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Oxytocin protocols during cesarean delivery: time to

acknowledge the risk/benefit ratio?
A hormone discovered and synthesized over 50 years
ago, oxytocin is currently used in the majority of births
in developed countries and a growing number of births
in the developing world.1 Commonly employed to
induce or augment the process of labor to effect vaginal
delivery, oxytocin is also used as the first line drug to
restore uterine tone and minimize postpartum blood loss
following cesarean delivery. The purpose of this edito-
rial, which is echoed in the review article by Dyer and
colleagues in this issue of IJOA,2 is to illuminate the
risks associated with large intravenous (i.v.) bolus doses
of oxytocin administered during cesarean delivery and
to advocate an evidenced-based, infusion approach to
dosing.

The administration of oxytocin is associated with sig-
nificant maternal, fetal, and neonatal adverse events.
Maternal arrhythmias, hypotension, uterine hyperstimu-
lation and hyponatremia,3,4 fetal decreases in oxygen sat-
uration (SaO2) related to contraction frequency,5,6 and
neonatal seizures, hyperbilirubinemia, or retinal hemor-
rhage7,8 have been reported following oxytocin use. Dur-
ing cesarean delivery, with oxytocin administered
following delivery, maternal morbidity and mortality
are the most relevant concerns. The 1997–99 triennial
audit of the Confidential Enquiries into Maternal Deaths
in the United Kingdom (UK), reported the deaths of two
women from cardiovascular instability following an i.v.
bolus of oxytocin 10 IU.9 Awareness of these deaths re-
sulted in a dose reduction in the UK to an i.v. bolus of
5 IU;2 however, even this dose, and the method of
administration, may cause hypotension, tachycardia, de-
creased free water clearance, peripheral flushing, nausea,
emesis and signs of myocardial ischemia.10–13

Although practitioners may be aware of these risks,
the associated professional liability is the proverbial
mountain hidden in plain sight: oxytocin remains the

drug most commonly associated with preventable
adverse events during childbirth, and the drug impli-
cated in nearly half of all paid obstetric litigation
claims.14 Moreover, the United States Food and Drug
Administration (FDA) has placed a black box warning
restricting oxytocin use (during labor) to medical indi-
cations.15 Furthermore, the Institute for Safe Medica-
tion Practices (ISMP), an independent, nonprofit
organization whose recommendations are utilized by
groups including the Joint Commission in evaluating
medication safety, recently added oxytocin to the list
of high-alert medications.16 This distinction, which
identifies drugs ‘‘bearing a heightened risk of harm
when used in error’’ that may ‘‘require special safe-
guards to reduce the risk of error’’, has been applied
to only 11 other specific drugs.16

In an effort to improve patient safety, the cause célè-

bre of the contemporary medical community, practitio-
ners have questioned the high-dose, non-standardized
oxytocin practices currently in use.17–19 The re-evalua-
tion of oxytocin acknowledges the unpredictable thera-
peutic index (in which a given dose can result in either
hypertonic contractions or no discernable effect), use
of excessive starting doses, lack of a predetermined,
lock-step protocol that predicates increasing doses on
determination of insufficient lower doses, and practices
that contribute to normalization of deviance (degrada-
tion of professional or technical standards based on
individual experience).17–19 Interestingly, this call to
action stops abruptly at the door of the operating room,
despite literature demonstrating that common clinical
practices result in unnecessary, excessive oxytocin doses.
In non-laboring women undergoing cesarean delivery, a
‘ceiling effect’ of oxytocin 5 IU is witnessed, beyond
which no further improvement in uterine tone and blood
loss is observed;20 in laboring women, high doses of oxy-
tocin did not obviate the need for additional uterotonic
agents.12 Interestingly, a small loading dose of oxytocin
(ED 90 = 0.35 IU) has been determined to be sufficient
in producing adequate uterine contractions during elec-
tive cesarean deliveries in non-laboring women;22 a sim-
ilarly low loading dose (ED 90 = 2.99 IU) is required in
laboring women.23 Women who have received oxytocin
augmentation for labor have greater blood loss despite
higher oxytocin doses; this appears to originate from
signal attenuation and desensitization of the oxytocin
receptors, in a time and concentration dependent man-
ner.24–27 Similarly, continued high-dose oxytocin expo-
sure in the postpartum period may also lead to acute
receptor desensitization and render the myometrium less
responsive to additional oxytocin.27

The current guidelines for the administration of oxy-
tocin during cesarean delivery are diverse, empiric, and
vague. The most recent editions of major obstetric
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Table 1 Oxytocin protocol for cesarean delivery: ‘‘Rule of threes’’

3 IU oxytocin intravenous loading dose* (administered no faster than 15 seconds12)
3 min assessment intervals. If inadequate uterine tone, give 3-IU oxytocin intravenous rescue dose.
3 total doses of oxytocin (Initial Load + 2 Rescue Doses)
3 IU oxytocin intravenous maintenance dose (3 IU/L at 100 mL/h)
3 Pharmacologic options (e.g. ergonovine, carboprost and misoprostol) if inadequate uterine tone persists
* An initial dose of 3 IU oxytocin is sufficient for effective uterine contractions for both non-laboring12,21 and laboring23 women. Preferably this
dose should be administered in the form of a rapid infusion, rather than a bolus. Maintenance oxytocin infusion can be administered for up to 8 h
following delivery.
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texts,28–30 either avoid mentioning an oxytocin dose dur-
ing cesarean delivery or provide a range of 20-40 IU.
The British National Formulary (BNF), the American
College of Obstetricians and Gynecologists (ACOG),
and the Society of Obstetricians and Gynaecologists of
Canada (SOGC) provide guidance for cesarean deliver-
ies accompanied with a postpartum hemorrhage (PPH),
indicating that a range from 5 IU to 40 IU can be used;
further, the SOGC suggests that oxytocin 10 IU can be
given as an i.v. push.

A stepwise, standardized, check-list driven algorithm
for oxytocin use during cesarean delivery is needed to
guide practitioners in a clear and concise manner. This
algorithm should encompass laboring and non-laboring
women, as well as prophylactic and therapeutic uses of
oxytocin. More specifically, we believe that the follow-
ing points should be incorporated into a protocol: (1)
oxytocin should be used in initial doses of less than
5 IU; (2) oxytocin should not be administered as a rapid
i.v. bolus; (3) an initial rapid infusion of oxytocin should
be followed by a maintenance infusion; (4) higher initial
and infusion doses of oxytocin offer no clinical benefit
and should be avoided; and (5) if it appears that oxyto-
cin is not producing effective uterine contractions, other
uterotonic drugs acting via different pathways should be
considered. We are currently validating a reasonable
‘‘Rule of Threes’’ protocol which incorporates these te-
nets, is evidence-based, and easy to remember (Table 1).
In the application of any protocol, a multidisciplinary,
team approach is necessary to assess its impact and
make improvements.

The synthesis and use of oxytocin represents an
important advance to modern obstetric care; however,
the significant risk with minimal benefit associated with
excessive doses of oxytocin, particularly when given
as an i.v. bolus, deserves a robust evaluation. An
evidence-based oxytocin protocol that uses low doses
given judiciously, incorporates a timed process of uterine
assessment, and utilizes alternative uterotonic agents in a
more timely manner should improve the quality of care,
reduce complications, and enhance the satisfaction and
safety for patients undergoing cesarean delivery. Further
investigation into appropriate oxytocin protocols, cou-
pled with the re-evaluation of such protocols for labor
initiation and augmentation, should make the drug’s
next golden anniversary a real cause for celebration.
Lawrence C. Tsen
Harvard Medical School, Department of Anesthesiology,

Perioperative and Pain Medicine Brigham and Women’s

Hospital, Boston, MA, USA
E-mail: ltsen@zeus.bwh.harvard.edu

Mrinalini Balki
Department of Anesthesia and Pain Management,

University of Toronto, Mount Sinai Hospital,
Toronto, ON, Canada

E-mail: mrinalini.balki@uhn.on.ca

References

1. Freeman RK, Nageotte M. A protocol for use of oxytocin. Am J

Obstet Gynecol 2007;197:445–6.
2. Dyer RA, van Dyk D, Dresner A. The use of uterotonic drugs

during caesarean section. Int J Obstet Anesth 2010;19:313–9.
3. Johnstone M. The cardiovascular effects of oxytocic drugs. Br J

Anaesth 1972;44:826–34.
4. D’Souza SW, Lieberman B, Cadman J, Richards B. Oxytocin

induction of labour: hyponatraemia and neonatal jaundice. Eur J

Obstet Gynecol Reprod Biol 1986;22:309–17.
5. Johnson N, van Oudgaarden E, Montague I, McNamara H. The

effect of oxytocin-induced hyperstimulation on fetal oxygen. BJOG

1994;101:805–7.
6. Simpson KR, James DC. Effects of oxytocin-induced uterine

hyperstimulation during labor on fetal oxygen status and fetal
heart rate patterns. Am J Obstet Gynecol 2008;199:34.e1–5.

7. Beazley JM, Alderman B. Neonatal hyperbilirubinaemia following
the use of oxytocin in labour. BJOG 1975;82:265–71.

8. Schoenfeld A, Buckman G, Nissenkorn I, Cohen S, Ben-Sira I,
Ovadia J. Retinal hemorrhages in the newborn following labor
induced by oxytocin or dinoprostone. Arch Ophthalmol 1985;103:
932–4.

9. Why Mothers Die. The Confidential Enquiries into Maternal Deaths
in the United Kingdom 1997–1999. London: RCOG Press; 2001.

10. Thomas JS, Koh SH, Cooper GM. Haemodynamic effects of
oxytocin given as i.v. bolus or infusion on women undergoing
Caesarean section. Br J Anaesth 2007;98:116–9.

11. Svanstrom MC, Biber B, Hanes M, Johansson G, Naslund U,
Balfors EM. Signs of myocardial ischaemia after injection of
oxytocin: a randomized double-blind comparison of oxytocin and
methylergometrine during Caesarean section. Br J Anaesth

2008;100:683–9.
12. Butwick AJ, Coleman L, Cohen SE, Riley ET, Carvalho B.

Minimum effective bolus dose of oxytocin during elective Caesar-
ean delivery. Br J Anaesth 2010;104:338–43.

13. Pinder AJ, Dresner M, Calow C, Shorten GD, O’Riordan J,
Johnson R. Haemodynamic changes caused by oxytocin during

mailto:mrinalini.balki@uhn.on.ca


Editorial 245
caesarean section under spinal anaesthesia. Int J Obstet Anesth

2002;11:156–9.
14. Clark SL, Belfort MA, Dildy GA, Meyers JA. Reducing obstetric

litigation through alterations in practice patterns – experience with
189 closed claims. Obstet Gynecol 2008;112:1279–83.

15. Formweb. FDA black box warnings. <http://www.blackboxrx.com/
app/display.php?id=277/>; 2003 accessed 5.10.10.

16. Institute for Safe Medical Practices. High alert medications.
<http://www.ismp.org/>; 2010(accessed 1.11.10.

17. Hayes EJ, Weinstein L. Improving patient safety and uniformity
of care by a standardized regimen for the use of oxytocin. Am J

Obstet Gynecol 2008;198:622.e1–7.
18. Clark SL, Simpson KR, Knox GE, Garite TJ. Oxytocin: new

perspectives on an old drug. Am J Obstet Gynecol 2009;200:35.e1–6.
19. Miller LA. Oxytocin, excessive uterine activity, and patient safety:

time for a collaborative approach. J Perinat Neonatal Nurs

2009;23:52–8.
20. Sarna MC, Soni AK, Gomez M, Oriol NE. Intravenous oxytocin

in patients undergoing elective cesarean section. Anesth Analg

1997;84:753–6.
21. Munn MB, Owen J, Vincent R, Wakefield M, Chestnut DH, Hauth

JC. Comparison of two oxytocin regimens to prevent uterine atony
at cesarean delivery: a randomized controlled trial. Obstet Gynecol

2001;98:386–90.
22. Carvalho JC, Balki M, Kingdom J, Windrim R. Oxytocin

requirements at elective cesarean delivery: a dose-finding study.
Obstet Gynecol 2004;104:1005–10.
23. Balki M, Ronayne M, Davies S et al. Minimum oxytocin dose
requirement after cesarean delivery for labor arrest. Obstet

Gynecol 2006;107:45–50.
24. Robinson C, Schumann R, Zhang P, Young RC. Oxytocin-

induced desensitization of the oxytocin receptor. Am J Obstet

Gynecol 2003;188:497–502.
25. Phaneuf S, Asboth G, Carrasco MP et al. Desensitization of

oxytocin receptors in human myometrium. Hum Reprod Update

1998;4:625–33.
26. Magalhaes JK, Carvalho JC, Parkes RK, Kingdom J, Li Y,

Balki M. Oxytocin pretreatment decreases oxytocin-induced
myometrial contractions in pregnant rats in a concentration-
dependent but not time-dependent manner. Reprod Sci 2009;16:
501–8.

27. Balki M, Cristian AL, Kingdom J, Carvalho JC. Oxytocin
pretreatment of pregnant rat myometrium reduces the efficacy of
oxytocin but not of ergonovine maleate or prostaglandin F 2
alpha. Reprod Sci 2010;17:269–77.

28. Gibbs RS, Karlan BY, Haney AF, Nygaard IE. Danforth’s

Obstetrics and Gynecology. 10th ed. Philadelphia: Lippincott,
Williams & Wilkins; 2008.

29. Cunningham F, Leveno K, Bloom S, Hauth J, Rouse D, Spong C.
William’s Obstetrics. 23rd ed. New York: McGraw Hill Medical;
2009.

30. Gabbe SG, Simpson JL, Niebyl JR. Obstetrics. fifth ed. Philadel-
phia: Churchill Livingstone; 2007.

http://www.blackboxrx.com/app/display.php?id=277
http://www.blackboxrx.com/app/display.php?id=277
http://www.ismp.org

	Oxytocin protocols during cesarean delivery: time time to acknowledge the risk/benefit ratio?
	References


