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Summary

Pre-eclampsia is a leading cause of maternal morbidity and mortality. Substandard care is often present and many deaths
are preventable. The aim of this review is to summarise the key management issues for anaesthetists in the light of the
current literature. A systematic literature search of electronic databases was undertaken including MEDLINE, EMBASE
and the Cochrane Library using the key words obstetrics, pregnancy, pregnancy complications, maternal, pre-eclampsia,
preeclampsia, cardiac function, haemodynamics, haemolysis, elevated liver enzymes, low platelets (HELLP), eclampsia,
anaesthesia, anesthesia, neuraxial. Relevant Colleges and Societies websites were examined for pertinent guidelines. The
disease is defined within the context of hypertensive diseases, and early recognition of pre-eclampsia and its
complications, as well as multidisciplinary expert team management is highlighted. Accurate monitoring and recording
of observations including the use of transthoracic echocardiography is discussed. The importance of the treatment of
systolic blood pressure > 180 mmHg and the use of intravenous antihypertensive medication as well as the use of
parenteral magnesium sulphate for the treatment and prevention of eclampsia is emphasised . Restricted intravenous
fluid therapy and avoidance of ergometrine is discussed. Neuraxial analgesia and anaesthesia, and general anaesthesia for
birth is summarised as well as postpartum management including analgesia, thromboprophylaxis, management of acute
pulmonary oedema and the use of pharmacological agents in the setting of breastfeeding.

Correspondence to: A. Dennis

Email: adennis@unimelb.edu.au

Accepted: 13 April 2012

Pre-eclampsia is a multisystem disease unique to human
pregnancy characterised by hypertension and organ
system involvement. The disease is responsible for
considerable morbidity and mortality, complicating
5-8% of pregnancies. Deaths are due to intracranial
haemorrhage and cerebral infarction, acute pulmonary
oedema, respiratory failure and hepatic failure or
rupture [1, 2]. Severe maternal complications include
antepartum haemorrhage due to placental abruption,
eclampsia, cerebrovascular accidents, organ failure
and disseminated intravascular coagulation [1-4].
Pre-eclampsia is the leading cause of fetal growth

Anaesthesia © 2012 The Association of Anaesthetists of Great Britain and Ireland

restriction, intrauterine fetal demise and preterm birth
(2, 5].

Women who experience pre-eclampsia are at
increased risk of hypertension, cerebrovascular disease
and ischaemic heart disease, in later life [6-11]. Anaes-
thetists are frequently involved in the multi-disciplinary
management of critically ill women with pre-eclampsia,
and clinical practice should be based on current
scientific evidence.

This article was developed as there was a need to
provide a current succinct summary of the anaesthetic
issues relating to the care of women with pre-eclampsia
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relevant for anaesthetists. It was originally produced as
part of a PhD investigating cardiac function in women
with pre-eclampsia at the University of Melbourne. In
2008, the first version of this article was produced as part
of the Obstetric Anaesthesia: Scientific Evidence project
within the Australian Society of Anaesthetists, the New
Zealand Society of Anaesthetists and the Australian and
New Zealand College of Anaesthetists, and appeared on
the latter’s website. This review covers the management
of women with pre-eclampsia, including eclampsia and
the syndrome of haemolysis with elevated liver enzymes
and low platelets (HELLP) in the peripartum period,
which is specifically relevant to anaesthetists. It does not
cover prevention, screening, risk factors, pathophysiol-
ogy, and prognosis or long-term management of the
disease.

Methods

Electronic search strategies included searching the
databases Ovid MEDLINE, Ovid EMBASE (both until
December 2011) and the Cochrane Library using the key
words obstetrics, pregnancy, pregnancy complications,
maternal pre-eclampsia, pre-eclampsia, cardiac function,
haemodynamics, haemolysis, elevated liver enzymes, low
platelets (HELLP), eclampsia, anaesthesia, and anesthe-
sia, and neuraxial. Literature in languages other than
English was included in the searches. Relevant college
and society web-based resources were examined includ-
ing the Royal College of Obstetricians and Gynaecolo-
gists, the National Institute for Health and Clinical
Excellence college and society (NICE), the American
College of Obstetricians and Gynecologists, the Cana-
dian Society of Obstetricians and Gynecologists, the
Society of Obstetric Medicine of Australia and New
Zealand, the International Society for the Study of
Hypertension in Pregnancy, the International Society of
Obstetric Medicine, the World Health Organization, the
International Federation of Gynecologists and Obstetri-
cians, the Obstetric Anaesthetists’ Association, the
Society of Obstetric Anesthesiologists and Perinatolo-
gists, the American Heart Association and the European
Society of Cardiology, to search for any relevant
publications, position statements or pre-existing guide-
lines. Where appropriate, levels of evidence are given in
the article according to the NICE 2005 levels of evidence
for intervention studies scale (Table 1).
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Table 1 National Institute for Health and Clinical
Excellence 2005 levels of evidence for intervention
studies.

Level Intervention

1++  High-quality meta-analyses, systematic reviews of
RCTs or RCTs with a very low risk of bias

1+ Well-conducted meta-analyses, systematic reviews
of RCTs or RCTs with a low risk of bias
1- Meta-analyses, systematic reviews of RCTs or RCTs

with a high risk of bias

2++  High-quality systematic reviews of case-control or
cohort studies; high quality case-control or cohort
studies with a very low risk of confounding, bias
or chance and a high probability that the
relationship is casual

2+ Well-conducted case-control or cohort studies
with a low risk of confounding, bias or chance
and a moderate probability that the relationship
is casual

2- Case-control or cohort studies with a high risk of
confounding, bias or chance and a significant risk
that the relationship is not casual

3 Non-analytical studies (e.g. case reports, case series)

4 Expert opinion, formal consensus

RCT, randomised controlled trial.

Current guidelines for the overall management of
women with hypertension in pregnancy have been
developed by Royal College of Obstetricians and Gynae-
cologists United Kingdom, NICE, the American College
of Obstetricians and Gynecologists, the Canadian Society
of Obstetricians and Gynecologists, the Society of
Obstetric Medicine of Australia and New Zealand, the
International Society for the Study of Hypertension in
Pregnancy, and the European Society of Cardiology.

Defining the disease

Principles

Pre-eclampsia is classified within the broad category of
hypertensive diseases of pregnancy. Pre-existing or
chronic hypertension is present before and often during
pregnancy, and gestational hypertension is defined as
hypertension arising after 20 weeks™ gestation, without
any other organ system involvement. Pre-eclampsia is
characterised by elevated blood pressure and the
involvement of one or more organ systems. In addition,
the definition includes a requirement for the condition
to resolve in the postpartum period i.e. it is specifically a
complication of pregnancy. From a management
perspective, clinicians should always be alert to the
possibility of alternative diagnoses. The importance of
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defining acceptable levels of blood pressure readings,
proteinuria, biochemical limits and seizures is to allow
therapy to be guided and a decision to be made
regarding the timing of the birth. Delivery of the baby
and removing the placenta is currently the only
definitive way of curing the condition. Terms that have
been used in the past such as pregnancy induced
hypertension (PIH) and pre-eclamptic toxaemia (PET)
must now be considered to be outdated.

Definition

Pre-eclampsia has many different definitions [1-5, 12-20].
Despite some differences in the detail there are features
common to all definitions. Pre-eclampsia is defined as
hypertension arising after 20 weeks’ gestation, with one or
more organ system involvement (Table 2). There is
resolution of the disease by three months postpartum.

Blood pressure should be measured at rest, using
Korotkoff V as the diastolic value, with an appropriately
sized blood pressure cuff. Initial blood pressure should
be measured with a calibrated manual auscultatory
device by a trained operator, as automatic systems often
underestimate systolic blood pressure [1, 21]. Repeated
measurements of blood pressure confirming sustained
hypertension should be made and these are usually done
at four-hourly intervals.

Significant proteinuria is defined as > 0.3 g protein
excreted in 24 h. The spot urinary protein:creatinine
ratio is frequently measured and is based on the
principle that the daily excretion rates of protein and
creatinine are similar. Normal values are defined as <
0.03 g.mmol ™" [22-24].

Table 2 Definition of pre-eclampsia.

Hypertension

Systolic blood pressure

> 140 mmHg
And/or

Diastolic blood pressure

> 90 mmHg
And one or more abnormality of the:
Central nervous system
Cardiorespiratory system
Gastrointestinal system
Haematological system
Renal system
Uteroplacental /fetal circulation
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Serum urate levels are often elevated in pre-
eclampsia. Hyperuricemia is associated with perinatal
complications, and although elevated levels have not
predicted adverse maternal outcomes, urate is frequently
measured in clinical practice [19, 25].

Severe pre-eclampsia can occur in the preterm, term
and postpartum periods. It is a term applied to a
condition with marked elevation of blood pressure
(systolic > 160 mmHg, diastolic > 110 mmHg) and
extreme derangements of organ function. These may
include central nervous system problems including
headache, seizures (eclampsia), impaired conscious state
and visual disturbances, renal dysfunction (urinary
protein = 5 g protein excreted in 24 h), haematological
complications and uteroplacental compromise. Women
may be symptomatic. HELLP syndrome is considered a
variant of severe pre-eclampsia. Haemolysis is diagnosed
by observation of fragmented red blood cells and
schistocytes on a blood film, elevated lactate dehydro-
genase levels, elevated total bilirubin often in association
with a decreasing haematocrit or the presence of a
bleeding diathesis.

Pre-eclampsia with hepatic dysfunction, without
haemolysis, may occur in severe pre-eclampsia. Other
forms of severe hepatic dysfunction in pregnancy need
to be differentiated from pre-eclampsia. Acute fatty liver
of pregnancy is a rare condition of pregnancy, which is
not associated with hypertension [26-28]. Similarly,
haemolytic uraemic syndrome (HUS)/thrombotic
thrombocytopenic purpura (TTP) should be differenti-
ated from HELLP as treatment interventions differ
significantly. HUS/TTP is a clinical diagnosis defined by
the presence of a pentad of features; thrombocytopenia;
microangiopathic haemolytic anaemia; neurological
symptoms and signs; renal function abnormalities; and
fever.

Preterm pre-eclampsia is often severe and associated
with abnormalities of placentation and intrauterine
growth restriction. Pre-eclampsia should be considered
in any pregnant women with a severe headache or new
onset epigastric pain [1]. Severe disease is summarised in
Table 3, based on various sources [3, 12, 15, 17-20].

Diagnostic challenge
Hypertension in pregnancy may be caused by a variety
of different pathologies and it is important to consider
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Table 3 Characteristics of severe pre-eclampsia.

Severe pre-eclampsia threshold level

Hypertension Systolic blood pressure

> 140 mmHg

> 160 mmHg - severe hypertension
> 180 mmHg - hypertensive crisis
And/or diastolic blood pressure

> 90 mmHg

> 110 mmHg - hypertensive crisis
And one or more of:

Central Seizures/eclampsia
nervous Headache
system Visual disturbances

Papilloedema
Clonus/hyperreflexia
Cardiorespiratory Pulmonary oedema
system
Gastrointestinal ~ Elevated liver transaminase
system enzymes > 70 [U.I™"
Liver tenderness
Nausea and vomiting
Epigastric pain
Haemoatological Haemolysis
system Thrombocytopenia < 100 x 10°
Disseminated intravascular
coagulation
Proteinuria > 5 g excreted in 24 h,
3 + protein dipstick
Protein/creatinine > 0.5 g.mmol™"
Urine output < 500 ml in 24 h
Renal failure
Uteroplacental/  Placental abruption
fetal circulation Intrauterine growth restriction
Umbilical artery/uterine artery
blood flow abnormalities — absent
or reversed end-diastolic flow

|71

Renal system

other aetiologies. These include renal disease, phaeo-
chromocytoma, drug usage such as cocaine and
amphetamines and cardiovascular diseases such as
coarctation, subclavian stenosis, aortic dissection and
vasculitis.

Under extremely rare circumstances, pre-eclampsia
may develop before 20 weeks’ gestation in the setting of
a hydatidiform mole, multiple pregnancy, fetal or
placental abnormalities, antiphospholipid syndrome or
severe renal disease [18, 29].

Organisational aspects of care
Multidisciplinary team approach

The significance of an experienced multidisciplinary team
approach to the management of women with pre-eclamp-
sia has been highlighted in many recent publications [1, 2,
4, 30, 31]. A common message is the importance of early
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referral, involving the anaesthetist in the management [4,
31, 32] and ensuring that the woman with severe
pre-eclampsia is stabilised before delivery [2, 4, 19].

Maintenance of clinical skills

In the most recent Confidential Enquiries into Maternal
Deaths, the maintenance of clinical skills was high-
lighted as a major factor in reducing morbidity and
mortality [1]. Particular emphasis was placed on regular
audited training of all clinical staff for the early
recognition and management of severely ill pregnant
women [1, 2].

The use of an obstetric early warning chart has been
proposed as an important clinical tool that may allow for
more timely recognition of those women who are
developing a critical illness [1, 2]. Widespread adoption
of generic reportable parameters also allows bench-
marking both nationally and internationally for out-
comes in women with pre-eclampsia [33, 34].

Reduction of high blood pressure
Non-severe hypertension

Non-severe hypertension is defined as blood pressure
with a systolic level of 140-159 mmHg and a diastolic of
90-109 mmHg. In a recent systematic review, there were
no clear differences when antihypertensive interventions
were compared with placebo or with no intervention, or
when two anti-hypertensive medications were com-
pared. Due to the risk of haemorrhagic stroke in the
presence of systolic hypertension, most guidelines
recommend lowering of non-severe blood pressure to
a systolic level of 140-150 mmHg and a diastolic of 90-
100 mmHg, using oral labetalol as the drug of choice
[20, 35]. Thresholds vary depending on the existence of
co-morbidities.

Safe agents include methyldopa, labetalol, nifedipine
or isradipine, and some B-adrenoceptor blockers (meto-
prolol, pindolol, propranolol) and low-dose diazoxide
[36]. Atenolol is not recommended due to fetal growth
restriction. Angiotensin converting enzyme inhibitors
and angiotensin type-2 receptor blockers are contrain-
dicated (19, 37, 38; Level 3).

Severe hypertension
Severe hypertension is defined as systolic pressure
> 160 mmHg or diastolic pressure = 110 mmHg and
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should be treated (Level 2—). Systolic blood pressure
> 180 mmHg is defined as a hypertensive crisis and a
medical emergency and requires immediate and effective
treatment [1]. Based on maternal mortality reports, this
degree of hypertension, if left untreated, is associated
with an increased risk of intracerebral haemorrhage [2].
Reducing severe levels of hypertension decreases the risk
of mortality [38] (Level 3).

Drugs that can be safely used include labetalol (oral
or intravenous), nifedipine (oral) and hydralazine
(intravenous). The choice should be made depending
on the experience of the clinican with a particular agent
[39] (Level 1++). There is an absence of robust trials
comparing hydralazine with intravenous labetalol or
oral nifedipine [20]. The latter agents may be preferable
due to reduced maternal and fetal complications [3, 40]
(Level 1++). Labetalol should be avoided in women with
severe asthma. Drugs that should be avoided for the
reduction of blood pressure are high dose diazoxide,
ketanserin, nimodipine and magnesium sulphate
(MgSO,) [39]. Continuous fetal heart rate monitoring
should be employed until the blood pressure is stable
[19].

Particular care should be taken to avoid precipitous
falls in blood pressure, which may induce maternal or
fetal complications, as a result of falling below critical
perfusion thresholds. Elevated blood pressure should be
lowered to levels of systolic 140-150 mmHg/diastolic
80-100 mmHg at a rate of 10-20 mmHg every 10-
20 min. Consideration should also be given to the extent
of placental transfer of the administered drug.

There is extensive experience with the safety and
efficacy of intravenous hydralazine. This is usually
administered by intermittent bolus of 5 mg intrave-
nously or intramuscularly. A continuous infusion of 0.5-
10.0 mg.h™" is also typically employed in more refractory
cases. The use of hydralazine is often accompanied by
maternal tachycardia and cautious administration of up
to 500 ml crystalloid is recommended before or at the
same time as the initial dose of intravenous hydralazine
to reduce the chance of a precipitous fall in blood
pressure [20].

Sodium nitroprusside is rarely used in pregnancy
and has known maternal adverse effects of hypotension
and paradoxical bradycardia in women with severe pre-
eclampsia. Fetal cyanide toxicity is a complication of
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prolonged treatment. Sodium nitroprusside should be
used with extreme caution in situations of life-threatening
hypertension, immediately before delivery in circum-
stances where clinicians are familiar with its use [3, 38].
It is administered as an intravenous infusion at 0.25-5.0
ugkgmin~" [3].

The pharmacological agent of choice in women with
pre-eclampsia and acute pulmonary oedema is glyceryl
trinitrate. This is administered as an infusion of
5 ug.min_l, increasing every 3-5 min to a maximum
dose of 100 ug.min_1 [3].

Treatment and prevention of seizures
(eclampsia)

Eclampsia signifies severe disease and is associated with
intracranial haemorrhage, cardiac arrest and death with
a case fatality rate of 3.1% [1, 4, 41].

Treatment of seizures and prevention of recurrent
seizures

Magnesium sulphate is the first-line drug treatment for
seizures (eclampsia) and for recurrent seizures [42, 46]
(Level 1++). Magnesium sulphate reduces the chance of
maternal death compared with diazepam [46] (Level
1++) and is superior to diazepam, phenytoin and lytic
cocktail (chlorpromazine, promethazine, pethidine) in
reducing significantly the risk of seizure recurrence [42,
45, 46] (Level 1++). Morbidity related to pneumonia,
mechanical ventilation and admission to an intensive
care unit are significantly reduced with the use of
MgSO, compared with phenytoin [45] (Level 1++). Both
intravenous and intramuscular routes of administration
have been used effectively. The regimen recommended
by the Collaborative Eclampsia Trial is 4-5 g MgSO,
intravenously over 5 min, followed by an infusion of
1gh™ for 24 h. If recurrent seizures occur, an
additional 2 g intravenous MgSO, should be adminis-
tered [44].

Prevention of seizures

Magnesium sulphate is recommended as prophylaxis for
eclampsia in women with severe pre-eclampsia [43]
(Level 1++). Compared with placebo or no treatment,
the use of MgSO, more than halves the risk of eclampsia
and the number needed to treat to prevent one seizure in
this group of women was 50. Magnesium was also
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advantageous in reducing the risk of a first seizure when
compared with other agents.

There is controversy regarding the use of MgSO, in
mild disease. The number needed to treat to prevent one
woman having a seizure was approximately 100, and
side effects were more common in the MgSO, group,
although none were life-threatening [43]. There was also
an increase in the number of deliveries by caesarean
section in the MgSO, group. Magnesium should be
considered for seizure prophylaxis in women with mild
pre-eclampsia (Level 1++).

When MgSO, was selectively administered only
to women with severe pre-eclampsia instead of to all
women with gestational hypertension, there were
more women with eclampsia who then required general
anaesthesia and experienced adverse neonatal outcomes
compared with their controls [47] (Level 2—).

Clinical practice issues related to MgSO,
Magnesium sulphate does not reverse or prevent the
progression of the disease, nor does it significantly lower
blood pressure and it is not recommended as an
antihypertensive agent [19, 38]. Patient safety and
clinical effectiveness are enhanced when hospitals,
health centres, and emergency transport vehicles have
guidelines for the safe use of MgSO,. Monitoring of
MgSO, should utilise clinical parameters of urinary
output, respiratory rate, oxygen saturation and patellar
reflexes. Serum magnesium levels should be measured if
toxicity is suspected. This is often apparent with serum
levels of > 3.5 mmol.I™". Toxicity is particularly likely in
the presence of significant renal insufficiency. The drug
treatment for MgSO, toxicity is 10% calcium gluconate
(1 g) over 10 min.

Additional therapies for haematological
and/or hepatic complications
Corticosteroids for HELLP

The syndrome of haemolysis, elevated liver enzymes, and
low platelets is a severe form of pre-eclampsia. The exact
criteria that are used to make the diagnosis are debated in
the literature. The most widely used classifications are
those of Sibai and Martin [16, 48]. Common to both are
evidence of haemolysis as evidenced with raised lactate
dehydrogenase, elevated liver transaminases, plus a
platelet count of < 100 x 10°.17".
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A systematic review concluded that there was
insufficient evidence either to refute or to support
adjuvant corticosteroid use with either dexamethasone
(10-12 mg), betamethasone (12 mg) or prednisolone
[49]. Consistent with observational studies, corticoster-
oids were shown to increase the platelet count if given in
the antenatal period, and the authors concluded that
corticosteroids may be justified in clinical situations
where an increased rate of recovery in platelet count is
clinically useful [49]. This did not translate to improve-
ment in outcomes and the clinical relevance of this is
unclear. On the basis of the available evidence, it is also
not clear whether administration of corticosteroids to
increase platelet count to generate a number at which
one could safely undertake neuraxial anaesthesia is
beneficial or harmful [50].

Postpartum use of dexamethasone was compared
with placebo in a randomised controlled trial that found
no difference in key maternal morbidity and mortality
indices, and no difference in the use of blood products
between the two groups. This finding did not support
the use of dexamethasone in the postpartum period [51].

Platelet transfusions and other therapies

A significant decrease in platelet numbers may be
associated with abnormal bleeding. In the non-obstetric
population, a level of <50 x 10°17" is considered
significant in the context of surgery or major haemor-
rhage. It is recommended that platelet counts should not
be allowed to decrease below 50 x 10°.17" in the acutely
bleeding pregnant woman [52].

Other interventions aimed at limiting the disease
such as plasma exchange or plasmapheresis have been
described, but require additional investigation before
any recommendation may be made [19].

Intravenous fluids

Acute pulmonary oedema is a leading cause of death in
women with pre-eclampsia and is a frequent cause for
admission to intensive care [53-55]. In observational
studies, the use of either crystalloid or colloid solutions
has been associated with transient improvements in
maternal cardiovascular system parameters. However, in
one large trial and a systematic review, volume expan-
sion demonstrated no advantage when compared with
no plasma volume expansion [53, 55]. In a recent
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retrospective review comparing two tertiary referral
obstetric units, one with a restrictive fluid policy and one
without, the rate of acute pulmonary oedema was
strongly associated with increased intravenous fluid
administration in the unit that had unrestricted fluid
policies for women undergoing labour, caesarean
delivery and seizure prophylaxis with MgSO, [34] (Level
3). Acute pulmonary oedema is associated with positive
fluid balances of > 5500 ml [56, 57] (Level 3). In
addition, evidence suggests that the use of intravenous
fluids to increase plasma volume or treat oliguria in a
woman with normal renal function and stable serum

creatinine levels is not recommended [53].

Specific clinical contexts

Neuraxial blockade in women with pre-eclampsia
The incidence of major complications after neuraxial
techniques in pregnant women in general is
approximately 1/20 000-30 000 for spinal anaesthesia,
and 1/25000 for epidural analgesia [58]. In the
absence of contraindications, lumbar neuraxial analgesia
is appropriate for women with pre-eclampsia during
labour [20, 59, 60] (Level 1+) and neuraxial anaes-
thesia is the preferred method for anaesthesia for
caesarean birth in women with pre-eclampsia [61]
(Level 1+).

Coagulopathy in pre-eclampsia is usually due to
thrombocytopenia and, less commonly, disseminated
intravascular coagulation. Studies investigating coagula-
tion in women with pre-eclampsia using thromboelas-
tography found that if the platelet count was greater
than 100 x 10°17", there were no abnormalities of
coagulation detectable [62]. Platelet counts of
<100 x 10°1™" in women with severe pre-eclampsia
were associated with hypocoagulation and should
prompt additional investigation of coagulation status.

Based on current evidence, it is not possible to be
definitive regarding a lower limit of the platelet count.
Current standards of practice have been drawn indi-
rectly from a number of sources using a variety of
outcome measures including the lower limit of throm-
boelastography maximal amplitude in healthy pregnant
women and findings in women with severe pre-
eclampsia with platelet counts < 100 x 10° L™". A
common conclusion of this work has been that a platelet
count > 75 X 10°L. 7", in the absence of other coagulation
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abnormalities, would not be expected to be associated
with increased likelihood of neuraxial anaesthetic com-
plications in the setting of pre-eclampsia [62-64]. Any
difference between different techniques and their relative
safety have not been adequately studied. In the absence
of other coagulation abnormalities, the risk of haema-
toma associated with neuraxial anaesthesia with platelet
counts > 75 x 10°17" is very low.

Analgesia for labour

Lumbar neuraxial analgesia reduces pain-mediated
hypertensive responses, and the presence of a func-
tioning epidural catheter enables the use of the epidural
catheter for titrating local anaesthetic to ensure surgical
anaesthesia [60, 65]. If neuraxial analgesia is contrain-
dicated, intravenous opioid analgesia has been admin-
istered with good effect [59, 66]. Intravenous fluid
loading should not be used in women who have severe
pre-eclampsia before establishing low-dose analgesia
including combined-spinal epidural analgesia [20].

Anaesthesia for caesarean birth
Neuraxial anaesthesia is the preferred anaesthetic
technique for delivery by caesarean section (Level 1+).

Single-shot spinal, combined-spinal epidural, and
epidural anaesthesia have all been used effectively. There
is no evidence that one technique has an advantage over
the other.

Hypotension requiring vasopressor medication
during neuraxial anaesthesia is less common in women
with pre-eclampsia than in healthy women. If hypoten-
sion occurs, it may be successfully managed with titrated
doses of intravenous ephedrine (3-5 mg bolus) or
phenylephrine (50-100 pg bolus) [61, 67] (Level 1+).

The use of adrenaline-containing local anaesthetic
solutions for epidural boluses to provide surgical
anaesthesia appears to be safe, and is widely used to
minimise systemic absorption of local anaesthetics.
There has been a single case report of a hypertensive
crisis with absorbed adrenaline, emphasising the need
for close observation of these women [68].

General anaesthesia in women with pre-eclampsia
General anaesthesia may be necessary in a small number
of cases for a variety of reasons including coagulopathy,
pulmonary oedema or eclampsia. Pulmonary oedema
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with underlying systolic dysfunction may indicate
peripartum cardiomyopathy. There is minimal evidence
to guide practice in the choice of anaesthesia for women
in the post-eclamptic period. Some groups have advo-
cated general anaesthesia if symptoms and signs of
cerebral oedema are present, or in women with
depressed levels of consciousness before caesarean
section. However, if the woman is stable with a normal
level of consciousness and no neurological deficits, in the
absence of other contraindications, neuraxial anaesthesia
is an acceptable choice [30].

If general anaesthesia is used, particular attention
and extreme vigilance should be given to ablating the
hypertensive response to intubation, as this has been
identified as a cause of direct maternal mortality [1, 2].
Drugs that have been used for this purpose include
alfentanil, fentanyl, remifentanil, MgSO, lidocaine and
esmolol. It has been recommended that clinicians use
the drug(s) with which they are most familiar [69, 70]
(Level 1-). Care must also be taken to avoid compli-
cations on emergence from anaesthesia including hyper-
tension, aspiration and acute pulmonary oedema.

Monitoring of the woman with severe
pre-eclampsia

During labour, blood pressure measurement should be
hourly in women with mild or moderate hypertension,
or continually monitored in women with severe hyper-
tension [20].

Intra-arterial blood pressure measurement enables
continuous blood pressure recording and facilitates
repeated blood sampling for assessment of respiratory
function, electrolytes, acid-base balance and haemato-
logical and liver abnormalities [71-73] as well as the
monitoring of cardiac output by minimally invasive
cardiac output monitors [74, 75]. Central venous
catheters are not commonly used and pulmonary artery
catheters are rarely used. Transthoracic echocardiogra-
phy offers advantages in this setting as it provides
structural and functional information about cardiac
performance, diastolic function, and responses to inter-
ventions [3, 76-78]. Common transthoracic echocar-
diographic findings in women with pre-eclampsia
include pericardial effusions, diastolic dysfunction and
alterations in systolic function with either increased or
decreased systolic function [79-82].
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The use of oxytocic agents and
management of postpartum
haemorrhage

The management of life-threatening postpartum haem-
orrhage in the setting of severe pre-eclampsia is a
complex and challenging situation. Reversible causes of
uterine atony need to be addressed and mechanical
methods to facilitate uterine contraction should be
utilised. Syntocinon is the drug of choice for uterine
contraction in the setting of severe hypertension and
should be carefully titrated to haemodynamic responses
[20]. The use of ergometrine has been associated with
hypertensive crises and death in women with pre-
eclampsia; therefore, ergometrine should not be used for
uterine contraction [1, 2] (Level 3). Misoprostol is
associated with elevations in blood pressure, although to
a lesser degree than ergometrine.

Postpartum management

Ongoing management of women with severe pre-
eclampsia should be by adequately trained staff in the
appropriately monitored setting [2, 83].

Analgesia

There are few studies examining different analgesic
options for women with pre-eclampsia after caesarean
birth. Neuraxial techniques, local anaesthetic techniques,
opioids, paracetamol and tramadol have not been
examined to any significant degree in this population
[84]. Non-steroidal anti-inflammatory agents are fre-
quently used for analgesia after childbirth; however,
these agents have well-documented adverse effects and
contraindications and there have been specific case
reports of hypertensive crises in women with pre-
eclampsia [85] (Level 3). Alterative agents should be
used (Level 4).

Thromboprophylaxis

Thromboprophylaxis should be considered for all
women with pre-eclampsia, with consideration given
to timing of agents in relation to neuraxial anaesthesia.

Discontinuation of intravenous MgSO,

Based on the findings of the Collaborative Eclampsia
Trial, MgSO, infusions have commonly been continued
for 24 h postpartum. However, in a recent study of
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women with mild pre-eclampsia, the MgSO, infusion
was continued for 12 h postpartum, and there was no
difference in the clinical course compared with those
women who received MgSO, for 24 h [86] (Level 1+).
Using clinical assessment rather than time, Isler and
colleagues suggested several parameters for consider-
ation of cessation including: absence of headache; visual
changes and epigastric pain; sustained blood pressure of
less than 150/100 mmHg without antihypertensive
therapy; and a spontaneous diuresis > 100 mLh™" for
at least < 2 h [87].

Management of postpartum
complications

Management of acute pulmonary oedema
Pulmonary oedema may occur in up to 2.9% of women
with pre-eclampsia with only 30% of cases occurring
before delivery [88]. Management of acute pulmonary
oedema has been recently reviewed [89]. In addition to
stabilisation of the mother and expediting resolution of
the acute pulmonary oedema, consideration needs to be
given to delivery of the fetus, if acute pulmonary
oedema occurs in the antenatal period. Treatment
follows similar practices to those used in the non-
obstetric population. Oxygen saturation monitoring and
oxygen supplementation either via non-invasive venti-
lation devices or intubation and ventilation are used
depending on the severity of the respiratory compro-
mise. Intravenous furosemide (bolus 20-40 mg over
2 min) is used to promote venodilation, with repeated
doses of 40-60 mg after approximately 30 min, if there
is inadequate diuretic response (maximum dose
120 mgh™"). Intravenous morphine 2-5 mg, fluid
restriction and strict fluid balance and positioning such
that the head is elevated and antenatal uterine
displacement is maintained, should also be used
[90, 91].

Management of oliguria in the immediate
postpartum period

Oliguria in the postpartum period is multifactorial and
in the presence of normal renal and respiratory function
usually requires no treatment. The use of furosemide or
low-dose dopamine for the management of oliguria in a
woman with normal renal function is not recommended
[92] (Level 1++).
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Management of severe hypertension in the
immediate postpartum period

Deaths due to severe hypertension and morbidity
from stroke occur in the postpartum period. Although
it is clear that antenatal hypertension may persist in
the postpartum period, it is not clear what leads to
new onset hypertension in this period. Commonly
used drugs in this situation include hydralazine,
nifedipine, frusemide and methyldopa [39, 93] (Level
1++).

Management of acute renal decompensation
Acute renal failure may occur in women with
pre-eclampsia, particularly if there is pre-existing
kidney disease. Indications for haemodialysis include
persistent acidaemia, hyperkalaemia, volume over-
load and uraemia. Women with pre-eclampsia requir-
ing renal replacement therapy should be transferred
to a Level-3 (intensive care) unit for management
[83].

Breastfeeding in women with
pre-eclampsia

Ideal drugs have low milkimaternal plasma ratios.
Satisfactory drugs in this group include methyldopa,
B-adrenoceptor blockers with high plasma protein
binding e.g. oxprenolol, angiotensin converting enzyme
inhibitors (captopril, enalapril) and some dihydropyri-
dine calcium channel blockers (nifedipine [93] Level
1++). Methyldopa is associated with increased risk of
postnatal depression. Magnesium sulphate is excreted in
the breast milk but is safe for breastfed infants [94].
Bromocriptine used for lactation suppression is associ-
ated with hypertension [95].

Acknowledgements

This work is based on the PhD thesis of AD [80]. The
author is the sole author of the document and would like
to acknowledge and thank the Australian and New
Zealand College of Anaesthetists and the members of the
working party of the Obstetric Anaesthesia: Scientific
Evidence project for their support during its creation,
especially Dr Scott Simmons for his suggestions for
improvement and proofreading of the previous version
of the document. No external funding or no competing
interests declared.

1017



Anaesthesia 2012, 67, 1009-1020

Dennis | Management of pre-eclampsia

References

1.

10.

11.

12.

13.

14.

15.

Cantwell R, Clutton-Brock T, Cooper G, et al. Saving Mothers’
Lives: reviewing maternal deaths to make motherhood safer:
2006-2008. The Eighth Report of the Confidential Enquiries into
Maternal Deaths in the United Kingdom. British Journal of
Obstetrics and Gynaecology 2011; 118: 1-203.

. Lewis G (ed). The Confidential Enquiry into Maternal and Child

Health (CEMACH). Saving Mothers’ Lives: Reviewing Maternal
Deaths to Make Motherhood Safer - 2003-2005. The Seventh
report on Confidential Enquiries into Maternal Deaths in the
United Kingdom. London: CEMACH, 2007.

. Regitz-Zagrosek V, Lundqvist (B, Borghi C, et al. European

Society of Cardiology Guidelines on the management of
cardiovascular diseases during pregnancy: the Task Force on
the Management of Cardiovascular Diseases during Pregnancy
of the European Society of Cardiology (ESC). European Heart
Journal 2011; 32: 3147-97.

. Healthcare Improvement Scotland. Scottish Confidential Audit of

Severe Maternal Morbidity, 7th Annual Report. Edinburgh, 2011.
http://www.healthcareimprovementscotland.org/programmes/
reproductive,_maternal__child/programme_resources/scasmm.
aspx (accessed 30/12/2011).

. Khan KS, Wojdyla D, Say L, Gulmezoglu AM, Van Look PF. World

Health Organization (WHO) analysis of causes of maternal
death: a systematic review. Lancet 2006; 367: 1066-74.

. Newstead J, von Dadelszen P, Magee LA. Preeclampsia and

future cardiovascular risk. Expert Review Cardiovascular Therapy
2007; 5: 283-94.

. McDonald SD, Malinowski A, Zhou Q, Yusuf S, Devereaux P).

Cardiovascular sequelae of preeclampsia/eclampsia: a system-
atic review and meta-analyses. American Heart journal 2008;
156: 918-30.

. Mosca L, Banka CL, Benjamin EJ, et al. Evidence-based guide-

lines for cardiovascular disease prevention in women: 2007
update. Circulation 2007; 115: 1481-501.

. Mosca L, Benjamin EJ, Berra K, etal. Effectiveness-based

guidelines for the prevention of cardiovascular disease in
women - 2011 update: a guideline from the american heart
association. Circulation 2011; 123: 1243-62.

Ray )G, Vermeulen M), Schull MJ, Redelmeier DA. Cardiovascular
health after maternal placental syndromes (CHAMPS): popula-
tion-based retrospective cohort study. Lancet 2005; 366: 1797-
803.

Wilson BJ, Watson MS, Prescott GJ, et al. Hypertensive diseases
of pregnancy and risk of hypertension and stroke in later life:
results from cohort study. British Medical journal 2003; 326:
845.

American College of Obstetrcians and Gynecologists practice
bulletin. Diagnosis and management of preeclampsia and
eclampsia. Number 33, January 2002. International Journal of
Gynaecology and Obstetrics 2002; 77: 67-75.

Chesley LC. Diagnosis of preeclampsia. Obstetrics and Gynecol-
ogy 1985; 65: 423-5.

Geller SE, Ahmed S, Brown ML, Cox SM, Rosenberg D, Kilpatrick
SJ. International Classification of Diseases-9th revision coding for
preeclampsia: how accurate is it? American Journal of Obstetrics
and Gynecology 2004; 190: 1629-33.

The Royal College of Obstetricians and Gynaecologists. The
management of severe pre-eclampsia/eclampsia guideline
number 10(A), 2006:1-11. http://www.rcog.org.uk/womens-
health/clinical-gquidance/management-severe-pre-eclampsiae-
clampsia-green-top-10a accessed 30/12/2011.

1018

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

Vatten LJ, Skjaerven R. Is pre-eclampsia more than one disease?
British Journal of Obstetrics and Gynaecology 2004; 111: 298-
302.

Sibai BM, Taslimi MM, el-Nazer A, Amon E, Mabie BC, Ryan GM.
Maternal-perinatal outcome associated with the syndrome of
hemolysis, elevated liver enzymes, and low platelets in severe
preeclampsia-eclampsia. American journal of Obstetrics and
Gynecology 1986; 155: 501-9.

Lowe SA, Brown MA, Dekker GA, et al. Guidelines for the
management of hypertensive disorders of pregnancy 2008.
Australian and New Zealand Journal of Obstetrics and Gynae-
cology 2009; 49: 242-6. http://www.somanz.org/pdfs/so-
manz_guidelines_2008.pdf accessed 30/12/2011.

Rowe T. Diagnosis, evaluation, and management of the hyper-
tensive disorders of pregnancy. journal of Obstetrics and
Gynaecology Canada. 2008; 30(Suppl): 1-48.

National Collaborating Centre for Women’s and Children’s Health.
Hypertension in pregnancy. The management of hypertensive
disorders during pregnancy. National Institute for Health and
Clinical Excellence Guideline 107. August 2010 revised reprint
January 2011 ed. London: RCOG, 2011. http://www.nice.or-
g.uk/nicemedia/live/13098 /50475 /50475.pdf accessed
30/12/2011.

Pickering TG, Hall JE, Appel LJ, et al. Recommendations for blood
pressure measurement in humans and experimental animals:
part 1: blood pressure measurement in humans: a statement for
professionals from the Subcommittee of Professional and Public
Education of the American Heart Association Council on High
Blood Pressure Research. Hypertension 2005; 45: 142-61.

. Leanos-Miranda A, Marquez-Acosta J, Romero-Arauz F, et al.

Protein:creatinine ratio in random urine samples is a reliable
marker of increased 24-h protein excretion in hospitalized
women with hypertensive disorders of pregnancy. Clinical
Chemistry 2007; 53: 1623-8.

Price CP, Newall RG, Boyd JC. Use of protein:creatinine ratio
measurements on random urine samples for prediction of
significant proteinuria: a systematic review. Clinical Chemistry
2005; 51: 1577-86.

Cote AM, Brown M, Halstead C, von Daelszen P Liston RM,
Magee LA. Should the urinary spot protein/creatinine ratio
(PCR) be used as a diagnostic test in hypertensive pregnant
women:a systematic review. Hypertension in Pregnancy 2004;
23: 36.

Cnossen JS, de Ruyter-Hanhijarvi H, van der Post JA, Mol BW,
Khan KS, ter Riet G. Accuracy of serum uric acid determination in
predicting pre-eclampsia: a systematic review. Acta Obstetricia
et Gynecologica Scandinavica 2006; 85: 519-25.

Knight M, Nelson-Piercy C, Kurinczuk JJ, Spark P, Brocklehurst P. A
prospective national study of acute fatty liver of pregnancy in
the UK. Gut 2008; 57: 951-6.

Bacq Y. Liver diseases unique to pregnancy: a 2010 update. Clinical
Research Hepatology Gastroenterology 2011; 35: 182-93.
Williams J, Mozurkewich E, Chilimigras J, Van De Ven C. Critical
care in obstetrics: pregnancy-specific conditions. Best Practice
Research and Clinical Obstetrics and Gynaecology 2008; 22:
825-46.

Broekhuizen FF, Elejalde R, Hamilton PR. Early-onset preeclamp-
sia, triploidy and fetal hydrops. journal of Reproductive Med-
icine 1983; 28: 223-6.

Dyer RA, Piercy JL, Reed AR. The role of the anaesthetist in the
management of the pre-eclamptic patient. Current Opinion in
Anesthesiology 2007; 20: 168-74.

Anaesthesia © 2012 The Association of Anaesthetists of Great Britain and Ireland



Dennis | Management of pre-eclampsia

Anaesthesia 2012, 67, 1009-1020

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Anaesthesia © 2012 The Association of Anaesthetists of Great Britain and Ireland

Plaat F, Wray S. Role of the anaesthetist in obstetric critical care.
Best Practice Research and Clinical Obstetrics and Gynaecology
2008; 22: 917-35.

Guise JM, Segel S. Teamwork in obstetric critical care. Best
Practice Research and Clinical Obstetrics and Gynaecology
2008; 22: 937-51.

Thornton C, Hennessy A, von Dadelszen P, Nishi C, Makris A, Ogle
R. An international benchmarking collaboration: measuring
outcomes for the hypertensive disorders of pregnancy. Journal
of Obstetrics and Gynaecology Canada 2007; 29: 794-800.
Thornton CE, von Dadelszen P, Makris A, Tooher JM, Ogle RF,
Hennessy A. Acute pulmonary oedema as a complication of
hypertension during pregnancy. Hypertension in Pregnancy
2011; 30: 169-79.

Martin JN Jr, Thigpen BD, Moore RC, Rose CH, Cushman J, May W.
Stroke and severe preeclampsia and eclampsia: a paradigm shift
focusing on systolic blood pressure. Obstetrics and Gynecology
2005; 105: 246-54.

Hennessy A, Thornton CE, Makris A, etal. A randomised
comparison of hydralazine and mini-bolus diazoxide for hyper-
tensive emergencies in pregnancy: the PIVOT trial. Australia and
New Zealand Journal of Obstetrics and Gynaecology 2007; 47:
279-85.

Abalos E, Duley L, Steyn DW, Henderson-Smart D). Antihyper-
tensive drug therapy for mild to moderate hypertension during
pregnancy. Cochrane Database of Systematic Reviews 2007; 1:
CD002252.

Podymow T, August P. Update on the use of antihypertensive
drugs in pregnancy. Hypertension 2008; 51: 960-9.

Duley L, Henderson-Smart DJ, Meher S. Drugs for treatment of
very high blood pressure during pregnancy. Cochrane Database
of Systematic Reviews 2006; 3: CD001449.

Magee LA, Cham C, Waterman EJ, Ohlsson A, von Dadelszen P.
Hydralazine for treatment of severe hypertension in pregnancy:
meta-analysis. British Medical Journal 2003; 327: 955-60.
Knight M. Eclampsia in the United Kingdom 2005. British Journal
of Obstetrics and Gynaecology 2007; 114: 1072-8.

Duley L, Gilmezoglu AM, Chou D. Magnesium sulphate versus
lytic cocktail for eclampsia. Cochrane Database of Systematic
Reviews 2010;9: CD002960.

Duley L, Gilmezoglu AM, Henderson-Smart DJ, Chou D. Magne-
sium sulphate and other anticonvulsants for women with pre-
eclampsia. Cochrane Database of Systematic Reviews 2010; 11:
CD000025.

The Collaborative Eclampsia Trial Group. Which anticonvulsant
for women with eclampsia? Evidence from the Collaborative
Eclampsia Trial. Lancet 1995; 345: 1455-63.

Duley L, Henderson-Smart D), Chou D. Magnesium sulphate
versus phenytoin for eclampsia. Cochrane Database of System-
atic Reviews 2010; 10: CD000128.

Duley L, Henderson-Smart DJ, Walker GJA, Chou D. Magnesium
sulphate versus diazepam for eclampsia. Cochrane Database of
Systematic Reviews 2010; 12: (D000127.

Alexander JM, MclIntire DD, Leveno K], Cunningham FG. Selective
magnesium sulfate prophylaxis for the prevention of eclampsia
in women with gestational hypertension. Obstetrics and Gyne-
cology 2006; 108: 826-32.

Martin JN Jr, Blake PG, Perry KG Jr, McCaul JF, Hess LW, Martin RW.
The natural history of HELLP syndrome: patterns of disease
progression and regression. American Journal of Obstetrics and
Gynecology 1991; 164: 1500-9.

Woudstra DM, Chandra S, Hofmeyr GJ, Dowswell T. Corticoster-
oids for HELLP (hemolysis, elevated liver enzymes, low plate-

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

lets) syndrome in pregnancy. Cochrane Database of Systematic
Reviews 2010; 9: CD008148.

0’Brien JM, Shumate SA, Satchwell SL, Milligan DA, Barton JR.
Maternal benefit of corticosteroid therapy in patients with HELLP
(hemolysis, elevated liver enzymes, and low platelet count)
syndrome: impact on the rate of regional anesthesia. American
Journal of Obstetrics and Gynecology 2002; 186: 475-9.

Katz L, de Amorim MM, Figueiroa JN, Pinto e Silva JL. Postpartum
dexamethasone for women with hemolysis, elevated liver
enzymes, and low platelets (HELLP) syndrome: a double-blind,
placebo-controlled, randomized clinical trial. American journal
of Obstetrics and Gynecology 2008; 198: 283. e1-8.

The Royal College of Obstetricians and Gynaecologists. Blood
transfusion in obstetrics. Guideline Number 47. 2007:1-10.
http://www.rcog.org.uk/files /rcog-corp/uploaded-files /GT47
BloodTransfusions1207amended.pdf accessed 30/12/2011.
Duley L, Williams J, Henderson-Smart DJ. Plasma volume
expansion for treatment of pre-eclampsia. Cochrane Database
of Systematic Reviews 1999; 4: (D001805.

Ganzevoort W, Rep A, Bonsel GJ, et al. A randomised controlled
trial comparing two temporising management strategies, one
with and one without plasma volume expansion, for severe and
early onset pre-eclampsia. British journal of Obstetrics and
Gynaecology 2005; 112: 1358-68.

Sriram S, Robertson MS. Critically ill obstetric patients in
Australia: a retrospective audit of 8 years’ experience in a
tertiary intensive care unit. Critical Care and Resuscitation 2008;
10: 124.

Dunne C, Meriano A. Acute postpartum pulmonary edema in a
23-year-old woman 5 days after cesarean delivery. Canadian
Journal of Emergency Medicine 2009; 11: 178-81.

Sibai BM, Mabie BC, Harvey (J, Gonzalez AR. Pulmonary edema
in severe preeclampsia-eclampsia: analysis of thirty-seven
consecutive cases. American Journal of Obstetrics and Gynecol-
ogy 1987; 156: 1174-9.

Moen V, Dahlgren N, Irestedt L. Severe neurological complica-
tions after central neuraxial blockades in Sweden 1990-1999.
Anesthesiology 2004; 101: 950-9.

Lucas M), Sharma SK, Mcintire DD, et al. A randomized trial of
labor analgesia in women with pregnancy-induced hyperten-
sion. American Journal of Obstetrics and Gynecology 2001; 185:
970-5.

Newsome LR, Bramwell RS, Curling PE. Severe preeclampsia:
hemodynamic effects of lumbar epidural anesthesia. Anesthesia
and Analgesia 1986; 65: 31-6.

Visalyaputra S, Rodanant 0, Somboonviboon W, Tantivitayatan K,
Thienthong S, Saengchote W. Spinal versus epidural anesthesia
for cesarean delivery in severe preeclampsia: a prospective
randomized, multicenter study. Anesthesia and Analgesia 2005;
101: 862-8.

Sharma SK, Philip J, Whitten CW, Padakandla UB, Landers DF.
Assessment of changes in coagulation in parturients with
preeclampsia using thromboelastography. Anesthesiology
1999; 90: 385-90.

Dyer RA, Piercy JL, Reed AR, Lombard (J, Schoeman LK, James
MF. Hemodynamic changes associated with spinal anesthesia
for cesarean delivery in severe preeclampsia. Anesthesiology
2008; 108: 802-11.

Orlikowski CE, Rocke DA, Murray WB, et al. Thrombelastography
changes in pre-eclampsia and eclampsia. British Journal of
Anaesthesia 1996; 77: 157-61.

Moore TR, Key TC, Reisner LS, Resnik R. Evaluation of the use of
continuous lumbar epidural anesthesia for hypertensive

1019



Anaesthesia 2012, 67, 1009-1020

Dennis | Management of pre-eclampsia

66.

67.

68.

69.

70.

71.

72.

73

74.

75.

76.

77.

78.

79.

80.

pregnant women in labor. American Journal of Obstetrics and
Gynecology 1985; 152: 404-12.

Head BB, Owen J, Vincent RD Jr, Shih G, Chestnut DH, Hauth JC. A
randomized trial of intrapartum analgesia in women with severe
preeclampsia. Obstetrics and Gynecology 2002; 99: 452-7.
Berends N, Teunkens A, Vandermeersch E, Van de Velde M. A
randomized trial comparing low-dose combined spinal-epidural
anesthesia and conventional epidural anesthesia for cesarean
section in severe preeclampsia. Acta Anaesthesiologica Belgica
2005; 56: 155-62.

Hadzic A, Vloka J, Patel N, Birnbach D. Hypertensive crisis after a
successful placement of an epidural anesthetic in a hypertensive
parturient. Case report. Regional Anesthesia 1995; 20: 156-8.
Dyer RA, Els I, Farbas J, Torr GJ, Schoeman LK, James MF.
Prospective, randomized trial comparing general with spinal
anesthesia for cesarean delivery in preeclamptic patients with a
nonreassuring fetal heart trace. Anesthesiology 2003; 99: 561~
9. discussion 5A-6A.

Wallace DH, Leveno KJ, Cunningham FG, Giesecke AH, Shearer
VE, Sidawi JE. Randomized comparison of general and regional
anesthesia for cesarean delivery in pregnancies complicated by
severe preeclampsia. Obstetrics and Gynecology 1995; 86: 193-
9.

Slogoff S, Keats AS, Arlund C. On the safety of radial artery
cannulation. Anesthesiology 1983; 59: 42-7.

Frezza EE, Mezghebe H. Indications and complications of arterial
catheter use in surgical or medical intensive care units: analysis
of 4932 patients. American Journal of Surgery 1998; 64: 127-
31.

. Mandel MA, Dauchot PJ. Radial artery cannulation in 1000

patients: precautions and complications. journal of Hand
Surgery 1977; 2: 482-5.

Dyer RA, Piercy JL, Reed AR, Lombard (J, Schoeman LK, James
MF. Hemodynamic changes associated with spinal anesthesia
for cesarean delivery in severe preeclampsia. Anesthesiology
2008; 108: 802-11.

Langesaeter E. Is it more informative to focus on cardiac output
than blood pressure during spinal anesthesia for cesarean
delivery in women with severe preeclampsia? Anesthesiology
2008; 108: 771-2.

Douglas PS, Garcia M), Haines DE, et al. Appropriate use criteria
for echocardiography. Journal of the American Society of
Echocardiography 2011; 24: 229-67.

Dennis AT. Transthoracic echocardiography in obstetric anaes-
thesia and obstetric critical illness. International Journal of
Obstetric Anesthesia 2011; 20: 160-8.

Salem R, Vallee F Rusca M, Mebazaa A. Hemodynamic
monitoring by echocardiography in the ICU: the role of the
new echo techniques. Current Opinion in Critical Care 2008; 14:
561-8.

Melchiorre K, Sutherland GR, Baltabaeva A, Liberati M, Thilaga-
nathan B. Maternal cardiac dysfunction and remodelingin women
with preeclampsia at term. Hypertension 2011; 57: 85-93.
Dennis AT. Cardiac function in women with preeclampsia. PhD
Thesis, Department of Pharmacology, Faculty of Medicine,

1020

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Dentistry and Health Sciences, The University of Melbourne.
http://repository.unimelb.edu.au/10187/9005 (accessed
30/12/2011).

Dennis A, Castro J, Simmons S, Carr C, Permezel M, Royse C. Left
ventricular systolic and diastolic function and structure in
women with untreated preeclampsia. International Journal of
Obstetric Anesthesia 2010; 19: $1-54.

Rafik Hamad R, Larsson A, Pernow J, Bremme K, Eriksson M].
Assessment of left ventricular structure and function in
preeclampsia by echocardiography and cardiovascular biomar-
kers. Journal of Hypertension 2009; 27: 2257-64.

The Maternal Critical Care Working Group. Providing equity of
critical and maternity care for the critically ill pregnant or
recently pregnant woman: Royal College of Anaesthetists, 2011
http://www.rcoa.ac.uk/docs/Prov_Eq_Mat_and_CritCare.pdf
(accessed 30/12/2011).

Macintyre PE, Schug SA, Scott DA, Visser EJ, Walker SM, Acute
Pain Management: Scientific Evidence Working Group of the
Australian and New Zealand College of Anaesthetists and
Faculty of Pain Medicine. Acute Pain Management: Scientific
Evidence, 3rd edn. Melbourne: Australian and New Zealand
College of Anaesthetists and the Faculty of Pain Medicine, 2010.
Makris A, Thornton C, Hennessy A. Postpartum hypertension and
nonsteroidal analgesia. American Journal of Obstetrics and
Gynecology 2004; 190: 577-8.

Ehrenberg HM, Mercer BM. Abbreviated postpartum magnesium
sulfate therapy for women with mild preeclampsia: a random-
ized controlled trial. Obstetrics and Gynecology 2006; 108: 833-
8.

Isler CM, Barrilleaux PS, Rinehart BK, Magann EF, Martin JN Jr.
Postpartum seizure prophylaxis: using maternal clinical param-
eters to guide therapy. Obstetrics and Gynecology 2003; 101:
66-9.

Norwitz ER, Hsu CD, Repke JT. Acute complications of pre-
eclampsia. Clinical Obstetrics and Gynecology 2002; 45: 308-29.
Dennis AT, Solnordal CB. Acute pulmonary oedema in pregnant
women. Anaesthesia 2012; 67: 646-59.

Sciscione AC, Ivester T, Largoza M, Manley J, Shlossman P,
Colmorgen GH. Acute pulmonary edema in pregnancy. Obstetrics
and Gynecology 2003; 101: 511-5.

Barton JR, Sibai BM. Acute life-threatening emergencies in
preeclampsia - eclampsia. Clinical Obstetrics and Gynecology
1992; 35: 402-13.

Steyn DW, Steyn P. Low-dose dopamine for women with severe
pre-eclampsia. Cochrane Database of Systematic Reviews 2007;
1: CD003515.

Magee L, Sadeghi S, vonDadelszen P. Prevention and treatment
of postpartum hypertension. Cochrane Database of Systematic
Reviews 2005; 1: CD004351.

Idama TO, Lindow SW. Magnesium sulphate: a review of clinical
pharmacology applied to obstetrics. British Journal of Obstetrics
and Gynaecology 1998; 105: 260-8.

Iffy L, McArdle J), Ganesh V, Hopp L. Bromocriptine related
atypical vascular accidents postpartum identified through med-
icolegal reviews. Medical Law 1996; 15: 127-34.

Anaesthesia © 2012 The Association of Anaesthetists of Great Britain and Ireland



