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Force, and the UK National Institute for Health
and Care Excellence, have made generic recommen-
dations on this topic [1, 2]. We are unaware of
detailed guidelines from any organisations. We aim
to offer independent, pragmatic advice that will be
of benefit to clinicians and the women we treat.

Recommendations for best clinical

practice

1 Hypotension following spinal or combined spinal-
epidural anaesthesia at caesarean section causes
both maternal and fetal/neonatal adverse effects.

2 Hypotension is frequent and, therefore, vasopres-
sors should be used routinely and preferably
prophylactically.

3 o-agonist drugs are the most appropriate agents to
treat or prevent hypotension following spinal
anaesthesia. Although those with a small amount
of P-agonist activity may have the best profile
(noradrenaline (norepinephrine), metaraminol),
phenylephrine is currently recommended due to
the amount of supporting data. Single-dilution
techniques, and/or prefilled syringes should be
considered.

4 Left lateral uterine displacement and intravenous
(i.v.) colloid pre-loading or crystalloid coloading,
should be used in addition to vasopressors.

5 The aim should be to maintain systolic arterial
pressure (SAP) at > 90% of an accurate baseline
obtained before spinal anaesthesia, and avoid a
decrease to < 80% baseline. We recommend a
variable rate prophylactic infusion of phenyle-
phrine using a syringe pump. This should be
started at 25-50 pg.min~' immediately after the
intrathecal local anaesthetic injection, and titrated
to blood pressure and pulse rate. Top-up boluses
may be required.

6 Maternal heart rate can be used as a surrogate for
cardiac output if the latter is not being monitored;
both tachycardia and bradycardia should be
avoided.

7 When using an o-agonist as the first-line vaso-
pressor, small doses of ephedrine are suitable to
manage SAP < 90% of baseline combined with a
low heart rate. For bradycardia with hypotension,
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an anticholinergic drug (glycopyrronium (glycopy-
rrolate) or atropine) may be required. Adrenaline
(epinephrine) should be wused for circulatory
collapse.

8 The use of smart pumps and double (two drug)
vasopressor infusions can lead to greater cardio-
vascular stability than that achieved with physi-
cian-controlled infusions.

9 Women with pre-eclampsia develop less hypoten-
sion after spinal anaesthesia than healthy
women. Abrupt decreases in blood pressure are
undesirable because of the potential for decreased
uteroplacental blood flow. A prophylactic vaso-
pressor infusion may not be required but, if used,
should be started at a lower rate than for healthy
women.

10 Women with cardiac disease should be assessed
on an individual basis; some conditions are best
managed with phenylephrine (an arterial constric-
tor without positive inotropic effect), whereas
others respond best to ephedrine (producing posi-
tive inotropic and chronotropic effect).

Introduction

Hypotension is a very common consequence of the
sympathetic vasomotor block caused by spinal anaes-
thesia for caesarean section. Maternal symptoms such
as nausea, vomiting and dyspnoea frequently accom-
pany severe hypotension, and adverse effects on the
fetus, including depressed Apgar scores and umbilical
acidosis, have been correlated with severity and dura-
tion of hypotension.

Ephedrine, a mixed o- and [-adrenergic agonist,
became the drug of choice in obstetric anaesthesia fol-
lowing work that found that it was the best vasopres-
sor for preservation of uterine blood flow in a sheep
model of drug-induced hypertension. However, higher
doses of ephedrine, used clinically in attempts to
reduce hypotension, were found not to improve
neonatal acidosis, but rather the reverse [3]; this is
now acknowledged to be because ephedrine has a
direct effect on fetal metabolism that negates any
improvement in uterine blood flow produced by nor-
malising blood pressure [4, 5]. Clinical work dating
from the 2000s indicated that o-adrenergic agonists
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are effective at reducing hypotension, and associated
with less neonatal acidosis than ephedrine [6].

National practice guidelines suggest the use of
both ephedrine and phenylephrine for the manage-
ment of hypotension; UK guidelines from 2011 state
that: ‘Women who are having a caesarean section
under regional anaesthesia should be offered intra-
venous ephedrine or phenylephrine, and volume pre-
loading with crystalloid or colloid to reduce the risk of
hypotension occurring during caesarean section’ [2].
American guidelines from 2016 provide more detail:
‘Intravenous fluid preloading or co-loading: intravenous
fluid preloading or co-loading may be used to reduce
the frequency of maternal hypotension after spinal anes-
thesia for cesarean delivery; do not delay the initiation
of spinal anesthesia in order to administer a fixed vol-
ume of intravenous fluid. Ephedrine or phenylephrine:
either intravenous ephedrine or phenylephrine may be
used for treating hypotension during neuraxial anesthe-
sia; in the absence of maternal bradycardia, consider
selecting phenylephrine because of improved fetal acid—
base status in uncomplicated pregnancies’ [1].

Surveys of clinical practice indicate that there has
been a shift away from what was the almost universal
use of ephedrine as the vasopressor of choice. In the
UK, a 1999 survey found that 95% of respondents
used ephedrine alone during caesarean section [7]; in
2011, 89% of respondents used phenylephrine, and the
remainder used metaraminol or ephedrine [8]. A sur-
vey carried out in the USA in 2007 noted that 32% of
respondents used ephedrine for vasopressor prophy-
laxis and treatment of hypotension, 26% and 23%,
respectively, used phenylephrine, and the remainder
used either agent according to maternal heart rate [9].

Definition of hypotension

Klohr et al. found 15 different definitions of hypoten-
sion in 63 studies of hypotension following spinal or
combined spinal-epidural anaesthesia for caesarean sec-
tion, performed between 1999 and 2009 [10]. Defini-
tions varied between those using an absolute blood
pressure value, ranging from 80 mmHg to 100 mmHg,
a decrease of 0-30% from a baseline or a combination
of an absolute value and a percentage decrease. Some
studies distinguished between severe hypotension and
lesser (mild-moderate) degrees. All studies used the
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systolic arterial pressure (SAP) measured in the arm, in
a variety of body positions; all but one [11] used the
non-invasive oscillometric method. Baseline blood pres-
sure readings were usually taken just before performing
spinal anaesthesia, although occasionally at an earlier
stage, such as on admission to the labour ward. The
baseline was estimated from one, two or three replicate
readings. Applying these different definitions to a cohort
of women having elective caesarean section gave inci-
dences for hypotension varying between 7.4% and
74.1% [10].

The most common definitions of hypotension used
in research studies were either ‘< 80% baseline’, or
‘< 100 mmHg OR < 80% baseline’ [10]. A 1999 survey
in the UK found that most consultant obstetric anaes-
thetists use a threshold of either 100 or 90 mmHg [7].

The SAP is a less important variable than mean
arterial pressure (MAP) as a determinant of organ per-
fusion; however, because methods used to measure
blood pressure in routine clinical practice did not
include the mean until recent decades, it is unlikely to
be adopted for the definition of obstetric hypotension
without considerably more supportive data.

Most of the studies identified by Klohr et al. were
at elective caesarean section; few included women in
labour [12]. Arterial pressure increases during labour;
using baseline values taken in the antenatal period or
at the start of labour was shown to reduce the inci-
dence of recorded hypotension, defined as a decrease
< 80% baseline value, after epidural analgesia [13].
Many studies of hypotension at caesarean section did
not include hypertensive women. The SAP threshold
for pregnancy-induced hypertension or pre-eclampsia
is > 140 mmHg [14].

Consequences of hypotension and its
pharmacological treatment

Nausea and vomiting are significantly more frequent
during spinal anaesthesia for caesarean section than
during non-obstetric surgery. The aetiology of this is
multifactorial [15]. Acute hypotension reduces cerebral
perfusion, induces transient brainstem ischaemia and
activates the vomiting centre. Transient cerebral
hypoxia may occur, as studies using near-infrared
spectroscopy (NIRS) show that hypotension is accom-
panied by a significant decrease in maternal regional
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cerebral blood volume, cerebral oxygen saturation and
oxygenation [16]. This is consistent with the observa-
tion that supplemental oxygen may relieve this nausea
[17, 18]. Spinal anaesthesia decreases splanchnic blood
flow by approximately 20% [19], which may be accen-
tuated by accompanying systemic hypotension. The
resulting splanchnic hypoperfusion releases emetogenic
factors such as serotonin from the gastro-intestinal
tract. Finally, acute sympathetic blockade may cause
unopposed vagal action and subsequent hyperactivity
in the gastro-intestinal tract [20]. Regardless of the
aetiology, the use of prophylactic vasopressors signifi-
cantly reduces the incidence of intra-operative nausea
and vomiting during caesarean section [21]. Dizziness
and decreased levels of consciousness may follow sev-
ere and prolonged maternal hypotension, but are
uncommon when blood pressure is treated promptly.
The effect of postspinal hypotension on fetal physiol-
ogy during caesarean section remains poorly charac-
terised in humans, although animal research shows
that a sustained decrease of > 60% in uterine blood
flow results in bradycardia and acidaemia within
10 min in a previously uncompromised fetus [22].
Clinical data have largely come from observational
studies that separated groups with and without
hypotension, or assessed duration of hypotension.
Neonates of women with spinal-induced hypotension
had significant acidosis [23, 24], and hypotension of
more than 2 min duration was associated with a sig-
nificant increase in umbilical venous oxypurines and
lipid peroxides, suggestive of ischaemia—reperfusion
injury [25].

Duration of hypotension may be more important
than severity. A transient > 30% decrease in blood
pressure did not affect neonatal Apgar scores, inci-
dence of meconium-stained amniotic fluid or the need
for oxygen therapy in the neonate [26]. Hypotension
for less than 2 min did not affect neonatal neurobe-
havioral outcomes [23], whereas more than 4 min of
maternal hypotension was associated with neurobehav-
ioral changes at 4-7 days of life [27].

An important confounder in interpreting acid—
base changes during spinal anaesthesia for caesarean
delivery is the choice of vasopressor used to treat
hypotension. Although results from early animal
studies were conflicting, recent clinical trials clearly
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suggest that phenylephrine, given as an infusion, is
associated with Dbetter neonatal acid-base balance
than ephedrine [5, 28].
transplacental transfer than phenylephrine, with med-

Ephedrine has higher

ian umbilical venous/maternal arterial ratios of 1.13
and 0.17, respectively; in large doses this is associated
with lower neonatal pH, higher base deficit, and
increased lactate and catecholamine levels [5]. These
findings support activation of fetal sympathetic meta-
bolism by ephedrine administration. Although the use
of phenylephrine infusions for hemodynamic control
during caesarean section results in optimum umbilical
cord biochemical values, clinical differences in neona-
tal outcomes have not been demonstrated so far.

Whether these biochemical advantages of phenyle-
phrine over ephedrine translate into improved clinical
outcomes in the compromised fetus is unclear as yet.
The available studies show no difference in the inci-
dence of fetal acidosis when either ephedrine or
phenylephrine infusion was used to maintain blood
pressure during spinal anaesthesia for emergency cae-
sarean delivery, both in unselected (i.e. non-elective)
cases [12], or specifically those with acute fetal com-
promise [29].

Comparative pharmacology of
vasopressor agents

Vasopressor drugs mediate their cardiovascular effects
primarily through their actions on al-, f1- and PB2-
adrenergic receptors, the relative stimulation of each
receptor resulting in differing physiological effects. In
addition, further changes, such as bradycardia, may
result from reflex cardiovascular responses. The major
clinical considerations relate to relative o- and B-adre-
nergic effects, onset time and duration, and fetal effects
(Table 1).

Ephedrine not only has mainly indirect adrenergic
receptor activity but also exerts weak direct effects,
which explains the comparatively slow onset and long
duration of action. Ephedrine typically increases heart
rate and contractility by cardiac fl-adrenergic receptor
stimulation.

Phenylephrine has a potent direct ol-effect, with
virtually no P-effects at clinical doses. When given at
higher than required doses, it may induce barorecep-
tor-mediated bradycardia with a consequent reduction

© 2017 The Association of Anaesthetists of Great Britain and Ireland



Kinsella et al. | Consensus statement on management of hypotension during caesarean section

Anaesthesia 2018, 73, 71-92

Table 1 Comparison of commonly used vasopressors.

Ephedrine Phenylephrine  Metaraminol Noradrenaline  Adrenaline = Mephentermine
Receptor B1, B2, weak o al al, weak B al, B al, B al, B
Mechanism  Indirect, weak direct  Direct Direct and indirect  Direct Direct Indirect
Onset Slow Immediate 1-2 min Immediate Immediate Immediate
Duration Prolonged Intermediate Prolonged Short Short Prolonged

in maternal cardiac output [11, 30, 31]. George et al,
using up-down sequential allocation, found the EDg,
of a phenylephrine bolus to treat spinal hypotension to
be 147 (95%CI 98-222) ug [32]. Using similar
methodology, Tanaka et al. estimated the EDgs to pre-
vent spinal hypotension or nausea to be 159 (95%CI
122-371) pg [33]. However, doses of this magnitude
may be associated with increases in systemic vascular
resistance and bradycardia, and a bolus dose of 100 pg
is more common [32, 34]. Supporting this conclusion,
Mohta et al. found no benefit when using doses of
125 pg or 150 png phenylephrine to treat hypotension,
in comparison with doses of 100 pg [35]. The potency
ratio of phenylephrine to ephedrine for infusions,
established using up-down sequential allocation, is 81:1
[36].

Metaraminol is a mixed o- and B-agonist although,
at doses used clinically, a-effects predominate. It has
both direct and indirect effects; it undergoes uptake into
postganglionic sympathetic nerve endings, where it sub-
stitutes for noradrenaline to act as a weak false neuro-
transmitter [37]. A recent comparative study used a
dose ratio of 5:1 for metaraminol:phenylephrine [38].

Noradrenaline is the primary catecholamine
released by postganglionic adrenergic nerves. It is a
potent ol-adrenergic agonist, with comparatively mod-
est P-agonist activity. It causes marked vasoconstric-
tion with some direct inotropic effects. Administration
results in higher heart rates than with comparable
doses of phenylephrine [39, 40]. The EDgyq for preven-
tion of hypotension is 5.8 pug [41]. Ngan Kee et al.
found a dose ratio of 1:17 for noradrenaline:phenyle-
phrine [39].

In comparison, adrenaline (epinephrine) has high
affinity for ol-, Pl1- and P2-adrenergic receptors.
B-effects predominate at low doses, while ol-effects
are more significant at higher doses.

© 2017 The Association of Anaesthetists of Great Britain and Ireland

Mephentermine is a mixed o- and PB-adrenergic
receptor agonist that has both direct and indirect
effects due to the release of noradrenaline and adrena-
line. Limited information is available regarding placen-
tal transfer and fetal metabolic effects [42], although it
is a popular agent in a number of low- and middle-
income countries. An advantage of this drug is that it
does not require multiple dilutions.

Cardiovascular changes after spinal
anaesthesia

The main focus of clinical management is the mainte-
nance of maternal blood pressure, based on our under-
standing of the adverse effects of hypotension.
However, evidence from research studies suggests that
cardiac output is an important additional variable.

The primary effect of spinal anaesthesia in a
healthy woman is a decrease in systemic vascular
resistance secondary to small artery vasodilation [43,
44], with a modest degree of venodilation [45]. There
is a compensatory baroreceptor-mediated increase in
heart rate and stroke volume, which increases cardiac
output [11, 31, 43, 46, 47]. With a high spinal block
to cervical levels, the pre-ganglionic sympathetic car-
diac accelerator fibres may be blocked resulting in a
failure of compensatory tachycardia. However, heart
rate does not correlate well with block height; a pat-
tern of sudden bradycardia, secondary to vasovagal
(also termed Bezold—Jarisch) reflex activation, is well
recognised [48].

The aim of vasopressor treatment should be,
therefore, to restore systemic vascular resistance, which
is best achieved using agents with predominantly o-
agonist activity. However, dependence on high doses
of vasopressors to restore blood pressure, without
other manoeuvres [49], may lead to low cardiac
output.
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Pharmacological treatment

Dyer et al. used the calibrated LiDCOplus® monitor
(LiDCO, Cambridge, UK) and transthoracic bio-
impedance to measure cardiac output in a comparison
of phenylephrine and ephedrine boluses used in elec-
tive caesarean section. Phenylephrine corrected the
postspinal decrease in systemic vascular resistance and
hypotension more effectively than ephedrine. Of note,
there was good correlation between the percentage
change in peak heart rate and peak cardiac output
after the vasopressor bolus, independent of vasopressor
type. They concluded that heart rate, not MAP, is the
best surrogate for cardiac output when the latter is not
being measured [31]. Stewart et al. found dose-depen-
dent reductions in both maternal heart rate and car-
diac output, measured with suprasternal Doppler,
when comparing three different infusion regimens of
phenylephrine. The highest infusion rate reduced both
cardiac output and heart rate by > 20%. This study
also supports the hypothesis that reduced heart rate
may indicate excessive phenylephrine doses that are
causing a reduced cardiac output [30].

Non-pharmacological measures and i.v. fluid
administration

Other measures to prevent or treat hypotension and
haemodynamic instability include methods to reduce
inferior vena cava compression and venous pooling in
the legs, as well as intravascular fluid loading [45, 50—
52]. Once the woman is positioned supine for surgery,
left uterine displacement is routinely used to reduce
inferior vena cava compression, with a recommended
angle of 15° [53, 54]. This angle of table tilt is associ-
ated with higher maternal SAP and cardiac output and
lower doses of infused phenylephrine than the unmod-
ified supine position [55], but is seldom achieved in
practice [56]. If the table is tilted to 15°, lateral sup-
port is required for security. Adequately-applied tilt
may make operating awkward for the obstetrician;
however, it can be used during the period of prepara-
tion before surgery, and reduced at the last moment
before surgery if haemodynamic stability has been
achieved at that point. Manual displacement of the
uterus may be better than left lateral tilt at reducing
hypotension at caesarean section [51], but it is difficult
to sustain during surgery.
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Leg compression has been shown to be more effec-
tive than no leg compression in preventing hypoten-
sion, although a high level of heterogeneity suggests
that its effectiveness may depend on the type and
intensity of compression used (bandages, inflatable
boots or antithromboembolic stockings) [50]. Venous
compression seems to be of limited effectiveness, possi-
bly reflecting the lesser effect of venodilation compared
with arteriolar dilation after spinal anaesthesia. A com-
parison between thromboembolic deterrent (TED)
stockings and sequential compression boots/leggings
did not show a difference in blood pressure changes
[57].

One study found that leg elevation to 30° after
spinal anaesthesia reported no significant decrease in
incidence of hypotension [58], whereas a larger study
found a similar numerical reduction in hypotension
that reached statistical significance [59]; an important
difference between the studies was that i.v. crystalloid
pre-load 20 mlkg ' was used in the former, but none
in the latter.

Intravenous crystalloid pre-loading, first described
in the 1960s, was performed using ever-increasing vol-
umes until a landmark study in 1993 challenged this
practice [60]. Further studies confirmed that it has
very limited effectiveness at reducing the incidence or
severity of hypotension [50], and is no longer recom-
mended [61, 62]. Crystalloid coloading may be more
effective at decreasing hypotension and vasopressor
requirements than pre-loading [63] or no fluid [64].
Although a meta-analysis suggested no benefit vs. pre-
loading [65], a recent analysis suggests a moderate
additional benefit on top of vasopressor prophylaxis,
provided that a sufficient volume is infused under
pressure during the first 5-10 min after the spinal
[66].

Colloid pre-load is more effective than crystalloid
pre-load for prevention of hypotension [50, 67]. A
500-ml pre-load of 6% hydroxyl-ethyl starch (HES;
130/0.4) followed by 500 ml Ringer’s lactate, in combi-
nation with prophylactic boluses of phenylephrine, was
associated with a significantly lower incidence of
hypotension compared with a 1000-ml pre-load of
Ringer’s lactate (37% vs. 55%, respectively) as well as
less symptomatic hypotension (4% vs. 14%, respec-
tively) [68]. In general a 500-ml pre-load of colloid
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appears as effective as a 1000-ml coload of crystalloid
[69]. Thus, both fluid-loading techniques can be rec-
ommended to improve the haemodynamic stability
provided by vasopressor prophylaxis.

Pre-operative prediction of
hypotension

Individual patient characteristics have been suggested as
predictors of hypotension, based on multivariate analy-
ses of population data [70, 71]. However, these findings
have not been replicated by more specific prospective
investigations. Body mass index does not affect the fre-
quency and severity of hypotension [72—74]. Emergency
caesarean is associated with less hypotension than elec-
tive surgery [70]. This is likely to be more particularly
related to the presence of labour [12, 75, 76]. A wide
variety of methods have been described to predict the
development of hypotension after spinal anaesthesia
(Table 2) [73, 77-93]. These include basic cardiovascu-
lar variables, cardiovascular measurements that are not
part of routine monitoring, complex processed cardio-
vascular indices, postural manipulations and other
methods. Pre-operative baseline heart rate was found to
be a useful predictor of hypotension in several studies
[80, 81, 89], but a number of others have not supported
this [73, 79, 88].

Orbach-Zinger et al. found that high pre-operative
anxiety was associated with a greater decrease in SAP
than low anxiety, although the incidence of hypoten-
sion was not reported [94].

Some studies have investigated changes occurring
after the spinal block, as an indicator of impending
hypotension. Berlac and Rasmussen suggested that
NIRS could provide an early warning of hypotension,
with a > 5% decrease in saturation preceding hypoten-
sion by a median (IQR) 81 (3-281) s [95]. Hanss et al.
noted that greater changes in heart rate variability after
the spinal were found in women who then developed
more severe hypotension [96].

Until a definitive and widely available method of
predicting hypotension is identified, we suggest that
there is a raised likelihood of developing hypotension
if the baseline heart rate is high or there is a clear and
recent history of supine intolerance/supine hypotensive
syndrome. Furthermore, when intermittent non-inva-
sive blood pressure measurement is being used, an
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increase in heart rate after the spinal local anaesthetic
injection may precede the recognition of hypotension.

Vasopressor management at elective
caesarean section with spinal
anaesthesia

Drug selection

A vasopressor with predominantly o-agonist activity is
the correct choice to reverse the circulatory effects of
spinal anaesthesia; phenylephrine has the most evidence
supporting its use [97]. However, concerns about reflex
bradycardia and decreased cardiac output associated with
phenylephrine have prompted research on noradrenaline
and metaraminol, which might have some advantages
due to their mild B-adrenergic effects in addition to
a-effects [38, 39]. Preliminary studies comparing nora-
drenaline to phenylephrine in the setting of obstetric
spinal anaesthesia have found that noradrenaline may be
a reasonable alternative to phenylephrine [39, 40, 98];
however, there are concerns about the use of such a
potent agent in a non-intensive care setting such as the
labour ward [99, 100]. Further studies of noradrenaline
and metaraminol are, therefore, awaited.

A national survey found that there are multiple for-
mulations of phenylephrine available in the UK [8]. The
most common presentation is a 1-ml ampoule contain-
ing 10 mg, which is diluted into a 100-ml bag of saline
to produce a final concentration of 100 pg.ml'
(Appendix 1). Solutions containing 50 pug.ml~"' are the
only other commonly used concentration, usually for
bolus administration rather than infusion [8].

Clear systems should be in place for dilution of
ampoules that contain high-concentration potent vaso-
pressors, in order to reduce the risk of drug error. Anaes-
thetic departments should consider the benefits vs. risks
of sourcing dilute ampoules, or prefilled syringes.

Target blood pressure

As noted earlier, a number of definitions of hypoten-
sion are currently used. Ngan Kee et al. showed that
there were marked improvements in the incidence of
nausea and vomiting when SAP was maintained at the
baseline level, compared with < 90% or < 80% baseline
[49]; there were also measurable, albeit small, improve-
ments in neonatal umbilical cord blood gas status. We
suggest that the aim should be to maintain SAP > 90%
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of an accurately measured baseline until delivery of the
neonate, with the intention of reducing the frequency
and duration of episodes of significant hypotension
< 80% baseline. Systolic arterial pressure values < 80%
should be treated expeditiously, usually with a vaso-
pressor bolus injection.

Measurement of blood pressure

Guidelines for blood pressure measurement in gen-
eral medical practice suggest, for accuracy, a 5-min
period without movement or speaking [101],
although this is unlikely to be achieved in the situa-
tion of impending surgery. On the other hand, a
potentially conflicting requirement is that the base-
line blood pressure should be taken under similar
conditions to those after spinal, for example, with
regard to position.

Research studies demand a high degree of accu-
racy in measurement, especially with regard to an
accurate baseline blood pressure. For the oscillometric
blood pressure method, Ngan Kee et al. set the device
to repeat measurements every 1-2 min until three con-
secutive values of SAP were achieved with a difference
of <10% between them. The baseline pressure was
considered to be the mean of those three readings, and
heart rate was calculated as the mean of the three con-
current readings [39].

During routine clinical practice, most anaesthetists
will only take one baseline measurement of blood pres-
sure. However, repeated measurements should be per-
formed if the value is higher than expected in a
woman not known to be hypertensive, or in a woman
who is in labour. If it does not settle, check the latest
reading from the medical notes, and consider using
this as baseline.

After the spinal, measure non-invasive blood pres-
sure every minute. If blood pressure is being measured
while the woman is in one or other lateral position,
the non-invasive blood pressure cuff should be placed
on the dependent arm to reduce error from hydro-
static effects [102].

Prophylactic vs. reactive treatment

Heesen et al. performed a meta-analysis that included
comparisons of prophylactic phenylephrine infusion
vs. placebo infusion with vasopressor treatment if
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hypotension developed (reactive management). Pro-
phylactic treatment demonstrated a benefit with regard
to the incidence of hypotension both before and after
delivery, as well as nausea and vomiting. Prophylactic
phenylephrine infusions resulted in the administration
of higher doses of phenylephrine overall, when com-
pared with reactive treatment, while the risk of mater-
nal hypertension and bradycardia were similar [103].

A randomised, controlled trial, published subse-
quent to this meta-analysis, compared prophylactic
variable rate infusion and rescue phenylephrine
boluses, with rescue boluses alone. This demonstrated
that the infusion was more effective at preventing
spinal hypotension, nausea and vomiting, with fewer
clinical interventions [104].

Infusion vs. bolus administration
Most studies have compared a prophylactic infusion of
vasopressor with reactive administration. There are
limited data comparing prophylactic phenylephrine
infusions with prophylactic phenylephrine boluses. A
study by das Neves et al. found that continuous infu-
sion of phenylephrine appeared superior at preventing
hypotension, nausea and vomiting when compared
with a prophylactic dose of 50 pg phenylephrine [105].
Sen et al. reported similar results when comparing
patients having a phenylephrine infusion with those
having an initial prophylactic dose of 50 pg phenyle-
phrine, followed by intermittent 50 pg doses [106]. Of
note, the phenylephrine boluses used in these studies
would be considered to be small; a dose of 100 g is
more widely used both to prevent and treat spinal
hypotension [34, 49]. On the other hand, a high-dose
(120 pg.min~"), fixed-rate phenylephrine infusion was
comparable with 120 pg boluses, apart from better
early blood pressure control in the latter group [107].
From this evidence, it appears that a prophylactic
phenylephrine infusion is superior to bolus administra-
tion only, and that delaying the start of the infusion
could limit its efficacy in reducing the incidence of
hypotension. In clinical practice, vasopressor adminis-
tration at the point of recording a low blood pressure
will not be as meticulous as in research studies, and
will not be done ‘on the clock’. Therefore, the ten-
dency will be for delay in bolus treatment, with subse-
quent hypotension, in comparison with infusion. The
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corollary is that the infusion should be started prophy-
lactically immediately after the insertion of the spinal.

Optimum dose

Allen et al. studied four prophylactic fixed-rate phenyle-
phrine infusions. The groups having 25 pg.min' and
50 pug.min~ ' had fewer physician interventions to main-
tain SAP > 80% baseline, compared with the group hav-
ing 100 pg.min~'. In addition, the 75 pg.min~' and
100 pg.min~' groups had higher incidences of reactive
hypertension [108]. It seems preferable to start an infu-
sion at a rate of 25-50 pugmin ', and titrate to
response. Physician-controlled variable rate infusions
are preferable to fixed rate, in order to limit the total
dose of phenylephrine infused.

If a vasopressor infusion is commenced at a fixed
rate after spinal insertion, there will be a delay in
achieving effective blood levels, whereas adding a bolus
dose of vasopressor immediately after the spinal will
allow more rapid effect. Kuhn et al. demonstrated that
an initial phenylephrine bolus of 0.25 ugkg ', fol-
lowed by an infusion at 0.25 pg.kg.min ', maintained
SAP without any adverse effects [45]. Further work is
required to identify an optimum dose for a prophylac-
tic bolus, and ensure that there is not a risk of reactive
hypertension and bradycardia.

Second-line drugs

There are no comparative studies of drugs used as a
second-line agent after the initial administration of an
o-agonist. When using an o-agonist as the first-line
vasopressor, low doses of ephedrine are suitable to
manage SAP < 90% baseline when combined with a
low heart rate, in order to restore blood pressure and
cardiac output [31, 109]. There is no evidence to indi-
cate the heart rate threshold requiring treatment, in
the absence of severe hypotension; individual clinicians
should use their clinical judgement.

For significant bradycardia with hypotension, an
anticholinergic (glycopyrronium (glycopyrrolate) or
atropine) may be required. There is insufficient evi-
dence to recommend routine use of glycopyrronium
for the prevention of hypotension [110].

Although not used to treat hypotension, ondanse-
tron has beneficial side-effects producing a modest
reduction in hypotension and bradycardia after spinal
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anaesthesia. More research is needed to establish its
role conclusively [111, 112].

Computer-controlled vasopressor administration
Close-loop automated vasopressor delivery systems use
a microprocessor-based control unit to vary the dose
of vasopressor according to maternal blood pressure.
There are several aspects of administration that may
be altered when using computer-controlled feedback
systems. The algorithm may utilise an on-off or a pro-
portional principle. For the on-off algorithm, the con-
troller automatically triggers a fixed infusion of
vasopressor when it detects blood pressure below a
pre-set threshold [113], whereas for the proportional
algorithm, the vasopressor dose delivered by infusion
is varied in accordance with the degree of hypotension,
for instance between 0 pg.min~' and 100 pg.min '
[114]. The system may deliver the vasopressor as a
bolus or as an infusion in response to low blood pres-
sure. Blood pressure control is more precise, with
smaller doses of vasopressor, using boluses [115].

Suggested advantages of noradrenaline compared
with phenylephrine, when administered in this way,
include better precision in blood pressure control and
higher cardiac output for the mother, and better cord
pH and lower catecholamine levels for the neonate
(39, 98, 116].

Continuous blood pressure monitoring ensures no
lag time between the development and recognition of
hypotension and, hence, the use of a continuous blood
pressure measurement device may allow control with
minimal delay and deviation. Several continuous,
non-invasive blood pressure devices based on the vas-
cular-unloading or volume-clamp method have been
developed, including the Nexfin® (BMEYE B.V., Ams-
terdam, the Netherlands), CNAP® (CNSystems, Graz,
Austria) and T-line (Tensys Medical, Inc., San Diego,
CA, USA). These devices have the potential to detect
rapid blood pressure changes, including hypotensive
episodes [117-119]. Sia et al. used CNAP monitoring
for their automated system, but also incorporated a dou-
ble-vasopressor system that administered phenylephrine
or ephedrine according to heart rate, to reduce reactive
bradycardia found with phenylephrine [109, 120]. This
group’s most recent development included a simple
proportional algorithm that allowed administration of
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larger doses if blood pressure change is greater, along
with a Nexfin monitor (Fig. 1). This system was able
to achieve 80% of all SAP readings > 80% baseline,
with good maternal and fetal outcomes [121].

These data suggest a potential role for automa-
tion of vasopressor administration, together with non-
invasive continuous blood pressure monitoring, to
allow more precise maintenance of haemodynamic sta-
bility. Safe performance of these systems in the pres-
ence of measurement artefacts needs to be
demonstrated.

Non-elective caesarean section and
other anaesthetic techniques

Fetal acidaemia increases during the course of labour.
Although it has not been demonstrated that ephedrine
is worse than phenylephrine for neonatal outcomes in
this situation [12, 29], ephedrine causes dose-related
acidosis and, therefore, phenylephrine would seem to
be the best vasopressor choice in the presence of sig-
nificant fetal acidaemia. When caesarean section is
required for a woman in labour, hypotension after
spinal anaesthesia is reduced compared with elective
cases [12, 75, 76]. It is advisable to start a vasopressor
infusion at a lower rate than for elective cases. Fur-
thermore, in the category-1 case, preparation of an

infusion should not delay other measures taken to
achieve rapid delivery of the fetus.

Other anaesthetic techniques

The rate and severity of hypotension is greatest after
full-dose spinal and combined spinal epidural anaesthe-
sia compared with low-dose spinal, combined spinal-
epidural and epidural techniques. Low-dose combined
spinal-epidural and spinal catheter techniques provide
excellent haemodynamic stability, with little require-
ment for vasopressor medication [122—124].

Special circumstances

Pre-eclampsia

Patients with severe pre-eclampsia experience less
hypotension and have lower vasopressor requirements
during spinal anaesthesia, compared with healthy
women undergoing caesarean section [125-127]. These
findings suggest that women with pre-eclampsia either
have greater endogenous vasoactive mediators, or are
more sensitive to exogenous vasopressors, compared
with healthy pregnant women.

There are few studies comparing vasopressors in
women with pre-eclampsia. A study evaluating the
haemodynamic status of 15 women with severe pre-
eclampsia having spinal anaesthesia for caesarean

Continuous haemodynamic monitoring

v

v

Systolic blood pressure at or

| Systolic blood pressure between 90-t100% of baseline ‘

above baseline

v

Figure 1 Schematic diagram of the algorithm used in a double-intravenous vasopressor automated system (from

[121]).
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section for a maternal indication, found that 50-100 pg
phenylephrine boluses to treat spinal hypotension
increased MAP and systemic vascular resistance, but did
not significantly change the stroke volume or cardiac
output [128]. In a subsequent randomised trial investi-
gating spinal anaesthesia for caesarean section in early
onset severe pre-eclampsia, the maternal haemodynamic
effects of ephedrine and phenylephrine were formally
compared. After a 300-ml colloid pre-load, a median
bolus dose of 50 pg phenylephrine returned the spinal
anaesthesia-induced changes in systemic vascular resis-
tance, heart rate and cardiac output towards baseline
more effectively than 15 mg ephedrine boluses [129].

A retrospective comparison of ephedrine and
phenylephrine for the treatment of hypotension after
spinal anaesthesia in women with pre-eclampsia found
no difference in neonatal umbilical artery pH [130],
nor did a further study in high-risk women that
included an unspecified proportion of women with
pre-eclampsia [131]. A recent randomised trial has
shown that in patients with severe pre-eclampsia and
fetal compromise, fetal acid—base status is independent
of the use of bolus ephedrine vs. phenylephrine to
treat spinal hypotension [132].

These studies suggest that phenylephrine is the
optimal first-line vasopressor to reverse the maternal
haemodynamic changes induced by spinal anaesthesia
in women with severe pre-eclampsia. The dose of
phenylephrine required may be lower than in healthy
women; hence a prophylactic vasopressor infusion may
not be required and, if used, should be started at a low
dose with the effect on blood pressure monitored care-
fully. The choice of vasopressor, whether administered
by bolus or infusion, does not appear to influence
neonatal outcome.

The ideal target blood pressure for women
with gestational hypertension is unknown; figures of
< 140-150 mmHg are suggested for SAP [14, 133].
The aim should be to allow SAP to come down slowly,
as rapid reduction risks a decrease in uteroplacental
blood flow.

Cardiac disease

Neuraxial techniques are frequently used in women
with cardiac disease undergoing caesarean section in
contemporary clinical practice. In women with
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pulmonary hypertension, there is a trend towards
lower mortality during caesarean section with neurax-
ial compared with general anaesthesia [134]. Single-
shot spinal anaesthesia is best avoided in women with
significant cardiac disease; the rapid-onset sympathec-
tomy and haemodynamic changes associated with
spinal anaesthesia are often poorly tolerated, especially
with pre-load-dependent physiology (e.g. Fontan circu-
lation) or fixed cardiac output states (e.g. aortic or
mitral stenosis). Titratable, catheter-based neuraxial
techniques, such as epidural, low-dose combined
spinal-epidural or continuous spinal anaesthesia, are
well described [124, 135, 136].

There are no studies evaluating the optimal vaso-
pressor to prevent or treat hypotension after neuraxial
anaesthesia in women with cardiac disease undergoing
caesarean section. Recommendations are based on evi-
dence from case series, case reports and expert opin-
ion. Women with cardiac disease undergoing
caesarean section with neuraxial anaesthesia have been
managed with phenylephrine infusions guided by inva-
sive or non-invasive monitoring [135, 136]. However,
given the marked heterogeneity among cardiac lesions,
phenylephrine should not be routinely administered to
all women with cardiac disease. The haemodynamic
goals of the patient’s specific cardiac lesions, and the
likely haemodynamic changes induced by neuraxial
anaesthesia, should guide the selection of the most
suitable vasopressor [137]. Phenylephrine is the agent
of choice in women with hypertrophic cardiomyopathy
as it has no inotropic effects, in contrast to ephedrine,
whose intrinsic B-agonist activity may worsen dynamic
ventricular outflow obstruction [138]. A sudden
decrease in systemic vascular resistance after neuraxial
anaesthesia in the presence of fixed cardiac output
lesions, such as severe aortic or mitral stenosis, are
best prevented or treated with phenylephrine; tachy-
cardia induced by ephedrine may worsen haemody-
namic status in patients with stenotic valvular disease
[138]. Similarly, phenylephrine may be preferable in
women with ischaemic cardiac disease, where tachycar-
dia should be avoided to minimise increases in
myocardial oxygen demand and optimise blood supply
[139]. On the other hand, ephedrine may be preferable
to phenylephrine in woman with regurgitant valvular
lesions, where bradycardia should be avoided.
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Limited resource environments

Hospital environments may be classified as either
resource rich, resource constrained, where facilities are
present although potentially overloaded, or resource
poor. In the latter, there are differences in anaesthetic
staffing, availability of drugs, monitoring and syringe
pumps, and operating theatre and recovery facilities;
patients may also present late, as a result of inadequate
antenatal care, with hypovolaemia, electrolyte distur-
bances and undiagnosed underlying pathology [140].

Facilities must be able to allow conversion of
spinal to general anaesthesia [141-143]. Continuous
ECG and pulse oximetry monitoring should be avail-
able. If automated non-invasive oscillometric blood
pressure monitoring is available, this should be set to
cycle every minute. If not available, the anaesthetist or
delegate should check the blood pressure as frequently
as possible using the available apparatus, preferably
every 2-min at least until delivery.

Women having emergency caesarean section need a
careful assessment of volume status, taking into account
potential losses including haemorrhage, vomiting and
prolonged labour. The importance of the shock index
(ratio of heart rate: SAP) as an indicator of poor out-
comes in women with peripartum haemorrhage is now
well recognised [144]. Significant hypovolaemia is an
absolute contraindication to spinal anaesthesia for cae-
sarean section; hypovolaemia, particularly due to haem-
orrhage, results in compensatory  splanchnic
vasoconstriction and mobilisation of blood into the cir-
culation [145]. In this situation, sympathectomy follow-
ing spinal anaesthesia can cause potentially fatal
reduction in venous return and cardiac pre-load.

A dose of 10 mg hyperbaric bupivacaine plus
10 pg fentanyl is usually appropriate for caesarean sec-
tion. This may be increased or decreased for extremes
of height, but does not need to be adjusted for body
mass index. If no fentanyl is available, administer
hyperbaric bupivacaine 10 mg alone. If no hyperbaric
bupivacaine is available, an isobaric solution is accept-
able [146], although there are concerns related to less
reliable anaesthesia. It is also acceptable to mix dex-
trose with isobaric bupivacaine, to produce a hyper-
baric solution; for example, mix 4 ml of 0.5% isobaric
bupivacaine with 0.5 ml 50% dextrose to produce a

84

solution of 0.44% bupivacaine with 5.55% dextrose.
Other local anaesthetics have been used, but there are
limited data available. Strict aseptic technique must be
used, including sterile gloves and a surgical mask, and
particular care must be taken to avoid drug errors and
contamination with antiseptic skin preparation solu-
tion.

There is limited evidence for the optimal manage-
ment of hypotension after spinal anaesthesia in
resource-poor environments. A recent paper has
described the use of a fixed low-rate phenylephrine
infusion to provide background pharmacological
action, with supplementary boluses as needed. This is
an easier option for the unskilled anaesthetist than a
titrated infusion, with a low risk of side-effects [147].
In general, our suggestions are based on principles
studied in resource-rich environments and modified
for local practice, based on expert opinion.

It is unacceptable to proceed with spinal anaesthe-
sia without the availability of a vasopressor and an
anticholinergic agent. The vasopressor of choice, if
available, is phenylephrine; however, resource limita-
tions may mean that other agents may have to be con-
sidered. These would be, in order of preference: other
synthetic o-agonists, ephedrine and then adrenaline
(Appendix 2).

Crystalloid coload with a resuscitation fluid such as
modified Ringer’s lactate is suggested; 0.9% saline is an
acceptable alternative. Ensure adequate hydration pre-
spinal anaesthesia, and then coload with 15 mlkg '
(approximately one litre) once the spinal injection is
performed.

Spinal anaesthesia has been promoted in limited
resource environments because it is, in principle, safer
than general anaesthesia. However, spinal anaesthesia
has become the leading anaesthetic cause of maternal
death in South Africa, because of high block, uncon-
trolled hypotension or a combination of the two [143].
Recent guidelines have been introduced to aid inexpe-
rienced anaesthetists or medical officers in identifying
the progression of local anaesthetic block to danger-
ously high levels, and making the appropriate response
[143]. Furthermore, four basic patterns of haemody-
namic response to spinal anaesthesia for caesarean sec-

tion are highlighted.
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1. Hypotension and increase in heart rate

This is the usual response to spinal anaesthesia. Arteri-
olar, and to a lesser extent venous dilation, reduces
systemic vascular resistance; a baroreceptor response
results in an increase in cardiac output. The changes
are corrected by an o-agonist. In the event of failure
of, or unreliable, blood pressure recordings, the vaso-
pressor should be titrated to reduce the heart rate to
the baseline value.

Do not administer anticholinergic agents in
response to o-agonist-induced bradycardia unless the
blood pressure is proven to be low (see 2 below); this
can cause tachycardia and hypertension, particularly in
patients with pre-eclampsia.

2. Hypotension and bradycardia

An uncommon pattern caused by a vasovagal
response; rather than ‘appropriate’ tachycardia and
vasoconstriction in the upper body in response to
hypotension, the opposite changes occur. This should
be treated by anticholinergic agents and/or ephedrine,
in addition to the o-agonist.

3. Persistent refractory hypotension

If there is a poor response to vasopressors or anti-
cholinergic agents, the cardiovascular status of the
mother should be reviewed immediately. Undiagnosed
hypovolaemia, cardiac disease (cardiomyopathy, valvu-
lar heart disease) and pre-eclampsia-induced heart fail-
ure should be checked for. Treatment may include i.v.
fluids, inotropic support or diuretics, depending on the
findings.

4. High spinal block with cardiorespiratory failure

Hypotension and bradycardia are likely (see 2 above)
together with other indicators of high sensory and
motor block, respiratory compromise and decreased
consciousness. Aggressive treatment to correct the car-
diovascular changes is required together with respira-
tory support including tracheal intubation if indicated.

Future directions

Further research is required on the ideal pharmacolog-
ical profile for a single o-agonist or, alternatively, the
role for combined agents. The more widespread avail-
ability of smart pumps that can deliver computer-
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controlled vasopressor regimens may further improve
blood pressure control after spinal anaesthesia.

The importance of enhanced monitoring, such
as cardiac output, needs clarification in relation to
important maternal and fetal outcomes, especially
for compromised fetuses. Currently, these devices
are best used for research purposes in order to
identify underlying physiological and pathophysio-
logical mechanisms. In individual high-risk cases,
specific, extra non-invasive or invasive monitoring,
including echocardiography, might be indicated if
available.

Methods to predict hypotension would be welcome
if they were inexpensive, built into current monitors
and well proven across a variety of practice situations.
In the long term, genetic typing may predict individual
response to vasopressors [148].
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Appendix 1

Recommendations for manually titrated vasopressor

infusion at elective caesarean section under spinal/

combined spinal-epidural anaesthesia.

Vasopressor preparation
Add 10 mg phenylephrine to a 100-ml bag of normal

saline, to give a concentration of phenylephrine of

100 pg.ml ', In a 50-ml syringe, draw up 25 ml of the

phenylephrine solution. Attach an extension line to the

50-ml syringe and prime with the vasopressor solution

in the syringe.

Before the spinal
Insert a suitable size cannula (14- or 16-G) to allow

rapid intravenous (i.v.) infusion. Connect 1 1 warmed

crystalloid to a wide-bore giving set that has a Y-
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connector with an antireflux valve; attach the vasopres-
sor infusion to the Y-connector. Connect to the
patient’s i.v. cannula and run the crystalloid slowly.
[Alternative: start colloid pre-load, aim to com-
plete before spinal injection.]
Apply non-invasive blood pressure (NIBP) moni-
toring.
Write down the following values (repeat the base-
line measurements if they are outside the normal range):
1 Baseline systolic arterial pressure (SAP).
2 90% baseline SAP.
3 80% baseline SAP.

At the end of the spinal injection
Start the vasopressor infusion at a rate of between
15 mLh™! and 30 mLh™! (25-50 ug.min_l).
Switch the NIBP measurements to 1-min cycles.
Start iv. crystalloid coloading by turning the iv.
infusion to maximum (use a pressure bag if needed).

Adjusting the vasopressor infusion
Aim to maintain the maternal SAP at > 90% baseline.

e Hypotension, heart rate maintained

o SAP < 90% baseline: increase phenylephrine
infusion by 10 mLh™" and re-assess.

o SAP < 80%
phenylephrine bolus and increase phenylephrine

baseline:  administer 100 pg
infusion by 10 mLh™".
e Hypotension, heart rate reduced

o SAP < 90% baseline, heart rate low: administer
3—-6 mg ephedrine.

o SAP < 80%
< 60 beats.min~': administer 200 pg glycopy-

baseline, heart rate

rronium/atropine.

When the woman is positioned supine for surgery,
ensure left lateral displacement of the uterus from the
inferior vena cava, aiming for at least 15° pelvic tilt
(with lateral tilt of the operating table or a wedge).

After delivery

After delivery, the vasopressor infusion can be weaned
down rapidly, although beware of hypotensive effects
of oxytocic drugs given at delivery.
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If the woman is stable and asymptomatic, then rel-
ative hypotension can be tolerated; the requirement for
tight control of blood pressure applies to the pregnant
state.

If there are symptoms such as nausea and vomit-
ing with hypotension as the infusion is reduced, check
for hidden blood loss.

At the end of the case, the vasopressor infusion
should be disconnected and the cannula should be
flushed slowly to ensure that there is no residual vaso-
pressor in the cannula.

If there is still a requirement for vasopressor
at the end of elective surgery, a full assessment of
the patient should be made, with particular atten-
tion to the cardiovascular system and fluid bal-
ance.

Appendix 2

Recommendations for management of hypotension
after spinal anaesthesia for caesarean section in limited

resource environments.

Preparation of the patient
Careful assessment of volume status; exclude hypo-
volaemia.

Vasopressor treatment
The vasopressor of choice, if available, is phenyle-
phrine:
1 Preparation: Mix 10 mg phenylephrine in 200 ml
0.9% saline. This gives a concentration of 50 pg.ml ™.
2 Infusion options, if a syringe driver is available:

2.1 Administer a 50 pg.ml ™" infusion at 60 mLh™"
(50 ug.minfl), and titrate to effect (this
requires a skilled anaesthetist).

2.1 Run a fixed rate infusion at 30 mLh™'
(25 ug.min~'). Treat any hypotension with
boluses of 50-100 pg phenylephrine in addi-
tion to the infusion.

3 If no syringe driver is available, options are:

3.1 No infusion, bolus as required with 50—
100 pg (2 ml). Start treatment when heart
rate increases and/or blood pressure decreases
to 90% baseline.
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3.2 Add 500 pg phenylephrine to the first litre of
Ringer’s lactate and administer rapidly once
the spinal anaesthetic has been administered.
If this runs over 10-20 min it will approxi-
mate a 25-50 pg.min~ ' infusion, and can be
titrated to the heart rate.

A number of alternative options are acceptable,
such as:

1 Ephedrine (50 mg ephedrine added to 9 ml 0.9%
saline in a 10-ml syringe to give 5 mg.ml_l) -
bolus dose of 10 mg.

2 Metaraminol (10 mg metaraminol added to 19 ml
0.9% saline in a 20-ml syringe gives 0.5 mg.ml ")
— bolus dose of 0.5 mg.

3 Adrenaline may be used in the absence of alterna-
tives (1 mg added to 200 ml 0.9% saline gives
5 pg.ml ") — bolus dose of 10 pg.

Monitoring
Ensure free-flowing intravenous (i.v.) infusion, using
cannula of at least 18-G.
Apply non-invasive blood pressure (NIBP) moni-
toring.
Record the following values:
Baseline systolic arterial pressure (SAP).
90% baseline SAP.
80% baseline SAP.
Baseline heart rate.
120% baseline heart rate.

(O R S

At the end of the spinal local anaesthetic
injection
Commence vasopressor infusion (if used) at the prede-
termined starting rate.

Switch the NIBP measurements to 1-min cycles/
manual blood pressure measurements every 1-2 min
until BP stable, or the baby is delivered.
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Start i.v. crystalloid coloading 15 ml.kg ' by turn-
ing the i.v. infusion to maximum (use a pressure bag if
needed).

Treat hypotension early and aggressively. Aim to
keep the SAP > 90% of baseline SAP and the heart
rate < 120% of baseline heart rate.

Look for these patterns:
e Hypotension and tachycardia: give vasopressor

o Tachycardia with no/unreliable blood pressure
measurement: titrate vasopressor to bring heart
rate to baseline level

e Hypotension and bradycardia: give anticholinergic
and vasopressor

e Persistent hypotension: check for other cause (hy-
povolaemia, heart disease or heart failure). Check
that measurements are accurate.

e Hypotension with high block: treat hypotension as
above, with a low threshold for adrenaline by infu-
sion if there is no early response to first-line vaso-
pressor therapy; support ventilation, intubate
trachea if required.

Treat as for hypotension if the patient complains
of nausea, if she is feeling faint/sweaty or if she is
unable to talk. Do not wait for NIBP readings before
administering vasopressor in these situations.

When the woman is positioned supine for surgery,
ensure left lateral displacement of the uterus from the
inferior vena cava by applying at least 15° pelvic tilt
(with lateral tilt of the operating table, a wedge or
rolled towels).

After delivery

If an infusion is being used, wean this rapidly over
5 min or so. If hypotension occurs, check for a cause,
as above.
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