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Aim: Significant side effects of tocolytic and uterotonic
substances may be of concern to the anaesthesiologist.
Recently, new drugs have been introduced having less
side effects for both the mother and the neonate.
Methods: A literature search was undertaken mainly
focusing on meta-analyses, to review the possible side
effects that might affect the course of anaesthesia and to
suggest which precautions should be considered to pre-
vent the occurrence of significant interactions with anaes-
thetic manipulations and drugs.
Results: Magnesium sulphate has a proven benefit in
lowering systolic blood pressure and preventing the oc-
currence of eclampsia, but not as a tocolytic. b-adrenergic
agonists are being abandoned due to the availability of
tocolytic agents causing less side effects. Calcium channel
blockers (CCB) are frequently used but can cause major
maternal cardiovascular complications. Nitroglycerin
seems to be appreciated as an acute tocolytic rather than
a routine substance during pre-term labour. Cyclo-oxyge-
nase-2 inhibitors are still under investigation but their

tocolytic benefit is questionable mainly due to foetal side
effects. Atosiban is considered the first-choice tocolytic.
With respect to oxytocic drugs, oxytocine, prostaglandines
and methylergometrine may all cause serious side effects
especially when combined. The cardiovascular side effects
of prostaglandins and methylergometrine can be life-
threatening. Both oxytocin and carbetocin have a rather
low risk for maternal complications.
Conclusion: Atosiban and CCB are at least as effective
tocolytic agents as b-mimetics but have significantly less
side effects. Magnesium sulphate can cause neuromuscu-
lar blockade, especially when combined with CCB.
Concerning oxytocic agents, short-acting oxyctocin and
long-acting carbetocin have the least side effects as com-
pared with prostaglandins and methylergometrine.
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TOCOLYTIC and uterotonic drugs are adminis-
tered to influence the contractility of the uterus.

For this effect the most important factor is the
amount of intracellular calcium that can be chan-
ged by influx from the extracellular compartment
or release/reuptake from the sarcoplasmatic reti-
culum (Fig. 1). Another way to block uterine con-
traction is through a direct effect on the enzyme
that interferes with phosphorylation of myosin.

The present overview highlights the different
medications in use and their reported interaction
with anaesthetic procedures.

Tocolytic substances

These are given to prevent pre-term delivery or to
enable some manipulations. Pre-term birth rates

are not declining but are in fact slowly increasing.1

Pre-term birth is a major contributor to perinatal
mortality and morbidity.2

On the other hand, it may be questioned whether
it is wise to keep the foetus in a possibly hostile
intrauterine environment with the risk of infection
and hypoxic stress. Most authors agree that only
with intact membranes and with a gestational
age of o34 weeks, the foetus may benefit from
short-term tocolysis, allowing the administration of
corticosteroids for lung maturation and/or trans-
portation to a neonatal care centre.3 Administration
of corticosteroids and better neonatal care are
associated with improved neonatal outcome. To
date, tocolysis has not been convincingly shown
to improve neonatal outcome above that achieved
with the administration of corticosteroids alone.4
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Hydration
Although not considered as medication, hydration
of the patient has been suggested to decrease
uterine activity. This should be done very carefully
because it may increase the risk of pulmonary
oedema associated with the use of other tocolytic
agents. Meta-analysis has shown that hydration is
no better than placebo.5

b-adrenergic drugs
The use of b-mimetics as tocolytic agents is declin-
ing for several reasons. They have the most im-
portant list of side effects, as up to 25 fatal cases
have been described following pulmonary oedema.
Also, the lack of evidence of improved neonatal
outcomes and the availability of at least as effective
other tocolytics with less side effects have resulted
in the suggestion to abandon the b-agonists.6,7

The most widely used b-mimetics are fenoterol
and ritodrine. Ritodrine is a rapid-acting substance
with a rather short half-life but tachyphylaxis may
occur after prolonged use whereas fenoterol, which
is somewhat more b-2 selective, has a longer dura-
tion of action. Only limited experience exists with
salbutamol and terbutaline.7

Maternal haemodynamic side effects consist of
tachycardia (b-1), arrhythmia (supraventricular ta-

chycardia, atrial flutter and ventricular extrasys-
toles), hypotension (vasodilation and decreased
diastolic blood pressure), myocardial ischaemia
and pulmonary oedema (risk 1/1000). The latter
complication may occur more than 24 h after the
start of treatment and rarely earlier than that while
the risk of pulmonary oedema may remain up to
24 h after discontinuation of the tocolytic agent.
The risk of pulmonary oedema is enhanced in case
of intravenous therapy, polyhydramnios, multiple
gestations, excessive fluid therapy (to treat hypo-
tension), corticosteroid therapy, anaemia and hy-
pertension. Other contributing factors are fluid
retention (due to ADH and aldosterone secretion),
decrease of colloid oncotic pressure, infection (en-
dotoxin release), disturbed oxygen delivery bal-
ance and pregnancy itself due to the increase of
intravascular volume.8

Pulmonary oedema may be avoided by careful
fluid therapy, not combining tocolytics and main-
taining the maternal heart rate below 120 b.p.m.
b-mimetics should not be given to patients with
pre-existing cardiac disease such as arrythmias and
poorly controlled thyroid hyperactivity.9

Other side effects described with b-mimetics are
tremor, palpitations, restlessness, nervousness, an-
xiety, nausea/vomiting, fever, hallucinations and
probably, more importantly, some metabolic effects.

b-mimetics increase the secretion of glucagon in
the pancreas. This leads to glucogenolysis and
gluconeogenesis and finally hyperglycaemia sti-
mulating the production of insulin. As a conse-
quence, hypokalaemia, even after cessation of
therapy, may also occur, causing cardiac arrhyth-
mias. Potassium administration is rarely required
because total potassium will not change. On the
other hand, rebound hyperkalaemia has been re-
ported after abrupt discontinuation of b-mimetic
therapy.10

b-mimetics should be avoided in diabetic pa-
tients, severe pre-eclampsia, cardiac disease, hypo-
volaemia and thyroid disease.7

As b-mimetics cross the placenta, this may affect
the neonatal outcome. Besides an increase in the
foetal heart rate, the neonate may suffer mostly
from the metabolic side effects. Hyperinsulinism
may cause neonatal hypoglycaemia. Also, in-
creased neonatal intraventricular haemorrhage
has been reported while, due to surfactant release,
the risk of developing hyaline membrane disease
may be decreased.11

With all the side effects in mind, it is not
surprising that therapy with b-mimetics may
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have significant anaesthetic implications. There are
no prospective, randomized-controlled trials of
anaesthesia after b-mimetic administration. As the
mean disposition half-life of ritodrine has been
reported to be 156 � 51 min12, it may be prudent
to delay the induction of general anaesthesia at
least 60 min after discontinuation of the tocolytic.
This is in accordance with a recent case report of six
patients who underwent an emergency Caesarean
section 45–75 min after cessation of ritodrine treat-
ment. A rebound hyperkalaemia with peak levels
from 6.8 to 7.9 mmol/l was noted in each case 60–
150 min after cessation of ritodrine.13 However,
women with failed tocolysis often need emergency
administration of anaesthesia. In such cases regio-
nal anaesthesia may be preferable. Regional anaes-
thesia may enhance the hypotensive effect, which
makes some anaesthetists prefer epidural rather
than spinal anaesthesia. When hypotension occurs,
it is recommended to be careful with fluids and
rather select a vasopressor drug. Phenylephrine
may be more beneficial than ephedrine as the latter
further increases the heart rate.

Magnesium sulphate
Although rarely used in Europe, in the United
States, it is still popular as a tocolytic despite
several studies demonstrating no tocolytic activ-
ity.14 The main reason for this is the lack of
evidence that magnesium sulphate really has ben-
efit over controls (placebo and other tocolytics)
while it may induce a higher risk of neonatal
death.14,15 Recently, but this needs confirmation in
prospective trials, it has been used for neuroprotec-
tion for very pre-term birth, i.e. o30 weeks. The
effectiveness may also depend on the stage of
labour.16 Magnesium sulphate should be adminis-
tered in every case of severe pre-eclampsia for the
prevention of eclamptic seizures.17

When compared with other tocolytics, magne-
sium sulphate is relatively well tolerated. Espe-
cially haemodynamically magnesium sulphate is
quite safe but with this drug pulmonary oedema
may also occur. Respiratory difficulty and cardiac
arrest may theoretically occur but at extremely high
plasma concentrations. Other well-known side
effects are mostly lethargy, flushing, headache,
muscle weakness, diplopia, dryness of the mouth,
nausea/vomiting and shortness of breath. Some
authors found that magnesium, especially after
prolonged cumulative administration, may in-
crease maternal morbidity following intake for

48 h or more as compared with intake for shorter
periods.18

It may be contraindicated in patients with
myasthenia gravis, evidence of marginal cardiac
compensation and renal disease. Calcium gluco-
nate can be administered to reverse untoward
effects. Magnesium crosses the placenta and neo-
natal side effects may be: lethargy, hypotonia,
respiratory depression and bone demineraliza-
tion.18 In a comparative study with nifedipine, it
was found that magnesium sulphate caused neo-
nates to spend longer times in the neonatal inten-
sive care unit.19

For the anaesthetist the interaction between
magnesium sulphate and muscle relaxants may
be of additional importance. This increased sensi-
tivity may cause overdose, faster onset and pro-
longed duration of action of neuromuscular
blocking agents. In pre-eclamptic patients, the
association between a low platelet count and the
weak tocolytic effect of magnesium given for its
anticonvulsive properties may cause major bleed-
ing in case of uterine atony.

CCB
These substances have been known to have toco-
lytic properties for a long time even if they have
never been compared with placebo. CCB inhibit the
transmembrane influx of calcium ions into smooth
muscle cell by producing an interference with slow
voltage-dependent calcium channels. When com-
pared with b-mimetics, it was shown that nifedi-
pine caused more frequent successful prolongation
of pregnancy in case of pre-term labour, with fewer
neonatal problems.20,21 The most well-known sub-
stances are nifedipine (orally) and nicardipine (in-
travenously). Vasodilatation and hypotension are
usually mild. Despite the low incidence of side
effects, serious complications may occur such as
pulmonary oedema (more risk with nicardipine)
and neuromuscular blockade (after combination
with magnesium sulphate). The combination of
these two synergistic myocardial depressants has
been reported to induce symptomatic hypocalcae-
mia.21 Also, the combination with b-mimetics
should be avoided.22

Combined use of CCB with potent inhalation
anaesthetics may lead to vasodilatation, hypoten-
sion, myocardial depression and conduction de-
fects. They should be given with caution to mothers
with already existing hypotension and multiple
gestation.22 Especially, the short-acting form of
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nifedipine seems to result in increased cardiovas-
cular mortality.23 Several cases of acute pulmonary
oedema during tocolytic therapy with nifedi-
pine24,25 and nicardipine26,27 have been reported
especially in multiple pregnancy. The pathophy-
siology of pulmonary oedema has been postulated
to be an acute diastolic dysfunction resulting from
reflex tachycardia. Vasodilatation caused by nife-
dipine may be more pronounced in pre-capillary
than post-capillary vessels, with an increase in
hydrostatic pressure as a result. Further exaggerat-
ing factors may be increased extracellular volume
due to corticosteroid administration and infusion
of fluids. Other minor side effects are flushing,
headache, dizziness and nausea.

Prostaglandin synthesis inhibitors
Prostaglandins are mediators of uterine contrac-
tion. They block cyclo-oxygenase (COX) 1 and 2
and decrease the levels of potent myometrial con-
strictors, prostaglandins F2a and E2a. Indomethacin
is known to have tocolytic properties since more
than three decades. The most important concern is
their effect on platelet function and premature
closure of the ductus arteriosus but the latter does
not seem to be a major problem when gestational
age is o32 weeks. Also, ketorolac may be used for
tocolysis but cannot be administered orally.

The discovery of two types of more or less
specific COX inhibitors has led to focus of attention
and hope on the COX-2-specific inhibitors causing
less side effects. Rofecoxib has been compared with
magnesium sulphate and no difference was found
but the former was better tolerated. In the light of
overall evidence indicating that magnesium is in-
effective, this does not necessarily represent an
argument in favour of rofecoxib. Limited experi-
ence also exists with celecoxib and nimesulide.28–30

The side effects of COX inhibitors are well
known. Especially when COX-1 inhibitors are
used, care should be taken with patients having
ulcer disease, NSAID-sensitive asthma, renal or
hepatic impairment, coagulation disorders and
thrombocytopenia. Also in case of oligo-hydram-
nios their use should be weighed against the risk of
renal impairment. The antipyretic effect may mask
fever.

Recently, attention has been focused on cardio-
vascular side effects especially with the use of some
COX-2 inhibitors.

Neonatal effects are constriction and premature
closure of the ductus arteriosus, pulmonary hyper-

tension, decrease in renal function, intraventricular
haemorrhage and necrotizing enterocolitis but
most of them only occur after a long treatment,
use of large doses and after 32 weeks of gestation.30

Nitroglycerin
Nitroglycerin has been used for relaxation of the
uterus, removal of a retained placenta, facilitation
of foetal extraction during a Caesarean section,
twin manipulation and correction of uterine inver-
sion. It acts by direct vasodilatation and the pro-
duction of nitric oxide. It may be administered as a
patch, sublingually or intravenously. Patches have
been studied in one randomized-controlled trial
(RCT) and nitroglycerin has been compared with b-
mimetics, demonstrating a decrease of the risk of
birth before 28 weeks of pregnancy.31 In one trial
comparing nitroglycerin with b-mimetics, the latter
were found to be more effective.32

Nitroglycerin can also be used to ameliorate
foeto-placental blood flow in case of intrauterine
growth restriction, but no good prospective trials
on this are available.33 Hypotension may occur and
require discontinuation with subsequent failure of
tocolysis. In addition, a meta-analysis of studies
comparing nitroglycerin with magnesium sulphate
or ritodrine did not find the former to be superior
despite more effectiveness vs. placebo.34

In anaesthetic literature, its use has been sug-
gested for acute tocolysis when foetal bradycardia
occurs following uterine hypertonicity as described
after CSE analgesia (although not all authors agree
with a possibly higher incidence than with epi-
dural analgesia).35 The recommended single intra-
venous dose is 100 mg.

Oxytocin antagonists
Although the exact mechanism of the initiation of
pre-term labour remains unknown, one pathway
concerns oxytocin. As a consequence, it seems
logical that oxytocin receptor antagonists might
be effective tocolytic agents. Although several
agents have been studied, atosiban has been tested
most completely including randomized-controlled
clinical trials comparing atosiban with b-mimetics
but no direct comparative studies between atosiban
and nifedipine exist.36–38 When compared with
ritodrine, the previous gold standard, atosiban is
associated with a higher gestational age at delivery,
a lower incidence of maternal side effects and
improved neonatal outcome while infants being
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followed for several years did not experience long-
term effects.39 A recent prospective, open-label,
randomized study comparing atosiban with usual
care of threatened pre-term labour (b-mimetics,
CCBs, magnesium sulphate or any other tocolytic,
alone or in combination) suggested that the use of
atosiban resulted in more women remaining unde-
livered not requiring an alternative tocolytic agent
after 48 h and was associated with fewer maternal
and foetal adverse events.40 In general, atosiban is
now considered to be the drug of first choice mainly
because it has less side effects than b-mimetics.41 It is
the only tocolytic that has shown the benefit of long-
term (448 h) tocolysis in an RCT.

Atosiban lacks cardiovascular, pulmonary or
central nervous system activity. Minor side effects
are the classical atypical complaints such as nau-
sea, vomiting and headache, rarely necessitating
discontinuation. Effects on maternal or neonatal
diuresis have not been observed.

A disadvantage of atosiban is its complicated
intravenous administration (bolus and different
infusion rates) as compared with other orally and
rectally administered drugs. It is also more expen-
sive than the CCBs. It is now licensed by the FDA
while other intravenous and oral oxytocin receptor
antagonists are in development. No interaction
with anaesthetics has been reported to date.

Progesterone
Progesterone has been reported in double-blind,
placebo-controlled randomized clinical trials to be
effective in decreasing the risk of pre-term birth
both when administered in an intramuscular way
as when given vaginally.42 Progesterone should
only be considered as a preventive agent whereas
it is not used for tocolysis once pre-term labour has
developed. No major interactions of anaesthetic
importance have been reported but progesterone
has a known sedative effect and might decrease the
need for anaesthetic medication.43

Uterotonic substances

Uterotonic or oxytocic drugs are used to induce or
augment labour but they may be life-saving in the
prevention or the treatment of post-partum bleed-
ing.44 Like with the tocolytics, calcium plays a
predominant role. They all increase intracellular
calcium, thus stimulating myosin phosphorylation.
Three categories are actually administered: oxyto-
cin, prostaglandins and ergot alkaloids, all having

their specific receptors. Ergot alkaloids are not used
for labour induction. Some prostaglandins are
effective for labour induction and cervical ripening,
and others for treating and preventing post-partum
haemorrhage (PPH).

The risk of serious side effects is enhanced when
combining them as reported in a case study of
pulmonary oedema following the combined use of
oxytocin, prostaglandin F2� a and methylergome-
trine.45

Oxytocin
Oxytocin is used for labour induction and during
the third stage of labour. It is the drug of choice for
preventing and treating bleeding during vaginal or
operative delivery. Routine administration of oxy-
tocin has been demonstrated to reduce the inci-
dence of PPH (4500 ml) by 40%.46 It is given after a
Caesarean section to promote uterine contraction
either as an intravenous bolus or as an infusion.
Effective uterine contraction can be achieved after
an elective Caesarean section in non-labouring
women at term by administering boluses of oxyto-
cin no larger than 1 IU, the minimum effective
intravenous bolus dose of oxytocin being
0.35 IU47, while the necessary dose in labouring
women at Caesarean delivery is about nine times
higher.48 The difference is believed to be due to the
reduction of oxytocin-binding sites and desensiti-
zation of myometrial oxytocin receptors in active
labour. Exogenous oxytocin is exactly similar to the
natural hormone released by the posterior pituitary
gland. The chemical structure of oxytocin resem-
bles that of the antidiuretic hormone and antidiur-
esis with hyponatremia and water intoxication may
occur after prolonged administration of high doses,
especially when given with a dextrose solution
instead of a salt solution.49

Haemodynamic alterations will depend on the
amount of vasopressin available, resulting in either
hypertension or hypotension. Oxytocin given as a
rapid intravenous bolus causes a dose-related hy-
potension, tachycardia and an increase in cardiac
output in healthy women undergoing a Caesarean
section under spinal anaesthesia.50 Hypotension is
most likely due to vasodilatation as receptors
are also present in vascular smooth muscles and
increases in heart rate and cardiac output are
believed to be signs of compensatory mechanisms.
Nevertheless, cardiovascular changes after boluses
are usually mild (15–20%) and short lived and well
tolerated by healthy women.

Tocolytics and oxytocics in anaesthesia
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Several regimens for administration of oxytocin
have been described. Two randomized trials sug-
gest that in healthy women undergoing an elective
Caesarean section under regional anaesthesia,
there appears to be no benefit in giving more
than 5 IU of oxytocin in terms of estimated blood
loss, cardiovascular side effects and uterine
tone.50,51 Administration of 5 IU of oxytocin as a
slow infusion over 5 min is associated with greater
haemodynamic stability compared with a rapid
bolus injection.52

Carbetocin
Carbetocin is a new synthetic oxytocin analogue for
preventing PPH and uterine atony although it is
not available throughout Europe. The onset time is
very short, i.e. within 2 min while the plasma half-
life is six to seven times longer than with oxytocin.
It can be administered by the intravenous and
intramuscular route although the nasal route may
also be suitable. In a meta-analysis four studies
were included, yielding a total of 1037 patients.53

Three out of the four studies were performed in
Caesarean section patients. As compared with
oxytocin, 100 mg of intravenous carbetocin resulted
in a similar incidence of PPH and blood loss.
However, carbetocin required less uterine massage
and additional therapeutic uterotonic agents, and
also nausea was also less in the vaginal delivery
study.

It is unclear why currently its use is mainly
recommended following a Caesarean section while
it is discouraged in pre-eclampsia, renal and liver
disease.

Prostaglandins
Prostaglandins are used both to induce labour and
to prevent or treat PPH.54,55 The most frequently
given prostaglandins are PGE1 (misoprostol), PGE2

(dinoprostone, prostin) and PGF2� a.44 The initial
parent compound PGF2� a has been replaced by 15-
methyl PGF2�a (hemabate) in most cases. They
may be administered by different routes: orally,
rectally, vaginally and intravenously. The most
currently used prostaglandin for uterine atony is
misoprostol that is administered vaginally, rectally
or sublingually.54 It has a faster effect than PGE2

and has limited side effects with respect to the
cardiovascular system, both after vaginal delivery
and after Caesarean section. The effect of oral,
sublingual or rectal misoprostol is comparable to

that of intravenous oxytocin for the prevention of
PPH.54 Most reported problems to date are hyper-
stimulation, foetal heart rate abnormalities, chorio-
amnionitis, neonatal infection, antibiotic need and
ICU transfers. PGE2 and PGF2� a have opposite
side effects. PGE2 decreases systemic vascular re-
sistance, thus tending to cause hypotension (and
also arrhythmias). Therapy-resistant hypotension
has been reported during epidural anaesthesia for
Caesarean section in three females receiving dino-
prostone.56 PGF2� a increases pulmonary vascular
resistance causing pulmonary hypertension and
induces bronchoconstriction. The administration
of PGF2� a has been reported to result in pulmon-
ary oedema during a Caesarean section57 and
maternal arterial desaturation with an increase in
intrapulmonary shunting in five women with se-
vere uterine atony.58 These case reports suggest a
ventilation/perfusion mismatch causing serious
hypoxia after PGF2� a administration. An overdose
of PGF2� a has been reported to produce cardio-
vascular collapse59 and severe bronchospasm and
hypotension.60 Overhydration should be avoided
when administration of this substance is consid-
ered.

Stimulation of the smooth muscle within the
gastro-intestinal tract may cause nausea, vomiting
and diarrhoea. Shivering and elevation of body
temperature are also possible. The intensity and
frequency of side effects may depend on the route
of administration. Local application surely causes
less problems.

Ergot alkaloids
Methylergonovine or methylergometrine causes a
tonic uterine contraction and has a long duration of
action. They are mostly given intramuscularly and
intravenously. When injected intravenously as an
undiluted substance, more side effects may occur
because these substances also constrict smooth
muscles in other tissues, causing hypertension
(pulmonary and systemic), coronary artery spasm
and bronchospasm. Nausea, vomiting and en-
hanced pain are other frequently observed side
effects. They should not be given in case of
pre-existing hypertension, bronchial asthma and
pre-eclampsia or with the concomitant use of other
vasopressors. At least seven cases of myocardial
infarction after post-partum administration of er-
got alkaloids have been reported in the litera-
ture.61,62 Methylergonovine has been reported to
relieve postdural puncture headache in obstetric
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patients but the place of this approach is not yet
defined.63

Combinations
In some countries, a combination of oxytocin with
methylergometrine exists under a commercialized
formulation, i.e. Syntometrine

s

. In a comparative
study, this combination failed to decrease the in-
cidence of nausea and hypertension, which was
less with carbocetin.64

Conclusions

b-mimetics cause the most side effects explaining,
why they have increasingly fallen from favour,
especially because other safer substances exist
nowadays. Calcium entry blockers cause less hae-
modynamic problems. Magnesium sulphate is not
a tocolytic but prevents eclamptic seizures, but
interferes with neuromuscular transmission. Ato-
siban may be considered as the tocolytic of first
choice, together with CCBs.

Of the oxytocics, oxytocin in a bolus should be
injected slowly or diluted. Carbetocin has a longer
half-life and less maternal side effects such as nausea
with a similar effect on PPH. Prostaglandin E2 given
intravenously may cause severe hypotension while
PGF2� a can cause pulmonary hypertension and
bronchospasm. Methylergometrine may cause hy-
pertension, bronchospasm, nausea and vomiting.
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