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Induction of labor (IOL) refers to the artificial initiation 
of labor undertaken when the benefits of delivery are 

deemed to outweigh the risk of awaiting spontaneous 
onset of labor.1,2 It is a common obstetric intervention that 
precedes 20% of all births.3 In high-risk pregnancies, the 
balance starts to shift in favor of delivery between 37 to  
38 weeks of gestation, but the optimal timing of delivery in 
low-risk pregnancies is still not clear. 

The 2004 American College of Obstetricians and Gyne-
cologists (ACOG) Practice Bulletin on the management 
of postterm pregnancy noted that well-dated pregnan-
cies persisting beyond 294 days (42 weeks) were associ-
ated with oligohydramnios, birth injury, macrosomia, 
meconium aspiration syndrome, and stillbirth.4 It sug-
gested that, while IOL at 41 weeks and continued expect-
ant management were both acceptable management 
options, there appeared to be a small advantage to IOL 
at 41 weeks regardless of parity or method of induction. 
In 2012, authors of a systematic review on IOL for improv-
ing birth outcomes for women at or beyond term con-
cluded that, compared with expectant management, IOL 
at or beyond 41 weeks was associated with a statistically 
significant reduction in all-cause perinatal death (relative 

risk [RR], 0.31; 95% confidence interval [CI], 0.12–0.88) with 
a simultaneous decrease in cesarean delivery (CD) rates 
(RR 0.89, 95% CI 0.81 to 0.97).5 The number needed to 
treat with IOL to prevent 1 perinatal death was 410 (95% 
CI, 322–1492).5 IOL at 41 weeks is now the most common 
management strategy throughout North America. In this 
review, we summarize the most recent evidence to deter-
mine whether IOL in low-risk pregnancies at term should 
be deferred until 41 weeks or whether 39 is the new 41. 

Fetal/neonatal implications of prolonging 
pregnancy beyond 39 weeks
Between 1:50 and 1:500 fetuses reach maturity in utero 
and then suffer a catastrophic event leading to permanent 
neurologic injury or death.6 

Morbidity 
Short-term morbidity from respiratory distress syndrome 
(RDS), sepsis, intraventricular hemorrhage (IVH), and 
necrotising enterocolitis (NEC) decrease with increasing 
gestational age and plateau after 37 to 38 weeks, while 
long-term morbidity as a result of retinopathy of prematu-
rity (ROP) and bronchopulmonary dysplasia plateau much 
earlier at around 32 weeks; neonatal intensive care unit 
(NICU) admissions nadir at around 35 weeks.7 Long-term 
neurodevelopmental disorders, such as seizures, develop-
mental delay/mental retardation, and cerebral palsy also 
reach their nadir between 38 and 39 weeks of gestation.8 
Moreover, the odds of developing newborn encephalopa-
thy rise sharply as gestational age is prolonged beyond  
39 weeks, increasing to 13.2-fold at 42 weeks.9 

A large retrospective cohort study conducted in Cali-
fornia focused on neonatal complication rates at term 
and showed that the incidences of meconium and mac-
rosomia increase with advancing gestation. In addition, 
the rates of severe neonatal complications (skull fractures, 
brachial plexus injuries, neonatal seizures, IVH, neonatal 
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sepsis, meconium aspiration syndrome, and RDS) reduced 
in frequency from 3.6% at 37 weeks to 1.8% at 39 weeks 
before rising again to 2.3% at 40 weeks and 4.6% at 43 
weeks. Similarly, NICU admissions drop from 8.5% at 37 
weeks to 2.6% at 40 weeks before rising again to 4.9% at 
43 weeks (TABLE 1).10 

Mortality
Stillbirths account for more perinatal deaths than com-
plications of prematurity, congenital or chromosomal 
malformations, and sudden infant death syndrome com-
bined.11,12 Most stillbirths are unexplained. Rates of unex-
plained stillbirth rise sharply from 0.49/1000 ongoing 
pregnancies at 39 weeks to 1.27/1000 at 41 weeks. Stated 
differently, the risk of stillbirth in the ensuing week is 
1/2039 at 39 weeks, 1/1148 at 40 weeks, 1/786 at 41 weeks, 
and 1/486 at 43 weeks.13,14 

Perinatal Risk Index includes the cumulative probabil-
ity of perinatal death (antepartum stillbirths, intrapartum 
stillbirths and neonatal deaths within four weeks of birth) 
at a given gestational week multiplied by 1000. A popula-
tion-based study from Scotland showed that perinatal risk 
index was lowest in births occurring at 38 weeks (under 
2/1000 births), rising sharply to approximately 6.0 and 
4.5/1000 for births occurring at 42 weeks in nulliparous 
and multiparous women, respectively.15 

Infant mortality, which refers to deaths in the first year 
after birth, increases with advancing gestational age from 
1/1000 ongoing pregnancies at 39 weeks to 6/1000 at  
43 weeks.16,17 

Can we predict and/or  
prevent perinatal mortality?
Despite a battery of available clinical, biochemical, and 
radiologic tests and predictive algorithms, we are still 

unable to accurately predict stillbirth,18 and the rate of 
stillbirth in the United States has remained stubbornly 
unchanged.19 Interestingly, a policy of routine elective CD 
at 39 weeks could prevent 2 stillbirths per 1000 ongoing 
pregnancies or 6000 lives saved in the United States annu-
ally,20 which far exceeds the efficacy of any other preventive 
strategy proposed to date. Routine IOL at 39 weeks has the 
potential to be equally beneficial. 

Optimal timing of birth for the fetus in  
low-risk singleton pregnancies
From the perspective of the fetus, the data overwhelm-
ingly support delivery before 40 weeks of gestation; the 
only question is whether it should be 37 to 38 weeks or 39 
weeks. While delivery at 37 to 38 weeks may be associated 
with the lowest perinatal mortality, it would increase the 
risk of RDS, NICU admission, mechanical ventilation, and 
hypoglycemia. Delivery at 39 weeks would increase peri-
natal mortality from 0.7/1000 (at 37 weeks) to 1.4/1000 (at 
39 weeks), but would simultaneously reduce by 6-fold the 
risk of other adverse events.15,16,21-23 

Maternal implications of prolonging  
pregnancy beyond 39 weeks
A major concern regarding IOL is that it may increase the 
rate of CD and related complications. Early studies sug-
gesting such an association were mostly observational and 
subject to inherent bias and serious methodologic errors 
(such as lack of power, inconsistent protocols, absence 
of preinduction cervical ripening, and a failure to control 
for parity, maternal comorbid conditions, or the passage 
of time). More recent evidence demonstrates that this is 
not true. In a 2012 systematic review comparing IOL ver-
sus expectant management for women at or beyond term 
that included 22 randomized controlled trials (RCTs) and 
9383 women, perinatal mortality was 1/3730 for the IOL 
group and 13/3677 for the expectant management group  

TABLE 1  Neonatal complication rates by week of gestation at term10

Gestational age, wk N Meconium, % Macrosomia, % ICN admissions, % Severe complications, %a

37 2053 11.0 0.58 8.5 3.56

38 4489 13.8b 0.88b 4.5c 1.95d

39 7626 18.3c 1.15b 3.1b 1.84

40 9808 25.8c 2.22d 2.6 2.31b

41 5717 31.9c 3.58c 3.4d 3.14d

42 2312 35.4b 5.89c 4.7d 3.82d

43 674 37.2 8.57b 4.9 4.55b

Abbreviation: ICN, intensive care nursery.
Statistical significance as compared with the rate of complication in the previous week of gestation.
aIncluded birth trauma (including skull fracture and brachial plexus injuries), neonatal seizures, intracranial hemorrhage, neonatal sepsis, meconium aspira-
tion syndrome, and respiratory distress syndrome.
bP<.05, χ2 test.
dP<.01, χ2 test.
cP<.001, χ2 test.
Reprinted from American Journal of Obstetrics and Gynecology, 192, Caughey AB, Washington AE, Laros RK Jr. Neonatal complications of term pregnancy: 
rates by gestational age increase in a continuous, not threshold, fashion, 185-190, Copyright 2005, with permission from Elsevier.
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(RR, 0.31; 95% CI, 0.12–0.88), clearly favoring IOL. Although 
operative vaginal delivery rates were higher following IOL 
(RR, 1.1; 95% CI, 1.00–1.21), CD rates were significantly 
lower (RR, 0.89; 95% CI, 0.81–0.97).18 

A more recent systematic review that included  
157 RCTs comparing IOL with expectant management 
suggested that IOL reduces CD rates by 12%, fetal death 
rates by 50%, and NICU admission rates by 14%, with no 
increase in maternal mortality (FIGURE).24 This effect was 
significant both at term (RR, 0.87; 95% CI, 0.82–0.92 [113 

RCTs]) and postterm (RR, 0.82; 95% CI, 0.69–0.99 [14 RCTs]) 
but not preterm (RR, 1.00; 95% CI, 0.88–1.14 [26 RCTs]). 
Surprisingly, CD rates were decreased even when the IOL 
was performed for no medical indication (RR, 0.81; 95% CI, 
0.70–0.93 [33 RCTs]), when the cervix was unfavorable (RR, 
0.87; 95% CI, 0.81–0.94 [98 RCTs]), and in both high-risk 
(RR, 0.89; 95% CI, 0.84–0.94 [103 RCTs]) and low-risk preg-
nancies (RR, 0.84; 95% CI, 0.75–0.94 [54 RCTs]).24 

These findings are consistent with the 2009 report 
from the Agency for Healthcare Research and Quality for 

FIGURE  Systematic review showing overall and subgroup analysis of the effect of induction of 
labor versus expectant management on the risk of cesarean delivery24

Abbreviation: CI, confidence interval.
Values less than 1 indicate a decreased risk of cesarean delivery.
aAcupuncture, breast stimulation, sexual intercourse, homeopathic preparations, castor oil, bath, or enema.
bGestation >40 wk. 
Reprinted with permission from Canadian Medical Association Journal.
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the US Department of Health and Human Services, which 
concluded that IOL was associated with shorter duration 
of labor and lower rates of CD, with no differences in rates 
of maternal infection, operative vaginal delivery, major 
perineal tears, postpartum hemorrhage (PPH), or need for 
blood transfusion.25 In addition, large population-based 
studies on low-risk pregnancies suggest that, in addition 
to increased risk of CD, each successive week of gesta-
tion after 39 weeks is associated with an increase in other 
maternal complications, such as febrile morbidity, major 
perineal lacerations, and PPH (TABLE 2).26,27 Subanalyses 
of recent RCTs28 and systematic reviews24 show that nul-
liparous women and those with unfavorable cervices are 
more likely to benefit from IOL than expectant manage-
ment regardless of the indication for IOL. 

Additional concerns
Other concerns that have been raised about routine 
IOL at an earlier gestational age are relatively minor. 
Iatrogenic prematurity (the inadvertent delivery of a 
premature infant), once a serious problem, has all but 
disappeared with the more liberal use of early dating 
ultrasound. Concerns about the “medicalization” of an 
otherwise normal physiologic process, although an 
ongoing debate in some communities, can be relatively 
easily addressed by reviewing the data on patient safety 
and improvements in both maternal and perinatal out-
comes. Although precise data on the cost of routine IOL 
versus continued expectant management at 39 weeks 
is lacking, cost effective analyses of comparable situa-
tions (such as postterm pregnancy and term premature 
rupture of membranes) have shown significant cost sav-
ings with IOL.29,30 Similarly, patient satisfaction has been 
shown to be greater with IOL versus expectant manage-
ment in comparable clinical situations.31 

Conclusions 
If a healthy pregnant woman asks you what the optimal 
gestational age is for her to deliver her baby, the answer is 
39 weeks! Continuing the pregnancy beyond 39 weeks of 
gestation is associated with a small but consistent increase 

in the risk of stillbirth as well as such other adverse events 
as RDS, NICU admission, mechanical ventilation, and hypo-
glycemia. Moreover, with the advent of newer cervical rip-
ening agents, her risks are minimal. So why the reluctance 
to change practice? Is another large RCT needed to estab-
lish the benefit beyond a reasonable doubt? Do we really 
need more patient preference studies? Human reproduc-
tion is a wasteful process. There is little we as obstetric care 
providers can do about adverse events that occur in early 
pregnancy, such as failed implantation, recurrent miscar-
riage, cervical insufficiency, or preterm birth. But we can 
minimize injury and loss at the end of pregnancy. Thirty-
nine weeks and out! Saved by birth!  
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In the United States, 23.8% of all pregnant patients under-
went induction of labor in 2015.1 A recent survey sug-

gested that 18% of obstetric units in the United Kingdom 
(UK) were, or were planning to start, carrying out induc-
tion of labor in the outpatient setting.2 Outpatient cervical 
ripening has been traditionally carried out on the hospital 
campus. In some of these cases should we be moving cer-
vical ripening to the office setting—potentially a substan-
tial distance from the hospital and labor and delivery unit? 
If an obstetrician has the right office setup and systems in 
place and selects the appropriate patient population, the 
returns in patient and provider convenience and satisfac-
tion could be considerable. A downstream return would 
be improved efficiency for the obstetrician on the labor 
and delivery suite and for all other providers and patients 
using that facility. In this article we explore the safety and 
overall value of a shift to induction of labor in the office 
setting in the United States. 

The logistics of cervical ripening
There are 2 essential elements to the practice of clinical 
obstetrics: the management of the patient’s care and the 
administration of the logistics of the labor ward. In con-
temporary practice, a never-ending drive for more effi-
cient health care delivery leads to constraints on space 
and patient flow within the hospital, raising the need for 
awareness of logistics in our practice paradigm. In a sys-
tem with many providers looking after a small number of 
patients, the importance of the logistical management of 
the labor ward may not be optimized. Areas of obstetric 
practice where this is increasingly seen are cervical rip-
ening and induction of labor. If there are many patients 
admitted for cervical ripening and induction of labor, a 
hospital’s obstetric triage and labor facilities can become 
congested with nonactive patients, presenting challenges 
to the efficient processing of acutely presenting patients, 
spontaneously laboring parturients, and other elective 
scheduled obstetric cases.

There has been a plethora of obstetric research 
recently as to the optimal method for cervical ripening and 

induction of labor. Should we be using prostaglandin E2 

(PG E2), misoprostol (PG E1), cervical balloons, oxytocin, or 
various combinations of these therapeutic options? The 
findings from this body of research are introducing us to 
a combination approach to therapy, with balloons being 
used alongside a pharmaceutical agent.3,4 Embracing 
new therapeutic options may lead to an overenthusias-
tic approach, with more inductions occurring at a cost of 
more space and resource utilization on the labor ward for 
the modest benefit of a small reduction in time of inter-
vention and marginal cost savings. It can be questioned 
as to whether this research is carried out due to the 
intrinsic potential value of the possible findings or due 
to the simple result of an infatuation with the random-
ized controlled trial (RCT). Induction is a research topic 
with relatively easy subject recruitment, and a number 
of simple and relatively safe interventions are available. 
It is hard to see the biological plausibility of a method of 
induction affecting meaningful obstetric variables (such 
as the size of the fetus, the position and station of the 
presenting part, or the dimensions of the maternal pel-
vis once active labor is established). Perhaps it is time to 
step back and focus our attention not on the methodol-
ogy but on the logistics of cervical ripening and induc-
tion of labor.

A first step in analyzing the logistics of cervical ripening 
and induction of labor is to avoid blending the 2 together 
as a continuous process and to clearly separate them into 
their individual elements. A loss of clarity of thinking in 
obstetric practice is often seen with cervical ripening and 
induction, as well as with induction and augmentation 
of labor. Many patients are often considered to be in the 
induction phase of labor when they are actually really still 
undergoing cervical ripening, and many patients are con-
sidered to be being augmented when they are in reality 
being induced. This confused practice is costly in terms of 
space, monitoring, and provider and nursing time, and can 
lead to an inefficiently run labor and delivery suite. Some 
units, in the quest for more efficient systems, already have 
separated cervical ripening from induction of labor and 
moved cervical ripening to the outpatient department 
only to find that they have shifted a potential barrier to 
efficiency from the labor ward to triage or the clinic. Part 
of the rationale of the movement from inpatient to out-
patient cervical ripening was an intent to reduce cost, but 
fiscal research in this area is conflicting.5,6 Based on the 
principles of dilution of patient numbers and dissolution 
of hospital clinical time, the logical location for the most 
efficient and economical practice of cervical ripening may 
be the individual providers’ offices. The immediate barrier 
to such a management style is the concern over whether 
this practice is safe.
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Safety of outpatient cervical ripening
The practice of outpatient cervical ripening already has 
undergone research scrutiny, including well conducted 
RCTs for PG E2,

7-9 misoprostol,10 and cervical balloons,11 as 
well as multiple cohort studies.12-18 Although there is little 
biological plausibility that a different space or room is going 
to affect the outcome of cervical ripening, it is possible that 
the uterine or fetal response to the intervention may make 
a particular setting less appropriate or safe. This is less likely 
for a mechanical method and more likely for pharmacologic 
interventions, particularly with stronger agents or with 
increasing dose. 

Outpatient use of the cervical balloon appears, not 
surprisingly, to be no different in efficacy from the inpa-
tient setting and it appears to be very safe in both set-
tings.11,18 Research on outpatient PG E2 has shown both a 
shorter time period to delivery8 and no difference in out-
come,7,9,16 with no studies demonstrating it to be unsafe 
in the outpatient setting.7-9,12,13 However, some studies 
suggested a need for early removal of vaginal insert13 or 
a more frequent occurrence of a nonreassuring fetal-heart 
rate (although these studies did not report adverse mater-
nal or fetal outcomes).7 Studies into the outpatient use of 
misoprostol have shown it to have a shorter period of time 
for cervical change compared with placebo,15,17 to be more 
efficacious at a higher dose,16 and to be more efficient than 
PG E2.10 Although both uterine tachysystole and nonreas-
suring fetal-heart tracing are well recognized potential 
complications of misoprostol use,19 and such events did 
occur in this research, none of the studies demonstrated a 
difference in maternal or fetal outcomes between the out-
patient and inpatient settings.10,14-17 In summary, study to 
date has shown no difference in maternal or fetal outcome 
for cervical ripening comparing the outpatient to the inpa-
tient setting; it has demonstrated, however, that uterine 
tachysystole or nonreassuring fetal heart tracing may lead 
to outpatient cervical ripening being abandoned or con-
tinued in the inpatient setting. 

No study to date has suggested that outpatient or office 
cervical ripening is unsafe, but none has been adequately 
powered to state that it is safe as a definitive conclusion. It 
is exceedingly unlikely that an RCT, adequately powered 
to determine safety data, will ever be carried out. We know 
from the already published literature that a conservative 
estimate of a significant adverse safety event would be 
1:1000. Therefore, to determine a 20% reduction (with 
80% power using a 2-tailed chi-square test with an alpha 
of 0.05 and assuming equal numbers in each arm) would 
require 352,000 in each arm (a total of 705,760 patients), 
and to determine a 50% reduction would require 94,114 
in each arm for a total of 188,228 patients. It is exceedingly 
unlikely that such an RCT will be carried out.

Ripening agent and patient safety
In the absence of the existence of a definitive outpatient 
safety trial, is the concept of office-based cervical ripen-
ing something we should consider? Choice of method 

and patient selection can optimize safety. Balloon cer-
vical ripening methods are the safest, but they may not 
be the most attractive option for the patient as an office 
intervention, until a more compact device with a very 
short tail is developed. Hygroscopic cervical dilators may 
be a more acceptable option for women due to their 
smaller length.

An efficacious agent, such as a balloon or prostaglan-
din with a modest dose, a conservative protocol with a 
judicious amount of fetal monitoring, used in a low-risk 
population of nulliparous patients at an earlier gestational 
age (39 to 40+ weeks) may be a good proposition.

A good proposition is one that fills a clinical need, is 
acceptable to the parturient, is practical, and improves 
workflow in the inpatient obstetric setting. It should also 
be safe. How safe? One cannot abrogate risk, but one can 
approach it rationally. Office cervical ripening may be 
considered safe when compared with other commonly 
performed routine obstetric practices, such as trial of 
labor after cesarean delivery, external breech version, 
expectant management of postdates pregnancy, labor-
ing with a large baby, laboring with a history of prior 
shoulder dystocia, and performing a cesarean delivery for 
maternal request alone. We have probably reached the 
point where offering outpatient cervical ripening in the 
United States is rational if we use careful patient selection 
and one of the mechanical dilatation methods or a mod-
est prostaglandin protocol for office use. 

Liberal use of office cervical ripening could change 
radically how we manage induction of labor. Currently, we 
need a good indication or a favorable cervix, often ignor-
ing those who have an unfavorable cervix until they are 
very postdates with placental dysmaturity and a higher 
chance of fetal intolerance of labor and cesarean delivery. 
Currently, a long course of frequent cervical ripening is not 
practical or attractive, but conducting the practice in an 
office setting could change this. Office cervical ripening 
may be acceptable for the patient at earlier gestational 
age (39 to 40 weeks) with an unfavorable cervix. Many 
episodes of ripening may be more palatable when con-
venience is prioritized, avoiding a busy hospital campus, 
admission procedures, waiting rooms, and hospital delays. 
A recent small RCT of misoprostol 25 µg versus placebo at 
cervical sweep in women at gestational age of 38.5 weeks 
and greater with a Bishop score of less than 4 showed 
an average decrease in the interval from intervention to 
delivery of approximately 2 days (3.35 days in the misopro-
stol group [95% confidence interval (CI), 1.12–9.46] vs 5.42 
days in the placebo group [95% CI, 2.39–10.11]).20

When might cervical ripening  
be appropriate in your office?
As with all medical interventions, if this is a treatment 
that you are going to practice, you should compose and 
follow a well-thought-out protocol. A practical approach 
starts with thorough counseling of the patient. Does 
the indication, if any, warrant the intervention? Does 
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the woman know what she is signing up for in terms of 
nature and duration of the possible interventions, chance 
of failure, and options if failure does occur? 

If, after thorough counseling, the parturient is inter-
ested in office cervical ripening, the next step is assess-
ing the appropriateness of the intervention. It is certainly 
an option for the nulliparous woman or the multipa-
rous patient with an unfavorable cervix. The hospital 
setting would be a better choice with increasing parity 
and favorability of cervical assessment. The fetus should 
be normally grown with normal amniotic fluid volume 
and no history of abnormal fetal testing. Occurrence of 
rupture of the membranes or any incident of antepar-
tum bleeding would be a sensible contraindication, as 
would significant uterine contractions, abdominal pain, 
prior cesarean delivery, or any other uterine surgery. 
Multiple pregnancy would be a sensible contraindica-
tion and more challenging fetal monitoring needs make 
these pregnancies a poor practical choice in any case. 
For similar reasons significant obesity makes a mother 
a poor practical choice. Indeed, any factor that impedes 
accurate fetal monitoring should disqualify a patient for 
outpatient cervical ripening.

Fetal monitoring should immediately precede the 
cervical ripening. Fetal surveillance is best performed 
with a cardiotocogram/nonstress test (as opposed to 
an ultrasound biophysical profile, as the absence of 
significant uterine activity should be confirmed). Such 
preintervention monitoring should be for a reasonable 
amount of time. For the intervention, a balloon or hygro-
scopic dilator or a modest dose of prostaglandin seem 
the best choices. With the balloon or dilator, the device 
can be placed in the usual fashion and the patient can 
have repeat monitoring and then go home with instruc-
tions to return to the hospital if the device falls out. With 
a prostaglandin, the patient should be monitored for 
a sensible period of time after placement of the drug 
before leaving the office. In both cases the mother should 
have instructions to present promptly to the hospital if 
abdominal pain, significant uterine contractions, or vagi-
nal bleeding occurs. There should be a method of com-
munication available that rapidly accesses the patient 
to prompt advice and instruction if anything out of the  
ordinary occurs.

We have been using outpatient cervical ripening in our 
institution for more than 15 years and we are unaware of a 
significant safety event. We are now in the process of start-
ing cervical ripening in the office, off the hospital campus, 
in a select group of patients.
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