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Abstract
Purpose of Review The purpose of this review is to synthetize the latest evidence on the pharmacological management of
postpartum hemorrhage (PPH) and apply it to the clinical context.
Recent Findings The incidence of PPH in the developed world is rising. Oxytocin and its analogue carbetocin remain the number
one choice as first-line uterotonics for the prevention of PPH due to excellent clinical efficacy and a favorable side effect profile.
Doses of oxytocin and carbetocin currently recommended for prophylaxis are in excess to that required for clinical efficacy.
There is no robust evidence suggesting that one second-line uterotonic drug is superior to another. Tranexamic acid is safe and
highly effective and should be administered both for cases at high risk for PPH as well as early in established hemorrhage.
Summary Choosing a uterotonic drug strategy that uses the most appropriate agent in the clinical context at the minimal effective
dose is essential for improving maternal safety and the quality of postpartum care.
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Introduction and Clinical Context

Postpartum hemorrhage (PPH) is the most common cause of
major obstetric hemorrhage and the leading cause of direct
maternal death worldwide, resulting in enormous social and
economic cost [1, 2]. It is estimated that 99% of global deaths
due to PPH occur in developing countries [1••]. However, in
advanced healthcare systems, PPH is still common, and a
large cohort of women suffer invasive medical interventions
or serious morbidity including postpartum hysterectomy and

multiorgan failure [3]. Approximately 80% of cases of PPH
are due to poor uterine tone in the immediate postpartum pe-
riod. The incidence of uterine atony causing PPH is rising
across the developed world, attributed to an increase in cesar-
ean delivery rates, obesity, multiple pregnancy, advancing
maternal age, and the rise in oxytocin-augmented labor
[3–5]. If PPH is proactively managed, maternal morbidity
and mortality can be significantly reduced [6].

Uterotonics are the primary preventative therapy for the
management of atonic PPH, with excellent clinical efficacy,
and are widely recommended by the major international soci-
eties [1, 7–9]. Timely administration of uterotonics not only
mitigates against poor maternal outcomes but also reduces the
requirement for further medical intervention including
second-line drugs, blood transfusion, and surgery [7••]. PPH
has many identifiable risk factors; however, most women suf-
fering from PPH have low-risk pregnancies and no identifi-
able risk factors, necessitating a strategy where prophylaxis
against PPH is recommended for all women [9]. There is
significant variability in the dosage recommendations of
uterotonics by international societies as well as in those ad-
ministered in clinical practice [8••]. Improving both the safety
and efficacy of uterotonic drug strategy is key to improving
the quality of maternal peripartum care globally.
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First-Line Uterotonic Drugs: Oxytocin

Indications and Efficacy

Oxytocin is the longest serving and most widely used
uterotonic drug and, along with its analogue carbetocin, is
the first-line prophylaxis for PPH [1••]. Oxytocin is the first
choice uterotonic drug inmost society and international guide-
lines due to both its low cost and an attractive combination of
excellent efficacy with a relatively favorable side effect profile
for most women [7••].

Pharmacology

Oxytocin is a neuroendocrine reproductive hormone that is
produced in the hypothalamus and secreted from the pituitary
gland in humans [10]. Oxytocin binds to oxytocin receptors
on the myometrial cell membrane to induce its contractile
effect (Table 1) [15]. Oxytocin also stimulates the production
of prostaglandin PGF2α [10]. The efficacy of exogenous oxy-
tocin is proportional to both the number and affinity of trans-
membrane oxytocin receptors on the myometrium to oxyto-
cin. There is exponential proliferation of these receptors dur-
ing pregnancy and early labor, resulting in myometrium that is
exquisitely sensitive to oxytocin at term; hence, effective con-
tractility may be obtained with very small doses of oxytocin
[16]. Myometrium is poorly responsive to oxytocin prior to
term due to a paucity of receptors. Oxytocin has a short plas-
ma half-life (3–5 min) necessitating a continuous infusion for
sustained contractility effect [17].

Prolonged exposure to oxytocin leads to oxytocin receptor
desensitization and failure of oxytocin to elicit effective
myometrial contractions, termed the oxytocin desensitization
phenomenon [18]. Oxytocin desensitization is dependent on
both the concentration and length of time that themyometrium
is exposed to oxytocin [19, 20]. Oxytocin receptor desensiti-
zation is homologous (specific only to oxytocin and its ana-
logues) and does not affect the response to other uterotonic
agents such as prostaglandins and ergot alkaloids [21].

Safety and Side Effects

Oxytocin is a complex hormone associated with a range of
extrauterine effects, most serious of which are effects on the
cardiovascular system [22]. These effects strongly correlate
with both the dose and speed of administration [23, 24]. The
risk of adverse outcome due to cardiovascular collapse is par-
ticularly high in two risk groups where a number of deaths
have occurred: in the setting of hypovolemia and in women
with pre-existing cardiovascular disease [25, 26]. The cardio-
vascular effects of oxytocin are due to stimulation of oxytocin
receptors in the heart releasing atrial natriuretic peptide (ANP)
and brain-type natriuretic peptide (BNP), as well as the release

of nitric oxide (NO) in the peripheral vasculature [22]. These
are potent vasodilators that drop the systemic vascular resis-
tance and cause hypotension, a reflex tachycardia, and a com-
pensatory increase in cardiac output. Oxytocin may also have
a direct negative effect on cardiac inotropy. Chest pain, ST-T
changes, and dysrhythmias may also occur [27]. Other side
effects include nausea and vomiting, shortness of breath, and
abdominal pain [28]. Oxytocin has a structure similar to ADH
giving it a strong antidiuretic effect at high concentrations
[29]. Women in labor have a lower baseline plasma sodium
as well as an impaired ability to excrete water in the third
trimester [30]. This predisposes them to dilutional
hyponatraemia, which may cause seizures and coma [31].
One randomized controlled trial comparing IV and IM oxyto-
cin after vaginal delivery reported similar side effects in each
group [32•]. There is a growing body of evidence suggesting
that oxytocin is involved in complex social behavior and cog-
nition with important roles in maternal mood, anxiety, and
mother-infant bonding [33, 34].

Dosing

There is significant variability in the dose of oxytocin recom-
mended to be administered as prophylaxis and therapy for
PPH [8••]. Most of the obstetric society guidelines recom-
mend doses between 5 IU and 10 IU administered diluted as
slow IV infusions for prophylaxis after both vaginal and ce-
sarean delivery [1, 35–37]. The World Health Organization
(WHO) recommends a dose of 10 IU IM or IV [1••]. An
international consensus statement on the use of uterotonic
agents at cesarean delivery was published in 2019 to address
clinical variability in dosing [8••]. These guidelines draw on
existing evidence and consequently recommend much lower
doses of oxytocin: 1 IU bolus followed by a maintenance
infusion at 2.5–7.5 IU.h−1 at elective cesarean delivery and
3 IU bolus followed by a maintenance infusion at 7.5–15
IU.h−1 at intrapartum cesarean delivery.

Due to the phenomenon of oxytocin receptor desensitiza-
tion, there are significant differences in dose requirements at
elective and intrapartum cesarean delivery. Women undergo-
ing an intrapartum cesarean delivery following an oxytocin-
augmented labor require a dose of oxytocin that is nine times
greater (90% effective dose [ED90] 2.99 IU; 95% CI 2.32–
3.67 IU) compared with that required at elective cesarean de-
livery (ED90 0.35 IU; 95% CI 0.18–0.52 IU) [38, 39].
Adequate uterine tone at elective cesarean delivery can be
achieved with lower doses of oxytocin (0.5–3 IU), resulting
in reduced side effects [24]. These studies, although conduct-
ed with small sample sizes in low-risk populations, provide
convincing evidence that the doses that are widely recom-
mended are significantly greater than those required for effi-
cacy in most women.
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Timing of Administration

For maximum efficacy, the uterotonic should be given imme-
diately after fetal extraction to reduce time to effect and the
potential for blood loss. Rapid bolus administration may be
associated with a precipitous drop in maternal blood pressure.
Women who had 5 IU oxytocin administered as an infusion
over 5 min had less cardiovascular deviation compared with
those who received a rapid bolus dose [23]. Slowing the rate
of oxytocin bolus administration is associated with greater
cardiovascular stability and has been recommended by the
recent consensus statement [8••].

Route of Administration

Oxytocin must be administered IV or IM and cannot be ad-
ministered via the oral or rectal routes. Some oxytocin prepa-
rations require cold storage and transport to maintain its sta-
bility, which may limit its availability in settings where wom-
en are cared for with limited resources [40]. A double-blind
randomized control trial allocated women to receive 10 IU of
oxytocin either IV or IM [32•]. There was no difference in the
primary outcome of PPH >500 mL, but the IV group suffered
significantly less severe PPH (PPH> 1000 mL) (4.6% vs.
8.1%), blood transfusion (1.5% vs. 4.5%), and admissions to
the high dependency unit (1.7% vs. 3.7%).

First-Line Uterotonic Drugs: Carbetocin

Indications and Efficacy

Carbetocin is an oxytocin analogue. The drug is currently not
available for use in the USA or Japan. It is at least as effective
as oxytocin and shares a similarly favorable side effect profile
compared to other uterotonic drug classes [7••]. Use is limited
by its relatively high price, often multiples of the cost of oxy-
tocin [41]. However, there is good evidence to suggest that
carbetocin may be superior and more cost-effective than con-
ventional uterotonic drug combinations for the prevention of
PPH [7, 42]. Due to its clinical effectiveness, reduction in the
requirement for further therapy, and low risk of adverse
events, economic viability has been demonstrated in high re-
source settings [43]. In a multi-center, randomized, non-
inferiority trial comparing carbetocin (heat-stable
formulation) 100 μg IM and oxytocin 10 IU in nearly
30,000 women, carbetocin was non-inferior to oxytocin with
regard to blood loss >500 ml or the need for an additional
uterotonic drugs after vaginal delivery [44•]. Carbetocin is
also associated with a reduced need for additional uterotonics
when compared to oxytocin at elective cesarean delivery [42].
The Society of Obstetricians and Gynecologists of Canada

(SOGC) is the only group recommending carbetocin over
oxytocin at cesarean delivery for prophylaxis of PPH [45].

Pharmacology

Carbetocin is a synthetic analogue of oxytocin and causes
activation of oxytocin receptors via the same mechanism
[46]. It has been pharmacologically designed for sustained
contractility, with a duration of action approximately 4–7
times that of oxytocin due to both a longer biological half-
life (40 min) and increased duration of action at the oxytocin
receptor, avoiding the need for continuous infusion [47]. This
increased half-life is due to increased lipophilicity, tissue dis-
tribution, and resistance to peptidase degradation. Onset of
action is similar to oxytocin, within about 2 min of adminis-
tration. In the laboratory, myometrial contractions stimulated
by carbetocin are attenuated by prior exposure to oxytocin as
both drugs work via the oxytocin receptor. Therefore, women
who have been exposed to oxytocin in labor will have a re-
duced response to carbetocin postpartum, requiring higher
dosing [48].

Carbetocin is available in a heat-stable formulation, which
offers it a substantial advantage in terms of cold chain storage.
Heat-stable carbetocin does not require refrigeration and
therefore eliminates the costs associated with refrigerated stor-
age and transport for non-heat-stable uterotonics.

Safety and Side Effects

The adverse effects and hemodynamic consequences of
carbetocin are similar to those described for oxytocin [49].
Doses larger than 100 μg are associated with a high incidence
of tachycardia and arrhythmia and are not recommended [50].

Dose

Carbetocin has one-thirtieth the potency of oxytocin. The dose
widely recommended is 100μg, which is based on initial clin-
ical trials and information from the manufacturer [1, 45].
However, at elective cesarean delivery (oxytocin-naïve wom-
en), the dose required has been demonstrated to be significant-
ly lower than that recommended by the manufacturer and
widely used in many randomized controlled trials. One se-
quential allocation dose finding study demonstrated the
ED90 to be 14.8 μg (95% CI 14–16) [51]. The dose of
carbetocin at cesarean delivery for labor arrest, however, is
121 μg (95% CI 111–130), reflecting desensitization of the
oxytocin receptors [50]. Interestingly, another dose finding
study determined the dose to be 63 (95% CI 57–69) μg in a
population of women with a BMI ≥ 40 kg.m [52]. This is
approximately four times higher than in a similar population
of women with BMI <40 kg.m. Uterotonics are currently
not given on a by-weight basis, although this suggests dose
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adjustment in women with BMI ≥ 40 kg.m. The increase in
dose requirement for women with high BMI may be related to
volume of distribution, lipophilicity, or poorer myometrial
contractility in women with obesity [53].

Timing of Administration

Carbetocin and oxytocin have similar onset times. Bolus dos-
ing of carbetocin is associated with a precipitous drop in ma-
ternal blood pressure [54]. Similar to oxytocin, carbetocin
should be administered as a slow IV bolus.

Route of Administration

Carbetocin can be administered IV or IM, the latter resulting
in a longer time to peak effect and increased duration of action
[46]. Carbetocin cannot be administered via the oral, rectal, or
vaginal route.

Second-Line Uterotonic Drugs:
the Prostaglandins

Indications and Efficacy

Carboprost and sulprostone are used to treat PPH where oxy-
tocin or carbetocin has failed. The ability of prostaglandins to
induce myometrial contractility in vitro is inferior to oxytocin
[55]. Furthermore, they are not currently used as first-line
prophylaxis due to significant adverse effects. The effects of
prostaglandins are unaffected by prior exposure to oxytocin
[21]. There is currently a multi-center randomized control trial
underway to compare carboprost to oxytocin as first-line treat-
ment of PPH [56]. Misoprostol is an orally stable prostaglan-
din E1 analogue. It is recommended to be used as first-line
treatment of PPH where oxytocin is not available, due to
problems with cold chain storage or if skilled healthcare staff
are unavailable to administer IV or IM medication. It has
efficacy that is broadly similar to that of oxytocin but is lim-
ited by an unfavorable side effect profile [7, 57]. Furthermore,
it has a much slower onset time.

Pharmacology

Prostaglandins act via stimulation of the prostaglandin recep-
tor, which include PGE1, PGE2, and PGF2α subtypes.
Carboprost is a synthetic PGF2α analogue, and sulprostone
is a PGE2 analogue. These are G-coupled receptors leading to
stimulation of second messenger pathways and a rise in intra-
cellular calcium. The rise in intracellular calcium ion concen-
tration causes myometrial contractility. In contrast to oxytocin
receptors, prostaglandin receptors are present and functional
throughout pregnancy. Misoprostol, a PGE1 analogue, is

water- and heat-stable and has a long shelf life and pharmaco-
logical stability in hot climates [58]. It has a slow onset of
action and is effective between 9 and 15 min after administra-
tion with a half-life of 20–40 min.

Safety and Side Effects

Prostaglandins cause bronchospasm, particularly in women
with asthma. Other side effects may include hypertension,
hypotension, pulmonary edema, diarrhea, nausea, vomiting,
flushing, pyrexia, and myalgia [7, 59, 60]. Sulprostone may
additionally cause painful uterine contractions and has con-
tributed to a cardiac arrest when administered during hemor-
rhagic shock [61].

Side effects of misoprostol include vomiting, abdominal
pain, diarrhea, shivering, and pyrexia [62]. When misoprostol
is added to oxytocin in combination to treat PPH, the likelihood
of vomiting (RR 2.11, 95% CI 1.39–3.18) and fever (RR 3.14,
95% CI 2.20 to 4.49) is increased [7••]. Unlike the other pros-
taglandins, misoprostol does not cause bronchoconstriction and
therefore may be administered safely to women with asthma
[63•].

Dose

There is very little evidence in the literature regarding appro-
priate dosing of prostaglandins. Carboprost is recommended
at a dose of 250μg every 15 min up to a maximum of 8 doses
[8••]. Doses between 400 and 600 μg of misoprostol are cur-
rently recommended. Dosing can be repeated every 15 min up
to a total of 800 μg [8••]. Sulprostone is administered at a dose
of 500 μg IV at 100 μg.h−1 up to a maximum dose of 1500 μg
[8••].

Timing of Administration

Prostaglandins are not currently recommended as first-line
prophylaxis for PPH. As with all second-line drugs, they
should be administered soon after it is recognized that the
first-line agent, oxytocin or carbetocin, was ineffective at pro-
ducing adequate uterine tone.

Route of Administration

Carboprost may be administered IM or intramyometrial
(unlicensed); its intravenous route is contraindicated.
Misoprostol is highly flexible in terms of the mode of admin-
istration as it can be administered via oral, vaginal, rectal, or
sublingual routes. Oral and sublingual routes have a rapid onset
of action compared to rectal and vaginal routes [64]. Rectal and
vaginal routes have a more prolonged action as well as greater
bioavailability [65]. Rates of shivering and fever are higher
when the oral or sublingual route is used [66]. Sulprostone is
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the only prostaglandin that may be administered IV and may
also be administered IM. Carboprost and sulprostone both re-
quire refrigeration.

Second-Line Uterotonic Drugs: Ergometrine
and Methylergonovine

Indications and Efficacy

Ergometrine and methylergonovine are currently recommended
as a second-line drug for the treatment of PPH. Evidence from
the clinical setting describes very little difference in efficacy
between ergot alkaloids and oxytocin [1••]. Inferior efficacy to
both oxytocin and carbetocin has been demonstrated in vitro
[55]. A combination preparation with oxytocin is available in
some countries called Syntometrine. Ergometrine with oxytocin
is a highly efficacious and cost-effective drug strategy for the
prevention of PPH (>500mL) with significant additional benefit
vs. oxytocin alone (rr = 0.69, 95% CI 0.57–0.83) [7••].
Ergometrine can only be administered in situations where hy-
pertensive disorders are absent, which may limit its use where
they cannot be excluded [67]. The use of ergometrine for the
management of retained placenta is not recommended as this
may cause tetanic uterine contractions that can delay expulsion
of the placenta [1••].

Pharmacology

Ergonovine maleate (ergometrine) and methylergonovine are
crystalline ergot alkaloid derivatives. The plasma half-life of
ergometrine is less predictable than that of the oxytocin ana-
logues with a range of 30 to 120 min [68]. The drugs are
unstable in heat requiring refrigeration. Activity is via alpha
receptors triggering an intracellular rise in calcium and culmi-
nating in myometrial contraction [69, 70]. There is also action
via dopamine receptors and a partial 5-HT signalling effect.
Agonism of alpha and 5-HT3 receptors are likely responsible
for its vasoconstrictor effect, which is advantageous in the
uterine vasculature during hemorrhage but may also cause
systemic hypertension and ischemia.

Safety and Side Effects

The ergot alkaloids are contraindicated in situations of hyper-
tension as peripheral vasoconstriction leads to elevated system-
ic arterial pressure. Severe nausea is common [7••]. Ischemic
heart disease and myocardial infarction have been reported,
even in women without pre-existing cardiovascular disease
[71]. Women suffering from anemia due to hemorrhage are
particularly susceptible. Ergot alkaloids can cause uterine rup-
ture due to the strength of uterine contractions when given in
high doses [72]. Ergometrine may cause porphyria.

Dose

There is evidence lacking in relation to the dose of ergomet-
rine that should be administered with guidelines
recommending a range from 200 to 500 μg [8••]. The dose
of ergometrine may be repeated every 2 h in exceptional cir-
cumstances up to a total dose of 1000μg. Ergometrine may be
particularly useful where there is a paucity of myometrial
oxytocin receptors, for example, at extreme pre-term delivery
where the number of uterine oxytocin receptors has not yet
reached those at term.

Timing of Administration

Ergometrine is a second-line drug and should be administered
to treat postpartum hemorrhage where the uterotonic admin-
istered for hemorrhage prophylaxis has failed. Quick progres-
sion to second-line drugs after hemorrhage is important to
prevent excessive blood loss. Ergometrine causes sustained
contraction of the uterus and therefore should not be adminis-
tered until the placenta is delivered [1••].

Route of Administration

Ergot derivatives can be administered IV, IM, or via the oral
route. Oral ergometrine offers no benefit over placebo [73].
There are no trials comparing the IV versus IM routes of
administration. The IV route has an immediate onset of action,
whereas the IM route induces uterine contractions within 2–
5 min and is less likely to precipitate hypertension [74].
Ergometrine requires refrigeration.

Adjunctive Drugs to Uterotonics: Tranexamic
Acid

Indications and Efficacy

Tranexamic acid (TXA) is an exciting and novel addition to
the pharmacological management of PPH as it acts via a dif-
ferent mechanism than uterotonics to reduce hemorrhage
[63•]. TXA reduces bleeding by inhibiting the enzymatic
breakdown of fibrin [75•]. TXA has an established history
of reducing blood loss over many decades in non-obstetric
situations, including in elective surgery and trauma [76, 77].

For the Treatment of PPH

In 2017 the WOMAN trial was published [78••]. This was a
large, multi-center, randomized placebo-controlled trial with
20,060 women from mostly developing countries. The prima-
ry outcome was death from all causes or hysterectomy within
42 days of randomization. Although there was no difference in
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the primary composite endpoint, the trial showed that by ad-
ministering TXA, deaths from bleeding were reduced by
about 20% (1.9% vs. 1.5%, rr 0.81, 95%CI 0.65–1.0, p=
0.005). The greatest benefit was seen when TXA was admin-
istered within 3 h of childbirth. A reduction in surgery re-
quired to control severe bleeding was also demonstrated. A
Cochrane review of anti-fibrinolytic agents including the
WOMAN trial as well as a smaller French randomized con-
trolled trial supported these results [79, 80]. Due to the low
unit cost of TXA and considerable efficacy, it is highly cost-
effective, particularly in countries with higher maternal mor-
tality [81]. TXA may not be beneficial for all causes of post-
partum hemorrhage, with likelihood of benefit greater in the
group of patients with delayed bleeding from lacerations or
trauma as in this case, primary hemostasis occurs due to blood
clotting—rather than in cases of atony with large open bleed-
ing vessels [82].

Prevention of PPH at Cesarean Delivery

TXA reduces bleeding if given prophylactically at cesarean
delivery [83]. One meta-analysis of more than 27 randomized
control trials determined that TXA decreases blood loss, the
incidence of severe PPH, blood transfusion requirements, and
further medical intervention when given as prophylaxis at
cesarean delivery without increasing the risk of a thrombotic
event [84–86]. There is currently a larger multi-center ran-
domized, double-blind, placebo-control trial underway, which
will further evaluate TXA as PPH prophylaxis at cesarean
delivery [87].

Prevention of PPH at Vaginal Delivery

Evidence for TXA as prophylaxis at vaginal deliveries has
been less convincing than at cesarean delivery. A large
French multi-center, double-blind randomized controlled trial
determined that amongst women who received prophylactic
oxytocin, the use of TXA did not result in a rate of PPH
greater than 500 mL compared to those who did not receive
TXA [88]. One smaller study demonstrated benefit of TXA
when given as part of standard active management of the third
stage of labor [89].

Pharmacology

After placental separation from the uterine wall, the uterus
contracts. There is an increase in the concentration of coagu-
lation factors and platelets at the site of bleeding as well as an
increase in fibrinolysis [90, 91]. Fibrinolysis starts when plas-
minogen is converted to plasmin by tissue plasminogen acti-
vator (tPA); plasmin then increases blood clot breakdown
(Fig. 1). Tranexamic acid inhibits this process of fibrinolysis.
It exerts its effects as a lysine analogue by blocking lysine

binding sites on plasminogen molecules. This inhibits the en-
zymatic breakdown of fibrinogen and fibrin by plasmin [92].
The effect is stabilization of existing blood clots, rather than
accelerating the creation of new ones [93].

Safety and Side Effects

The WOMAN trial demonstrated TXA to be remarkably safe,
and a subsequent Cochrane review debunked the theory that
TXAmight be associated with an increased risk of thrombosis
in healthy women [78, 80]. The side effects of TXA usually
occur at doses much higher than those recommended currently
and include hypersensitivity reactions, renal cortical necrosis,
and an increase in seizures [83, 94]. TXA injected inadver-
tently into the intrathecal or epidural space can be catastroph-
ic; therefore, extra caution should be taken in the obstetric
setting, where regional anesthesia and TXA are commonly
used [95•]. One meta-analysis demonstrated a higher inci-
dence of nausea and vomiting after tranexamic acid adminis-
tration at vaginal delivery [96].

Dose

The WHO recommends a fixed dose of 1 g in 10 mL of TXA
in normal saline, intravenously at a rate of 100mg/min [1••]. A
second dose may be administered if bleeding extends over
30 min or it restarts within 24 h of the first dose.

Timing of Administration

Death from bleeding occurs soon after the onset of hemor-
rhage. Data shows that during bleeding, the survival benefit
of TXA decreases 10% for every 15 min of treatment delay,
and after 3 h, there is no benefit [97]. Therefore tranexamic
acid is recommended to be administered immediately, and the
drug should be readily available to care givers. Peak plasma
concentrations are achieved rapidly after administration of an
intravenous dose [75•].

Route of Administration

TXA is recommended to be administered by the IV route
[1••]. Administration via the oral or IM routes is also possible.
Oral bioavailability is 46% [98]. Further research into the
efficacy of the different routes of administration has been
identified as a priority by the WHO (https://extranet.who.int/
rhl/topics/preconception-pregnancy-childbirth-and-
postpartum-care/postpartum-care/who-recommendation-
tranexamic-acid-treatment-postpartum-haemorrhage). The
administration of oral TXA in addition to misoprostol did
not demonstrate benefit over misoprostol alone [99].

43Curr Anesthesiol Rep (2021) 11:37–47

https://extranet.who.int/rhl/topics/preconception-pregnancy-childbirth-and-postpartum-care/postpartum-care/who-recommendation-tranexamic-acid-treatment-postpartum-haemorrhage
https://extranet.who.int/rhl/topics/preconception-pregnancy-childbirth-and-postpartum-care/postpartum-care/who-recommendation-tranexamic-acid-treatment-postpartum-haemorrhage
https://extranet.who.int/rhl/topics/preconception-pregnancy-childbirth-and-postpartum-care/postpartum-care/who-recommendation-tranexamic-acid-treatment-postpartum-haemorrhage
https://extranet.who.int/rhl/topics/preconception-pregnancy-childbirth-and-postpartum-care/postpartum-care/who-recommendation-tranexamic-acid-treatment-postpartum-haemorrhage


E) Optimizing a Prevention
Strategy—Balancing Safety and Efficacy.
The Role of the 2019 Uterotonic Consensus
Guidelines on the Use of Uterotonic Drugs
During Cesarean Delivery

In 2019, a consensus statement on the use of uterotonics at
cesarean delivery was published [8••]. This statement was
developed to address the huge variation in the clinical use of
uterotonic drugs at cesarean delivery as well as the heteroge-
neity in recommendations from the major international society
guidelines [8, 100, 101]. This statement aims to disseminate
the latest evidence to the clinical context, dealing specifically
with the unique situation of prophylactic uterotonic adminis-
tration at cesarean delivery and seeks to encourage construc-
tive discussion on the topic with our obstetric colleagues. The
existing evidence base for uterotonic dosing is limited as most
studies are performed on small numbers of low-risk patients,
which may limit the external validity of results [102].
However, there is clear evidence suggesting that women un-
dergoing elective cesarean delivery (oxytocin naïve) should be
considered a separate entity compared to those undergoing
intrapartum cesarean delivery (potential for oxytocin receptor
desensitization) [50, 51]. Choosing the minimum dose of
uterotonic that is effective is important to reduce adverse ef-
fects and ensure patient safety. A universal prophylaxis dose
for all women is not appropriate. Drug dosing should reflect
the patients’medical and obstetric comorbidities as well as the
clinical context. Attention is drawn to the potential for drug

error and inadvertent uterotonic administration prior to deliv-
ery of the fetus with potentially catastrophic consequences.

Conclusion

There is convincing evidence in the literature suggesting that
doses of uterotonics for prophylaxis of PPH are given in doses
that are excess to those required for efficacy. Oxytocin or its
analogue carbetocin are universally recommended first-line
drugs where they are available due to both excellent clinical
efficacy and a favorable side effect profile. Oxytocin should
be administered initially as a small bolus and then as a titrated
infusion. There is not yet enough evidence to universally rec-
ommend carbetocin over oxytocin, but carbetocin has a num-
ber of advantages including the availability of a heat-stable
formulation, a longer half-life, and evidence suggesting there
is less requirement for second-line drugs. Misoprostol is rec-
ommended by the WHO in situations where skilled health
personnel are not present to administer oxytocin [1••].
Second-line drugs should be guided by the clinical context,
any contraindications, and local availability and considered
early for maximum efficacy. There is no substantial evidence
in the literature to suggest one second-line drug over another.
TXA has demonstrated excellent clinical efficacy and safety
for mothers and should be readily available and administered
in cases at high risk for PPH as well as early in established
PPH. Standardizing and protocolizing uterotonic drug strategy
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Fig. 1 Mechanism of action of
tranexamic acid. (a) Fibrinolysis
starts when plasminogen is
converted to plasmin by tissue
plasminogen activator (tPA).
Plasmin increases blood clot
breakdown and breaks down
fibrin into fibrin degradation
products. (b) Tranexamic acid
(TXA) inhibits this process of
fibrinolysis, exerting its effects as
a synthetic lysine analogue by
blocking lysine binding sites on
plasminogen molecules, thus
preventing plasmin formation
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at an institutional level is important to improve patient safety
and the quality of care patients receive.
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