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Cost-effectiveness of elective induction of labor
at 41 weeks in nulliparous women
Anjali J. Kaimal, MD, MAS; Sarah E. Little, MD; Anthony O. Odibo, MD, MSCE; David M. Stamilio, MD, MSCE;
William A. Grobman, MD, MBA; Elisa F. Long, PhD; Douglas K. Owens, MD; Aaron B. Caughey, MD, PhD
OBJECTIVE: To investigate the cost-effectiveness of elective induction
of labor at 41 weeks in nulliparous women.

STUDY DESIGN: A decision analytic model comparing induction of la-
or at 41 weeks vs expectant management with antenatal testing until
2 weeks in nulliparas was designed. Baseline assumptions were de-
ived from the literature as well as from analysis of the National Birth
ohort dataset and included an intrauterine fetal demise rate of 0.12%

n the 41st week and a cesarean rate of 27% in women induced at 41
eeks. One-way and multiway sensitivity analyses were conducted to

xamine the robustness of the findings.
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RESULTS: Compared with expectant management, induction of labor is
cost-effective with an incremental cost of $10,945 per quality-adjusted
life year gained. Induction of labor at 41 weeks also resulted in a lower
rate of adverse obstetric outcomes, including neonatal demise, shoul-
der dystocia, meconium aspiration syndrome, and severe perineal
lacerations.

CONCLUSION: Elective induction of labor at 41 weeks is cost-effective
and improves outcomes.
Key words: elective induction, induction of labor, postterm pregnancy
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Postterm pregnancy, defined as preg-
nancy that extends to 42 completed

weeks (42 weeks and 0 days) and beyond,
is associated with significant risks to the
fetus, including perinatal death, meco-
nium staining, macrosomia, low umbil-
ical artery pH, and low 5 minute Apgar
score.1-4 Postterm pregnancy carries ad-
ditional maternal risks as well, such as
increased rates of severe perineal lacera-
tion, labor dystocia, and cesarean deliv-
ery.3 Thus, 42 weeks has been designated
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has associated costs, and for nulliparous
women, who are more likely to reach a
gestational age of 41 weeks, elective in-
duction of labor may result in an increase
in rates of prolonged labor, failed induc-
tion, or cesarean delivery.9,10

The purpose of the current study was
to use decision analysis to investigate the
clinical outcomes and cost-effectiveness
of elective induction of labor at 41 weeks
vs expectant management with antenatal
testing until 42 weeks in nulliparous
women.

MATERIALS AND METHODS
A decision analytic model was developed
with TreeAgePro 2006 software (Treeage
Software Inc, Williamstown, MA) to
compare elective induction of labor at 41
weeks of gestation with expectant man-
agement with antenatal testing until 42
weeks of gestation. The decision analytic
model tracks a hypothetical cohort of
nulliparous women with low risk, single-
ton, cephalic gestations, beginning at 41
weeks of pregnancy. The framework al-
lowed us to compare the expected costs
and health benefits of 2 alternative strat-
egies (induction of labor at 41 weeks and
expectant management until 42 weeks),
while accounting for uncertainty in po-
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We estimated the probabilities of sev-
eral pregnancy- and delivery-related
events as well as the risk of maternal
and/or neonatal mortality and monetary
costs, based on the published literature.
Women undergoing expectant manage-
ment could go into spontaneous labor,
develop preeclampsia requiring induc-
tion of labor, or have an intrauterine fetal
demise (IUFD). In addition, women un-
dergoing expectant management were
subjected to antenatal testing consisting
of a nonstress test and measurement of
amniotic fluid volume to assess fetal
well-being. Nonreassuring antenatal sta-
tus was considered as an indication for,
and resulted in, labor induction. All
women who reached a gestational age of
42 weeks underwent induction of labor
at that time (Figure 1).

The probability of different obstetric
and neonatal outcomes was modeled as a
function of both approach to labor (ie,
expectant management vs labor induc-
tion) and gestational age at delivery.
Neonatal outcomes included the follow-
ing: (1) IUFD, (2) shoulder dystocia with
the possibility of brachial plexus injury
or neonatal demise, and (3) meconium
aspiration with the possibility of neona-
tal demise. Maternal outcomes included
the following: (1) mode of delivery, in-
cluding spontaneous vaginal delivery,
operative vaginal delivery, or cesarean
delivery with potential for maternal
mortality as a consequence, and (2) se-
vere perineal laceration, defined as a per-
ineal laceration injuring the anal sphinc-
ter. The probability estimates were
obtained from the published literature as
well as the National Birth Cohort data-
set. Baseline probabilities are displayed
in Table 1.

Information regarding cesarean deliv-
ery rates was primarily obtained from
the National Birth Cohort, a retrospec-
tive cohort of all term, singleton deliver-
ies in the United States in 2003. The as-
sociation between labor induction and
cesarean delivery remains controversial.
Whereas earlier studies have indicated
that induction of labor is associated with
an increased risk of cesarean delivery,
more recent studies as well as metaanaly-
ses and systematic reviews6,7 have not

supported this concept, particularly
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when examining women at 41 weeks’
gestation and beyond. Therefore, for the
baseline, an equal risk of cesarean deliv-
ery in induced patients and expectantly
managed patients was assumed, but the
impact of this assumption was tested in
sensitivity analysis.

Cost and utility estimates were ob-
tained from the literature. All costs were
projected to 2007 U.S. dollars by infla-
tion with the consumer price index.
Costs were applied for maternal inter-
ventions as well as neonatal complica-
tions. Health benefits were measured in
quality-adjusted life years (QALYs),
which capture both maternal and neona-
tal mortality and morbidity, and were
discounted to the present at an annual
rate of 3% (Table 2). Maternal and neo-
natal life expectancy was derived from
national birth/death statistics, and the
associated morbidity was calculated
from quality-of-life adjustments based
on possible delivery complications and
neonatal outcomes.

A cesarean delivery resulted in a slight
decrease in maternal quality of life,
which was applied during her reproduc-
tive life, assuming an average age at
menopause of 50 years. In the case of a
neonatal demise or IUFD, maternal util-
ity was decreased to 0.92 per year, an
estimate for women who experience a
miscarriage. Because the loss is not re-
covered, the utility decrement was ap-
plied across the remainder of the mater-
nal life. The effect of this assumption was
examined in sensitivity analysis. There
are no data available with regard to the
reduction in the quality of life for neona-
tal complications such as meconium as-
piration or shoulder dystocia; therefore,
in the calculation of neonatal QALYs, a
utility of 1 was applied for survival, and a
utility of 0 was applied for demise.

Analysis consisted first of examining
the rates of clinical outcomes that would
occur in the 2 arms: elective induction of
labor at 41 weeks of gestation or expect-
ant management until 42 weeks of gesta-
tion. Next, we estimated the total costs
and QALYs for each strategy and deter-
mined the incremental cost-effective-
ness ratio of elective induction of labor at
41 weeks of gestation from a societal per-

spective. We performed deterministic

gy FEBRUARY 2011
1-way and multiway sensitivity analyses
to identify key parameters and examine
the robustness of the findings. We also
performed probabilistic sensitivity anal-
ysis (via a Monte Carlo simulation) by
simultaneously sampling each model pa-
rameter from an appropriate probability
distribution to test the model’s robustness
to simultaneous multivariable changes.

RESULTS
Given the 4.1 million live births in the
United States in 2005,11 we estimated
hat approximately 200,000 nulliparous
omen remain undelivered at a gesta-

ional age of 41 weeks. Among this co-
ort, induction of labor at 41 weeks com-
ared with expectant management until
2 weeks results in a lower rate of all ad-
erse obstetric outcomes, including peri-
atal demise, shoulder dystocia, meco-
ium aspiration syndrome, and severe
erineal lacerations (Table 3). In partic-
lar, there were 4 perinatal demises in

he induction group vs 208 in the expect-
nt management group, 2620 shoulder
ystocias in comparison with 3090, and
598 cases of meconium aspiration in
omparison with 3548 in the expectant
anagement group.
With regard to health effectiveness, in-

uction of labor at 41 weeks is superior to
xpectant management until 42 weeks,
ith a total of 11,382,025 QALYs for in-
uction of labor at 41 weeks vs 11,375,460
ALYS for expectant management per

00,000 women. This results in an incre-
ental gain of 6565 QALYs for this theo-

etical cohort of 200,000 women, equiva-
ent to approximately 12.0 additional
uality-adjusted days per woman.
Induction of labor at 41 weeks is also
ore expensive as compared with ex-

ectant management: $2,319,260,799 vs
2,247,401,242, an additional cost of
71,859,557. Thus, the incremental cost-
ffectiveness ratio for induction of labor
s $10,945 per QALY. While the optimal
hreshold for cost-effectiveness in the
nited States is a matter of debate,12,13

the range of cost-effectiveness thresholds
is commonly set at $50,000-100,000 per
QALY.14 Thus, under baseline assump-
tions, induction of labor at 41 weeks is a

cost-effective intervention.
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FIGURE 1
Schematic of decision tree
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IOL, induction of labor; IUFD, intrauterine fetal demise.

Kaimal. Elective induction of labor at 41 weeks. Am J Obstet Gynecol 2011.
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TABLE 1
Probability estimates

Variable Baseline Low High Reference

Probability of cesarean delivery
.......................................................................................................................................................................................................................................................................................................................................................................

Induction of labor 0.27 0.135 0.405 US Birth Cohort, 2003
.......................................................................................................................................................................................................................................................................................................................................................................

Spontaneous labor 0.217 0.108 0.325 US Birth Cohort, 2003
................................................................................................................................................................................................................................................................................................................................................................................

RR for cesarean delivery for expectant management vs
IOL at 41 wks

1.0 0.7 1.50 Gulmezoglu et al, 20066

................................................................................................................................................................................................................................................................................................................................................................................

Probability of spontaneous labor at 41 wks 0.52 0.26 0.78 Alexander et al, 200121

................................................................................................................................................................................................................................................................................................................................................................................

Probability of IUFD at 41 wks 0.0012 0.0006 0.0018 Smith, 200122

................................................................................................................................................................................................................................................................................................................................................................................

Probability of operative vaginal delivery
.......................................................................................................................................................................................................................................................................................................................................................................

42 wks 0.174 0.087 0.261 Caughey et al, 200723

.......................................................................................................................................................................................................................................................................................................................................................................

41 wks 0.133 0.0665 0.1995 Caughey et al, 200723

................................................................................................................................................................................................................................................................................................................................................................................

Probability of epidural
.......................................................................................................................................................................................................................................................................................................................................................................

Induction of labor 0.8143 0.7198 1.0 UCSF
.......................................................................................................................................................................................................................................................................................................................................................................

Spontaneous labor 0.7198 0.6 1.0 UCSF
................................................................................................................................................................................................................................................................................................................................................................................

Probability of macrosomia
.......................................................................................................................................................................................................................................................................................................................................................................

42 wks 0.15 0.075 0.225 Alexander et al, 20001

.......................................................................................................................................................................................................................................................................................................................................................................

41 wks 0.12 0.06 0.18 Alexander et al, 20001

................................................................................................................................................................................................................................................................................................................................................................................

RR for cesarean delivery with macrosomia 1.52 0.81 2.43 Boulet et al, 200324;
Sanchez-Ramos et al, 200325

................................................................................................................................................................................................................................................................................................................................................................................

Probability of shoulder dystocia
.......................................................................................................................................................................................................................................................................................................................................................................

Without macrosomia 0.0065 0.00325 0.00975 Nesbitt et al, 199826;
Rouse et al, 199627

.......................................................................................................................................................................................................................................................................................................................................................................

With macrosomia 0.1 0.05 0.15 Nesbitt et al, 199826

................................................................................................................................................................................................................................................................................................................................................................................

RR for shoulder dystocia with operative vaginal delivery 1.74 0.95 2.85 Nesbitt et al, 199826

................................................................................................................................................................................................................................................................................................................................................................................

Probability of shoulder dystocia causing
.......................................................................................................................................................................................................................................................................................................................................................................

Permanent injury 0.067 0.0335 0.1005 Rouse et al, 199627

.......................................................................................................................................................................................................................................................................................................................................................................

Neonatal demise 0.001 0.0005 0.0015 Nesbitt et al, 199826

................................................................................................................................................................................................................................................................................................................................................................................

Probability of meconium-stained fluid
.......................................................................................................................................................................................................................................................................................................................................................................

42 wks 0.277 0.1385 0.4155 Sanchez-Ramos et al, 200325

.......................................................................................................................................................................................................................................................................................................................................................................

41 wks 0.224 0.112 0.336 Sanchez-Ramos et al, 200325

................................................................................................................................................................................................................................................................................................................................................................................

Probability of meconium aspiration syndrome
.......................................................................................................................................................................................................................................................................................................................................................................

42 wks 0.032 0.016 0.048 Gulmezoglu et al, 20066

.......................................................................................................................................................................................................................................................................................................................................................................

41 wks 0.008 0.004 0.012 Gulmezoglu et al, 20066

................................................................................................................................................................................................................................................................................................................................................................................

Probability of meconium aspiration syndrome causing
neonatal demise

0.00025 0.000125 0.000375 Dargaville and Copnell, 200628

................................................................................................................................................................................................................................................................................................................................................................................

Probability of positive NST at 41 wks 0.14 0.07 0.21 Bochner, 198829

................................................................................................................................................................................................................................................................................................................................................................................

Probability of severe perineal laceration
.......................................................................................................................................................................................................................................................................................................................................................................

42 wks, vaginal delivery 0.051 0.0255 0.0765 Caughey et al, 200723

.......................................................................................................................................................................................................................................................................................................................................................................

42 wks, operative vaginal delivery 0.282 0.141 0.423 Caughey et al, 200723

.......................................................................................................................................................................................................................................................................................................................................................................

41 wks, vaginal delivery 0.036 0.018 0.054 Caughey et al, 200723

.......................................................................................................................................................................................................................................................................................................................................................................

41 wks, operative vaginal delivery 0.26 0.13 0.39 Caughey et al, 200723

................................................................................................................................................................................................................................................................................................................................................................................
Kaimal. Elective induction of labor at 41 weeks. Am J Obstet Gynecol 2011. (continued )
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One of the key and potentially contro-
versial assumptions in the model is that
induction of labor leads to an equal ce-
sarean delivery rate as compared with ex-
pectant management. To fully appreci-
ate the impact of this assumption on
model outcomes, we ran the model un-
der 3 separate assumptions: (1) cesarean
delivery rates are equal in the induction
as compared with expectant manage-
ment group (our baseline assumption),
(2) cesarean delivery rates are 22% less in
the induction as compared with the ex-
pectant management group,7 and (3) ce-
sarean delivery rates are 22% more in the
induction as compared with the expect-

TABLE 1
Probability estimates (continued)

Variable

Probability of preeclampsia
..........................................................................................................

42 wks
..........................................................................................................

41 wks
...................................................................................................................

Probability of maternal mortality
..........................................................................................................

Cesarean delivery
..........................................................................................................

Vaginal delivery
...................................................................................................................

IOL, induction of labor; IUFD, intrauterine fetal demise; NST, n

Kaimal. Elective induction of labor at 41 weeks. Am J Obs

TABLE 2
Utility and cost estimates

Variable

Utility of cesarean delivery
...................................................................................................................

Utility of IUFD
...................................................................................................................

Utility of vaginal delivery
...................................................................................................................

Discount rate
...................................................................................................................

Maternal life expectancy
...................................................................................................................

Neonatal life expectancy
...................................................................................................................

Cost of antenatal testing
...................................................................................................................

Cost of cesarean delivery
...................................................................................................................

Cost of epidural
...................................................................................................................

Additional cost of induction
...................................................................................................................

Cost of vaginal delivery
...................................................................................................................

Cost of uncomplicated newborn stay
...................................................................................................................

Cost of complicated newborn stay
...................................................................................................................

Cost of neonatal demise
...................................................................................................................

IUFD, intrauterine fetal demise.
Kaimal. Elective induction of labor at 41 weeks. Am J Obstet G
ant management group. The alternate
scenarios utilized a 22% change because
that is the difference noted in a recent
systematic review of elective induction of
labor.7

The cesarean delivery rate has only a
marginal impact on cost-effectiveness
results. In our baseline model, induction
of labor leads to an incremental gain of
6565 QALYs. If induction of labor is as-
sociated with a 22% decrease in the ce-
sarean delivery rate, this strategy further
improves health benefits and results in
an incremental gain of 8864 QALYs with
induction of labor. Conversely, if pa-
tients who undergo induced labor incur

Baseline Low

.........................................................................................................................

0.012 0.006
.........................................................................................................................

0.012 0.006
.........................................................................................................................

.........................................................................................................................

0.00035 0.000175
.........................................................................................................................

0.000092 0.000046
.........................................................................................................................

ress test; RR, relative risk; UCSF, University of California, San Fra

ynecol 2011.

Baseline Low High

0.99 0.9
.........................................................................................................................

0.92 0.6
.........................................................................................................................

1.00
.........................................................................................................................

0.03 0
.........................................................................................................................

56 28
.........................................................................................................................

77 30
.........................................................................................................................

210 105
.........................................................................................................................

11,092 5546 44
.........................................................................................................................

788 394 3
.........................................................................................................................

1237 618 4
.........................................................................................................................

7213 3606 28
.........................................................................................................................

1440 770 5
.........................................................................................................................

2213 1106 8
.........................................................................................................................

76,260 38,130 305
.........................................................................................................................
ynecol 2011.
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a 22% increase in the cesarean delivery
rate, then the health benefits associated
with labor induction are slightly attenu-
ated; however, this strategy still results in
a gain of 4267 QALYs compared with ex-
pectant management.

As for cost-effectiveness, under all 3
assumptions, induction of labor at 41
weeks is a cost-effective strategy com-
pared with expectant management, with
results ranging from $2932 to $27,612
per QALY gained. In fact, assuming a
willingness to pay of $100,000 per QALY
gained, induction remains cost effective
until the cesarean rate associated with in-
duction reaches 40%, a 47% increase

h Reference

..................................................................................................................

18 Caughey et al, 200330

..................................................................................................................

18 Caughey et al, 200330
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00525 Harper et al, 200331
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00138 Harper et al, 200331
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o.

Reference

.0 Caughey et al, 200632

..................................................................................................................

.0 Kuppermann et al, 200033
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.06 Assumed
..................................................................................................................

US Mortality Data 2003
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US Mortality Data 2003
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Goeree et al, 199534
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Bost, 200335
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Bost, 200335
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Bost, 200335
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from the baseline estimate of 27% (Fig-
ure 2).

In additional univariate sensitivity anal-
ysis, the model remained robust to a wide
variety of inputs. If the rate of spontaneous
labor between 41 and 42 weeks is 25% or
less, induction of labor at 41 weeks is the
dominant option, meaning that it both de-
creases costs and increases QALYs. Induc-
tion of labor remains cost-effective as long
as the probability of spontaneous labor is
less than 99%, a 2-fold increase over our
baseline estimate.

In terms of the utility inputs, even if no
decrement in maternal utility was as-

FIGURE 2
Sensitivity analysis of relative risk
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TABLE 3
Outcomes for 200,000 nulliparous w
at 41 weeks vs expectant managem

Outcome
Induct
at 41 w

Cesarean delivery
...................................................................................................................

Perinatal demise
...................................................................................................................

Shoulder dystocia
...................................................................................................................

Meconium aspiration syndrome
...................................................................................................................

Severe perineal lacerations
...................................................................................................................

Cost $2,319
...................................................................................................................

QALYs 11
...................................................................................................................

Incremental cost-effectiveness
...................................................................................................................

QALYs, quality-adjusted life years.

Kaimal. Elective induction of labor at 41 weeks. Am J Obs
137.e6 American Journal of Obstetrics & Gynecolo
signed for women who experience IUFD
or neonatal demise, induction remained
cost effective. The model was also robust
to changes in cost inputs. If the cost of
labor induction increases to $5000 per
procedure (compared with our baseline
estimate of $1,237), the cost-effective-
ness of labor induction vs expectant
management decreases to $61,430 per
QALY gained.

Two-way sensitivity analysis was also
performed to examine the effect of si-
multaneously varying 2 inputs. First, we
investigated the impact of varying the
probability of spontaneous labor within

cesarean with induction

1 1.5 2

col 2011.

men for induction of labor
nt until 42 weeks

of labor Expectant management
at 41 wks

4,000 54,000
..................................................................................................................

4 208
..................................................................................................................

2620 3090
..................................................................................................................

1598 3548
..................................................................................................................

1,220 12,880
..................................................................................................................

0,799 $2,247,401,242
..................................................................................................................

2,025 11,375,460
..................................................................................................................

0,945/QALY —
..................................................................................................................

ynecol 2011.
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the next week along with the relative risk
of cesarean delivery with induction of
labor. Clinically, the determinants of
successful induction may be similar to
the predictors of spontaneous labor in
the following week. Sensitivity analysis
shows that even when the likelihood of
spontaneous labor approaches 100%, if
there is less than a 35% increase in the
rate of cesarean with induction of labor,
induction remains cost effective. For
women with a below-average likelihood
of spontaneous labor (�52%), induc-
tion remains cost-effective even if it re-
sults in more than a 50% increase in the
likelihood of cesarean delivery. In this
same group, induction remains cost-ef-
fective even if cost increases to 400% of
baseline, or an additional $5000 per
induction.

Probabilistic sensitivity analysis, or
Monte Carlo simulation, was performed
to test the robustness to uncertainty in
multiple input variables simultaneously.
In this method, for each simulation, or
walk through the model, each variable
has a value that is picked from a prespeci-
fied distribution; this is repeated over
and over and the distribution of results
obtained is examined. We found that in
24% of the simulation trials induction of
labor at 41 weeks was cost saving (ie, this
strategy was dominant because it was less
expensive and more effective). In all re-
maining trials it was more effective but
also more expensive.

Figure 3 shows the acceptability curve,
which illustrates the proportion of
Monte Carlo simulation trials in which
each strategy is cost effective at various
willingness-to-pay thresholds. Using a
willingness-to-pay threshold of $100,000,
induction of labor at 41 weeks is cost effec-
tive in 98.3% of the trials. At a willingness
to pay of $50,000, it is cost effective in
96.2% of trials. In other words, if we, as a
society, are willing to pay at least $50,000
for 1 additional QALY, then induction of
labor at 41 weeks would be a cost-effective
intervention 96% of the time.

COMMENT
Among a theoretical cohort of nullipa-
rous women at 41 weeks’ gestation, in-
of
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neonatal outcomes. Induction of labor is
a cost-effective strategy in more than
98% of scenarios if we are willing to pay
$100,000 per QALY gained and in 96%
of scenarios if $50,000 per QALY is de-
fined as the threshold. The improvement
in neonatal outcomes is expected be-
cause the outcomes examined (IUFD,
shoulder dystocia, meconium aspiration
syndrome) are known to increase with
gestational age. Since induction of labor
at term will always lead to a lower gesta-
tional age at delivery, this option will
necessarily lead to reductions in these
outcomes. Furthermore, when consider-
ing maternal outcomes, if a woman un-
dergoes induction of labor, she is no
longer at risk for the pregnancy compli-
cations associated with continuing gesta-
tion, such as preeclampsia. Therefore,
these complications will also be reduced.
These changes in outcomes are both in-
tuitive and clinically relevant when com-
paring induction of labor to expectant
management of pregnancy.

Although some clinical outcomes will
likely be improved with a policy of in-
duction of labor, the most concerning
potential disadvantages of induction are
an increased risk of cesarean delivery and
an increase in costs associated with in-
duction of labor. For the cohort consid-
ered here, women at 41 weeks, there is
good evidence summarized in 2 recent

FIGURE 3
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systematic reviews of the literature that
induction of labor does not increase the
risk of cesarean delivery.6,7 In fact, the

ata from 1 of these reviews,7 a prior ret-
ospective study,15 a prospective study,16

and the National Birth Cohort suggests
that undergoing induction may confer a
decreased risk of cesarean delivery when
compared with expectant management
at 41 weeks. However, because of the
general controversy over the effect of
elective induction of labor on cesarean
delivery rates,17 we examined all possi-
bilities: an equal cesarean rate in women
who are induced and those who are ex-
pectantly managed, a higher cesarean
rate with induction, and a lower cesarean
rate with induction.

Importantly, even if women undergo-
ing induction of labor incur an increased
risk of cesarean delivery, induction re-
mains a cost-effective intervention until
it leads to a cesarean rate 1.5 times the
rate in the expectant management group
(Figure 2). This is particularly relevant
given the ongoing rise in the cesarean
rate; 2003 cesarean rates were used in this
study because of the availability of the
National Birth Cohort data for calculat-
ing rates, but even with continued eleva-
tions, induction would be expected to re-
main cost-effective.

In a sensitivity analysis, examining the
situations in which induction of labor
becomes more effective as well as less ex-
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may benefit most from induction of la-
bor at 41 weeks. Induction became a
dominant strategy when the likelihood
of spontaneous labor dropped below
25%. Women with a low likelihood of
spontaneous labor, such as those with a
low Bishop score, may also have a lower
likelihood of successful induction, and
additional costs may be incurred as the
induction process may be prolonged.
For these reasons, these women tradi-
tionally have been viewed as poor candi-
dates for induction of labor. However,
this is also the population that may ben-
efit the most from this intervention be-
cause without induction, they are highly
likely to remain pregnant for the next
week, in many cases without significant
cervical change, and thus potentially in-
cur the negative outcomes associated
with advancing gestational age in addi-
tion to those associated with induction
of labor with an unfavorable cervix.

Based on this analysis, elective induc-
tion of labor at 41 weeks of gestation ap-
pears to be a cost-effective intervention.
However, prior to implementing this
policy, we must consider the additional
factors that may influence our ability to
achieve this outcome in the broader clin-
ical context. For example, the chance of
cesarean will be minimized during an in-
duction of labor only if physicians allow
adequate time for an induction to pro-
ceed. Clinicians who are responsible for
simultaneous provision of intrapartum
and outpatient obstetric care may expe-
rience both economic and time pressures
to minimize the length of labor. This
may be particularly problematic when
allowing additional time in labor may
help achieve a vaginal delivery. For ex-
ample, several studies have shown that
extending the time limit for the diagnosis
of active phase arrest from 2 to 4 hours
can result in vaginal deliveries in up to
60% of women initially receiving this di-
agnosis.18,19 With regard to induction of
abor in particular, Simon and Grob-

an20 reported that when clinicians ex-
ended the definition of prolonged latent
hase in the setting of induction of labor
o 18 hours, one would achieve vaginal
elivery in more than 60% of women be-

ng induced, and when such a threshold
ty

00

ay
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as extended beyond 24 hours, another
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third of these women would deliver
vaginally.

As a result, as with all research find-
ings, the question of whether elective in-
duction of labor at 41 weeks is supported
as a reasonable intervention is inextrica-
bly tied to how it will actually be imple-
mented throughout all medical settings.
Because many of the maternal outcomes
are tied to the risk of cesarean delivery,
there might be an increase in a number
of patient complications if the cesarean
rate actually rises with implementation
of this policy. Furthermore, the long-
term impact of a rising cesarean delivery
rate may be revealed only in subsequent
pregnancies, which were not included in
the current model.

Model-based analyses of medical in-
terventions have inherent limitations.
No model is able to fully capture the
complexity of a clinical situation or in-
clude all of the factors that a clinician in-
tegrates. Although we attempted to ap-
proximate the true clinical picture, we
did not include every possible maternal
and neonatal outcome. Rather, we incor-
porated a number of the more severe
outcomes, specifically those that may be
impacted by elective induction of labor,
advancing gestational age, and mode of
delivery.

We utilized the existing literature to
obtain point estimates of the probabili-
ties of outcomes to populate the model,
and many of these studies may be under-
powered or have biased results. How-
ever, through sensitivity analysis and
Monte Carlo simulation, we were able to
consider a wide range of values around
our point estimates to estimate the im-
pact of this uncertainty.

Furthermore, because of the paucity of
published quality-of-life data on mater-
nal preferences regarding induction of
labor or complications such as pre-
eclampsia, utilities could not be applied
for many outcomes, and those that were
applied were generalized from published
literature regarding maternal prefer-
ences toward pregnancy loss. However,
our results were robust to variation in
utility inputs as well, which were impor-
tant to include to incorporate outcomes
other than perinatal mortality into the

effectiveness considerations of the
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model. Nonetheless, additional prefer-
ence data for specific outcomes related to
induction of labor would allow for a
more nuanced analysis because women’s
preferences for the process and out-
comes of induction of labor may have a
significant impact on patient satisfaction
and cost-effectiveness.

Furthermore, the existing cost data
utilized for the cost-effectiveness analy-
sis is limited in that much of it was ob-
tained more than 10 years ago, and it
must be generalized from studies con-
ducted in different clinical situations
from this study. Although we conducted
sensitivity analyses over wide ranges of
these cost inputs, better cost data in this
area would certainly facilitate more ac-
curate estimates of the cost-effectiveness
of elective induction of labor. Finally,
this analysis considers only nulliparous
women with low-risk pregnancies. In
other populations, the effects may be
magnified or attenuated.

While we acknowledge that no model is
able to fully capture the complexity of a
clinical situation or include all of the fac-
tors that a clinician integrates, decision
analysis provides another perspective on
the information currently available re-
garding the benefit of elective induction of
labor at 41 weeks. Examining a theoretical
cohort of women at 41 weeks’ gestation
and incorporating estimates of the uncer-
tainty in our assumptions, we found that
induction of labor is a cost-effective inter-
vention that improves maternal and neo-
natal outcomes. However, if a strategy of
elective induction of labor at 41 weeks is
advocated, the avoidance of cesarean de-
liveries for failed inductions is critical;
therefore, the heterogeneity in practice
patterns and the definition of a failed in-
duction must be carefully considered prior
to adopting and after implementing this
policy. f
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