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Does prophylactic induction improve outcomes and 
reduce c/secs? 

 Are cervical ripening and induction techniques safe 
and effective? 

What drives induction rates? 

What constitutes optimal care?  
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italicized references = systematic reviews  

 

Systematic reviews are “studies of studies” on a 
particular topic. They often contain meta-analyses, a 
statistical technique for pooling data from multiple 
studies on a particular outcome.   



DOES PROPHYLACTIC INDUCTION IMPROVE 
OUTCOMES AND REDUCE CESAREANS? 



Elective/preventive induction? 
Benefits (Caughey 2009)?  

•  neonatal morbidity (Caughey 2009)? no 

•  c/sec rate? disagreement 

– observational studies: no  

• 1st-time mothers have 2X risk of c/sec (Boulvain 2001; Cammu 

2002; Dublin 2000; Ehrenthal 2010; Glantz 2005; Le Ray 2007; Luthy 
2004; Macer 1992; Maslow 2000; Seyb 1999; Vahratian 2005; Van 
Gemmund 2003; Vardo 2011; Vrouenaets 2005; Yeast 1999) 

3 to 31 more induced 1st-time mothers per 100 will have 
c/sec   

• women with prior births may also have  risk (Heinberg 
2002; Hoffman 2006; Van Gemmund 2003) 



Elective/preventive induction? 
•  c/sec rate? cont’d 

– meta-analysis of RCTs of elective induction vs. expectant 
management (Caughey 2009): yes because 

• expectant management  many women being induced later 
with even higher c/sec rates 

• c/sec rates rise with gestational age even with spontaneous 
onset  

BUT . . .  



Elective/preventive induction? 

•  c/sec rate? cont’d 

– medical-model management is to blame 

• biggest trial reported 26% c/sec rate with spontaneous 
onset in 1st-time moms & 5% in women with prior births 
despite not one factor that would predict need for c/sec at 
hospital admission (Hannah 1996) 

• c/sec rate in 1st-time moms stable 37-40 wks then leaps 
upward, but highly unlikely that status radically changed 
in low-risk, term women; more likely that care provider 
perception & management changed (Caughey 2007; Cheng 

2008) 



Elective/preventive induction? 

– medical-model management is to blame cont’d 

• home birth & birth center studies report low induction (2-

14%) & low c/sec (4-8%) rates yet equally good outcomes 
compared with similar women planning hospital birth 
(Ackerman-Liebrich 1996; Janssen 2002; Johnson 2005; Leeman 2002; 
van der Hulst 2004; Woodcock 1994) 

Achieving equally good outcomes with much lower 
induction rates refutes the rationale for preventive 
induction.   



Elective/preventive induction? 

Harms? yes 

• Adverse psychological effects 

– deprives women of beneficial psychological effects of 
endogenously secreted oxytocin 

– inculcates that their bodies are “lemons,” incapable of 
safely birthing their babies on their own timetable 



Elective/preventive induction? 

Harms? cont’d 

• Life-threatening complications 

– uterine rupture with unscarred uterus 

• oxytocin (Miller 1997; Porreco 2009; Sweeten 1995; Walsh 2007) 

• PGE2 (Azem 1993; Litwin 2003; Miller 1997)  

• misoprostol dose ≤ 50 mcg (Bennett 1997; Mazzone 2006; Porreco 

2009; Sachs 2005; Wagner 2004) 

– severe hemorrhage and idiopathic DIC (Al Zirqi 2009; De Abajo 

2004; Magann 2005 ) 

 

 



Elective/preventive induction? 

• Life-threatening complications cont’d 

– AFE (Abenhaim 2008; Knight 2010; Kramer 2006; Stolk 2012) 

– umbilical cord prolapse (Boyle 2005; Kahana 2004; MacDorman 2002; 

Roberts 1997) 

– cerebral palsy (Elkamil 2011) 

Every intervention has potential harms as well benefits. 
Exposing women who do not have a problem necessarily 
exposes them to the harms with no counterbalancing benefit. 

 



Elective/preventive induction? 

“Labor inductions should be performed for specific 
indications and women should be fully informed of 
the possible risks, including failed induction leading 
to cesarean delivery.” 

Glantz 2010, p. 76 



Suspected macrosomia? 

Benefits (Irion 1998; Sanchez-Ramos 2002)? no 

• fails to  c/sec rates and probably  them 

• fails to  shoulder dystocia rates 

 



Suspected macrosomia? 

Harms? yes 

• belief that baby is big when it is not  likelihood of 
c/sec (Blackwell 2009; Levine 1992; Melamed 2010; Parry 2000; 

Sadeh-Mestechkin 2008; Weeks 1995; Weiner 2002) 

– more elective c/secs 

– more failed inductions 

– more c/secs in latent labor (< 4 cm dilation) 

 

 



Suspected macrosomia? 

“Current evidence . . . does not support a policy of 
early induction of labor in term patients with 
suspected macrosomia.”  

“Fetal Macrosomia”  

ACOG 2000, p. 6 



Term PROM? 

Benefits (Dare 2006)? 

•  neonatal infections? no even though 

– biggest trial rarely treated GBS (Hannah 1996)  

– multiple vaginal exams in labor 

– may have had internal monitoring 

•  maternal infections? yes 

– endometritis: 6 fewer per 100 women 

– chorioamnionitis: 3 fewer per 100 women 

 BUT excess infection rate is the worst case for the reasons 
in the 1st bullet 



Term PROM? 

Harms (Dare 2006)? no  

– no  in c/sec rate compared with spontaneous onset BUT 
79% with term PROM will begin labor within 12 hr & 95% 
within 24 hr 

 



Term PROM? 

“Since planned and expectant management may not 
be very different, women need to have appropriate 
information to make informed choices.”  

Dare 2006, p. 2 

 



Impending postterm? 

• How long is normal pregnancy? 

– Naegele’s rule: early 1800s German OB/GYN professor 
set 40 wk (280 d) due date when declared that 
pregnancy lasts 10 lunar months 

– measured median length (Bergsjo 1990; Smith 2001) 

• 284 d first-time mothers 

• 282-283 d with prior births  

–  AND induction & preterm birth  pregnancy duration 
(Bergsjo 1990; MacDorman 2002) 

 



Impending postterm? 

• How long is normal pregnancy? cont’d 

– median length uncomplicated pregnancy (Mittendorf 1990) 

• 288 d first-time mothers 

• 283 d with prior births 

– 41 wk (287 d) definition of “postterm” not physiologic 
(Bergsjo 1990) 

•  25% of women no labor by 41 wk 

• 10% undelivered at 42 wk 

10% is a defensible definition for postterm; 25% or more 
is not. 



Impending postterm? 

Benefits? no 

•  fetal deaths? (MacDorman 2009) no 

– 1.4 per 1000 37-39 wk 

– 0.9 per 1000 40-41 wk 

– 1.7 per 1000  42 wk 

–  AND database analyses do not account for factors that  
risk (Getahun 2007; MacDorman 2009) 

–  AND not all deaths can be prevented by preemptive 
delivery 



Impending postterm? 

Benefits? cont’d 

• Don’t RCTs support  fetal deaths (Wennerholm 2009)? 
yes, BUT  
among the 5 perinatal deaths in the planned 
expectant management groups, not one was 
documented as an antenatal demise occurring in a 
healthy woman before 42 completed wks 



Impending postterm? 

Harms? yes 

•  c/sec? yes 

– elective induction  c/sec 

– as allowable pregnancy duration declines, more women 
will be induced with unfavorable cervix, which will  
c/sec 

– policy change (Kassab 2011): induce nulliparous women at 
41 wk 3 d  induce at 42 w 

• c/sec rate 33%  24% 
9 fewer women per 100 had c/sec 

 



Impending postterm? 

Harms? cont’d 

• Doesn’t meta-analysis of RCTs support no  in c/sec 
(Wennerholm 2009)? yes, BUT 

– RCTs included women with prior births (27-67%) which 
diminishes the effect of induction (Hannah 1996) 

• 26% c/sec rate in all induced women 

• 8% c/sec rate in induced women with prior births* 

• 34% c/sec rate in induced 1st-time mothers 

*Hannah excluded VBAC labors 

 



Impending postterm? 

• Doesn’t meta-analysis of RCTs support no  in c/sec 
(Wennerholm 2009)? cont’d  

– crossover 

• 18-34% assigned to induction began labor spontaneously 

• 21-34% of women assigned to await labor were induced 

 

 



Impending postterm? 

• Doesn’t meta-analysis of RCTs support no  in c/sec 
(Wennerholm 2009)? cont’d  

– crossover masks induction’s effect on c/sec rates (Hannah 

1996) 

• 25% planned await labor vs.  
 21% planned induction 
4 fewer women per 100 in planned induction group had 
c/sec vs. planned await labor 

• 18% c/sec actual spontaneous onset vs. 
 26% c/sec actual induction 
8 more women per 100 actually induced had c/sec vs. 
actual spontaneous onset 



Impending postterm? 

“Women are induced before 42 weeks in order to 
‘prevent’ them from becoming postdate. In other 
words, they are subjected to a risky medical 
intervention in order to prevent them from 
reaching a point in pregnancy—a point that is still 
low-risk, and one that they are unlikely to reach 
anyway. . . . It’s as if I were to push you down the 
stairs in order to prevent you from falling down 
the stairs.”  

Hart 2002, p. 26 



In summary . . . 
Prophylactic induction 

• Elective/preventive induction has no benefits but it 
has harms, in particular substantially more c/secs in 
nulliparous women. 
Green-lighting elective induction after 39 wks ignores 
this consequence. 

• Induction for suspected macrosomia likewise has no 
benefits but introduces harms. 



In summary . . . 
Prophylactic induction 

• Induction for PROM  

– doesn’t prevent neonatal infections, which is the rationale 
for induction  

– decreases maternal infection rates, BUT conventional 
management predisposes to infection 

– doesn’t increase c/sec rates, BUT almost all women will 
begin labor spontaneously within ½-1 day after rupture  



In summary . . . 
Prophylactic induction 

• Induction for impending postdates  

– unknown whether inducing labor in a healthy woman 
before 42 completed wks reduces stillbirths 

– induction increases c/sec rates, BUT effect is masked in 
RCTs 

Any reduction in stillbirths must be set against the 
excess perinatal mortality in subsequent pregnancies 
attendant on prior c/sec AND that we have risk-free 
strategies to reduce antepartum deaths. 



ARE CERVICAL RIPENING AND INDUCTION 
TECHNIQUES SAFE AND EFFECTIVE? 



Triggering labor onset 

• Breast stimulation (Kavanagh 2005) 

– effective? 

•  likelihood of labor onset? yes 

•  likelihood of c/sec? no 

– harmful (6 trials, 719 women)? no, provided healthy 
women carrying healthy babies 

• no differences in morbidity 

• 3 perinatal deaths BUT all occurred in 20 women in an 
Indian trial that included high-risk women & 2 of 3 deaths 
were in anomalous infants   



Triggering labor onset 

• Acupuncture (Asher 2009; Modlock 2010; Selmer-Olson 2007; 

Smith 2004) 

– effective? 

•  likelihood of labor onset? maybe  
trials with “no treatment” control group report effect, but 
sham-controlled trials don’t  possible placebo effect 

•  likelihood of c/sec? no 

– harmful? no 



Triggering labor onset 

• Stripping/sweeping membranes (Boulvain 2005; de 

Miranda 2006; Hill 2008) 

– effective? 

•  likelihood of labor onset? yes  

•  likelihood of c/sec? no 

– harmful? maybe 

• possible association with PROM 
9 more PROM per 100 with stripping/sweeping 
membranes vs. cervical massage 



Triggering labor onset 

None of the strategies to trigger labor reduce c/sec. Their only 
benefit is to truncate healthy pregnancies in order to avert 
induction. Why not just await spontaneous labor? 



Labor induction 

• Is rapid induction to delivery a good thing? no 

– associated with  uterine hyperstimulation + abnormal 
FHR (hyperstimulation syndrome) & similar c/sec rates 
(Alfirevic 2006; Crane 1998) 

 

“An accelerated labor is as safe as a streamlined 
parachute.”  

Thornton 1994, p. 366 



Labor induction 
ripening alone 

• Hydrophilic dilators (sponges) (Heinemann 2008)? no  

– associated with infection 

 



Labor induction 
ripening alone 

• Balloon catheter  

– effective compared with other agents? yes  

• similar c/sec rate vs. PGE2 & misoprostol (Jozwiak 2012) 

– harmful? tradeoff  

•  uterine hyperstimulation + FHR changes vs. 
prostaglandin (0.4% vs. 3.3%) (Jozwiak 2012); 

 “excessive uterine activity” vs. PGE2 (7% vs. 11%) or 
misoprostol (8% vs. 20%) (Vaknin 2010) 

•  maternal infection (7.6% vs. 5.0%) BUT difference small 
& may be confounded by labor practices (Heinemann 2008) 

 



Labor induction 
 induction alone 

• Amniotomy? no 

– commits to delivery 

– opens a pathway for ascending infection 

– permits cord compression 

– potential for cord prolapse 



Labor induction 
induction alone 

Administration: The initial [oxytocin] dose should be 0.5-1 
mU/min . . . . At 30-60 minute intervals the dose should be 
gradually increased in increments of 1-2 mU/min . . . . 
Infusion rates up to 6 mU/min give the same oxytocin levels 
that are found in spontaneous labor. . . . [R]ates exceeding 
9-10 mU/min are rarely required. Overdosage: 
Hyperstimulation with strong (hypertonic) or prolonged 
(tetanic) contractions or a resting tone of 15 to 20 mm H2O 
or more between contractions can lead to tumultuous 
labor, uterine rupture, cervical and vaginal lacerations, 
postpartum hemorrhage, uteroplacental hypoperfusion, 
and variable deceleration of fetal heart, fetal hypoxia, 
hypercapnia, perinatal hepatic necrosis or death. 



Labor induction 
induction alone 

• High-dose/short interval oxytocin regimens 

– effective compared with low-dose/long interval 
regimens (Crane 1998; Merrill 1999)? no 

• similar c/sec rates 

– harmful (Al-Zirqi 2008; Al-Zirqi 2009; Crane 1998; Magann 2005; Ophir 

2007; Rossen 2010)? yes 

•  risk maternal & neonatal hyponatremia 

•  risk of uterine hyperstimulation & therefore its 
sequelae   

•  postpartum hemorrhage BUT . . . 



Labor induction 
induction alone 

• Evidence-based oxytocin dosing regimen 

– effective at achieving vaginal birth? yes, with a patient 
care provider & favorable cervix 

– harmful? no 
• short metabolic half-life (10-12 min) means that should 

hyperstimulation occur, turning infusion rate down or off has rapid 
results 



Labor induction 
ripening + induction 

• Vaginal misoprostol 

– effective compared with PGE2 (Crane 2006; Hofmeyr 2010)? no  

• c/sec rates similar 

– harmful? yes 

•  uterine hyperstimulation + abnormal FHR (Crane 2006; 
Hofmeyr 2010)  

•  risk uterine rupture with scarred uterus 

• possible  risk c/sec with preeclampsia (Fontenot 2005; Martinez 
de Tejada 2010) 

• possibility of catastrophic outcome . . .  



Labor induction 
ripening + induction 

“A major adverse effect of the obstetrical use of Cytotec is 
hyperstimulation of the uterus which may progress to 
uterine tetany with marked impairment of uteroplacental 
blood flow, uterine rupture (requiring surgical repair, 
hysterectomy, and/or salpingo-oophorectomy), or amniotic 
fluid embolism. Pelvic pain, retained placenta, severe 
genital bleeding, shock, fetal bradycardia, and fetal and 
maternal death have been reported.” 

BUT . . .  



Labor induction 
ripening + induction 

• Isn’t misoprostol safe when used “appropriately” 
(unscarred uterus, doses ≤ 50 mcg) (ACOG 2009)? no 

– 18 cases in U.S. hospitals (Bennett 1997; Mazzone 2006; Porreco 

2009; Sachs 2005; Wagner 2004; Wing 1996) 

• uterine rupture 

• severe hemorrhage  hysterectomy 

• AFE 

• permanent fetal neurologic injury 

• perinatal death 

• maternal death 



Labor induction 
ripening + induction 

• Low-dose oral misoprostol (Kundodyiwa 2009) 

– effective compared with PGE2? unclear 

•  c/sec rates (20% vs. 26%) & similar uterine 
hyperstimulation rates BUT 

• c/sec rates & uterine hyperstimulation rates unusually 
high in the PGE2 group compared with rates in the trials 
included in the review of vaginal misoprostol vs. PGE2 

If PGE2 can achieve similar c/sec rates with less 
hyperstimulation, then low-dose oral misoprostol is not 
the superior agent. 

 



Labor induction 
ripening + induction 

• Low-dose oral misoprostol cont’d 

– harmful? yes 

• dissolving the tablet allows for more accurate dosing then 
cutting a small pill in pieces 

•  uterine hyperstimulation rates compared with vaginal 
misoprostol BUT 

• no reason to think will  c/sec rates compared with other 
agents AND 

• every reason to think hyperstimulation rates will exceed 
those with balloon catheter followed by appropriate use of 
oxytocin 



Labor induction 
ripening + induction 

• Intracervical PGE2? no 

– vaginal administration preferable because intracervical 
administration offers no advantages & more difficult & 
uncomfortable to apply (Boulvain 2008) 



Labor induction 
ripening + induction 

• Vaginal PGE2 (Kelly 2009)?   

– effective at achieving vaginal birth? no 

• similar c/sec rates compared with placebo/no treatment, 
including with unfavorable cervix & in 1st-time mothers 

– harmful? yes 

•  hyperstimulation + abnormal FHR (4.4% vs. 0.5%) 
compared with placebo/no treatment 

– disadvantages compared with balloon catheter or 
oxytocin? yes 

• high cost 

• need for refrigeration 

 



Ripening & induction techniques 
In summary . . . 

• Breast stimulation, acupuncture, & membrane 
stripping/sweeping may bring on labor, but 
they have no effect on c/sec rate, which is the 
rationale for using them. 

• Balloon catheters are as effective as PGE2 & 
more cost effective for cervical ripening, & they 
result in similar c/sec rates. 

• Physiologic oxytocin regimens are safer than 
high-dose/short interval regimens & can be just 
as effective. 



WHAT DRIVES INDUCTION RATES? 
 



What drives induction rates? 

• Is it women demanding elective induction? no 

– U.S. study of effect of educating women on risks, 
benefits, & indications for induction (Simpson 2010 MCN) 

• having the class  elective induction rates (38% vs. 50%) BUT 

• 75% having elective inductions said obstetrician’s idea vs. 25% 
saying their own idea 

• women offered elective induction were much more likely to 
choose it regardless of whether they had the class  



What drives induction rates? 

• Is it women demanding elective induction? cont’d  

– many women having “elective” inductions think 
induction is medically indicated (Simpson 2010 JPE) 

• macrosomia:  
– 40% said induced because “my baby was too big” 

–  BUT only 27% had macrosomia indicated in medical record 

• postdates: 
– 20% said induced because “due now or overdue” 

–  BUT only 6% were 41 wks & none were > 41 wk 3 d 

–  AND majority that believed being induced for “overdue” were 
40+ wk 

 



What drives induction rates? 

• Providers steer women into inductions 

– discussion of induction after women told baby getting 
“quite large” (Declercq 2013)   

 
Extent of 

Discussion 
Reasons for 
Induction 

Reasons Not to 
Induce 

“a lot” 23% 11% 

“some” 37% 27% 

“a little” 38% 34% 

“not at all”   1% 29% 



What drives induction rates? 

• Medical model beliefs 
 
“Once delivery occurs, the ongoing risk of stillbirth 
disappears.”  

Caughey 2006, p. 700 

and . . .  



What drives induction rates? 

“Because the 2 main indications for primary cesarean delivery—
cephalopelvic disproportion and uteroplacental insufficiency—
increase as a function of increasing gestational age during the term 
period of pregnancy, . . . . If spontaneous labor does not develop 
before the upper limit of each woman’s optimal time of delivery, 
then AMOR-IPAT* uses preventive induction to ensure that delivery 
occurs within the optimal time of delivery.” 

Nicholson 2007, p. 311 

 

*Active Management of Risk in Pregnancy at Term 



What drives induction rates? 

• Convenience: 
 
“‘Scheduling an induction can make everyone’s life 
easier,’ [Dr. Leveno] said. . . . ‘I am not capable of 
constantly doing my best work in the middle of the 
night.’” 

Villarosa 2002 



What drives induction rates? 

• Cost-effective use of staff: 
 
“Advantages of elective induction include . . . efficient 
use of hospital personnel, and optimal time-of-day 
patient care.”  

Prysak 1998, p. 47 



What drives induction rates? 

• Economics: 
“Although improvements in Intermountain’s appropriate 
elective induction rates [elective induction rate fell from 
28% to 2%] saved the citizens of Utah more than $50 
million per year through reduced payments, 
Intermountain’s costs fell by only about $41 million. 
Intermountain thus lost more than $9 million per year in 
operating margins.”  

James 2011, p. 1190 

and . . .  



What drives induction rates? 

“The best part about it is that you can block-schedule your 
nurses so that you have enough on hand. . . [I]f we start our 
inductions at 7 a.m., we know that we're going to have X 
number of patients in labor being admitted by 4 p.m. That's 
helped our hospital tremendously, . . . [Cytotec is] a great 
agent. It works very, very efficiently. . . . And it's ungodly 
inexpensive: 27 cents per tablet.” 

Jancin 2004  

 



What drives induction rates? 

• Self-perception of role & status: 
“It is no longer feasible for individual physicians who 
have invested 12 years in training at a cost of 
hundreds of thousands of dollars to dedicate 
extended periods to observing one normal woman in 
labor.”  

Caillouette, discussant of Macer 1992   
(elective induction study), p. 1697 



What drives induction rates? 

• Liability protection: 
“If a woman had not been sufficiently counseled that her risk of a 
chromosomal anomaly was estimated to be 1/66 at the age of 40 
and had not been offered invasive testing, she (and her lawyer) 
could easily demonstrate that her care fell outside the bounds of 
the standard of care. . . . [I]t is [therefore] worth reviewing [the 
slightly increased risk of stillbirth] with the [over age 40] patient 
and reviewing the options available to her (eg, expectant 
management . . ., formal antepartum testing, and/or timed 
delivery).”  

Fretts 2008  



Induction rate drivers 
In summary . . . 

• Clinicians steer women into inductions 

• Clinicians & institutions prefer inductions for 
reasons of: 
– medical model beliefs 

– convenience 

– cost-effective use of staff 

– economics 

– self-perception of role & status 

– liability protection 

 

 

 



WHAT CONSTITUTES OPTIMAL 
CARE? 



Optimal care 

• If possible, await cervical ripeness (Thorsell 2011). 

• With favorable cervix, proceed directly to oxytocin. 

• Do not use vaginal misoprostol. 

• With unfavorable cervix, ripen with a balloon catheter 
followed by gentle, slow oxytocin induction with fall-back to 
PGE2 or possibly low-dose oral misoprostol if catheter 
insertion fails. 



Optimal care 

• Use an evidence-based oxytocin dosing interval & dose.  

• Conduct a leisurely, serial induction with meticulous attention 
to achieving cervical ripeness and maintaining maternal well-
being (Klein 2009). 

• Turn off the oxytocin drip once in active labor (Daniel-Spiegel 

2004; Girard 2009; Ustunyurt 2007). 

• Refrain from vaginal exams if membranes are ruptured. 

• Have patience (Blackwell 2008; Harper 2012; Rinehart 2000; Simon 

2005; Vahratian 2005). 




