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Objectives

By the end of this lecture, participants should be able to 
• Cite current knowledge regarding use of oxytocin for 

postpartum hemorrhage prophylaxis, including dose 
and side effects.

• Examine the reasoning behind choice of vasopressors 
(ephedrine and phenylephrine) for the treatment of 
neuraxial-anesthesia induced hypotension during 
cesarean delivery.



Objectives

• Explain the benefits and limits of crystalloid and colloid 
administration for the prevention of hypotension 
during spinal anesthesia for cesarean delivery.

• Examine current knowledge regarding risk of neuraxial 
infections associated with neuraxial procedures, and 
recommended techniques to minimize the risk of 
infection.

• Cite current evidence regarding neuraxial 
anesthesia/analgesia for external cephalic version of 
breech presentation.



• Oxytocin
• Phenylephrine vs. ephedrine
• Crystalloid vs. colloid
• Neuraxial infections
• External cephalic version



Question (raise your hands):

Who routinely adds oxytocin 20 IU to a one-liter 
bag of fluid and runs it in wide open after 
delivery?



Dyer RA. Anesthesiology 2009;111:753

Oxytocin 2.5 IU bolus



•Blinded RCT
•N = 40 / 10 non-pregnant
•Oxytocin 10 IU vs. methylergometrine 0.2 mg IV bolus
•Primary outcome:  ST segment changes



Br J Anaesth 208;100:683-9

Oxytocin: ST Segment Depression



Oxytocin ED90 (Elective)

ED90: 0.35 IU (95% CI 0.18-0.52)

Carvalho JA. Obstet Gynecol 2004;104:1005



Butwick AJ. Br J Anaesth 2010;104:338

Oxytocin Bolus: Dose Response



•Prospective, biased-coin up-down sequential 
allocation dose-finding study 

•Elective cesarean delivery
•Outcome: ED90 of oxytocin infusion for 
“satisfactory uterine tone”



George RB. Can J Anesth 2010;57:578

Oxytocin Infusion: ED90

ED90:
0.29 IU/min (95% CI 0.15 – 0.43)



Oxytocin ED90 (following labor)

ED90: 2.99 IU (95% CI 2.32-3.67)

Balki M. Obstet Gynecol 2006;107:45



Oxytocin infusion: ED90 (following labor)

Lavoie A 2013. Unpublished

ED90: 16.2 IU / h 
(95% CI 13.1-19.3)

ED90: 44.2 IU / h
(95% CI 33.8 to 55.6) 



Anesth Analg 2010;111:1460-6

•RCT: N = 143
•Cesarean delivery: 1 risk factor for uterine atony
•Oxytocin 5 IU vs. NS over 30 s
•All had oxytocin 40 IU for 30 min, then 20 IU for 8 h
•Primary outcome: need for additional uterotonics



King KJ. Anesth Analg 2010;111:1460-6



•RCT, elective cesarean delivery, N = 2069
•Oxytocin 5 IU over 1 min, 40 IU for 4 h vs. 
oxytocin 5 IU over 1 min, NS for 4 h

•Primary outcome: EBL > 1000 mL, additional 
uterotonics



Sheehan SR. BMJ 2011;343:d4661



Oxytocin: Conclusions

• Low bolus dose (≤ 3 IU) or infusion 
(0.3 – 0.4 IU/h)

• Laboring > elective
• Infusion > bolus without infusion
• Adding bolus before infusion does 

not improve outcome



• Oxytocin
• Phenylephrine vs. ephedrine
• Crystalloid vs. colloid
• Neuraxial infections
• External cephalic version



Question (raise your hands):

Who routinely uses EPHEDRINE for 
preventing/treating hypotension associated with 
spinal anesthesia in CS patients?

Who routinely uses PHENYLEPHRINE for 
preventing/treating hypotension associated 
with spinal anesthesia in CS patients?



Ralston DH. Anesthesiology 1974



Ralston DH. Anesthesiology 1974



Ephedrine vs. Phenylephrine

Lee A. Anesth Analg 2002



Phenylephrine 
vs. Ephedrine

Placental transfer

Fetal metabolism

Ngan Kee W. Anesthesiology 
2009;111:506



Langesæster E. Anesthesiology 2008;109:856



Phenylephrine vs. 
Ephedrine

Dyer R. Anesthesiology 
2009;111:753

Cardiac Output

Stroke Volume / SVR



How much phenylephrine?

80%
N = 24

90%
N = 25

100%
N = 25

P

UA pH 7.30 (0.03) 7.30 (0.03) 7.32 (0.04) 0.036

Nausea (n) 10 4 1 0.006

Ngan Kee WD. Br J Anaesth 2004



Phenylephrine Infusion Rate

Allen TK. Anesth Analg 2010:111;1221

*P < 0.05 vs. PE 25 and PE 50



Phenylephrine Infusion Rate:
Median Absolute Performance Error

Allen TK. Anesth Analg 2010:111;1221



Percentage performance error



Phenylephrine vs. ephedrine: 
Conclusions

Phenylephrine
• Higher umbilical cord pH
• Less nausea and vomiting
• CO and HR move in the same direction

• Low dose phenylephrine to move HR 
back to baseline



• Oxytocin
• Phenylephrine vs. ephedrine
• Crystalloid vs. colloid
• Neuraxial infections
• External cephalic version



Question (raise your hands):

Who administers a crystalloid bolus 
BEFORE initiation of spinal anesthesia?



Wollman SB. Anesthesiology 1968;29:374



Crystalloid Kinetics

Brauer LP. Anesth Analg 2002;95:1547

1.2 mL/kg/min for 5 min

Minutes



Fluid Management

•Crystalloid preload vs. coload
•Colloid vs. crystalloid preload
•Colloid preload vs. coload
•Crystalloid vs. colloid coload



Crystalloid Preload vs. Coload: 20 mL/kg

Coload
N = 25

Preload
N = 25

P-value

Volume (mL) 1386 ± 177 1474 ± 206 0.13

Duration 
infusion (min) 9.8 ± 4 20 ± 0 0.01

Ephedrine unit 
doses (n) 0 (0-5) 2 (0-13) 0.04

Ephedrine (mg) 0 (0-10) 10 (0-20) 0.03

Dyer RA. Anaesth Intensive Care 2004



Banjeree A. Can J Anaesth 2010;57:24-31

Crystalloid Pre-load vs. Co-load



Fluid Management

•Crystalloid preload vs. coload
•Colloid vs. crystalloid preload
•Colloid preload vs. coload
•Crystalloid vs. colloid coload



Crystalloid vs. Colloid Preload

Morgan PJ. Anesth Analg 2001



Fluid Management

•Crystalloid preload vs. coload
•Colloid vs. crystalloid pre-load
•Colloid preload vs. coload
•Crystalloid vs. colloid coload



Colloid Preload vs. Coload

Teoh WH. Anesth Analg 2009;108:1592

15 mL/kg



Banjeree A. Can J Anaesth 2010;57:24-31

Colloid Preload vs. Coload



Fluid Management

•Crystalloid preload vs. coload
•Colloid vs. crystalloid preload
•Colloid preload vs. coload
•Crystalloid vs. colloid coload



Anesth Analg 2011;113:803 

•RCT, elective cesarean delivery, N = 60
•Colloid 1-L vs. crystalloid 1-L coload
•Primary outcome: cardiac outcome
•Secondary outcomes: phenylephrine dose



McDonald S. Anesth Analg 2011;113:803



McDonald S. Anesth Analg 2011;113:803



Crystalloid vs. Colloid: 
Conclusions

• Crystalloid preload has no advantage over coload
• Colloid preload > crystalloid preload
• No difference between colloid preload and 

coload
• No difference between colloid and crystalloid 

coload
• Fluid loading does not reliably prevent 

hypotension



•RCT, N = 112
•Crystalloid coload (~ 2 L) vs. none
•Phenylephrine infusion starting 100 μg/min
•Primary outcome: incidence of hypotension 
(80% baseline)



Ngan Kee WD. Anesthesiology 2005;103:744

P < 0.001

2% vs. 28%



• Oxytocin
• Phenylephrine vs. ephedrine
• Crystalloid vs. colloid
• Neuraxial infections
• External cephalic version



Question (raise your hands):

Who uses POVIDONE IODINE for skin prep 
before an epidural or spinal procedure?



ASA Closed Claims Database

Lee LA. Anesthesiology 2004;101:143

Estimated incidence: 1:302,757
Reynolds F. Anesthesiol Clin 2008;26:23



Sources of Infection

•Spinal-epidural abscess: skin flora
−Staph aureus



• RCT, surgical wound prep
•chlorhexidine-alcohol scrub (n=409) vs. 
povidone-iodine (n=440)

• Primary outcome: incidence of infections

2010; 362: 18



2010; 362: 18

Incidence of infections lower in chlorhexidine 
group (relative risk 0.59, 95% CI: 0.41-0.85)





AAGBI

Anaesthesia 2008;63:1027



Sources of Infection

•Spinal-epidural abscess: skin flora
−Staph aureus

•Meningitis
−Strep viridans



•2 anesthesiologists / 2 hospitals
•5 cases of meningitis (3 CSE, 2 SAB)
•Onset of symptoms 13 – 21 h
•One death (26 h)
•Strep salivarius 4/5
•One anesthesiologist did not wear a mask



Meningitis Case Clusters

•4 cases of viridans streptococci meningitis 
after spinal anesthesia in 15 months

•One anesthesiologist
−Recurrent pharyngitis
−No handwashing
−Did not remove jewelry
−Did not wear a face mask
−Wore sterile gloves

Schneeberger PM. Infection 1996;24:29







Neuraxial Infection: Conclusions

• Skin prep solution: Chlorhexidine with alcohol

• Anesthesiologist: should wear masks



• Oxytocin
• Phenylephrine vs. ephedrine
• Crystalloid vs. colloid
• Neuraxial infections
• External cephalic version



Question (raise your hands):

Who offers NEURAXIAL ANALGESIA/ANESTHESIA 
for attempted ECV in their institution?

Who works in an institution that offers 
ECV for breech presentation?



•7 studies, N = 681
•Neuraxial analgesia/anesthesia vs. no 
neuraxial

•Primary outcome: success ECV



Neuraxial Analgesia: Success
Lavoie A. Can J Anaesth 2010;57;408-14

RR 1.44; 95% CI 1.16 – 1.79; P = 0.001



Neuraxial Analgesia: Success
Lavoie A. Can J Anaesth 2010;57;408-14



Neuraxial Analgesia: Success
Lavoie A. Can J Anaesth 2010;57;408-14

RR 1.95; 95% CI 1.46 – 2.60; P < 0.001



Anesth Analg 2013;117:155-9



Neuraxial Analgesia: Cost

Carvalho B. Anesth Analg 2013;117:155-9



Neuraxial Analgesia: Cost

•6 studies, N = 508
•Mean ECV success rate
−with analgesia 60% (range 44% - 87%) 
−without analgesia 38% (range 31% - 58%)

•Mean delivery cost $8931/$9207
•Difference $-276 (2.5th-97.5th CI $-720 to $112)

Carvalho B. Anesth Analg 2013;117:155-9

75



• Oxytocin
• Phenylephrine vs. ephedrine
• Crystalloid vs. colloid
• Neuraxial infections
• External cephalic version



Update in Obstetric Anesthesia
Conclusions

• Oxytocin: Low-dose infusion/± small bolus
• Phenylephrine > ephedrine

• Infusion 25 – 50 µg/min
• Crystalloid coload
• Chlorhexidine with alcohol skin prep
• Neuraxial anesthesia/analgesia for ECV
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