushambi MC, Kinsella SM, Popat M, etal. Obstetric
Anaesthetists’ Association and difficult airway society
guidelines for the management of difficult and failed
tracheal intubation in obstetrics. Anaesthesia 2015; 70:
1286-306.

Kovacheva VP, Brovman EY, Greenberg P, Song E, Palanisamy
A, Urman RD. A contemporary analysis of medicolegal issues in
obstetric anesthesia between 2005 and 2015. Anesthesia and
Analgesia 2019; 128: 1199-207.

Howle R, Onwochei D, Harrison SL, Desai N. Comparison of
videolaryngoscopy and direct laryngoscopy for tracheal
intubation in obstetrics: a mixed-methods systematic review
and meta-analysis. Canadian Journal of Anesthesia 2021; 68:
546-65.

Lucas DN, Vaughan DJA. Videolaryngoscopy and obstetric
anaesthesia. British Journal of Anaesthesia 2017; 119: 549.
Hansel J, Rogers AM, Lewis SR, Cook TM, Smith AF.
Videolaryngoscopy versus direct laryngoscopy for adults
undergoing tracheal intubation. Cochrane Database of
Systematic Reviews 2022; 4: CD011136.

Fennessy P, Aslani A, Campbell M, Husarova V, Duggan M,
McCaul CL. Theoretical optimal cricothyroidotomy incision
length in female subjects, following identification of the
cricothyroid membrane by digital palpation. International
Journal of Obstetric Anesthesia 2018; 36: 42-8.

Wong P, Sng BL, Lim WY. Rescue supraglottic airway devices at
caesarean delivery: what are the options to consider?
International Journal of Obstetric Anesthesia 2020; 42: 65-75.
Greene RA, McKernan J, Manning E, et al. Major obstetric
haemorrhage: incidence, management and quality of care in
Irish maternity units. European Journal of Obstetrics and
Gynecology and Reproductive Biology 2021; 257: 114-20.
Reale SC, Easter SR, Xu X, Bateman BT, Farber MK. Trends in
postpartum hemorrhage in the United States from 2010 to
2014. Anesthesia and Analgesia 2020; 130: e119-e122.

Balki M, Wong CA. Refractory uterine atony: still a problem
after all these years. International Journal of Obstetric
Anesthesia 2021; 48: 103207.

Chau A, Farber MK. Do quantitative blood loss measurements
and postpartum hemorrhage protocols actually make a
difference? Yes, no, and maybe. International Journal of
Obstetric Anesthesia 2020; 42: 1-3.

Katz D, Wang R, O'Neil L, et al. The association between the
introduction of quantitative assessment of postpartum blood
loss and institutional changes in clinical practice: an
observational study. International Journal of Obstetric
Anesthesia 2020; 42: 4-10.

Powell E, James D, Collis R, Collins PW, Pallmann P, Bell S.
Introduction  of standardized, cumulative quantitative
measurement of blood loss into routine maternity care. Journal
of Maternal-Fetal and Neonatal Medicine 2022; 35: 1491-7.

© 2022 Association of Anaesthetists.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Quantitative blood loss in obstetric hemorrhage: ACOG
COMMITTEE OPINION, Number 794. Obstetrics and
Gynecology 2019; 134:e150-6.

Natrella M, Di Naro E, Loverro M, et al. The more you lose the
more you miss: accuracy of postpartum blood loss visual
estimation. A systematic review of the literature. Journal of
Maternal-Fetal and Neonatal Medicine 2018; 31: 106-15.
Waters JH, Bonnet MP. When and how should | transfuse
during obstetric hemorrhage? International Journal of
Obstetric Anesthesia 2021; 46: 102973.

Collis RE, Kenyon C, Roberts TCD, McNamara H. When does
obstetric coagulopathy occur and how do | manage it?
International Journal of Obstetric Anesthesia 2021; 46: 102979.
Butwick A, Lyell D, Goodnough L. How do | manage severe
postpartum hemorrhage? Transfusion 2020; 60: 897-907.
Nelson DB, Ogunkua O, Cunningham FG. Point-of-care
viscoelastic tests in the management of obstetric hemorrhage.
Obstetrics and Gynecology 2022; 139: 463-72.

Dias JD, Butwick AJ, Hartmann J, Waters JH. Viscoelastic
haemostatic point-of-care assays in the management of
postpartum haemorrhage: a narrative review. Anaesthesia
2022;77:700-11.

Woman Trial Collaborators. Effect of early tranexamic acid
administration on mortality, hysterectomy, and other
morbidities in women with post-partum haemorrhage
(WOMAN): an international, randomised, double-blind,
placebo-controlled trial. Lancet 2017; 389: 2105-16.

Howard DC, Jones AE, Skeith A, Lai J, D'Souza R, Caughey AB.
Tranexamic acid for the treatment of postpartum hemorrhage:
a cost-effectiveness analysis. American Journal of Obstetrics
and Gynecology - Maternal Fetal Medicine 2022; 4: 100588.
Sentilhes L, Winer N, Azria E, et al. Tranexamic acid for the
prevention of blood loss after vaginal delivery. New England
Journal of Medicine 2018; 379: 731-42.

Sentilhes L, Senat MV, Le Lous M, et al. Tranexamic acid for the
prevention of blood loss after cesarean delivery. New England
Journal of Medicine 2021; 384: 1623-34.

Gungorduk K, Yildirim G, Asicioglu O, Gungorduk OC,
Sudolmus S, Ark C. Efficacy of intravenous tranexamic acid in
reducing blood loss after elective cesarean section: a
prospective, randomized, double-blind, placebo-controlled
study. American Journal of Perinatology 2011; 28: 233-40.
Ducloy-Bouthors AS, Jude B, Duhamel A, et al. High-dose
tranexamic acid reduces blood loss in postpartum
haemorrhage. Critical Care Medicine 2011;15:R117.

Shander A, Javidroozi M, Sentilhes L. Tranexamic acid and
obstetric hemorrhage: give empirically or selectively?
International Journal of Obstetric Anesthesia 2021; 48: 103206.
Ker K, Roberts |, Chaudhri R, et al. Tranexamic acid for the
prevention of postpartum bleeding in women with anaemia:
study protocol for an international, randomised, double-blind,
placebo-controlled trial. Trials 2018; 19: 712.

Arribas M, Roberts |, Chaudhri R, et al. WOMAN-PharmacoTXA
trial: study protocol for a randomised controlled trial to assess
the  pharmacokinetics and  pharmacodynamics  of
intramuscular, intravenous and oral administration of
tranexamic acid in women giving birth by caesarean section.
Wellcome Open Research 2021; 6: 157.

Charbit B, Mandelbrot L, Samain E, et al. The decrease of
fibrinogen is an early predictor of the severity of postpartum
hemorrhage. Journal of Thrombosis and Haemostasis 2007; 5:
266-73.

Green L, Knight M, Seeney FM, et al. The epidemiology and
outcomes of women with postpartum haemorrhage requiring
massive transfusion with eight or more units of red cells: a
national cross-sectional study. British Journal of Obstetrics and
Gynaecology 2016; 123: 2164-70.

1427

'scny wouy papeojumod ‘2T ‘2202 ‘r0eS9ET

B5UB9 |7 suoLIWOD aA1Ea.D a|geal|dde auyy Aq peusenob ake sappie YO ‘8sn JoSajnl 1oy Aelq 1T auljuQ A3|IM UO (SUONIPUOD-PUE-SLUB/W0Y" A3 | 1M ARIq 1 pU 1 uO//SdNy) SUONIPUOD pue SW | 3yl 88S *[z202/TT/0z] uo AriqiauliuQ A3|IM ‘BAuSQ opelo|oD JO AseAun Aq 6E8ST deue/TTTT OT/I0P/AU0D A3 |IMm A



Anaesthesia 2022, 77, 1416-1429

Prioret al. | Emergencies in obstetric anaesthesia

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Collins PW, Lilley G, Bruynseels D, et al. Fibrin-based clot
formation as an early and rapid biomarker for progression of
postpartum hemorrhage: a prospective study. Blood 2014;
124:1727-36.

McNamara H, Kenyon C, Smith R, Mallaiah S, Barclay P. Four
years' experience of a ROTEM((R)) -guided algorithm for
treatment of coagulopathy in obstetric haemorrhage.
Anaesthesia 2019; 74: 984-91.

Lasica M, Sparrow RL, Tacey M, Pollock WE, Wood EM,
McQuilten ZK, the members of the Australian and New Zealand
Massive  Transfusion  Registry  Steering ~ Committee.
Haematological features, transfusion management and
outcomes of massive obstetric haemorrhage: findings from the
Australian and New Zealand massive transfusion registry.
British Journal of Haematology 2020; 190: 618-28.

Collins  PW, Cannings-John R, Bruynseels D, etal
Viscoelastometric-guided  early fibrinogen  concentrate
replacement during postpartum haemorrhage: OBS2, a
double-blind randomized controlled trial. British Journal of
Anaesthesia 2017;119:411-21.

Wikkelso AJ, Edwards HM, Afshari A, et al. Pre-emptive
treatment with fibrinogen concentrate for postpartum
haemorrhage: randomized controlled trial. British Journal of
Anaesthesia 2015; 114: 623-33.

Ducloy-Bouthors AS, Mercier FJ, Grouin JM, et al. Early and
systematic administration of fibrinogen concentrate in
postpartum haemorrhage following vaginal delivery: the FIDEL
randomised controlled trial. British Journal of Obstetrics and
Gynaecology 2021; 128: 1814-23.

Khan KS, Moore PAS, Wilson MJ, et al. Cell salvage and donor
blood transfusion during cesarean section: a pragmatic,
multicentre randomised controlled trial (SALVO). PLoS
Medicine 2017;14:e1002471.

Sullivan 1J, Ralph CJ. Obstetric intra-operative cell salvage: a
review of an established cell salvage service with 1170 re-
infused cases. Anaesthesia 2019; 74: 976-83.

Klein AA, Bailey CR, Charlton AJ, et al. Association of
Anaesthetists guidelines: cell salvage for peri-operative blood
conservation 2018. Anaesthesia 2018; 73: 1141-50.

Lim G, Melnyk V, Facco FL, Waters JH, Smith KJ. Cost-
effectiveness analysis of intraoperative cell salvage for obstetric
hemorrhage. Anesthesiology 2018; 128: 328-37.

Fujioka |, Ichikawa Y, Nakajima Y, Kasahara M, Hattori M,
Nemoto T. Efficiency of leukocyte depletion filters and micro-
aggregate filters following intra-operative cell salvage during
cesarean delivery. International Journal of Obstetric Anesthesia
2020; 41:59-64.

Phillips JM, Tamura T, Waters JH, Larkin J, Sakamoto S.
Autotransfusion of vaginally shed blood as a novel therapy in
obstetric hemorrhage: a case series. Transfusion 2022; 62:
613-20.

Jauniaux E, Chantraine F, Silver RM, Langhoff-Roos J, for the
FIGO Placenta Accreta Diagnosis and Management Expert
Consensus Panel. FIGO consensus guidelines on placenta
accreta spectrum disorders: Epidemiology. International
Journal of Gynecology and Obstetrics 2018; 140: 265-73.
Einerson BD, Weiniger CF. Placenta accreta spectrum disorder:
updates on anesthetic and surgical management strategies.
International Journal of Obstetric Anesthesia 2021; 46: 102975.
Warrick CM, Markley JC, Farber MK, et al. Placenta accreta
spectrum disorders: knowledge gaps in anesthesia care.
Anesthesia and Analgesia 2022; 135: 191-7.

Jauniaux E, Bunce C, Grgnbeck L, Langhoff-Roos J. Prevalence
and main outcomes of placenta accreta spectrum: a systematic
review and meta-analysis. American Journal of Obstetrics and
Gynecology 2019; 221:208-18.

Nieto-Calvache AJ, Lépez-Girén MC, Burgos-Luna JM, et al.
Maternal hemodynamics during aortic occlusion with REBOA in

1428

70.

71.

72.

73.

74.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

patients with placenta accreta spectrum disorder. Journal of
Maternal-Fetal and Neonatal Medicine 2021; 1-7.

Whittington JR, Pagan ME, Nevil BD, Kalkwarf KJ, Sharawi NE,
Hughes DS, Sandlin AT. Risk of vascular complications in
prophylactic ~ compared to  emergent  resuscitative
endovascular balloon occlusion of the aorta (REBOA) in the
management of placenta accreta spectrum. Journal of
Maternal-Fetal and Neonatal Medicine 2022; 35: 3049-52.
Feng S, Liao Z, Huang H. Effect of prophylactic placement of
internal iliac artery balloon catheters on outcomes of women
with placenta accreta: an impact study. Anaesthesia 2017; 72:
853-8.

Li Z, Chen Y, Zeng X, et al. Clinical and hemodynamic insights
into the use of internal iliac artery balloon occlusion as a
prophylactic technique for treating postpartum hemorrhage.
Journal of Biomechanics 2021; 129: 110827.

Siddiqui MM, Banayan JM, Hofer JE. Pre-eclampsia through the
eyes of the obstetrician and anesthesiologist. International
Journal of Obstetric Anesthesia 2019; 40: 140-8.

Gestational Hypertension and Preeclampsia: ACOG practice
bulletin, number 222. Obstetrics and Gynecology 2020; 135:
e237-e260.

. Judy AE, McCain CL, Lawton ES, Morton CH, Main EK, Druzin

ML. Systolic hypertension, preeclampsia-related mortality, and
stroke in California. Obstetrics and Gynecology 2019; 133:
1151-9.

Masini G, Foo LF, Tay J, Wilkinson IB, Valensise H, Gyselaers W,
Lees CC. Preeclampsia has two phenotypes which require
different treatment strategies. American Journal of Obstetrics
and Gynecology 2022; 226: S1006-S1018.

Dennis AT. Transthoracic echocardiography in women with
preeclampsia. Current Opinion in Anesthesiology 2015; 28:
254-60.

Bauer ME, Arendt K, Beilin Y, et al. The Society for Obstetric
Anesthesia and Perinatology interdisciplinary consensus
statement on neuraxial procedures in obstetric patients with
thrombocytopenia. Anesthesia and Analgesia 2021; 132:
1531-44.

Harrop-Griffiths W, Cook T, Gill H, et al. Regional anaesthesia
and patients with abnormalities of coagulation. Anaesthesia
2013; 68:966-72.

Shah AK, Rajamani K, Whitty JE. Eclampsia: a neurological
perspective. Journal of the Neurological Sciences 2008; 271:
158-67.

Sibai BM. Diagnosis, prevention, and management of
eclampsia. Obstetrics and Gynecology 2005; 105: 402-10.
Magee LA, Brown MA, Hall DR, et al. The 2021 International
Society for the Study of hypertension in pregnancy
classification, diagnosis and management recommendations
for international practice. Pregnancy Hypertension 2022; 27:
148-69.

Okonkwo M, Nash CM. Duration of postpartum magnesium
sulphate for the prevention of eclampsia: a systematic review
and meta-analysis. Obstetrics and Gynecology 2022; 139:
521-8.

Miller EC, Leffert L. Stroke in pregnancy: a focused update.
Anesthesia and Analgesia 2020; 130: 1085-96.

Jain C. ACOG Committee opinion no. 723: guidelines for
diagnostic imaging during pregnancy and lactation. Obstetrics
and Gynecology 2019; 133: 186.

Patel S, Loveridge R. Obstetric neuraxial drug administration
errors: a quantitative and qualitative analytical review.
Anesthesia and Analgesia 2015;121: 1570-7.

Liu H, Tarig R, Liu GL, Yan H, Kaye AD. Inadvertent intrathecal
injections and  best practice management. Acta
Anaesthesiologica Scandinavica 2017; 61: 11-22.

Palanisamy A, Kinsella SM. Spinal tranexamic acid - a new killer
intown. Anaesthesia 2019; 74: 831-3.

©2022 Association of Anaesthetists.

'scny wouy papeojumod ‘2T ‘2202 ‘r0eS9ET

B5UB9 |7 suoLIWOD aA1Ea.D a|geal|dde auyy Aq peusenob ake sappie YO ‘8sn JoSajnl 1oy Aelq 1T auljuQ A3|IM UO (SUONIPUOD-PUE-SLUB/W0Y" A3 | 1M ARIq 1 pU 1 uO//SdNy) SUONIPUOD pue SW | 3yl 88S *[z202/TT/0z] uo AriqiauliuQ A3|IM ‘BAuSQ opelo|oD JO AseAun Aq 6E8ST deue/TTTT OT/I0P/AU0D A3 |IMm A



Prioret al. | Emergencies in obstetric anaesthesia

Anaesthesia 2022,77,1416-1429

89.

90.

91.

92.

93.

94.

95.

Cook TM, Wilkes A, Bickford Smith P, et al. Multicentre clinical
simulation evaluation of the ISO 80369-6 neuraxial non-Luer
connector. Anaesthesia 2019; 74: 619-29.

Ting HY, Tsui BC. Reversal of high spinal anesthesia with
cerebrospinal lavage after inadvertent intrathecal injection of
local anesthetic in an obstetric patient. Canadian Journal of
Anesthesia 2014; 61: 1004-7.

El-Boghdadly K, Pawa A, Chin KJ. Local anesthetic systemic
toxicity: current perspectives. Local and Regional Anesthesia
2018;11:35-44.

Neal JM, Neal EJ, Weinberg GL. American Society of Regional
Anesthesia and Pain Medicine local anesthetic systemic toxicity
checklist: 2020 version. Regional Anesthesia and Pain Medicine
2021,46:81-2.

Neal JM, Barrington MJ, Fettiplace MR, et al. The third
American Society of Regional Anesthesia and Pain Medicine
practice advisory on local anesthetic systemic toxicity. Regional
Anesthesia and Pain Medicine 2018; 43: 113-23.

Yentis SM, Lucas DN, Brigante L, et al. Safety guideline:
neurological monitoring associated with obstetric neuraxial
block 2020. Anaesthesia 2020; 75: 913-9.

Panchal AR, Bartos JA, Cabanas JG, et al. Part 3: adult basic
and advanced life support: 2020 American Heart Association
guidelines for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation 2020; 142: S366-S468.

© 2022 Association of Anaesthetists.

96.

97.

98.

Beckett V, Knight M, Sharpe P. The CAPS study: incidence,
management and outcomes of cardiac arrest in pregnancy in
the UK: a prospective, descriptive study. British Journal of
Obstetrics and Gynaecology 2017, 124: 1374-81.

Ong J, Zhang JJY, Lorusso R, MaclLaren G, Ramanathan K.
Extracorporeal membrane oxygenation in pregnancy and the
postpartum period: a systematic review of case reports.
International Journal of Obstetric Anesthesia 2020; 43: 106-13.
Ockenden DC. Final Findings, Conclusions and Essential
Actions from the Ockenden Review of Maternity Services at
Shrewsbury and Telford Hospital NHS Trust. London:
Department of Health and Social Care. 2022. https://www.gov.
uk/government/publications/final-report-of-the-ockenden-
review (accessed 10/05/2022).

Supporting Information
Additional supporting information may be found online via

the journal website.

Appendix S1.Search strategy.

1429

'scny wouy papeojumod ‘2T ‘2202 ‘r0eS9ET

B5UB9 |7 suoLIWOD aA1Ea.D a|geal|dde auyy Aq peusenob ake sappie YO ‘8sn JoSajnl 1oy Aelq 1T auljuQ A3|IM UO (SUONIPUOD-PUE-SLUB/W0Y" A3 | 1M ARIq 1 pU 1 uO//SdNy) SUONIPUOD pue SW | 3yl 88S *[z202/TT/0z] uo AriqiauliuQ A3|IM ‘BAuSQ opelo|oD JO AseAun Aq 6E8ST deue/TTTT OT/I0P/AU0D A3 |IMm A


https://www.gov.uk/government/publications/final-report-of-the-ockenden-review
https://www.gov.uk/government/publications/final-report-of-the-ockenden-review
https://www.gov.uk/government/publications/final-report-of-the-ockenden-review

	 Sum�mary
	 Intro�duc�tion
	 Meth�ods
	 Cat�e�gory-1 cae�sarean deliv�ery
	 Failed neu�rax�ial tech�nique
	 Prepa�ra�tion for safe gen�eral anaes�the�sia
	 Acci�den�tal aware�ness dur�ing gen�eral anaes�the�sia (AAGA)

	 Dif�fi�cult and failed air�way
	 `Can&apos;t ven�ti�late, can&apos;t oxy�genate'

	 Mas�sive obstet�ric haem�or�rhage
	 Esti�ma�tion of blood loss
	 Trans�fu�sion trig�gers and pro�to�cols
	 Tranex�amic acid
	 Fib�rino�gen con�cen�trate
	 Cell sal�vage
	 Pla�centa acc�reta spec�trum

	 Hyper�ten�sive cri�sis
	 Neu�rax�ial pro�ce�dures and pre-eclamp�sia/HELLP syn�drome
	 Eclamp�sia
	 Acute neu�ro�logical com�pli�ca�tions and neuro-imag�ing

	 Emer�gen�cies related to neu�rax�ial anaes�the�sia
	 Neu�rax�ial drug errors
	 Local anaes�thetic sys�temic tox�i�c�ity
	 Neu�rax�ial block regres�sion

	 Mater�nal car�diac arrest

	 Con�clu�sion
	 Acknowl�edge�ments
	 Ref�er�ences
	anae15839-bib-0001
	anae15839-bib-0002
	anae15839-bib-0003
	anae15839-bib-0004
	anae15839-bib-0005
	anae15839-bib-0006
	anae15839-bib-0007
	anae15839-bib-0008
	anae15839-bib-0009
	anae15839-bib-0010
	anae15839-bib-0011
	anae15839-bib-0012
	anae15839-bib-0013
	anae15839-bib-0014
	anae15839-bib-0015
	anae15839-bib-0016
	anae15839-bib-0017
	anae15839-bib-0018
	anae15839-bib-0019
	anae15839-bib-0020
	anae15839-bib-0021
	anae15839-bib-0022
	anae15839-bib-0023
	anae15839-bib-0024
	anae15839-bib-0025
	anae15839-bib-0026
	anae15839-bib-0027
	anae15839-bib-0028
	anae15839-bib-0029
	anae15839-bib-0030
	anae15839-bib-0031
	anae15839-bib-0032
	anae15839-bib-0033
	anae15839-bib-0034
	anae15839-bib-0035
	anae15839-bib-0036
	anae15839-bib-0037
	anae15839-bib-0038
	anae15839-bib-0039
	anae15839-bib-0040
	anae15839-bib-0041
	anae15839-bib-0042
	anae15839-bib-0043
	anae15839-bib-0044
	anae15839-bib-0045
	anae15839-bib-0046
	anae15839-bib-0047
	anae15839-bib-0048
	anae15839-bib-0049
	anae15839-bib-0050
	anae15839-bib-0051
	anae15839-bib-0052
	anae15839-bib-0053
	anae15839-bib-0054
	anae15839-bib-0055
	anae15839-bib-0056
	anae15839-bib-0057
	anae15839-bib-0058
	anae15839-bib-0059
	anae15839-bib-0060
	anae15839-bib-0061
	anae15839-bib-0062
	anae15839-bib-0063
	anae15839-bib-0064
	anae15839-bib-0065
	anae15839-bib-0066
	anae15839-bib-0067
	anae15839-bib-0068
	anae15839-bib-0069
	anae15839-bib-0070
	anae15839-bib-0071
	anae15839-bib-0072
	anae15839-bib-0073
	anae15839-bib-0074
	anae15839-bib-0075
	anae15839-bib-0076
	anae15839-bib-0077
	anae15839-bib-0078
	anae15839-bib-0079
	anae15839-bib-0080
	anae15839-bib-0081
	anae15839-bib-0082
	anae15839-bib-0083
	anae15839-bib-0084
	anae15839-bib-0085
	anae15839-bib-0086
	anae15839-bib-0087
	anae15839-bib-0088
	anae15839-bib-0089
	anae15839-bib-0090
	anae15839-bib-0091
	anae15839-bib-0092
	anae15839-bib-0093
	anae15839-bib-0094
	anae15839-bib-0095
	anae15839-bib-0096
	anae15839-bib-0097
	anae15839-bib-0098

	Supporting Information 

