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Induction of labor at 39 weeks of gestation versus
expectant management for low-risk nulliparous women:
a cost-effectiveness analysis
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BACKGROUND: A large, recent multicenter trial found that induction neonatal deaths, despite 86 additional cases of brachial plexus injury.
of labor at 39 weeks for low-risk nulliparous women was not associated

with an increased risk of cesarean delivery or adverse neonatal outcomes.

OBJECTIVE: We sought to examine the cost-effectiveness and out-

comes associated with induction of labor at 39 weeks vs expectant

management for low-risk nulliparous women in the United States.

STUDY DESIGN: A cost-effectiveness model using TreeAge soft-

ware was designed to compare outcomes in women who were induced

at 39 weeks vs expectantly managed. We used a theoretical cohort of

1.6 million women, the approximate number of nulliparous term births

in the United States annually that are considered low risk. Outcomes

included mode of delivery, hypertensive disorders of pregnancy,

macrosomia, stillbirth, permanent brachial plexus injury, and neonatal

death, in addition to cost and quality-adjusted life years for both the

woman and neonate. Model inputs were derived from the literature,

and a cost-effectiveness threshold was set at $100,000/quality-

adjusted life years.

RESULTS: In our theoretical cohort of 1.6 million women, induction of
labor resulted in 54,498 fewer cesarean deliveries and 79,152 fewer

cases of hypertensive disorders of pregnancy. We also found that in-

duction of labor resulted in 795 fewer cases of stillbirth and 11 fewer
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Induction of labor resulted in increased costs but increased quality-

adjusted life years with an incremental cost-effectiveness ratio of

$87,691.91 per quality-adjusted life year. In sensitivity analysis, if the cost

of induction of labor was increased by $180, elective induction would no

longer be cost effective. Similarly, we found that if the rate of cesarean

delivery was the same in both strategies, elective induction of labor at 39

weeks would not be a cost-effective strategy. In probabilistic sensitivity

analysis via Monte Carlo simulation, we found that induction of labor was

cost effective only 65% of the time.

CONCLUSION: In our theoretical cohort, induction of labor in nullip-

arous term women at 39 weeks of gestation resulted in improved out-

comes but increased costs. The incremental cost-effectiveness ratio was

marginally cost effective but would lead to an additional 2 billion dollars of

healthcare costs. Whether individual clinicians and healthcare systems

offer routine induction of labor at 39 weeks will need to depend on local

capacity, careful evaluation and allocation of healthcare resources, and

patient preferences.

KEY WORDS: cesarean delivery, decision analysis, healthcare re-

sources, induction of labor, low-risk nulliparous women, mode of delivery,

obstetric outcomes
nduction of labor is a commonly
I used intervention for initiating labor
before the spontaneous onset of labor for
a range of medical indications.1 In the
United States, the percentage of full-
term, singleton pregnancies ending
with induction of labor increased from
10% in 1990 to more than 20% in 2010.2

Much of the observed increase is attrib-
utable to elective induction of labor, or
induction of labor performed without
medical indication.3

A major concern about elective in-
duction of labor has been that it will
increase the risk of cesarean delivery. Yet,
studies that demonstrated the increased
risk of cesarean compared women un-
dergoing induction of labor with women
in spontaneous labor.4 However, the
appropriate comparison group for elec-
tive induction of labor is expectant
management of pregnancy because
expectant management leads to preg-
nancies at a greater gestational age.
Although some womenwill go into labor
spontaneously, others will require in-
duction of labor for an indication such as
preeclampsia, oligohydramnios, fetal
growth restriction, or late-term or post-
term pregnancy.4

Several retrospective cohort studies
that compared induction of labor to
expectant management using the
appropriate comparison group did not
find an increased risk of cesarean and, in
some cases, actually found a decreased
risk of cesarean.1,5 Similarly, randomized
trials at 41 weeks of gestation and
beyond as compared with expectant
management also demonstrated a
decreased risk of cesarean delivery.6-14

Furthermore, a large, recent multi-
center trial, the ARRIVE (A Randomized
Trial of Induction Versus Expectant
Management) Trial, conducted by the
Maternal-Fetal Medicine Network,
which randomized women to elective
induction of labor at 39 weeks’ gestation
vs expectant management up to 41
weeks’ gestation, found a reduction in
cesareans with no change in neonatal
outcomes.15

Although the ARRIVE Trial demon-
strated potential benefits of routine in-
duction of labor at 39 weeks’ gestation,
there are a number of factors that
deserve consideration before routine
adoption occurs. One of these is the
economic impact and cost-effectiveness
of elective induction of labor at 39
weeks’ gestation. Therefore, we sought to
investigate the cost-effectiveness of in-
duction of labor at 39 weeks of gestation
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Why was the study conducted?
This study found that induction of labor for low-risk, nulliparous women at 39
weeks of gestation is cost-effective with our baseline model inputs, resulting in
better outcomes yet greater costs, with an incremental cost-effectiveness ratio of
$87,692 per QALY, which is below the commonly used threshold of $100,000/
QALY.

Key findings
Small changes in multiple model inputs were highly impactful to the cost-
effectiveness of the model, leading to elective induction to be cost effective only
65% of the time.

What does this add to what is known?
As costs and pregnancy outcomes vary widely across the United States, these
findings suggest the cost-effectiveness may vary based on institutional policies
and patient populations.
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for all low-risk, nulliparous women in
the United States compared with expec-
tant management.

Materials and Methods
We created a decision-analytic model
using TreeAge Pro software (2018
version; TreeAge Software, Inc, Wil-
liamstown, MA) to assess the cost-
effectiveness of universal induction of
labor at 39 weeks of gestation for low-
risk nulliparous women compared with
expectant management. We used a
theoretical cohort of 1.6 million women,
the approximate number of nulliparous
term births in the United States annually
that are considered low risk.16 Using data
from the 2016 National Vital Statistics,
there were approximately 3.5 million
term births. We assumed that approxi-
mately 10% of these births were high-
risk, and therefore, excluded from this
study. Of the remaining 3.2 million low-
risk births, we assumed one half were to
nulliparous women, which resulted in a
final theoretical cohort of 1.6 million
women. No human subjects were
involved in the development of this
model; therefore, this study was exempt
from institutional review board
approval.

We derived all probabilities from
literature searches in PubMed (Table 1).
In our model, the initial decision node
stratified women into 2 main strategies,
(1) universal elective induction of labor
at 39 weeks and (2) expectant manage-
ment (Figure 1). Elective induction of
labor was defined as induction for no
medical indication.15 Expectant man-
agement was defined as routine preg-
nancy care until women go into
spontaneous labor or require induction
of labor for an indication such as hy-
pertensive disorders of pregnancy or
late-term or post-term pregnancy.
Maternal outcomes included hyperten-
sive disorders of pregnancy, including
gestational hypertension and pre-
eclampsia, and mode of delivery, for
each of which the incidence was derived
from the ARRIVE Trial.15 It was assumed
that all women would be induced at 41
weeks if they had not gone into sponta-
neous labor nor otherwise delivered by
then.17

We derived probabilities for each of
the neonatal outcomes from large US-
based cohort studies. The incidence of
stillbirth was determined from a popu-
lation cohort study.18 The incidence of
neonatal death in the setting of vaginal
and cesarean deliveries were derived
from Centers for Disease Control and
Prevention delivery data.19 Macrosomia
(>4000 g birth weight) incidence was
determined by its relation to gestational
age and estimated to be 11% at 39 weeks
of gestation and increase to 12% at 40
and 41 weeks of gestation.1 Shoulder
dystocia was reported as 0.03 and 0.007,
in accordance with its incidence in the
JUNE 2019 Ameri
setting of macrosomia and no macro-
somia, respectively.20,21 The probability
of brachial plexus injury in the setting of
shoulder dystocia was estimated to be
0.26.20,21

We adjusted costs in parallel with
inflation of medical costs to 2018 dollars
using the medical component of the
Consumer Price Index.22 A societal
perspective was assumed, meaning that
all costs, not charges, to society were
considered, regardless of the payer, and
were considered over the lifetimes of the
woman and neonate.23 We obtained the
costs of clinic visits and triage visits from
prior cost-effectiveness analyses, which
were estimated to be $136.39 for a clinic
visit and $215.47 for a visit to triage.24,25

The cost of each was multiplied by the
proportions of women that used each
resource in the ARRIVE Trial; 32.4% in
the induction of labor group and 68.4%
in the expectant management group
attended at least 1 office visit, and 16.2%
in the induction of labor group and
44.3% in the expectant management
group visited triage at least once.26 We
obtained costs of vaginal delivery and
cesarean delivery from a study
comparing the cost of cesarean delivery
with the cost of vaginal delivery.27

The cost of induction of labor was
derived from a California cohort of
singleton, non-anomalous deliveries
from 2007 to 2011 using birth registry
and hospital discharge data. We esti-
mated this cost by using the mean cost
of induction of labor among nullipa-
rous women with a singleton, non-
breech presentation delivering between
39 0/7 weeks and 40 6/7 weeks of
gestation and stratified by mode of de-
livery. This source was used for our
primary estimate so that we could fac-
tor in the exact gestational age, deliv-
ering between 39 0/7 weeks and 40 6/7
weeks of gestation, and maternal char-
acteristics, such as nulliparity, of our
theoretical cohort. In addition, for
sensitivity analysis, we assessed for a
change in cost effectiveness if we used a
different estimate for the cost of in-
duction of labor, which we derived
from the same study that estimated our
costs of vaginal and cesarean delivery.27
can Journal of Obstetrics & Gynecology 590.e2
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TABLE 1
Decision analytic model inputs for the cost-effectiveness of induction of labor at 39 weeks of gestation for low-risk
nulliparous women compared with expectant management

Variable Value
Range considered in
sensitivity analysis Reference

Probabilities

Probability of cesarean delivery 15

Induction of labor 0.19 0.1e0.40

Expectant management 0.22 0.1e0.40

Probability of hypertensive disorders of pregnancy 15

Induction of labor 0.09 0.05e0.2

Expectant management 0.14 0.05e0.2

Probability of spontaneous labor 1

39 0/7e39 6/7 weeks 0.58 0.5e0.8

40 0/7e40 6/7 weeks 0.69 0.5e0.8

Probability of stillbirth 18

39 0/7e39 6/7 weeks 0.00035 0.0001e0.001

40 0/7e40 6/7 weeks 0.00035

Probability of neonatal death, vaginal delivery 19

39 0/7e39 6/7 weeks 0.0009 0.0001e0.0015

40 0/7e40 6/7 weeks 0.0009 0.0001e0.0015

�41 weeks 0.0009 0.0001e0.0015

Probability of neonatal death, cesarean delivery 19

39 0/7e39 6/7 weeks 0.0006 0.0001e0.0015

40 0/7e40 6/7 weeks 0.0007 0.0001e0.0015

�41 weeks 0.0008 0.0001e0.0015

Probability of macrosomia 1

39 0/7e39 6/7 weeks 0.11 0.05e0.15

40 0/7e40 6/7 weeks 0.12 0.05e0.15

�41 weeks 0.12 0.05e0.15

Probability of shoulder dystocia, macrosomia 0.03 0.01e0.05 20

Probability of shoulder dystocia 0.007 0.001e0.015 21

Probability of brachial plexus injury, shoulder dystocia 0.26 0.2e0.35 21

Costs, 2018 USD

Induction of labor $1979.87 $1000-$3000 See Methods section

Office visit $136.39 $100-$200 24

Triage visit $215.47 $150-$300 25

Vaginal delivery $8707.70 $5000-$20,000 27

Cesarean delivery $13,390.51 $5000-$20,000 27

Hypertensive disorders of pregnancy $3650.18 $2000-$5000 28

Stillbirth $9718.44 $6000-$12,000 33

Neonatal death $105,599.77 $80,000-$130,000 34

Brachial plexus injury $25,338.95 $20,000-$30,000 29

Hersh et al. Induction of labor at 39 weeks of gestation versus expectant management for low-risk nulliparous women: a cost-effectiveness analysis. Am J Obstet Gynecol 2019.(continued)
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TABLE 1
Decision analytic model inputs for the cost-effectiveness of induction of labor at 39 weeks of gestation for low-risk
nulliparous women compared with expectant management (continued)

Variable Value
Range considered in
sensitivity analysis Reference

Utilities and life expectancies

Cesarean delivery 0.996 0.98e1.0 31

Induction of labor 0.996 0.98e1.0 See Methods Section

Stillbirth 35

Maternal perspective 0.92 0.86e0.96

Neonatal death 36

Maternal perspective 0.76 0.7e0.8

Brachial plexus injury 35

maternal perspective 0.87 0.8e0.9

neonatal perspective 0.87 0.8e0.9

Woman life expectancy following childbirth 56.2 y 50e60 32

Healthy neonate life expectancy 78.8 y 75e85 32

USD, US dollars.

Hersh et al. Induction of labor at 39 weeks of gestation versus expectant management for low-risk nulliparous women: a cost-effectiveness analysis. Am J Obstet Gynecol 2019.
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The cost of managing hypertensive
disorders of pregnancy was estimated
from a prior cost-benefit analysis
investigating an intervention for pre-
eclampsia.28 The cost of brachial plexus
injury was derived from a prior eco-
nomic analysis.29,30
FIGURE 1
Tree schematic

All branches not terminating in a triangle are colla

Hersh et al. Induction of labor at 39 weeks of gestation versus e
We considered quality-adjusted life
years (QALYs) from the perspectives of
the woman and the neonate in our
analysis. Utilities are a proxy for quality
of life dependent on each outcome,
which are applied to life expectancy to
generate QALYs. QALYs were estimated
psed to facilitate display and are the same as bran

xpectant management for low-risk nulliparous women: a cost-eff

JUNE 2019 Ameri
by applying utilities found in the litera-
ture to life expectancy, discounted at a
rate of 3% in accordance with the Panel
on Cost-Effectiveness in Health Medi-
cine recommendations.23 A utility of 1
was used when a woman had a sponta-
neous vaginal delivery and no adverse
ches already open.

ectiveness analysis. Am J Obstet Gynecol 2019.

can Journal of Obstetrics & Gynecology 590.e4

http://www.AJOG.org


TABLE 2
Maternal and neonatal outcomes in a theoretical cohort of 1.6 million low-risk nulliparous women undergoing
induction of labor at 39 weeks of gestation

Induction of labor Expectant management Difference

Cesarean deliveries 297,328 351,826 e54,498

Hypertensive disorder of pregnancy 144,736 223,888 e79,152

Macrosomia 169,600 181,574 e11,974

Stillbirth 0 795 e795

Permanent brachial plexus injury 3200 3114 þ86

Neonatal death 1331 1342 e11

Cost (in thousands, USD) $19,368,940 $17,331,542 þ$2,037,398

Effectiveness (in thousands, QALYs) 91,242 91,219 þ23

ICER $87,692/QALY

ICER, incremental cost effectiveness ratio; QALY, quality-adjusted life year; USD, US dollars.

The incremental differences between induction of labor and expectant management were used to estimate the ICER. This ICER was then compared with a cost-effectiveness threshold of $100,000
per QALY to ascertain whether it was cost effective.

Hersh et al. Induction of labor at 39 weeks of gestation versus expectant management for low-risk nulliparous women: a cost-effectiveness analysis. Am J Obstet Gynecol 2019.
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outcomes for her or the neonate
occurred. A utility of 0.996 was used for
womenwho had a cesarean delivery; this
utility was applied for the estimated
remaining years of fertility for the
woman due to the impact of a cesarean
delivery on future pregnancies.31 A util-
ity of 0.996 was also used for induction
of labor and applied for 1 year, to esti-
mate the woman’s decrement in prefer-
ences with having amedical intervention
during labor recognizing that such
preferences likely vary between in-
dividuals. The life expectancy for women
following the birth of her first child was
assumed to be 56.2 years, which was
calculated from subtracting the average
age of first childbirth from the current
estimated life expectancy of a
woman.16,32 The life expectancy for a
healthy neonate was 78.8 years.32

We calculated the total costs and
QALYs to determine the incremental
cost-effectiveness ratio (ICER) of uni-
versal induction of labor at 39 weeks of
gestation, which is the cost of the inter-
vention per additional QALY gained.
The ICER was calculated by dividing the
difference in cost between the 2 in-
terventions by the difference in QALYs.
We considered an ICER of $100,000/
QALY or less to be cost-effective, based
on the commonly used standard.23
590.e5 American Journal of Obstetrics & Gynecol
Sensitivity analysis
We performed one-way sensitivity ana-
lyses on all probabilities, costs, and util-
ities. A one-way sensitivity analysis is a
method of varying 1 model input while
holding the others constant to visualize
the effect of changing that model input
on the outcomes of the model. We first
performed a tornado analysis, a method
of performing one-way sensitivity ana-
lyses on all variables simultaneously, to
determine which variables had the most
influence on the ICER of the model. We
then conducted more focused one-way
and two-way analyses on more impact-
ful model inputs.
Furthermore, we performed a prob-

abilistic sensitivity analysis via Monte
Carlo simulation to test the robustness
of the results in the setting of simulta-
neous changes in probability, cost, and
utility model inputs. A probabilistic
sensitivity analysis involves sampling
each model input for a value within its
distribution and runs the model with
those new values to determine the cost
effectiveness; we ran the simulation
1000 times. For probability and utility
inputs, a beta distribution was used
because standard Normal distributions
violate assumptions about probability,
as the distributions have infinitely long
tails falling outside of the interval from
ogy JUNE 2019
0 to 1. The beta distribution can
approximate the Normal distribution
and is commonly used for such Monte
Carlo simulations. Specifically, it has
the feature of maintaining the same
mean as the Normal distribution, but
all values of the distribution stay be-
tween 0 and 1. We calculated the
standard deviation of probabilities and
utilities using this formula:

Standard deviation ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p� ð1� pÞ

n

r

p ¼ probability

n ¼ sample size

For cost inputs, a gamma distribution

was used, which is a distribution with a
right skew to account for outliers in the
upper cost ranges. Monte Carlo simula-
tions produce the proportion of the time
that one sample of model inputs is cost
effective; we reported these and pro-
duced cost vs effectiveness graphs with
95% confidence ellipses.

Results
Baseline model
In our theoretical cohort of 1.6 million
women, induction of labor for all
women resulted in 54,498 fewer cesarean
deliveries and 79,152 fewer cases of
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FIGURE 2
Univariate sensitivity analysis

The vertical axis displays the ICER, and the horizontal axis displays the cost of induction of labor
(2018 USD). This figure demonstrates that induction of labor at 39 weeks of gestation is the cost-
effective strategy up to $2160, at a willingness-to-pay threshold of $100,000 per quality-adjusted
life year (baseline estimate: $1980).
ICER, incremental cost-effectiveness ratio; USD, US dollars.

Hersh et al. Induction of labor at 39 weeks of gestation versus expectant management for low-risk nulliparous women: a
cost-effectiveness analysis. Am J Obstet Gynecol 2019.
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hypertensive disorders of pregnancy
than expectant management (Table 2).
We also found that induction of labor
resulted in 795 fewer cases of stillbirth
and 11 fewer neonatal deaths, despite 86
additional cases of brachial plexus injury
due to the increased number of vaginal
deliveries in the induction of labor
strategy. Induction of labor as compared
with expectant management resulted in
increased costs but increased QALYs
with an ICER of $87,692 per QALY.
Compared with the cost-effectiveness
threshold of $100,000 per QALY, this
would be considered marginally cost
effective.

Sensitivity analysis
As demonstrated by Figure 2, the cost of
induction of labor was important to the
model, as when the baseline estimate
($1980) was increased by $180, the cost-
effectiveness of elective induction of la-
bor changed from cost effective to not
cost effective. However, when the cost
estimate of $1493 was used for the cost of
induction of labor, the ICER decreased
to $58,515 per QALY. The bivariate an-
alyses assessing the costs of cesarean and
vaginal delivery and the rates of cesarean
delivery among induction of labor vs
expectant management demonstrated
that small relative changes of these in-
puts led the ICER to move above the
cost-effectiveness threshold of $100,000
per QALY and therefore, would lead
elective induction to not be cost effective
over such ranges of these inputs
(Figure 3, A and B).

In another approach to sensitivity
analysis, we looked at the impact if the
rate of cesarean delivery was equal
among induction of labor and expectant
management. In that setting, induction
of labor was no longer cost effective. For
example, if the rate of cesarean delivery
was 22% in both strategies, the ICER
would increase to $112,590, which is
over the cost-effectiveness threshold of
$100,000 per QALY. Furthermore, the
bivariate analysis of the rate of cesarean
demonstrates that this holds true over
every rate considered in sensitivity
analysis.

The tornado analysis demonstrated
the overall number of variables for which
small changes could affect the cost-
effectiveness of the model when varied
in sensitivity analysis; as evidenced by
this analysis, the rates of hypertensive
disorders of pregnancy and stillbirth
were also highly important to the model
(Supplemental Figure 1). In the setting
of a policy for induction of labor, we
chose to assume that undergoing in-
duction of labor would not be a choice
for women, rather an imposed inter-
vention. We performed a sensitivity
analysis for the utility of induction of
labor and found that varying it up to 1 or
for less time had a negligible effect on the
cost-effectiveness of the model. Lastly,
when we performed multivariate sensi-
tivity analysis, induction of labor was
cost-effective in 65% of scenarios
(Figure 4); this means that when vari-
ability was incorporated into each model
input and the cost-effectiveness was
assessed, the induction of labor strategy
was the cost-effective strategy in the
JUNE 2019 Ameri
majority of cases, but less than 95% of
the time.

Comment
Among a theoretical cohort of 1.6
million women at 39 weeks of gesta-
tion, induction of labor improved
maternal outcomes as well as most
neonatal outcomes. Using our baseline
estimates, the ICER was $87,692 per
QALY, which was slightly lower than a
commonly used cost-effectiveness
threshold. Across the theoretical
cohort, this would result in an addi-
tional 2 billion dollars of healthcare
spending per year in the United States.
Our study found that induction of
labor was cost-effective in 65% of
scenarios at the willingness-to-pay
threshold of $100,000/QALY when
uncertainty in our model inputs
was incorporated. This suggests that
we cannot be particularly certain
regarding the cost effectiveness of
can Journal of Obstetrics & Gynecology 590.e6

http://www.AJOG.org


FIGURE 3
Bivariate sensitivity analysis

A, The vertical axis displays the cost of a vaginal delivery, and the horizontal axis displays the cost of a
cesarean delivery (2018 USD). The area in blue demonstrates the values at which expectant
management is the cost-effective strategy, whereas the area in red demonstrates the values at which
induction of labor is cost-effective at a willingness-to-pay threshold of $100,000 per quality-
adjusted life year. The black star represents the baseline model inputs for each cost. B, Bivariate
sensitivity analysis. The vertical axis displays the rate of cesarean delivery with expectant man-
agement, and the horizontal axis displays the rate of cesarean delivery with induction of labor. The
area in blue demonstrates the values at which expectant management is the cost-effective strategy,
whereas the area in red demonstrates the values at which induction of labor is cost-effective at a
willingness-to-pay threshold of $100,000 per quality-adjusted life year. The black star represents
the baseline model inputs for each rate.
EM, expectant management; IOL, induction of labor; USD, US dollars.

Hersh et al. Induction of labor at 39 weeks of gestation versus expectant management for low-risk nulliparous women: a
cost-effectiveness analysis. Am J Obstet Gynecol 2019.
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elective induction of labor at 39
weeks’ gestation without greater cer-
tainty regarding our model inputs. In
particular, the cost of induction of
labor easily changed the cost-
effectiveness ratio, an input with
poor certainty that requires further
research.
590.e7 American Journal of Obstetrics & Gynecol
Of note, sensitivity analyses
demonstrated the susceptibility of the
model to variability in model inputs.
Small changes in the cost of induction
of labor, vaginal delivery and cesarean
delivery, in addition to the rates of
cesarean delivery and hypertensive
disorders of pregnancy, were highly
ogy JUNE 2019
impactful to the model. As these fac-
tors vary widely across the United
States, this demonstrates that these
findings suggest the cost-effectiveness
may vary based on institutional pol-
icies and patient populations.

The improvement in overall neonatal
outcomes was expected as the risk of
macrosomia and shoulder dystocia in-
crease with increasing gestational age.
Furthermore, the improvement in
maternal outcomes is expected due to
the lower rates of cesarean deliveries and
lower rate of hypertensive disorders of
pregnancy, which are intrinsically
reduced by the reduced gestational age.
Although this model does not account
for the long-term consequences of ce-
sarean deliveries, there are many known
risks to cesarean delivery, including
adverse impacts on subsequent preg-
nancies such as placenta accreta, which
are important to consider in a nullipa-
rous population. Therefore, this study
may underestimate the benefit of a
reduction in cesarean deliveries. The
improvement in both maternal and
neonatal outcomes are clinically rele-
vant, as they are highly impactful to
women, their families, and the health-
care system.

Despite these findings, our study was
not without limitations; decision ana-
lytic models are limited by their model
inputs. Although most probabilities
were obtained from large, observa-
tional studies, some were obtained
from clinically relevant trials with
wider confidence intervals. The
ARRIVE Trial found important differ-
ences in the rates of cesarean delivery
and hypertensive disorders of preg-
nancy in participants, so we chose to
use that data to inform our study.
Upon subject to sensitivity analysis,
variation in these inputs affected the
cost-effectiveness of the model,
demonstrating the importance of
determining more precise estimates for
these parameters in future research.
Although the data provided by clinical
trials can inform practice, it cannot
determine the best care for all indi-
vidual patients. Furthermore, the most
impactful model inputs for the cost-
effectiveness of the model were the

http://www.AJOG.org


FIGURE 4
Multivariate sensitivity analysis

This is a Monte Carlo simulation of 1000 samples. The dashed line indicates a willingness-to-pay threshold of $100,000 per quality-adjusted life year.
Each blue dot represents the results of a single outcome of the simulation, and the ellipse represents the 95% confidence ellipse of outcomes. Induction
of labor at 39 weeks of gestation was the cost-effective strategy in 65% of samples.

Hersh et al. Induction of labor at 39 weeks of gestation versus expectant management for low-risk nulliparous women: a cost-effectiveness analysis. Am J Obstet Gynecol 2019.
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cost estimates, for which literature is
highly variable and limited.

In addition, we could not incorpo-
rate all downstream impacts of the
model, often because our understand-
ing of the causal impact of a specific
diagnosis is not well understood. For
example, there are associations be-
tween diagnoses of preeclampsia and
downstream risk of maternal cardiac
disease. However, it is unclear how this
causally related to the diagnosis vs the
underlying pathophysiology of the
pregnancy which may not be changed
by an induction 1e2 weeks earlier. An
additional limitation in our study was
our inability to incorporate systems
factors from the increased time women
would be admitted to labor units and
how that might impact the ability to
care for women due to crowding. More
patient time in the hospital would
most likely necessitate changes in
rooming and staffing, which were not
captured by this model. Furthermore,
many women seek to limit intervention
during labor, so a policy of induction
of labor would have societal implica-
tions that were unincorporated in this
model, although such individuals
could simply decline induction of labor
and our model’s probabilistic results
would still apply to those interested in
an elective induction of labor. Lastly,
the assumption that all women would
be induced at 41 weeks is not repre-
sentative of reality, and is therefore a
limitation of the model. However,
given that a previous study demon-
strated that it would be cost effective to
induce all women by 41 weeks’ gesta-
tion, it is conservative to make this
assumption.33

In this context, induction of labor is
being used to prevent disease that
occurs with increasing gestational age.
JUNE 2019 Ameri
Although this is not the right choice
for every patient, it may be a cost-
effective solution when maternal and
neonatal outcomes are considered.
Because this is a medical intervention,
it should not obviate shared-decision
making; decisions about labor should
be made between a woman and her
healthcare provider. In addition,
health system approaches to offering
and managing elective induction of
labor need to include careful consid-
erations about how the impact of
crowding and scheduling may influ-
ence care for all pregnant women and
their infants. n
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SUPPLEMENTAL FIGURE 1
Tornado analysis

The impact of varying each model input on the cost-effectiveness of the model. The bars represent
the range of ICER values when each model input is varied. Red represents values at which expectant
management is cost-effective and blue represents values at which induction of labor is cost effective.
EM, expectant management; ICER, incremental cost-effectiveness ratio. IOL, induction of labor; POV, point of view.
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