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Structured Abstract

Background. Induction of labor is on the rise in the U.S., increasing from 9.5 percent in
1990 to 22.1 percent in 2004. Although, it is not entirely clear what proportion of these
inductions are elective (i.e. without a medical indication), the overall rate of induction of
labor is rising faster than the rate of pregnancy complications that would lead to a
medically indicated induction. However, the maternal and neonatal effects of induction of
labor are unclear. Many studies compare women with induction of labor to those in
spontaneous labor. This is problematic, because at any point in the management of the
woman with a term gestation, the clinician has the choice between induction of labor and
expectant management, not spontaneous labor. Expectant management of the pregnancy
involves nonintervention at any particular point in time and allowing the pregnancy to
progress to a future gestational age. Thus, women undergoing expectant management
may go into spontaneous labor or may require indicated induction of labor at a future
gestational age.

Objectives. The Stanford-UCSF Evidence-Based Practice Center examined the evidence
regarding four Key Questions: 1) What evidence describes the maternal risks of elective
induction versus expectant management? 2) What evidence describes the fetal/neonatal
risks of elective induction versus expectant management? 3) What is the evidence that
certain physical conditions/patient characteristics are predictive of a successful induction
of labor? and 4) How is a failed induction defined?

Methods. We performed a systematic review to answer the Key Questions. We searched
MEDLINE® (1966-2007) and bibliographies of prior systematic reviews and the included
studies for English language studies of maternal and fetal outcomes after elective
induction of labor. We evaluated the quality of included studies. When possible, we
synthesized study data using random effects models. We also evaluated the potential
clinical outcomes and cost-effectiveness of elective induction of labor versus expectant
management of pregnancy labor at 41, 40, and 39 weeks’ gestation using decision-
analytic models.

Results. Our searches identified 3,722 potentially relevant articles, of which 76 articles
met inclusion criteria. Nine RCTs compared expectant management with elective
induction of labor. We found that overall, expectant management of pregnancy was
associated with an approximately 22 percent higher odds of cesarean delivery than
elective induction of labor (OR 1.22, 95 percent CI 1.07-1.39; absolute risk difference
1.9, 95 percent CI: 0.2-3.7 percent). The majority of these studies were in women at or
beyond 41 weeks of gestation (OR 1.21, 95 percent ClI 1.01-1.46). In studies of women at
or beyond 41 weeks of gestation, the evidence was rated as moderate because of the size
and number of studies and consistency of the findings. Among women less than 41 weeks
of gestation, there were three trials which reported no difference in risk of cesarean
delivery among women who were induced as compared to expectant management (OR
1.73; 95 percent CI: 0.67-4.5, P=0.26), but all of these trials were small, non-U.S., older,
and of poor quality. When we stratified the analysis by country, we found that the odds of
cesarean delivery were higher in women who were expectantly managed compared to



elective induction of labor in studies conducted outside the U.S. (OR 1.22; 95 percent CI
1.05-1.40) but were not statistically different in studies conducted in the U.S. (OR 1.28;
95 percent Cl 0.65-2.49). Women who were expectantly managed were also more likely
to have meconium-stained amniotic fluid than those who were electively induced (OR
2.04; 95 percent CI: 1.34-3.09). Observational studies reported a consistently lower risk
of cesarean delivery among women who underwent spontaneous labor (6 percent)
compared with women who had an elective induction of labor (8 percent) with a
statistically significant decrease when combined (OR 0.63; 95 percent Cl: 0.49-0.79), but
again utilized the wrong control group and did not appropriately adjust for gestational
age. We found moderate to high quality evidence that increased parity, a more favorable
cervical status as assessed by a higher Bishop score, and decreased gestational age were
associated with successful labor induction (58 percent of the included studies defined
success as achieving a vaginal delivery anytime after the onset of the induction of labor;
in these instances, induction was considered a failure when it led to a cesarean delivery).

In the decision analytic model, we utilized a baseline assumption of no difference in
cesarean delivery between the two arms as there was no statistically significant difference
in the U.S. studies or in women prior to 41 0/7 weeks of gestation. In each of the models,
women who were electively induced had better overall outcomes among both mothers
and neonates as estimated by total quality-adjusted life years (QALYS) as well as by
reduction in specific perinatal outcomes such as shoulder dystocia, meconium aspiration
syndrome, and preeclampsia. Additionally, induction of labor was cost-effective at
$10,789 per QALY with elective induction of labor at 41 weeks of gestation, $9,932 per
QALY at 40 weeks of gestation, and $20,222 per QALY at 39 weeks of gestation
utilizing a cost-effectiveness threshold of $50,000 per QALY. At 41 weeks of gestation,
these results were generally robust to variations in the assumed ranges in univariate and
multi-way sensitivity analyses. However, the findings of cost-effectiveness at 40 and 39
weeks of gestation were not robust to the ranges of the assumptions. In addition, the
strength of evidence for some model inputs was low, therefore our analyses are
exploratory rather than definitive.

Conclusions. Randomized controlled trials suggest that elective induction of labor at 41
weeks of gestation and beyond may be associated with a decrease in both the risk of
cesarean delivery and of meconium-stained amniotic fluid. The evidence regarding
elective induction of labor prior to 41 weeks of gestation is insufficient to draw any
conclusion. There is a paucity of information from prospective RCTs examining other
maternal or neonatal outcomes in the setting of elective induction of labor. Observational
studies found higher rates of cesarean delivery with elective induction of labor, but
compared women undergoing induction of labor to women in spontaneous labor and were
subject to potential confounding bias, particularly from gestational age. Such studies do
not inform the question of how elective induction of labor affects maternal or neonatal
outcomes. Elective induction of labor at 41 weeks of gestation and potentially earlier also
appears to be a cost-effective intervention, but because of the need for further data to
populate these models our analyses are not definitive. Despite the evidence from the
prospective, RCTs reported above, there are concerns about the translation of such
findings into actual practice, thus, there is a great need for studying the translation of
such research into settings where the majority of obstetric care is provided.

Vi



Contents

EXECULIVE SUMMAIY ..ottt sttt et s e bt e te e st e sbeenbeeneenreas 1
Chapter 1. INTrOQUCTION .....c.veiiiiiieicee ettt b ettt e b et e sneeneenreas 21
Gestational Age and Elective Induction of Labor...........cccocvevviiiiiiiie e 23
Key Questions and Analytic FrameWOIK...........cooiiiiiiiiiiiee e 25
Organization OF THIS REPOI ........ccveiieie et e e e eeenes 26
Chapter 2. Systematic Review of Elective Induction of Labor ..........cccoccvvvvvieniviieiienene e, 27
Systematic REVIEW MELNOUS. ..........ccviiieiecccece e 27
TOPIC DEVEIOPMENL. ... 27
LT o (] (-1 (7 AU 27
STUAY SEIBCTION ...ttt bbbt n e 27
Data EXIFACTION ...cvvevveieiei ettt bbb n et 28
Quality Assessment and Applicability of Included StUdIes..........cccoevvereiieiiieni e 29
Data SYNTNESIS.....viiviiciecie ettt e re e e nres 33
PEEI REVIEBW ...ttt e st et e st e st e te e s e sbe e teeneeebeebeaneenreeneennees 34
SystematiC REVIEW RESUILS ..........oouiiieiieie et 35
Elective Induction of Labor STUTIES .........coveiiiieiiee e 36
Overall Quality and Applicability of Included Studies..........c.ccoeiieiiiiciiciece e, 41
Key Question 1: What evidence describes the maternal risks of elective induction
VErsus eXpectant ManagEIMENT? ... ....uii it e e sbb e br e e be e e ees 43
Randomized controlled trials of elective induction of 1abor..............ccoceviiiiiiiniien, 43
Observational studies of elective induction of 1abor...........cccoovviiiiiiiiic s 54
Summary of evidence addressing Key Question 1: What evidence describes the
maternal risks of elective induction versus expectant management? .............cccceeevervesnenne. 64
Key Question 2: What evidence describes the fetal/neonatal risks of elective
induction versus expectant ManagemMENTt?..........ccivveiiiiieiieere e se e se e 67
Randomized controlled trials of elective induction of 1abor..............cccceviiiiiiiiniiee, 67
Observational studies of elective induction of 1abor...........cccovveiiiiiiiiii s 74
Summary of evidence addressing Key Question 2: What evidence describes the
fetal/neonatal risks of elective induction versus expectant management?................c....... 81

Key Question 3: What is the evidence that certain physical conditions/patient
characteristics (e.g., parity, cervical dilatation, previous pregnancy outcome) are

predictive of a successful induction of 1aD0r?............cooviiiiiiii 82
Summary of evidence assessing Key Question 3: What is the evidence that certain

physical conditions/patient characteristics (e.g., parity, cervical dilatation, previous

pregnancy outcome) are predictive of a successful induction of labor?............c.ccccevenn. 89

Key Question 4: Definition of Successful Labor INduction............cccoecvveeviveieniniiencsieenn 90
Chapter 3. Decision Analytic Model of Elective Induction of Labor............cccooeviveiviienninnnn, 93
Decision Analytic Model MethOdsS ...........covoiiiiiiicc e 93
Decision Analytic MOdel RESUILS .........cooiiiiiieieieeese e 105
Induction of labor at 41 weeks versus expectant management from 41-42 weeks......... 105
Induction of labor at 40 weeks versus expectant management from 40-41 weeks......... 111

vii



Induction of labor at 39 weeks versus expectant management from 39-40 weeks

and expectant management from 39-41 WEEKS..........ccvriireriiiieiiee e 116
ChapLer 4. DISCUSSION .....veeuiiieieiteeieeiestee et tee ettt ste et e beesbeeseesbeesbeeneeaseesbeesteareesbeeneeaseensens 125
Importance of Methodologic Differences Between Interventional and
ODBSErVAtIONAl STUTIES ......coivieiiiiiieiteee ettt st et esbeeneennens 126
Preventive INduction OF LaDOr .........ccooviiiiiiie e 127
Predictors of Mode of Delivery in the Setting of INAUCLION ..........cccoiiiiiiiii e, 129
Gestational Age at DEIIVEIY .........cui it 130
IMALEINAT A ..ottt ettt b e bt et be e bt e b be e be et r et enes 130
(@] 0T | USSR USRS 130
Diagnostic Bias with ldentifying Predictors of a Successful Induction of Labor................... 131
How Successful Induction of Labor was Defined ............ccocveieiieii i 131
DeCiSiON ANAIYLIC OULCOMIES .....ooviiiieiiieieeie sttt sttt sttt re e nbeeneesre e 132
Elective Induction of Labor—From Evidence to Actual Practice..........cccocvvvvviverviieivernene 135
Limitations Of ThiS REPOIT.........oiiiieiieiie e e e 137
Limitations Of the REVIEW..........ccveiiiieiiee e ns 137
Limitations of the EXIStING EVIABNCE. ........c.coiiiiiiiiieicce e 137
Limitations of DeCISION ANAIYSIS.......ccueiiiriiiieieeie e sra e ens 138
Future Research CONSIAEIATIONS ........cuiiiiiiiiiiie et 139
Elective Induction of Labor Versus Expectant Management of Pregnancy....................... 139
SHUAY DIBSIGN ..ttt sttt be et e e sb et e e beene e st e e nbeeneesbeenbeeneesbeenneas 142
Stratified RANAOMIZALION .........coveiiiic e enee s 143
DAtA ANAIYSIS ...ecueiitieitieie et et e e a e ae e r e raereanes 143
Predictors of a Successful Induction of Labor...........ccocoviiiiiiiiiieieceseee e 143
Definitions of a Successful Induction of Labor ... 144
(00 o Tod [155] [0 o LSS ST R RPN 144
References and INCIUARA STUdIES .......ccuviieiieiieieciee e ens 145
List of Acronyms and ADDIreVIAtIONS. .........cciiiiiiiiiiie e 153
Tables
Table A. Definition of induction of 1aD0r SUCCESS .........ccviiiiieiice e 7
Table B. Clinical outcomes per 10,000 women for induction of labor at 41 weeks versus
EXPECTANT MANAGEIMENT. ... .eiiiiii ettt e e sbb e nbb e e b e e e bb e e e be e e esbe e e snbeeennneeanes 11
Table C. Clinical outcomes per 10,000 women for induction of labor at 40 weeks versus
expectant management UNLil 41 WEEKS ........oooveiiieiie e 12
Table D. Clinical outcomes per 10,000 women for induction of labor at 39 weeks versus
expectant management UNtil 40 OF 41 WEEKS .......ccveiieriieie et 12
Table E. Sample Size Estimates for Prospective Trial of Elective Induction of Labor as
Compared to Expectant Management 0f PregnancCy..........ccooveveieienenienenesiseeeese e 15
Table 2.1. RCTs of elective induction of labor: Study information .............cccccevveieiieiiciee, 37

viii



Table 2.2. Observational studies of elective induction of labor: Study information..................... 38

Table 2.3. RCTs of elective induction of labor studies: Other maternal outcomes.............c........ 53
Table 2.4. RCTs of elective induction of labor studies: Other maternal outcomes among
MUILIPAIOUS WOMIBI......etieiteeieetie st e ste et e te e e st e steesaessaesseesteaseesseesseassesseesseeneesseesseeneesneenseaneenrens 53
Table 2.5. Observational studies of elective induction of labor: Other maternal outcomes......... 62
Table 2.6. Observational studies of elective induction of labor in nulliparous women:

Other MAternal QUECOMES ........couiiiiiieicee ettt ettt sr e e be st e beebeeneenreas 63
Table 2.7. Observational studies of elective induction of labor in multiparous women:

Other MAternal QUECOMES ........couiiiiiieieee ettt esbe e sbe st e s be e beeneenreas 64
Table 2.8. RCTs of elective induction of labor versus expectant management: Other

NEONALAI QULCOMIES ... ittt ettt e b e s e b et e e st e sbe e beenbesbeebeeneenreas 73
Table 2.9. Observational studies of elective induction of labor versus spontaneous labor:

Other NEONALAl QULCOMES..........oiiiiiiie ettt e et sre e e nreas 79
Table 2.10. Cohort studies of elective induction of labor versus spontaneous labor in

nulliparous women: Other Neonatal OUICOMES..........cveiiiieiieieeie e 80
Table 2.11. Cohort studies of elective induction of labor versus spontaneous labor in

multiparous women: Other Neonatal OUICOMES..........coiiiiiiieiieie e e 80
Table 2.12. Cesarean deliveries (following induction of labor) by Bishop score...........c.cccoeue.... 87
Table 2.13. Cesarean deliveries (following induction of labor) by gestational age ..................... 89
Table 2.14. Cesarean deliveries (following induction of labor) by amniotic fluid index

X = ) OO 89
Table 2.15. Definition of Induction 0f Labor SUCCESS..........ccoiiiriiiieiinie e 91
Table 3.1. Probability @StIMALES. .........coiiiiiie e 101
Table 3.2. ULIILY SHIMALES .......ccieiieeiecieciee sttt e e sreeneennees 104
Table 3.3, COSt ESTIMALES ......oiueiiiieiieeie ettt sttt et e beenbesneesbeeeenreas 104
Table 3.4. Decision analytic results for induction of labor at 41 weeks versus expectant

R aTo T 0T 0 1= o | SRR 105
Table 3.5. Clinical outcomes per 10,000 women for induction of labor at 41 weeks versus
EXPECTANT MANAGEIMENT. ... iii ittt e et b e e sbb e e e bb e e e bb e e e bb e e snbeeesnbeeeanneean 106
Table 3.6. Decision analytic results with varying assumptions in cesarean delivery rates ........ 107
Table 3.7. Clinical outcomes with various assumptions in the cesarean delivery rate............... 107
Table 3.8. Cost-effectiveness of an induction versus expectant management at 41 weeks

under various cesarean delivery rate assUMPLIONS .........c.ccviiiiieie e 108
Table 3.9. Decision analytic results for induction of labor at 41 weeks versus expectant

R aTo T 0T 0 1= o | SRR 111
Table 3.10. Clinical outcomes per 10,000 women for induction of labor at 40 weeks

versus expectant management UNtil 41 WEEKS .........cccoeiiiiieii i 111
Table 3.11. Decision analytic results with varying assumptions in cesarean delivery rates ...... 112
Table 3.12. Clinical outcomes with various assumptions in the cesarean delivery rate............. 112
Table 3.13. Cost and Cost-Effectiveness for induction versus expectant management

under various cesarean delivery rate assUMPLIONS .........c.ccveiiiieie e 113
Table 3.14. Decision analytic results for induction of labor at 39 weeks versus expectant

R aTo T 0T 01T o | SRR UPR PP 116
Table 3.15. Clinical outcomes per 10,000 women for induction of labor at 39 weeks

versus expectant management Until 40 0r 41 WEEKS.........ccviveiieiicie i 116
Table 3.16. Decision analytic results with varying assumptions in cesarean delivery rates ...... 117



Table 3.17. Clinical outcomes with various assumptions in the cesarean delivery rate............. 118

Table 3.18. Cost and cost-effectiveness for induction versus expectant management under

various cesarean delivery rate aSSUMPLIONS ........ccviiuiririieriesie ettt nne s 119
Table 4.1. Upper Limit of Optimal Time of Delivery Calculation Table............ccccccovviieinennnns 128
Table 4.2. Sample size estimates for prospective trial of elective induction of labor as

compared to expectant management Of PregnanCy .........ccoveieieereeresieeseese e se e se e 142
Figures

Figure A. Schematic of Decision Tree for 41 week model...........ccccooeiiiiniiiinie 9
Figure B. Mode of delivery for 39, 40, and 41 week ModelS.........cccccveveiieiiein e 10
Figure 1.1.A. Comparison of induction of labor to controls by week of gestation ...................... 24
Figure 1.1.B. Comparison of induction of labor to expectant management..............cccccoevveveennnns 24
Figure 2.1, LITErature SEArCH .........coiiiiiiie et 37
Figure 2.2. Quality assessment of RCTs of elective induction of 1abor ............cccccevviiiiiieinenns 41
Figure 2.3. Quality assessment of observational studies of elective induction of labor-............... 42
Figure 2.4. Maternal outCOMES rEPOMEM ........c.ecveieerieceiee e 43
Figure 2.5. RCTs of elective induction of labor versus expectant management: Cesarean

[0 [=] 1Y =T oY OSSPSR 45
Figure 2.6. RCTs of elective induction of labor versus expectant management: Cesarean

delivery, stratified by gestational 8ge ..........ccccoveiieiiiieie e 46
Figure 2.7. RCTs of elective induction of labor versus expectant management: Cesarean

delivery, stratified DY STUAY VAN .........cccviiieieiiece e 47
Figure 2.8. RCTs of elective induction of labor versus expectant management: Cesarean

delivery, stratified by Study I0CALION...........cceiiiiiic e 48
Figure 2.9. RCTs of elective induction of labor versus expectant management: Operative

(V22 1o T t= L 1= LAY o USSR 51
Figure 2.10. RCTs of elective induction of labor versus expectant management:

Operative vaginal delivery, stratified Dy StUdY YEAI .........ccccviiiiiiiiiie e 52
Figure 2.11. Observational studies of elective induction of labor versus spontaneous

12D0r: CeSArEaN EIIVEIY ....ouiiiiiiieieie e 56
Figure 2.12. Observational studies of elective induction of labor versus spontaneous

labor: Cesarean delivery among nulliparous WOMEN ...........cccooiiiiiiiincneeee e 57
Figure 2.13. Observational studies of elective induction of labor versus spontaneous

labor: Cesarean delivery among multiparous WOMEN............ccooiiiiiiiiieieieiese e 58
Figure 2.14. Observational studies of elective induction of labor versus spontaneous

labor: Operative vaginal deliVEry ..o e 60
Figure 2.15. Observational studies of elective induction of labor versus spontaneous

labor: operative vaginal delivery among nulliparous WOmen............cccoccoeriiinininienene e 61
Figure 2.16. Neonatal 0UtCOMES FEPOITEA ........ccveiieeiiecieie et 67
Figure 2.17. RCTs of elective induction of labor versus expectant management: 5-minute

APJAr SCOTE 1ESS tNAN 7 ...t e e st e et e e e reeteaneesreans 70
Figure 2.18. RCTs of elective induction of labor versus expectant management:
Meconium-stained amniotiC FIUIL ............oooiiiiiii e 71
Figure 2.19. RCTs of elective induction of labor versus expectant management:

Meconium aspiration SYNUIOME.........cuiiieiieieiiese et e et e e re et e e e sreeneeanaesreens 72



Figure 2.20. Observational studies of elective induction of labor versus spontaneous

labor: 5-minute Apgar SCOre 18SS AN 7 .......couveiiiiicece e 75
Figure 2.21. Observational studies of elective induction of labor versus spontaneous

labor: Meconium-stained amniotiC FIUId..........ccoceieiiiiiiii 76
Figure 2.22. Observational studies of elective induction of labor versus spontaneous

1200 NTCU AAMISSIONS. ....eviitiitiiiieieie ettt bbbt b et bbbt 78
Figure 2.23. Cesarean delivery predictors reported..........ccooeeiereeiiiie e 84
Figure 2.24. Cesarean deliveries (following induction) by parity: Cohort studies...........c........... 85
Figure 2.25. Nulliparity in expectant management and elective induction of labor groups

and cesarean delivery odds ratio between the tWO groUpS........ccueoveieieenesieseese e 86
Figure 2.26. Mean nulliparity rate and cesarean delivery odds ratio between the two

0 o100 LT OO PP P SUPRPPPR 86
Figure 2.27. Mean maternal age in RCTs as a predictor of the odds of cesarean delivery

between induced labor and expectant ManagemMENt..........c.cccuerveieiiereere e 88
Figure 3.1. Schematic of Decision Tree for 41 week model .........cccooviiiiiiiiiiiiiieceee 95
Figure 3.2. Mode of delivery for 39, 40, and 41 week Models..........ccccoviierieeiiice i 96
Figure 3.3. Maternal and Neonatal outcomes for 39, 40, and 41 week models............c.cccceeenis 97
Figure 3.4. Schematic of Decision Tree for 40 week model .........cccovvveieeieiie s 98
Figure 3.5. Schematic of Decision Tree for 39 week model ..., 100
Figure 3.6. Sensitivity analysis varying relative risk of cesarean delivery with induction ........ 108

Figure 3.7. Sensitivity analysis varying probability of spontaneous labor before 42 weeks...... 109
Figure 3.8. Incremental cost effectiveness for induction of labor compared with expectant

MANAGEMENT At 4L WEEKS ...t bbb nr e s 110
Figure 3.9. ACCEPLADITILY CUIVE......oiieii ettt et enes 110
Figure 3.10. Sensitivity analysis varying relative risk of cesarean delivery with induction ...... 113
Figure 3.11. Sensitivity analysis varying probability of spontaneous labor.............c.ccccoveennenee. 114
Figure 3.12. Monte Carlo simulation of induction of labor versus expectant management

At 40 WEEKS OF GSTALION ......eiiiiiiiiieie ettt 115
Figure 3.13. ACCEPLADIIILY CUNVE.......ccviiieciee et 115
Figure 3.14. Sensitivity analysis on relative rate of cesarean delivery with 10L at 39

LTS S TSRS PRPRRRTPIN 120
Figure 3.15. Sensitivity analysis on probability of Spontaneous Labor 39-40 weeks................ 120

Figure 3.16. Net monetary benefit (willingness to pay = 50000) sensitivity analysis on
relative risk of cesarean delivery IOL at 39 weeks and probability of spontaneous labor at

B9 WWBEKS. ... ettt bbbt b bR R Rt R £ e b bbb bR e ne et et e e 121
Figure 3.17. New monetary benefit (willingness to pay = 50000) sensitivity analysis on

relative risk of cesarean delivery IOL and additional cost of labor induction..................c......... 121
Figure 3.18. Net monetary benefit (willingness to pay = 50000) sensitivity analysis on
probability of spontaneous labor and additional cost of labor induction............c..cccccevveiinnee 122
Figure 3.19. Cost-Effectiveness Induction of labor at 39 weeks versus expectant

MaNagemMENt UNtH 40 WEEKS.........coviiiiiecie ettt sreeneenes 122
Figure 3.20. ACCEPLADIIITY CUINVE.......oiiiiiie e 123

Appendixes and Evidence Tables for this report are provided electronically at
http://www.ahrqg.gov/downloads/pub/evidence/pdf/elindlabor/eil.pdf.

Xi



Executive Summary

Introduction

Induction of labor is increasing in the U.S. The overall induction rate has increased
from 9.5 percent in 1990 to 22.1 percent in 2004. Induction of labor that is not indicated
for a medical reason, also termed elective induction of labor, appears to be rising as well
and at a rate even more rapidly than that of the overall induction of labor. Elective
induction may be motivated by a variety of reasons. For example, pregnant women may
wish to end their pregnancy because of physical discomfort, concern for rapidly
progressing labor precluding timely arrival at the hospital or epidural placement,
scheduling issues, or ongoing concerns for maternal, fetal, or neonatal complications.
Clinicians who care for pregnant women (e.g., obstetricians, family-practice physicians,
midwives) may have similar non-medical reasons for choosing elective induction of labor
for their patients. They, too, may wish to end their patients’ physical discomfort or have
concerns about either distance from the hospital or ongoing risk in the pregnancy.
However, clinicians may also be incentivized to utilize elective induction for their own
financial benefit and scheduling preferences. Thus, it is imperative to determine the
potential outcomes associated with elective induction of labor.

Elective induction of labor necessarily reduces some risks of an ongoing pregnancy.
Such risks include developing preeclampsia, oligohydramnios, macrosomia, or
intrauterine fetal demise at a later gestational age. However, the commonly held dogma
regarding induction of labor is that it increases the risk of cesarean delivery, which in turn
is associated with a host of maternal complications. Additionally, a cesarean delivery in
the current pregnancy increases both maternal and neonatal risks in future pregnancies.
Thus, determining the effect of elective induction of labor on cesarean delivery as well as
other maternal and neonatal outcomes is important.

When evaluating the risks and benefits of elective induction of labor, it is essential
that women having elective induction of labor be compared to women having expectant
management of labor. Expectant management of the pregnancy involves nonintervention
at any particular point in time and allowing the pregnancy to progress to a future
gestational age. Thus, the woman undergoing expectant management may go into
spontaneous labor or may require indicated induction of labor at a future gestation due to
developing preeclampsia, nonreassuring antenatal testing, or postterm pregnancy. One
methodologic problem with many studies of induction of labor, particularly observational
studies, is that they often use women in spontaneous labor as a control group. This is
problematic because at any point in the term pregnancy the clinician has the choice
between induction of labor and expectant management, not spontaneous labor. Since
increasing gestational age itself is associated with cesarean delivery, these studies are
fundamentally flawed and can lead to misleading conclusions.

Key Questions

With this background in mind, we sought to conduct a systematic review and decision
analysis utilizing the existing literature in order to answer several questions regarding the



effects of elective induction of labor. Specifically, we sought to answer the following
Key Questions:

Key Question 1: What evidence describes the maternal risks of elective induction versus
expectant management?

Key Question 2: What evidence describes the fetal/neonatal risks of elective induction
versus expectant management?

Key Question 3: What is the evidence that certain physical conditions/patient
characteristics (e.g., parity, cervical dilatation, previous pregnancy outcome) are
predictive of a successful induction of labor?

Key Question 4: How is failed induction defined?

Systematic Review of Elective Induction of Labor
Methods

We searched MEDLINE® to identify English-language studies of induction of labor
published from January 1966 to May 2007. We also manually reviewed the reference lists
of included articles and bibliographies of systematic reviews of induced labor to identify
relevant articles.

Inclusion criteria. We included randomized controlled trials (RCT), cohort and case-
control studies that compared women who had undergone induced labor without a
specific indication, prior to 42 0/7 weeks gestational age, with women who were either
managed expectantly or had spontaneous labor. We defined elective induction as
induction of labor at or after 37 0/7 weeks and prior to 42 0/7 weeks of gestation without
a maternal or fetal indication. Elective induction of labor studies were included only if
the article reported mode of delivery (cesarean, vaginal or operative), maternal or
neonatal outcomes. We also included all induction of labor studies (irrespective of
whether or not the induction was elective) if the article reported predictors of success or
failure for induction. Multiple articles on the same population were included once in our
analysis. .

Data extraction. Two authors independently reviewed the title and abstract of each
study to assess whether the article met inclusion criteria. Conflicts regarding data
abstraction were resolved by re-review and discussion. From each included article, we
extracted the following information: Study period, location and setting of study, whether
or not the induction was elective, induction method, study design, definition of successful
induction, inclusion and exclusion criteria (for elective induction of labor studies), mode
of delivery, maternal and neonatal outcomes for all patients and stratified by parity (for
elective induction of labor studies), predictors of failed induction (for all induction of
labor studies) and quality assessment information.

Quiality assessment. Consistent with the AHRQ draft Methods Guide for Conducting
Comparative Effectiveness Reviews, we developed specific criteria for evaluating the
quality of the individual included studies and for assessing the applicability of these
studies to the Key Questions. We then graded the overall quality of the literature
addressing each of the Key Questions. For our quality assessment, individual studies
were evaluated with respect to study design, measurement of outcomes, sample size, and



statistical analyses. These assessments were summarized as a good, fair, or poor rating
for each individual study. We assessed the applicability of the individual studies to the
Key Questions by evaluating the population studied, place and time the study was
conducted, and methods of induction utilized. Individual applicability was assessed as
good, fair, or poor. To grade the overall strength of evidence, we considered the quality
and applicability of the individual studies, the consistency of the results across the
included studies, and volume of the literature for each of the Key Questions. We assigned
a grade of high, moderate, low, or insufficient to each of the items.

Data analysis. To evaluate the maternal and fetal/neonatal risks of elective induction
versus expectant management, we computed two summary effect sizes for each outcome
of interest that was reported in more than four studies using random effects models: A
summary odds ratio and a summary risk difference. To minimize heterogeneity, we
synthesized studies on the basis of study design. We assessed statistical heterogeneity for
summary effects by calculating the Q statistic (considered Q statistics with p <0.05 as
heterogeneous) and |° statistic (considered I statistics greater than 50 percent as
heterogeneous). We also performed sensitivity analyses to evaluate the robustness of our
results and assessed our results for publication bias.

Systematic Review Results

We reviewed 3,722 articles of which 76 met inclusion criteria: 34 studies examined
elective induction of labor and associated outcomes, including 11 RCTs which compared
women with elective induction of labor to expectant management (nine studies) or
spontaneous labor (two studies). We identified 42 observational studies of induction of
labor and predictors of induction success (nearly all of which compared women who had
elective induction of labor to women with spontaneous labor). We present our results
below as responses to the Key Questions.

Key Question 1: What evidence describes the maternal risks of elective induction
versus expectant management?

Cesarean delivery. Of the nine RCTs that compared cesarean delivery among
women who had elective induction of labor with those with expectant management, the
combined summary odds ratio slightly favored elective induction of labor. Expectant
management of pregnancy was associated with an approximately 22 percent increase in
cesarean delivery (OR=1.22; 95 percent CI 1.07-1.39, P=0.003) and an absolute risk
difference of nearly two percent (95 percent CI: 0.2 percent to 4 percent, P=0.033). The
majority of these studies were in women at or beyond 41 0/7 weeks of gestation (OR
1.21, 95 percent CI 1.01-1.46). Three trials reported no difference in risk of cesarean
delivery among women who were induced at less than 41 0/7 weeks gestational age (OR
1.73, 95 percent Cl: 0.67-4.5, P=0.26) but all of these trials were of poor quality, thus
there is insufficient evidence to make conclusions as to outcomes before 41 0/7 weeks.
Only three studies addressed whether parity affected the risk of cesarean delivery
between expectant management and electively induced labor; these studies reported no
difference in risk for nulliparas and there was insufficient information to draw any
conclusions on the risk for multiparas. When we stratified the studies to those conducted



in or prior to 1990 and those conducted after 1990, there was no statistically significant
difference in the odds of cesarean delivery for either of the two groups. When we
stratified the analysis by country, we found moderate evidence that the odds of cesarean
delivery were higher in women who were expectantly managed compared to elective
induction of labor in studies conducted outside the U.S. (OR 1.21; 95 percent CI 1.05-
1.40) but were not different in studies conducted in the U.S. (OR 1.28; 95 percent Cl
0.65-2.49). The observational studies reported a consistently lower risk of cesarean
delivery among women who underwent spontaneous labor (six percent) compared with
women who had an elective induction of labor (eight percent) with a statistically
significant decrease when combined (OR 0.63; 95 percent CI: 0.49-0.79). The principal
reason for this difference in findings between the two types of studies is likely the
different control groups used by the included studies. Since the clinical scenario faced by
practitioners is induction of labor now versus expectant management with either
induction or spontaneous labor at a later date, gestational age is an important confounding
factor, which may bias the estimate of effect on induction when induction is compared to
spontaneous labor.

Operative vaginal delivery. An operative vaginal delivery consists of either a
forceps- or vacuum-assisted vaginal delivery. Most of the six RCTs that examined the
effect of elective induction of labor on operative vaginal delivery were small to medium-
sized studies (only one study had 1700 women in each arm). There is moderate evidence
that the odds of operative vaginal delivery were not statistically significantly different
between women who were electively induced or expectantly managed (OR=0.91; 95
percent Cl 0.79-1.04, P=0.18). Three RCTs reported no difference in the risk of operative
vaginal delivery among women who were induced at less than 41 0/7 weeks gestational
age (OR 0.71, 95 percent Cl: 0.41-1.21, P=0.21), but all of these trials were of poor
quality. For the seven observational studies, there was no significant difference in the risk
of operative vaginal delivery between women in spontaneous labor compared to elective
labor induction (OR=0.91; 95 percent CI 0.78-1.05, P=0.18). Although the observational
studies involved more women, they were heterogeneous. Given the consistency of the
findings in both RCTs and observational studies for a lack of difference in the risk of
operative vaginal delivery, there is only moderate evidence regarding the relationship
between elective induction of labor and operative vaginal delivery.

Length of labor. None of the included studies evaluated “prolonged labor” as a
primary outcome. One RCT from Norway that included 508 women evaluated
“prolonged first and second stages of labor” and found no statistically significant
difference between women who were electively induced or expectantly managed. Four
observational studies examined “mean duration of first and second stages of labor.” Only
one of these studies that included 253 women in each group found a significant difference
in the mean length of the first stage of labor in women who had elective induction of
labor compared to spontaneous labor (6.0 versus 7.2 hours, respectively; P=0.008); the
others reported no difference in length of labor. Given the limited evidence further
information is needed to evaluate the effect of elective labor induction on the duration of
labor. No studies reported or compared the median duration of labor. Thus, there is
insufficient evidence addressing length of labor and elective induction of labor.

Maternal infections. Six studies (three RCTs and three observational) reported
presence or absence of maternal infection; however, none provided detailed quantitative



data such as risk ratios or risk differences. Four studies (two RCTs, two observational)
provided some evidence that elective induction was not associated with an increased risk
of chorioamnionitis and two observational studies provided some evidence that elective
induction was not associated with an increased risk of endomyometritis. Thus, given the
consistency in these findings, but the modest amount of available data, there is low
quality evidence regarding the association of maternal infections and elective induction
of labor.

Maternal blood loss and hemorrhage. Four studies (one RCT and three
observational) evaluated the association between elective induction and postpartum
hemorrhage and found no association. However, these studies likely lacked adequate
statistical power to detect a difference. One RCT examined rates of blood transfusion
between elective induction (2/265 [0.75 percent]) versus expectant management (3/175
[1.7 percent]) and found no statistically significant difference. No studies reported mean
estimated blood loss as an outcome of interest. Thus, given the minimal amount of data
and the lack of statistical power to examine this question, there is insufficient evidence to
assess the assocation of maternal blood loss and elective induction of labor.

Key Question 2: What evidence describes the fetal/neonatal risks of elective
induction versus expectant management?

Meconium stained amniotic fluid. There were six RCTs with a total of 5,478
women that examined whether the presence of meconium-stained amniotic fluid was
associated with elective induction of labor. Women who were expectantly managed were
more likely to have meconium stained amniotic fluid than those electively induced (OR
2.04; 95 percent Cl 1.34-3.09). However, a high degree of heterogeneity existed among
these studies. Only one randomized controlled trial evaluated this outcome among
women who were induced at less than 41 0/7 weeks gestation and found a lower risk for
the presence of meconium among women who were electively induced. Given the
consistency of the findings and the quality of the individual studies, which ranged from
poor to good, there is moderate evidence regarding the increased presence of meconium
with elective induction of labor.

Meconium aspiration syndrome. Five RCTs, which ranged in size from 300 to 3000
participants and were of poor to good quality, provided somewhat conflicting results
regarding the effect of elective induction on meconium aspiration syndrome. While two
of the studies found higher rates of meconium aspiration in the setting of expectant
management, these differences were not quite statistically significant and the other three
studies found no difference. Overall, there was no difference in the risk of meconium
aspiration syndrome to neonates between the two groups of women (OR 1.39; 95 percent
Cl10.71-2.72). Thus, there are insufficient data to fully characterize the presence and
strength of this association

Apgar score less than 7 at 5 minutes. Thirteen studies (four RCTs and nine
observational) provided some evidence that the rate of 5-minute Apgar score less than 7
was no different between women with elective induction of labor compared to expectant
management/spontaneous labor. The summary odds ratio from the RCTs was 1.18 (95
percent Cl: 0.67-2.06). None of the RCTs reported this outcome among women who were
induced at less than 41 0/7 weeks gestation. Given the relatively wide confidence



interval, the fact that this outcome is relatively uncommon and maybe lacking adequate
power, and the individual quality ratings of the studies, the overall evidence regarding
this outcome was rated as low.

Umbilical arterial pH and umbilical arterial base excess. One good and one fair
RCT provided evidence that elective induction of labor was not associated with higher
rates of neonatal acidemia as measured by umbilical cord gases indicated by umbilical
arterial pH (<7.0 or <7.1) and umbilical arterial base excess (<-12). However, there is
insufficient evidence to draw conclusions about this a relatively uncommon outcome.

Fetal distress. While two poor-quality, small observational studies reported no
difference in rates of fetal distress, one large, good-quality, RCT reported lower rates of
fetal distress favoring elective induction of labor. Given the disagreement between the
study findings, there is insufficient evidence to describe the association of elective
induction of labor and fetal distress.

Respiratory distress syndrome. There is insufficient evidence from one poor quality
large cohort study involving 4,472 women that did not observe any cases of respiratory
distress syndrome in either group.

Transient tachypnea of the newborn. There is low quality evidence from three fair
to good quality RCTs that the risk of transient tachypnea of the newborn was not
different in women who had elective induction as compared to expectant management.

Neonatal sepsis. Two good quality, large RCTs examined both the risk of suspected
neonatal sepsis and culture-proven sepsis. These two studies did not find that the rates of
suspected neonatal sepsis were different in women with elective induction versus
expectant management. Given the consistency of these two RCTSs, the evidence was rated
as low.

Hypoxic-ischemic encephalopathy. No studies designated hypoxic-ischemic
encephalopathy as an outcome of interest and the evidence was rated as insufficient.

Birthweight. One RCT involving 302 women reported that the rate of large-for-
gestational-age (LGA) neonates was lower in women who were electively induced
compared to expectant management. However, three poor quality observational studies
provided conflicting results regarding the effect of elective induction of labor on rates of
birthweight greater than 4,000 grams.

Three fair to good quality RCTs provided evidence that elective induction of labor
reduces the rate of macrosomia (birthweight greater than 4,500 grams). Four
observational studies provided conflicting data regarding the effect of elective induction
on incidence of birthweight less than 2,500 grams. There is low overall evidence that
elective induction of labor reduces LGA and macrosomia.

Neonatal seizures. The two RCTs provided low quality evidence that there is no
difference in the risk of neonatal seizure between women who were electively induced or
expectantly managed.

Hypoglycemia. The two RCTs (one large and good quality and one medium sized
and fair quality) provided low quality evidence that hypoglycemia was not associated
with elective induction of labor.

Neonatal jaundice. The tree poor to fair quality studies (two small RCTs and one
larger observational case-control) provided low-quality evidence that the risk of neonatal
jaundice was not higher in women undergoing elective induction of labor.



Neonatal polycythemia. The two relatively large RCTs provided low-quality
evidence that the risk of neonatal polycythemia was not different between women
undergoing elective induction of labor compared to those who are managed expectantly.

Breastfeeding. One relatively small, poor quality, cohort study from the Netherlands
provided insufficient evidence of higher rates of breastfeeding in women who had
spontaneous labor than those who had induction of labor.

Key Question 3: What is the evidence that certain physical conditions/patient
characteristics are predictive of a successful induction of labor?

Whereas the focus of our analysis for the preceding Key Questions focused on the
comparative effectiveness of elective induction of labor and expectant management, for
this Key Question we included studies of women undergoing induction of labor and also
included those that used women in spontaneous labor as the control group as we were
only examining the women who were induced.

Parity. Twenty-three studies examined parity as a predictor of cesarean delivery in
women undergoing induction of labor. In three RCTs, there was a decreased risk of
cesarean delivery among the multiparous women when compared with the nulliparous
women (OR 0.21; 95 percent CI: 0.06-0.72). Among the 20 cohort studies, the rate of
cesarean delivery was 28 percent among the nulliparous women compared with 10
percent among the multiparous women. When we combined the cohort studies, there was
a decreased risk of cesarean delivery among the multiparous women when compared to
the nulliparous women (OR 0.27; 95 percent Cl 0.16-0.45). Thus, there is high-quality
evidence of a decreased risk of cesarean delivery among multiparous women undergoing
induction of labor compared with nulliparous women.

Cervical status. Twelve observational studies measured Bishop scores to evaluate
cervical status as a predictor of cesarean delivery in women undergoing induction of
labor. These studies differed by study design and patient population; however, all
reported that the frequency of cesarean delivery was inversely related to Bishop scores
such that a higher rate of cesarean delivery was observed in women with a lower Bishop
score compared to women with more favorable cervix as represented by higher Bishop
scores. Thus, there is moderate evidence that Bishop score is a predictor of cesarean
delivery among women undergoing elective induction of labor.

Maternal age. Two observational studies presented conflicting data to support
maternal age as a predictor of cesarean delivery in the setting of induction of labor. Thus,
the direction of effect could not be adequately determined based on the current literature
reviewed and the evidence was rated as insufficient.

Maternal body-mass index. We identified one small prospective cohort study that
examined maternal body-mass index as a predictor of cesarean delivery in the setting of
induction of labor. The authors found that women with a BMI greater than or equal to
30kg/m?had a higher frequency of cesarean delivery. We rated the strength of evidence
as insufficient given the small-sized, single study of the topic.

Gestational age. Four cohort studies had consistent evidence to provide moderate-
quality evidence that increasing gestational age was associated with increased rates of
cesarean delivery in the setting of induction of labor.

Amniotic fluid index. Three studies presented conflicting results regarding the level



of amniotic fluid index at time of induction of labor and its effect on mode of delivery.
The evidence was insufficient to support any conclusions regarding the direction of
effect.

Key Question 4: How is failed induction defined?

We abstracted the definition of a successful labor induction from our included studies
(n=76). While a majority of studies specifically defined successful labor induction, most
of them defined failure in terms of mode of delivery (Table A). Just over half the studies
(58 percent) defined success as achieving a vaginal delivery anytime after the onset of the
induction of labor; in these instances, induction was considered a failure when it led to a
cesarean delivery. Other definitions of success included a spontaneous vaginal delivery or
achieving a vaginal delivery in a specified amount of time, most commonly 24 hours (but
also 6, 12, or 18 hours). One study defined induction of labor success as the onset of
labor within 12 hours. Only one study defined induction of labor success as achieving
active labor.

Table A. Definition of induction of labor success

Definition n/N (%)

Vaginal delivery 44/76 (57.9%) "
Spontaneous vaginal delivery 16/76 (21.1%)™" 1> 7% 2 27, 28,31, 43,4552
Vaginal delivery within 24 hours 9/76 (11.8%)" > 1 >°
Not Specified 17/76 (22.4%)> "
Miscellaneous Definitions Used:

Vaginal delivery within 6 hours 1/76 (1.3 %) '°

Vaginal delivery within 12 hours 1/76 (1.3 %) **

Vaginal delivery within 18 hours 1/76 (1.3 %) *®

Labor within 12 hours 1/76 (1.3 %) **

Active Labor Achieved 1/76 (1.3 %) “

Delivery within 48 hours of scheduled 1/76 (1.3 %) ®

Induction

Note: Fourteen studies report more than one measure of induction of labor success. &> 1% 12 15 22, 24 25,2128, 31 412322

Decision Analytic Model of Elective Induction of Labor

While the clinical constraints of the obstetric population limit the number of
management options that can be investigated in a prospective fashion, decision analysis
and cost-effectiveness analysis have been used to model the impact of induction
strategies on clinical outcomes or cost in certain populations.”” ’® We constructed
decision analytic models in order to identify aspects of elective induction of labor that
warrant further investigation in future prospective studies. These models were
specifically stratified at 39, 40, and 41 weeks of gestation and compared elective
induction of labor to expectant management of the pregnancy.

Methods. To address the question of the consequences of induction of labor, and
specifically examine what particular outcomes may drive this clinical situation, decision
trees were constructed to simulate clinical scenarios in which elective induction of labor
might be considered as an alternative to expectant management of the pregnancy. Since
medical comorbidities of pregnant women may lead to an indicated induction of labor at



any gestational age, the hypothetical cohort entering the decision tree consisted of women
with low risk, singleton, vertex gestations. In addition, since nulliparous women tend to
incur increased costs during labor, and have a higher likelihood of cesarean delivery in
comparison to multiparous patients, in order to provide the most conservative estimate of
the consequences of induction of labor, all patients were considered to have the increased
risks associated with nulliparity.

Induction of labor for postterm pregnancy is one of the current recommended
strategies by the American College of Obstetricians and Gynecologists at 42 0/7 weeks
gestation, so the first strategy assessed was induction of labor at 41 0/7 weeks versus
expectant management of the pregnancy (Figures A and B) until 42 0/7 weeks gestation.
Other theoretical models were created comparing elective induction of labor at 39 0/7, 40
0/7, or 41 0/7 weeks of gestation.

Figure A. Schematic of Decision Tree for 41 week model
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Existing literature supports that there is an ongoing risk of both intrauterine fetal
demise and experiencing a hypertensive complication of pregnancy which increases by
week of gestational age beyond 39 weeks of gestation, so women undergoing expectant
management could enter spontaneous labor, have an intrauterine fetal demise, or develop
preeclampsia requiring induction of labor. As one of the primary clinical concerns with
continuing pregnancy beyond term is the development of placental insufficiency leading
to neonatal compromise or death, women undergoing expectant management are
frequently subjected to antenatal testing consisting of a nonstress test and measurement of



amniotic fluid volume in order to assess fetal well being and placental function. Women
undergoing antenatal testing could therefore develop indications for induction based on
antenatal testing.
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Figure B. Mode of delivery for 39, 40, and 41 week models
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We considered that women undergoing spontaneous or induced labor could
experience one or more of six possible events: 1) development of fetal macrosomia; 2)
epidural placement; 3) mode of delivery, including spontaneous vaginal delivery,
operative vaginal delivery, or cesarean delivery with potential for maternal mortality as a
consequence; 4) severe perineal laceration, defined as a perineal laceration injuring the
rectal sphincter; 5) shoulder dystocia with the possibility of brachial plexus injury or
neonatal demise; and 6) meconium stained amniotic fluid with the possibility of
meconium aspiration syndrome, potentially leading to neonatal demise. We obtained
estimates for the probabilities of these outcomes as well as related costs and utilities”
from the published literature and our systematic review, when possible.

We performed baseline analyses examining each of these six outcomes. Additionally,
we evaluated the quality-adjusted life years (QALY's) and costs per QALY associated
with each of
the strategies.” We performed sensitivity analyses varying each of the inputs into the
models

# Utilities are a measure of quality of life, usually expressed on a 0 to 1 scale, which assess how a patient
values a health state state.

" QALYs are the product of life expectancy multiplied by the quality of life of the health states that a
person experiences is a measure that combines both of these effects.
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over potential ranges. These sensitivity analyses included univariate, multi-way, and
Monte Carlo simulations.

Decision Analysis Results

The results below provide information only for Key Questions 1 and 2, evidence
describing the maternal or fetal and neonatal risks of elective induction versus expectant
management.

Induction of labor at 41 weeks versus expectant management from 41-42 weeks:
Our theoretical model of elective induction of labor at 41 0/7 weeks as opposed to
expectant management leads to lower rates of neonatal demise, preeclampsia,
macrosomia, shoulder dystocia, meconium-stained amniotic fluid, meconium aspiration
syndrome, severe perineal lacerations, and operative vaginal deliveries (Table B). We
found that elective induction of labor at 41 0/7 weeks is superior to expectant
management with an increase in both maternal and neonatal QALYS; 96 percent of the
QALYs benefit was due to reduced IUFD.

Elective induction of labor at 41 0/7 weeks is more expensive as compared to
expectant management. The average cost per woman of an induction at 41 0/7 weeks is
$10,139 as compared to $9770 for expectant management for an average incremental cost
of $368 per induction. In terms of cost-effectiveness, we find that it would cost an
additional $10,789 per additional QALY Typically, interventions are considered cost-
effective if they are less than $50,000 to $100,000 per QALY. Thus, induction of labor at
41 0/7 weeks is a cost-effective intervention by conventional thresholds for cost
effectiveness.

Our results remained robust during sensitivity analysis. We did not find substantial
changes in outcomes or cost-effectiveness in univariate sensitivity analyses. Even with
adjustment of the cesarean delivery rate from the baseline where the cesarean delivery
rates were equal, through no difference, to a 22 percent increase in cesarean delivery, the
overall QALY's remained higher in the elective induction group and this strategy
remained cost-effective.

Table B. Clinical outcomes per 10,000 women for induction of labor at 41 weeks versus expectant
management

Induction of labor at 41  Expectant management at 41

weeks weeks
Cesarean delivery 2700 2700
Perinatal demise <1 11
Macrosomia 1200 1405
Shoulder dystocia 131 323
Meconium stained fluid 2240 2436
Meconium aspiration syndrome 80 170
Severe perineal lacerations 561 644
Operative vaginal deliveries 1330 1482
Preeclampsia 0 120

Induction of labor at 40 weeks versus expectant management from 40-41 weeks.
Our theoretical model of elective induction of labor at 40 0/7 weeks as compared to
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expectant management leads to a lower rate of all adverse obstetric outcomes, including
cesarean delivery, neonatal demise, pre-eclampsia, macrosomia, shoulder dystocia,
meconium-stained amniotic fluid, meconium aspiration syndrome, severe perineal
lacerations and operative vaginal deliveries (Table C). Further, elective induction of labor
at 40 0/7 weeks is superior to expectant management until 41 0/7 weeks, with an average
of 56.916 total QALY for an induction of labor at 40 0/7 weeks versus an average of
56.889 total QALYS for expectant management: An incremental gain of 0.027 QALYS.

Elective induction of labor at 40 0/7 weeks is more expensive as compared to
expectant management. The average cost per woman of an induction at 40 0/7 weeks is
$10,030 compared to $9760 for expectant management, for an average incremental cost
of $269 per induction. In terms of cost-effectiveness, it would cost an additional $9932
per added QALY. Thus, induction of labor at 40 0/7 weeks is a cost-effective intervention
in the baseline analysis.

Our results remained robust during univariate sensitivity analysis. However,
incorporating uncertainty in multiple input variables through Monte Carlo simulation,
elective induction of labor was cost-effective in approximately 55 percent of the cases.

Table C. Clinical outcomes per 10,000 women for induction of labor at 40 weeks versus expectant
management until 41 weeks

Induction of labor at 40 Expectant management until

weeks 41 weeks

Cesarean delivery 2420 2420
Neonatal demise <1 9

Macrosomia 800 1105
Shoulder dystocia 109 330
Meconium-Stained Fluid 1700 1985
Meconium-Aspiration Syndrome 43 63

Severe perineal lacerations 426 514
Operative vaginal deliveries 1090 1270
Pre-eclampsia 0 120

Induction of labor at 39 weeks versus expectant management from 39-40 weeks and
expectant management from 39-41 weeks. Our theoretical model of elective induction
of labor at 39 0/7 weeks compared to expectant management until either 40 0/7 or 41 0/7
weeks leads to a lower rate of all adverse obstetric outcomes, including neonatal demise,
pre-eclampsia, macrosomia, shoulder dystocia, meconium-stained amniotic fluid,
meconium aspiration syndrome, severe perineal lacerations, and operative vaginal
deliveries. Table D shows the clinical outcomes associated with each strategy for a cohort
of 10,000 women.

Table D. Clinical outcomes per 10,000 women for induction of labor at 39 weeks versus expectant
management until 40 or 41 weeks

Induction of Expectant Expectant
labor at 39 management management until
weeks until 40 weeks 41 weeks

Cesarean delivery 2230 2227 2349
Perinatal demise <1 5 12
Macrosomia 500 763 997
Shoulder dystocia 87 107 346
Meconium-Stained Fluid 1098 1699 1921
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Meconium-Aspiration Syndrome 27 45 59

Severe perineal lacerations 380 430 506
Operative vaginal deliveries 966 1089 1270
Pre-eclampsia 0 90 210

Elective induction of labor at 39 0/7 weeks is more expensive compared to expectant
management until either 40 0/7 or 41 0/7 weeks. The average cost per woman of an
induction at 39 0/7 weeks is $9,568 versus $9253 for expectant management until 40 0/7
weeks and $8915 for expectant management until 41 weeks. Thus, the incremental cost
per woman induced is $316 compared to expectant management to 40 0/7 weeks and
$338 per woman expectantly managed to 40 0/7 weeks compared to expectant
management until 41 0/7 weeks. In terms of cost-effectiveness, it costs an additional
$20,222 per additional QALY compared to expectant management until 40 0/7 weeks
and an additional $13,900 per additional QALY as compared to expectant management
until 41 0/7 weeks. Thus, in our base-case analysis, elective induction of labor at 39 0/7
weeks reaches conventional thresholds for cost effectiveness. However, in sensitivity
analysis, the cost-effectiveness of elective induction of labor was not particularly robust.
When considering the effect on cesarean delivery, induction of labor is the dominant
strategy if the rate of cesarean delivery is less than 75 percent of the cesarean rate with
expectant management. Elective induction is cost-effective at $50,000 until the risk of
cesarean delivery is 14 percent higher with an induction of labor. Elective induction is
cost-effective at $100,000 until the risk of cesarean delivery is 22 percent higher with
induction, and at an increased risk of 35 percent or higher, induction of labor is
dominated (more expensive and less effective) as compared to expectant management
until 40 wks.

In the probabilistic sensitivity analysis using a Monte Carlo simulation, in 29.5
percent of the trials induction of labor at 39 weeks was the dominant strategy (less
expensive and more effective). In 25.7 percent of trials it was more effective but more
costly, and in 44.8 percent of the trials it was dominated (less effective and more costly).
Using a willingness-to-pay threshold of $100,000, induction of labor at 39 weeks is cost-
effective in 52.5 percent of the trials. At a willingness to pay of $50,000, it is cost-
effective in 49.5 percent of trials.

In summary, our cost-effectiveness analysis suggests that elective induction of labor
at 41 weeks improves maternal and fetal outcomes and is cost effective. Our analyses
also suggest that elective induction of labor prior to 41 weeks may improve outcomes and
could reach conventional thresholds for cost effectiveness. However, there is additional
uncertainty about outcomes for elective induction prior to 41 weeks because less
evidence is available. All of our model-based analyses should be considered exploratory
and hypothesis generating, rather than definitive, because the strength of evidence for
model inputs is generally low.

Discussion

The key finding of this review is that women undergoing elective induction of labor
have the same or lower rates of cesarean delivery compared with women who are
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managed expectantly. This result is consistent with other meta-analyses of randomized
trials of induction of labor at term and postterm. It is, however, contrary to the commonly
held dogma that induction of labor increases the risk of cesarean delivery. This belief is
supported by the literature, which compares induction of labor to spontaneous labor,
generally finding a higher rate of cesarean delivery among women who are induced.
However, given that the actual choice faced by clinicians and their patients is either
induction of labor or expectant management of the pregnancy, the comparison of
induction of labor to spontaneous labor as a methodologic approach to elective induction
of labor does not produce results that are clinically relevant or that can be utilized to
counsel women prospectively.

There is a moderate amount of evidence from the current report and prior meta-
analyses that elective induction of labor at 41 0/7 weeks of gestation leads to a lower rate
of cesarean delivery and meconium-stained amniotic fluid. However, there is a paucity of
evidence evaluating the cesarean delivery rate among women electively induced prior to
41 0/7 weeks of gestation. Furthermore, prior to 39 0/7 weeks of gestation, concern for
potentially increasing neonatal morbidity with higher rates of respiratory distress
syndrome is warranted, particularly in women with poor pregnancy dating.

It does appear that elective induction of labor at 41 0/7 weeks of gestation is
supported by a moderate amount of evidence, although many maternal and neonatal
outcomes have not been well studied. At gestational ages prior to 41 0/7 weeks, the
evidence is insufficient. Moreover, translation of these findings to the population at large
in various practice settings has not been well studied. How elective induction of labor
may be utilized in non-study settings requires careful consideration by policymakers,
clinicians, and patients alike to avoid an expensive intervention that actually may
increase cesarean delivery and associated morbidity in current and future pregnancies.

Despite the findings of the current review, it is unclear how the results of such studies
translate into clinical practice. As with many interventions, the practice in academic
centers under study conditions may not represent the practice in the majority of
community hospitals. In particular, there are concerns regarding the implications of such
studies related to mode of delivery. Whether a cesarean delivery is the end result of a trial
of labor is affected by numerous demographic and medical factors, but, ultimately it is
the decision of the provider caring for the laboring woman. The time and financial
pressures on clinicians may potentially affect how elective induction of labor affects the
risk of cesarean delivery, and, in turn, other maternal and neonatal outcomes in current
and future pregnancies. For example, in a practice setting which incorporates the use of
laborists, practitioners dedicated to care in the labor and delivery unit (similar to
hospitalists in internal medicine), being patient during an induction of labor has far less
economic or time pressure on the practitioner. Alternatively, for clinicians who are
charged with both in house obstetric care and simultaneously are providing care in the
outpatient setting, there are both economic and time pressures to minimize the length of
labor whether through augmentation or, in some cases, cesarean delivery.

Limitations of the systematic review. The existing evidence is limited in number of
studies, number of well-designed studies, number of adequately powered studies, the
breadth of reported outcomes, and analytic design. In terms of the identified literature,
there was a wide distribution in terms of both geography and time. It is particularly
concerning that one of the principal outcomes of interest was cesarean delivery, as
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cesarean delivery rates are extremely culturally and time dependent over the last three
decades. Thus, a study conducted in one decade may not necessarily inform practice in
another decade with respect to cesarean delivery. In addition to the quality of evidence,
the overall quantity of studies was also quite poor. For the vast majority of outcomes,
there were no more than five studies. Synthesis of the literature with such few studies is
challenging as a single study may affect the outcomes and introduce heterogeneity.

One of the most important limitations was the problem of study design. While most
RCTs were properly designed to compare elective induction of labor to expectant
management of pregnancy, several of the studies we identified used an analytic design
which excluded women who were allocated to the expectant management arm and were
ultimately induced, which makes interpretation difficult. While the studies examining
induction of labor at 41 0/7 weeks of gestation as compared to expectant management
were generally specific with respect to gestational age, the studies before 41 0/7 weeks of
gestation did not have specific randomization arms at 39 0/7 and 40 0/7 weeks of
gestation, so it is impossible to determine what particular strategy at 39 or 40 weeks of
gestation will lead to the best overall outcomes utilizing the existing literature.

Limitations of decision analysis. There are a number of important limitations of
using decision analysis and cost-effectiveness analysis to address this issue. First, we
used models to represent clinical scenarios; these models are necessarily limited in scope
and do not capture all relevant considerations for this decision. While a more complex
model may get closer to representing the true clinical picture, such complexity increases
the demand for evidence about inputs and may make the model difficult to interpret.
Finally, for the analyses, there are limitations in the existing probability, cost, and utility
data. While we conducted sensitivity analyses over wide ranges of these inputs, better
probabilities, costs, and utilities would certainly facilitate more accurate estimates of the
outcomes and cost-effectiveness of elective induction of labor. To address the uncertainty
in model inputs, a wide range of sensitivity analyses were run to examine the outcomes
and cost-effectiveness. Consistent with the clinical studies, the robustness of these
analyses varied by gestational age. At 41 0/7 weeks of gestation, in these sensitivity
analyses, it appears that our findings were generally robust to the potential benefits and
cost-effectiveness of elective induction of labor. However, the results were less robust at
40 0/7 and 39 0/7 weeks of gestation indicating that further research to better characterize
the potential outcomes of elective induction of labor at these gestational ages needs to be
conducted before recommendation of policies at either of these gestational ages can be
supported. We consider our analyses exploratory, and they confirm the potential value of
clinical trials that address the outcomes associated with elective induction of labor.

Future research. There is a need for appropriately designed and powered studies to
examine the effect of elective induction of labor as compared to expectant management
of pregnancies, particularly prior to 41 weeks of gestation. The optimal study designs
would be prospective, randomized, controlled trials. Such studies need to be stratified by
parity and cervical status and examine a wide range of maternal and neonatal outcomes as
well as costs. In addition, other important population characteristics to consider is
variation by maternal age, race/ethnicity, and varying moderate risk conditions such as
non-insulin dependent gestational diabetes. In order to be appropriately powered,
consideration of the estimated samples sizes would indicate that a sample size between
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2,000 and 15,000 would be necessary depending on whether the intent was to power for
some rare neonatal outcomes (Table E). Since the practice of elective induction of labor
is already being utilized at an increasing rate, such a study in the U.S. is long overdue.

Table E. Sample Size Estimates for Prospective Trial of Elective Induction of Labor as Compared to
Expectant Management of Preghancy

Outcome Studied (baseline risk) Total Sample Size Total Sample Size for

for 80% Power 90% Power
Cesarean delivery, nulliparas (20%) 400 532
Cesarean delivery, nulliparas (15%) 556 742
Meconium (10%) 870 1,162
Cesarean delivery, multiparas (5%) 1,812 2,422
Neonatal acidemia (1%) 9,346 12,506

Cohort studies, either prospective or retrospective, are of some potential value. The
validity of these studies depends upon proper study design, comparing women who were
electively induced to those who were expectantly managed. In order to capture
information on elective induction of labor, such a descriptor should be added to birth
certificate data. In addition to study design, data analysis also requires careful attention to
potential confounding in such studies. Confounders such as parity, cervical status,
gestational age, and complications of pregnancy need to be considered closely and
controlled for with multivariable statistical techniques. Such cohort studies can also
examine the predictors of a successful induction.

When addressing issues involving elective induction of labor, one must consider the
intended goal. Similar to the commentary in the AHRQ report on cesarean delivery by
maternal request, (CDMR) which noted that since women may go into labor and deliver
via one of three modes of delivery (a spontaneous vaginal delivery, operative vaginal
delivery, or cesarean delivery), one must consider planned or intended modes of delivery.
In the setting of elective induction of labor, the comparison group, which consisted of
women whose pregnancy were expectantly managed, can experience either spontaneous
labor, or subsequent development of complications of pregnancy that requires induction
of labor. Further, these potential outcomes, i.e., spontaneous labor, complications of
pregnancy, or induction of labor, can occur at any point in the future at a wide variety of
gestational ages. It was surprising that even when the study design of prospective RCTs
were appropriate, several authors analyzed the data by comparing induction of labor to
spontaneous labor rather than induction of labor to expectant management as intention to
treat. In both RCTs and observational studies, strict use of the appropriate control group,
women being managed expectantly, is important.

Outcomes measured. In studies of elective induction of labor compared to expectant
management, the focus should be on consistently reporting a wide variety of perinatal
outcomes. While we anticipated examining a wide range of outcomes, in reality we
obtained information only on a few and were able to synthesize information only on a
handful. With respect to mode of delivery, the outcomes, cesarean and operative vaginal
delivery, were usually recorded. However, to further determine the effect of labor
induction on specific modes of delivery, it would be beneficial to report the indications
for both cesarean delivery and operative vaginal delivery. In particular, if a “failed
induction” is the indication for cesarean delivery, it would be helpful to report the
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number of hours involved in the attempted labor induction, and the methods (e.g.
prostaglandins, Foley bulb, oxytocin, AROM) utilized, as well as the timing of these
methods relative to different phases/stages of labor. Further, since there is some evidence
regarding induction and augmentation of labor and fetal position,” % which, in turn, is
associated with mode of delivery, fetal position should be recorded as an outcome.

Other maternal outcomes which should be routinely reported in studies of elective
induction of labor include the following: Estimated blood loss, incidences of postpartum
hemorrhage, blood transfusion, chorioamnionitis, endomyometritis, perineal lacerations,
epidural use, length of hospital stay, as well as uncommon but severe morbidities such as
pulmonary embolus, amniotic fluid embolus, hysterectomy, and mortality. Since these
outcomes are both more severe and less frequent, it is difficult to garner sufficient power
to evaluate in a single prospective RCT; thus larger health system or birth certificate data
could include elective induction of labor, and large cohort studies could potentially
accurately quantify these complications. Long term outcomes such as subsequent fertility,
subsequent placentation, subsequent mode of delivery, and pelvic floor injury as
represented by urinary incontinence, fecal incontinence, and pelvic organ prolapse should
also be examined.

Neonatal outcomes that should be reported routinely in studies intending to examine
the effects of labor induction include the following: Umbilical artery blood gases, 5-
minute Apgar score, particularly 5-minute Apgar less than 4, respiratory distress
syndrome, transient tachypnea of the newborn, presence of meconium-stained fluid,
meconium aspiration syndrome, neonatal sepsis, admission to intensive care nursery
(ICN), shoulder dystocia, birth trauma including brachial plexus injury, facial nerve
palsy, skull fracture, other fractures, cephalohematoma, subgaleal hemorrhage,
intracranial hemorrhage, hyperbilirubinemia, birthweight, IUGR, macrosomia,
hypoglycemia, polycythemia, length of stay, breastfeeding, and mortality (antepartum,
intrapartum, and neonatal). Long-term outcomes such as infant and childhood outcomes
of behavior and intelligence should also be assessed. Similar to maternal outcomes, due
to the low incidence rate of these outcomes, even large prospective trials are not
adequately powered to assess these outcomes. If properly designed and well executed,
large cohort studies may potentially overcome limited power and some of the inherent
flaws of observational studies, potentially offering vital information to elucidate the rate
of these outcomes in association with induction of labor.

In addition to the more traditional clinical outcomes, economic and quality-of-life
measures such as patient preferences or utilities should also be considered in future
studies of elective induction of labor. Qualitative studies of how women perceived their
birth experience in the setting of elective and indicated induction of labor, how they felt
their preferences were incorporated into the decision-making process, whether they felt
pressured by providers to choose one clinical path or another, how they were counseled
and consented, and how their birth experience affected their perceptions of quality of life
in future pregnancies all need to be conducted. Specific quantitative measures of patient
quality of life would also contribute to the discussion. Both measures of pain and utility
on labor and delivery as well as quality of life measures throughout the short- and long-
term postpartum periods would inform the understanding of how individuals perceive this
intervention. Interestingly, while elective induction of labor allows for some control as to
when labor will begin, it also may take the management of early labor out of the
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parturient’s control. How women perceive this intervention will greatly inform the
discussion regarding whether it should be routinely offered, and how it might be best
conducted to optimize perinatal outcomes and maintain patient satisfaction. Specific
economic measures such as micro-costing all of the labor, supplies, time costs, and
overhead costs of the induction of labor experience should be examined. When
determining how to use societal dollars to facilitate better health outcomes, allocation of
these scarce resources cannot occur without reproducible estimates of these costs. In
addition, these economic and quality of life issues should be estimated in subsequent
pregnancies as these are affected by prior experiences and outcomes on labor and
delivery.

Conclusions

In this systematic review and decision analysis of elective induction of labor, we found
that overall elective induction of labor as compared to expectant management of the
pregnancy was associated with an approximately 20 percent reduction in the rate of
cesarean delivery and a 50 percent reduction in the presence of meconium in the amniotic
fluid. However, the majority of these studies were in women at or beyond 41 0/7 weeks
of gestation; prior to 41 weeks of gestation, there was insufficient evidence from the
review to address these outcomes. These findings are consistent with other meta-analyses
of induction of labor in postterm and term pregnancies, but are contrary to many
observational studies. The existing literature is not powered to examine many of the other
complications of pregnancy; however it is assumed that a number of complications must
be reduced by elective induction of labor, simply because pregnancy complications such
as preeclampsia or IUFD can no longer occur if the pregnancy is interrupted by induction
of labor. These findings were reflected in the results of our exploratory decision-analytic
models. Further, when we incorporated costs into the models, it appears that elective
induction of labor is a cost-effective intervention at 41 weeks of gestation and may
potentially be so at earlier gestations. The results prior to 41 weeks of gestation require
further examination in a large, prospective randomized trial before routine adoption into
clinical practice. Further, because of the heterogeneity in the management of labor
induction, which varies widely between providers and institutions, careful examination of
the impact of such policies in a wide variety of settings should be explored before
elective induction of labor is routinely adopted as a potential policy to prevent
complications of term pregnancies.
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Chapter 1. Introduction

There are a number of complications of pregnancy that confer significant ongoing
risk to the mother or fetus (e.g., preeclampsia; preterm premature rupture of the
membranes (PPROM); intrauterine growth restriction (IUGR); and postterm pregnancy
(pregnancies that progress to and beyond 42 0/7 weeks, or 294 days, gestational age)).
For these conditions, induction of labor is often the principal medical intervention
utilized to decrease both maternal and neonatal morbidity and mortality. As the
proportion of women with complications of pregnancy has increased in the U.S., the rate
of medically indicated induction of labor has concomitantly risen from 9.5 percent in
1990 to 22.1 percent in 2004.8 8 Over the last decade, pregnant women are older, more
likely to be overweight or obese, and have higher rates of chronic illnesses such as
diabetes and chronic hypertension.®? In turn, these women have higher risks of
preeclampsia and IUGR necessitating induction of labor.

In addition to the rise in the rate of indicated induction of labor, it seems that there
has also been an increase in the rate of induction of labor that is not indicated for a
medical reason.®*®® For example, Zhang et al. report that while the overall rate of labor
induction increased from 9.5 percent in 1990 to 19.4 percent in 1998, the increase for
clinically indicated induction was less.®* This suggests that nonindicated induction of
labor has risen even more rapidly than the overall rate.

When a medical indication for induction of labor cannot be identified, it is termed an
elective induction of labor. Motivated by both patients and clinicians, elective induction
of labor has been utilized for decades. Pregnant women may wish to end their pregnancy
because of physical discomfort, concerns that their labor may progress too quickly to
ensure timely arrival at the hospital (and perhaps have an epidural) before delivering,
convenience of scheduling, or ongoing concerns that they or their baby may be at risk for
complications.®! Clinicians (e.g., obstetricians, family-practice physicians, midwives)
may have both non-medical and medical reasons for recommending elective induction of
labor for their patients.?? For example, they too may wish to end their patients’ physical
discomfort or have concerns about their patients’ distance from the hospital. Clinicians
may also be concerned about the risk of developing either complications of pregnancy
(e.g., preeclampsia) or intrauterine fetal demise.®® ®” Clinicians may also observe clinical
signs or symptoms that may not quite meet strict criteria for a particular diagnosis and
thus not have a medical indication for induction of labor. However, when individualized
to that particular clinical scenario, it may be felt that induction of labor may provide a
greater benefit over expectant management of the pregnancy. A specific example
clinicians may use to recommend an induction could be an elevation in blood pressure
higher than the patient’s baseline yet not diagnostic for gestational hypertension in a non-
compliant patient at 40 0/7 weeks of gestation. Established guidelines generally
recommend that in the absence of other signs and symptoms, or laboratory results
indicative of preeclampsia, continued expectant management should be utilized in such
patients.?® However, a clinician may reasonably decide that in such a patient at risk of
developing gestational hypertension or preeclampsia who may not return for timely
prenatal care, the benefits of labor induction may potentially outweigh the risks of
expectant management. Using strict diagnostic criteria, such scenarios are classified as
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elective induction of labor. Whether these types of inductions are beneficial for the
patients is unclear.

Clinicians may also have real or perceived economic incentives to recommend
elective induction of labor. Induction of labor, on average, generates greater
reimbursements for the clinician only if it leads to higher cesarean delivery rates, and
even then the marginal increase in reimbursement is generally quite small. As it is a
widely held belief that induction of labor is associated with higher rates of cesarean
delivery, providers may believe that they have an economic incentive to encourage
induction of labor. However, as we discuss below, cesarean delivery rates may actually
be lower in women who have elective induction of labor than those who have expectant
management. Thus, clinicians’ economic incentives may not to be exclusively related to
direct reimbursement. Many pregnant women prefer to have their doctor or midwife
present at their delivery: When choosing a practice for prenatal care, a common question
is, “Who will deliver my baby?” For many women, the answer of “Whomever is on call”
is simply not satisfactory. These women may seek providers who will endeavor to be
available for their delivery. Nine months later, clinicians who have agreed to be available
for their patients’ deliveries have an incentive to induce labor during times when they are
on call. In addition, offering such a practice as elective induction of labor may lead to
attracting more patients, in general, to the practice leading to higher volume and greater
reimbursements. Such supply-side incentives may lead to increases in elective induction
of labor without specific changes in reimbursement, because of marginal time costs to the
providers.

From a societal perspective, if elective induction of labor led to similar medical
outcomes and costs as expectant management, such a practice could seem reasonable and
acceptable. Whether medical outcomes are similar, however, is uncertain. The prevailing
wisdom regarding elective induction of labor is that induction increases the risk of
cesarean delivery.®® However, in prospective, randomized, controlled trials, several
studies have compared the rates of cesarean delivery between women with induction of
labor and expectant management, and generally concluded that the cesarean rate was
unchanged or lower among the induced group.?” " A meta-analysis of postterm
pregnancy that included women at both 41 0/7 and 42 0/7 weeks gestation found a
reduction in the cesarean delivery rate among women who were induced (OR 0.88; 95
percent CI 0.78-0.99) compared to women who underwent expectant management.*°
Similarly, a recent Cochrane review which stratified groups by gestational age
demonstrated a non-significant decrease in the rate of cesarean delivery for women who
underwent induction of labor (OR 0.92; 95 percent CI 0.76-1.12).%" Interestingly, a
stratified analysis of the three studies of women at less than 41 0/7 weeks gestation
showed a reduction in the rate of cesarean delivery in the elective induction group (OR
0.58; 95 percent C1 0.34-0.99).

The comparative costs of elective induction of labor and expectant management are
also not well understood. Induction of labor has been associated with an increase of
$1,237 per patient over expectant management.®? If elective induction of labor increases
the rate of cesarean delivery, such a practice would be very costly. Alternatively, if, as
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suggested by prior systematic reviews, elective induction of labor decreases the rate of
cesarean delivery, it may instead be cost saving.*

Clearly, the effect of elective induction of labor on the frequency of cesarean delivery
is a critical uncertainty that requires detailed analysis to help clinicians and policymakers
determine the role for elective induction of labor in current obstetric practice. However,
the majority of the available literature on the association between elective induction of
labor and the cesarean delivery rate is subject to serious methodologic flaws that merit
discussion. Similarly, while costs assessed at the individual level may appear to be higher
in the short-term among those patients with elective induction of labor, considerations of
both societal and long-term perspectives is warranted. In the next section, we discuss the
key methodologic issues related to gestational age and pregnancy dating and how they
can influence the estimates of the effects of labor induction on perinatal outcomes and
costs to society.

Gestational Age and Elective Induction of Labor

Before going any further, it should be clarified that throughout this report, 41 0/7
week and 41 weeks of gestation will be utilized interchangeably. The same is true for 39
0/7 and 39, 40 0/7 and 40, and 42 0/7 and 42. We endeavor not to use the phrase ‘the 42"
week of pregnancy’ which can refer to either time period 41 0/7 until 41 6/7 or 41 1/7
until 42 0/7. When we are referring to a particular time period, we will delineate the time
period by the starting and ending week of gestation around the time period such as 41 to
41 6/7 weeks of gestation.

Additionally, there are specific terms that are utilized to describe gestational age and
the fetus or infant that we have attempted to use consistently throughout this report. A
postterm pregnancy is one that is 42 0/7 weeks or beyond. The terms post-dates and
prolonged pregnancy are poorly and inconsistently defined thus, we endeavor not to use
these terms. We have attempted to use fetal to refer to pre-delivery outcomes, neonatal
for outcomes that occur in the first 28 days of life, perinatal to capture the combined fetal
and neonatal periods, and infant for outcomes beyond 28 days and prior to one year of
life.

As mentioned above, there are many published studies which find a positive
association between induction of labor and cesarean delivery.' %% The majority of
these studies employed either a retrospective cohort or case-control study design. Since
many women who have an induction of labor do so for either late-term (41 0/7 to 41 6/7
weeks of gestation) or postterm (42 weeks of gestation and beyond) pregnancies, one
problem with these studies is there is often a difference in gestational age between the
women who undergo induction of labor and those in the control group, who are typically
women experiencing spontaneous labor, with more women in the induction group being
postterm.®’ Further, the risk of cesarean delivery varies by week of gestational age in both

YFurther, since the rate of vaginal birth after cesarean (VBAC) has fallen appreciably over the past decade, the vast
majority of women who had cesarean delivery in a prior pregnancy will likely undergo repeat cesarean deliveries in
subsequent pregnancies. These repeat cesareans are associated with higher risk of abnormal placentation, including
placenta previa and accreta® which, in turn, are associated with higher risks of maternal morbidity and mortality.%* %
Prior cesareans have also been associated with higher rates of unexplained intrauterine fetal demise.” Thus, if elective
induction of labor leads to higher rates of cesarean delivery, it may lead to increases in perinatal complications and
costs in both current and future pregnancies.
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term and postterm pregnancies, increasing with increasing gestational age.*® *° Thus, if
women who are induced are compared to women experiencing spontaneous labor,
gestational age is a confounding variable because it is associated with both the predictor
(in this case, induction of labor) and the outcome of interest (cesarean delivery). While
older studies did not generally use multivariable regression techniques to control for
confounding bias,®® ™ more recent studies have done so0.*" *® Although this adjustment
can decrease the bias in the effect estimates of labor induction on cesarean delivery, it
does not entirely eliminate it. In contrast to these observational studies, there are a
number of randomized controlled trials of induction of labor which found either a
decrease or no difference in cesarean delivery rates. Studies of pregnancies at or beyond
41 weeks of gestation have demonstrated a decrease in cesarean delivery among women
who have undergone induction of labor.?”* In women with diabetes'® and presumed
macrosomia'®* who have been induced, prospective trials report no statistically
significant difference in rates of cesarean delivery.

How is such a difference in results between cohort and case-control studies and
prospective randomized, controlled trials explained? In addition to bias due to residual
confounding, another important reason is a fundamentally flawed study design present in
most non-randomized studies: By either matching on gestational age or utilizing
multivariable techniques, the investigators often make a direct comparison between
women who have induction of labor at a given gestational age versus women who
experience spontaneous labor at that same gestational age (Figure 1.1.A). Unfortunately,
when caring for a pregnant woman at term, clinicians are not actually choosing between
induction of labor and spontaneous labor; rather, the options clinicians and their patients
face are either elective induction of labor now or continuing expectant management of
the pregnancy. Expectant management of the pregnancy simply involves nonintervention
at any particular point in time and allowing the pregnancy to progress to a future
gestational age. Thus, it can result in either spontaneous labor or medically-indicated
induction of labor at a greater gestational age (Figure 1.1.B). Furthermore, the indications
for inductions of labor at a greater gestational age may include pregnancy or medical
complications such as preeclampsia, oligohydramnios, intrauterine growth restriction,
nonreassuring antenatal testing, or postterm pregnancy, all of which have also been
associated with an increased risk of cesarean delivery.®>*%* One recent study
underscored this methodologic concern by finding that when compared to spontaneous
labor, induction of labor was associated with an increased risk of cesarean delivery, but
when compared to expectant management of the pregnancy, it was associated with a
decreased risk of cesarean delivery.

Figure 1.1.A. Comparison of induction of labor to controls by week of gestation
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Figure 1.1.A. In many observational studies, induction of labor is compared to controls by week of gestation which
appears to (but does not actually) capture the confounding effect of gestational age. In these studies, one compares
women induced at a given gestational age to those who experience spontaneous labor at the same gestational age.
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Figure 1.1.B. Comparison of induction of labor to expectant management
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Figure 1.1.B. In a prospective, randomized, controlled trial, induction of labor is actually compared to expectant
management. Clinicians are deciding between induction of labor at the current gestational age versus expectant
management leading to delivery at a greater gestational age.

Source: Caughey AB, Nicholson JM, Cheng YW, Lyell DJ, Washington AE. Induction of labor and cesarean delivery
by gestational age. Am J Obstet Gynecol. Sep 2006;195(3):700-705. Reprinted with permission.

Thus, when considering the clinical question of the effect of labor induction on the
risk of cesarean delivery, gestational age cannot simply be controlled for using
straightforward statistical techniques as is appropriate for other classic confounders.
Rather, a study design comparing women undergoing induction of labor at a specific
gestational age to women who deliver as a result of either spontaneous labor or induced
labor at a greater gestational age is the only way non-randomized data should be utilized
to examine the effect of induction of labor on mode of delivery. Similarly, if one wishes
to examine the effect of induction of labor on other outcomes, this issue of gestational
age needs to be examined. For example, if one was to examine the effect of induction of
labor on preeclampsia by comparing rates of preeclampsia in
induced women to those in spontaneous labor, since preeclampsia is an indication for
induction of labor, it is assumed that an increased risk in the induction of labor group
would be found. Of course, this is nonsensical since it is actually a reversal of the
causality relationship. However, if one examined this effect in either a prospective
randomized trial or utilizing the comparison between women induced at one gestational
age (not for preeclampsia) compared to those women managed expectantly beyond that
particular gestational age, we would find that induction of labor prevents preeclampsia
since one cannot develop preeclampsia next week if they are being induced today.
Similarly, this protective effect exists for other complications such as intrauterine fetal
demise and macrosomia. However, to date, there are no observational studies of these
specific outcomes framed in such a fashion. Thus, we must rely exclusively on
randomized trial evidence to evaluate most perinatal outcomes when comparing induction
of labor to expectant management of pregnancy.

Given the rising incidence of elective induction of labor, the non-medical incentives
driving its use, and the lack of consensus regarding its effect on key maternal and fetal
outcomes, we sought to systematically evaluate the evidence regarding the use of elective
induction of labor and explore gaps in the literature with simulation modeling. A better
understanding of all aspects of elective induction of labor is important. Ideally, research
on induction of labor should include insight into the incentives facing both the pregnant
women and clinicians such as the outcomes and costs related to induction of labor and the
sociocultural factors which may affect the associated outcomes, particularly mode of
delivery.
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Key Questions and Analytic Framework

Given this background and the methodological concerns, we sought to conduct an
analysis of the existing literature in order to answer the following Key Questions on the
effects of elective induction of labor:

Key Question 1: What evidence describes the maternal risks of elective induction
versus expectant management?

Key Question 2: What evidence describes the fetal/neonatal risks of elective
induction versus expectant management?

Key Question 3: What is the evidence that certain physical conditions/patient
characteristics (e.g., parity, cervical dilatation, previous pregnancy outcome) are
predictive of a successful induction of labor?

Key Question 4: How is failed induction defined?

To address these Key Questions, we performed a systematic review of the literature.
For Key Questions 1 and 2, we included studies that included women with both expectant
management as well as spontaneous labor as the control group since the latter is the most
common comparison group for elective induction of labor. For Key Questions 3 and 4,
we expanded our inclusion to studies examining predictors of failure and the definition of
failure in non-elective induction of labor. To address the gaps in the published literature,
we conducted cost-effectiveness analyses to evaluate the effects of key predictors, such
as mode of delivery, on overall outcomes and costs of elective induction of labor.

Organization of This Report

The remainder of this report is organized into the following sections: Chapter 2 —
Systematic Review of Elective Induction of Labor describes the methods used to conduct
the systematic review as well as the results for Key Questions 1 through 4. Chapter 3 —
Decision Analytic Model describes the methods and results of the cost-effectiveness
analysis. Chapter 4 — Discussion provides a commentary on the key findings from both
the systematic review and the decision analysis, describes the limitations of these
findings, and offers recommendations for future research on this topic.
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Chapter 2. Systematic Review of Elective Induction of
Labor

We conducted a systematic review of the published literature to evaluate maternal, fetal and
neonatal risks of elective induction of labor compared with expectant management, and to
evaluate the predictors of failed induction of labor. In this chapter, we present our methods for
this review and the results.

Systematic Review Methods

Topic Development

The topic for this report was nominated by the American College of Obstetricians and
Gynecologists (ACOG). The Key Questions were developed from an initial set of Key Questions
provided by AHRQ with the input from ACOG, the Stanford-UCSF Evidence-Based Practice
Center, and the Technical Expert Panel (TEP).

Search Strategy

We searched MEDLINE® using medical subject headings (MeSH) keywords to identify all
published studies on elective induction of labor (indexed January 1, 1966 to May 21, 2007) in
humans. We performed title searches to identify additional potentially relevant English-language
articles (indexed through June 6, 2007). We also manually reviewed the reference lists of
included articles and bibliographies of systematic reviews to identify additional relevant articles.
Appendix A provides the details of our search strategy.

Study Selection

To address Key Questions 1 and 2, an article had to compare outcomes in women who had
undergone induction of labor without a specific indication prior to 42 weeks gestational age with
women who were either managed expectantly or had spontaneous labor.

We defined elective induction of labor as an induction of labor at or after 37 weeks and prior
to 42 weeks of gestation without either a maternal or fetal indication for the induction. While it
has become increasingly common to induce women at 41 0/7 weeks of gestation and to call this
practice a “post-dates induction”, the most recent ACOG guideline defines postterm as 42 weeks
of gestation and beyond.*® Studies in which we could determine that at least 20 percent of the
women were at 42 weeks of gestation and beyond were considered to be postterm. Certain

Appendixes and evidence tables for this report are provided electronically at
http://www.ahrq.gov/clinic/epcindes.htm.
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preventive indications such as induction to prevent macrosomia, preeclampsia, or intrauterine
growth restriction (IUGR) have not been recognized as medical indications of labor; therefore,
studies where women were induced for the prevention of any of these conditions were
considered elective.

We included studies on elective induction of labor only if the article reported mode of
delivery (cesarean, spontaneous vaginal or operative vaginal deliveries), or maternal or neonatal
outcomes. Studies were considered to have reported maternal infection if they reported
chorioamnionitis, endomyometritis, post-partum fever, or “maternal infection” (without
providing specific detail).

To address Key Question 3, we included all studies on induction of labor (irrespective of
whether the induction was elective or indicated and whether there was a comparison group) if the
article reported predictors of success or failure for induction. We sought to identify maternal
characteristics that would predict higher rates of a successful labor induction. For this analysis,
we evaluated predictors such as maternal age, parity, race/ethnicity, obesity, obstetric history,
gestational age, and cervical status. We excluded articles that specifically studied different
methods of induction (for example, articles that compared the use of prostaglandins, oxytocin,
and mechanical dilation such as Foley bulb etc. as different methods for inducing labor).

Study design. We included randomized controlled trials (RCT), cohort studies, and case-
control studies. We excluded commentaries, case studies, letters, and reviews. Because most
RCTs of elective induction compared elective induction of labor to expectant management and
most of the observational studies compared elective induction of labor to spontaneous labor, we
included both types of study designs but analyzed them separately. As noted in the introduction,
because the comparison between elective induction of labor and spontaneous labor is
fundamentally flawed, we present these findings primarily to demonstrate the current state of the
existing literature as well as to explore the differential findings between the RCTs and the
observational studies.

Patient population. We excluded articles addressing postterm pregnancy (greater than or
equal to 42 weeks gestational age), prior cesarean deliveries, multiple gestations, medical or
obstetrical complications of pregnancy such as preeclampsia, diabetes mellitus, isoimmunization,
fetal anomalies or abnormal antepartum testing.

Other exclusion criteria. We included duplicate articles of the same study only once in our
analyses. We excluded articles for which the data reported were not usable for our analyses (e.g.,
an article reporting only the odds ratio without providing the number of events and sample size
for outcomes or predictors of interest would have been excluded).

Data Extraction

Two authors independently reviewed the title and abstract of all studies retrieved from our
search to assess whether the article met inclusion criteria. Conflicts regarding whether or not an
article should undergo full text review were resolved by re-review and discussion. The full text
of articles not previously excluded were reviewed independently by two authors. Each reviewer
extracted the following information from each included study: Study period, location and setting
of study, whether or not the induction was elective or indicated, method utilized to achieve labor
induction, study design, definition of a successful induction, inclusion and exclusion criteria (for
elective induction of labor studies), mode of delivery, maternal and neonatal outcomes for all
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patients with stratification by parity (for studies on elective induction of labor), predictors of a
successful or failed induction (for all induction of labor studies) and quality assessment
variables. All articles were reviewed and data was entered into pre-tested forms (Appendix B).

Quality Assessment and Applicability of Included Studies

We evaluated the extent to which the included studies were designed to address the Key
Questions. Some studies of elective induction of labor have key methodologic flaws limiting the
ability to adequately answer our Key Questions. Thus, our quality assessments were based
primarily on the extent to which the included studies were designed prospectively, ensured that
intervention and control patients were similar with respect to the key factors affecting cesarean
delivery rates (e.g., maternal age, parity, body mass index, cervical stage, gestational age) and
were adequately powered to evaluate relatively rare outcomes of interest for both mothers and
neonates. The literature reports inconsistent findings on the association between induction of
labor and cesarean delivery: RCTs have reported decreases or no differences in cesarean delivery
among women who were induced, whereas older observational studies have reported increased
rates of cesarean delivery among induced women.'* ***® One explanation for this contradictory
evidence is that most observational studies did not control for gestational age as a confounder in
their analysis. Induction of labor is likely to occur more often with increasing gestational age,
and increasing gestational age is itself a risk factor for cesarean delivery.”®®” Another important
consideration for study design is the protective effect that induction of labor confers on key
outcomes of interest (e.g., cesarean delivery, preeclampsia). For example, the risk of
preeclampsia increases as gestational age increases; if a woman undergoes induced labor at an
earlier gestational age rather than waiting to go into spontaneous labor, any study that examines
the effect of induced labor on preeclampsia will show reduced rates of preeclampsia in the
induced group, since the risk for that group has now been eliminated.

As discussed in Chapter 1, since most RCTs compare induction of labor to expectant
management, RCTs are the preferred study design for assessing the effects of induction of labor.
Observational studies may not always control for gestational age in their analyses; and the
clinical decision is whether to end the pregnancy now (at a particular gestational age) or wait
until a later gestational age (i.e. expectant management) (Figure 1.1B). However, most
observational studies compare induction of labor at a particular gestational age with spontaneous
labor at the same gestational age (Figure 1.1A) which is not an appropriate comparison since this
method does not address implications of the clinical decision being made. Since most RCTs
compare induction of labor to expectant management, the effects of this clinical question are
examined; alternatively, observational studies that compare induction of labor at a specific
gestational age to spontaneous labor at a later gestational age also provide useful evidence.

We based our approach to evaluating the quality and applicability of the included articles on
established AHRQ guidelines including the “Guide for Conducting Comparative Effectiveness
Reviews”'” and “Systems to Rate the Strength of Scientific Evidence”'* and recent AHRQ
reports including the review of elective cesarean by Viswanathan et al.'”” Using these sources,
we developed specific criteria for evaluating the quality of the individual included studies and
rating their applicability to each of our Key Questions as good, fair, or poor. This rating system
does not attempt to assess the comparative validity of studies across different design strata. For
example, a “fair” RCT is not judged to have the same methodological quality as a “fair”
observational study. Thus, both study design and quality grade should be considered when
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interpreting the methodological quality of a study. Appendix B presents the quality assessment
and applicability forms.

In the sections that follow on quality and applicability rating, we describe our iterative
approach to rating each study—first, rating the quality of the individual study and then rating the
applicability of each study to the Key Questions. Two abstractors independently rated each
article on each of the categories as indicated on the quality and applicability assessment forms.
We reconciled differences by consensus and assigned the overall scores as described below.

Specific aspects of quality rating — randomized controlled trials.

Comparison group. One of the key design aspects of studies of elective induction of
labor is that they have the appropriate comparison group of expectant management. This
group includes all women managed expectantly, both those who went into spontaneous labor
as well as those who were induced for other reasons. As long as the study had the appropriate
comparison group, it was assigned an initial quality rating of good. However, if it did not
utilize this comparison group, but instead excluded women who were eventually induced, it
received an overall poor quality rating despite other aspects of the quality assessment.

Randomization approach and implementation. Because parity is such a critical predictor
of outcomes after induction of labor, we sought to evaluate the extent to which the included
studies stratified randomization by parity. We also sought to identify whether the
experimental and control groups appeared to be balanced in important, identifiable
confounding factors, our assumption being that if such variables were similar, other,
unidentifiable potential confounders would also likely be similar. If studies described the
approach to randomization, there was no major flaw in randomization, randomization was
stratified by parity or only included one parity group, and achieved a balance of select
characteristics in the two groups, studies would maintain their good quality rating; if any of
these items were not met, the quality rating of studies would be reduced by one level. If good
balance in the populations was not achieved, but authors utilized multivariable analyses to
control for potential confounding, the study maintained its quality rating.

Measurement of outcomes: Masking and loss to follow-up. Because neither the
women being electively induced nor the providers caring for them can be masked to this
event, this item was relevant only to the assessment of the outcomes. Thus, we evaluated two
components of outcome assessment: Masking of the assessors (e.g. data abstractors) and loss
to follow-up. While we believe masking to the assessment of outcomes is important, we felt
that in this setting it should not lead to a lower overall quality rating, thus we evaluated this
aspect of the study design, but did not lower the quality rating as a result. Because of the
immediate nature of many of the outcomes, we did not specifically reduce the quality rating if a
study did not specifically report the loss to follow-up. However, as with masking, we evaluated
the study as to its reporting of loss to follow-up. Further, even if it was not reported, we were
able to assess the actual loss to follow-up by comparing the number of subjects recruited to
those with results. We suspected that most of the follow-up would be short term with respect to
both maternal and neonatal outcomes and that with short term follow-up greater than or equal
to 90 percent, the study would maintain its quality rating. With less than 90 percent follow-up
in the short term, either immediately postpartum or at the postpartum visit, the study quality
level rating would be reduced one quality rating level from good to fair or fair to poor. If a
study reported only outcomes that would occur in the immediate peripartum period, then the
study was only evaluated for follow-up in that time period.
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Sample size. This item was intended to identify whether the study population was large
enough to have adequate power. We utilized both the actual sample size as well as whether any
sample size calculations were performed and the study recruited the projected sample size to
evaluate this component of quality. If a sample size calculation was performed a priori, then the
study maintained its overall quality rating level. However, if no sample size calculation was
conducted during the study design, we estimated that in order to identify a 50 percent difference
in cesarean delivery from a baseline rate of 20 percent with a two-sided alpha of 0.05, that 400
subjects would be needed. Thus, studies with less than 400 subjects were downgraded one
quality rating level, unless they actually found a statistically significant difference in their
primary outcome or they conducted a sample size calculation post hoc that justified their actual
sample size.

Statistical analysis. This item was intended to examine whether the investigators analyzed
the data from their study appropriately and examined whether intention-to-treat analyses were
conducted, if investigators controlled for confounding if necessary, and conducted stratified
analyses by parity if necessary. While statistical analysis is important, we did not think that this
topic should dominate all of the other quality criteria, so even if all of the responses to the
statistical quality items were negative, this reduced the overall quality rating at most one level.

Specific aspects of quality rating — observational studies.

Comparison group. Again, given the importance of the appropriate comparison group of
expectant management which includes all women managed expectantly, both those who went
into spontaneous labor as well as those who were induced for other reasons, if a study had the
appropriate comparison group, it would begin with a good quality rating (this was relevant only
for Key Questions 1 and 2). However, if it did not utilize this comparison group, but instead
excluded women who were eventually induced, it received a poor quality rating overall despite
other aspects of the quality assessment. For observational studies that were utilized to examine
Key Question 3 or Key Question 4, the response to this item had no effect on the quality related
to the study’s ability to address those Key Questions.

Study design. Specifically, because the randomized trials were all prospective, and
prospective identification of elective induction of labor is intrinsically going to be superior to
retrospective identification of such patients we included this item. Further, to ensure that both
identifiable and potentially unidentifiable characteristics and potential confounders were similar
between the two groups, we examined this issue. Finally, because follow-up of study participants
is important for the reduction of bias due to self-selection, this item was included for evaluation
as well. If the study was prospective, had comparable study groups in terms of patient
characteristics (or controlled for potential confounding), and maintained a follow-up rate of 90
percent or better, it maintained its quality rating. If the study was retrospective, its quality rating
level was reduced from good to fair. If the study did not have comparable study groups or utilize
multivariable analyses to control for confounding, its quality rating was reduced from good to
fair or fair to poor. Regarding loss to follow-up, this was only evaluated in prospective studies.
Because of the immediate nature of many of the outcomes, we did not specifically reduce the
quality rating if a study did not specifically report the loss to follow-up, though we did evaluate
this component as it should be included. Further, even if it was not reported, we were able to assess
the actual loss to follow-up by comparing the number of subjects recruited to those with results.
We suspected that most of the follow-up would be short term with respect to both maternal and
neonatal outcomes and that with short term follow-up greater than or equal to 90 percent, the study
would maintain its quality rating. With less than 90 percent follow-up in the short term, either
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immediately postpartum or at the postpartum visit, the study quality level rating would be reduced
one quality rating level from good to fair or fair to poor. If a study reported only outcomes that
would occur in the immediate peripartum period, then the study was only evaluated for follow-up
in that time period.

Sample size. We used this item to identify whether the study population was large enough to
have adequate power. We utilized both the actual sample size as well as whether any sample size
calculations were performed to evaluate this component of quality. If a sample size calculation
was performed a priori, then the study maintained its overall quality rating level. However, if no
sample size calculation was conducted during the study design, we estimated that in order to
identify a 50 percent difference in cesarean delivery from a baseline rate of 20 percent with a
two-sided alpha of 0.05, that 400 subjects would be needed. Thus, studies with less than 400
subjects were downgraded one quality rating level, unless they actually found a statistically
significant difference in their primary outcome or they conducted a sample size calculation post
hoc that justified their actual sample size.

Statistical analysis. We used this item to examine whether the investigators analyzed the data
from their study appropriately and whether they controlled for confounding by utilizing
multivariable analyses and performed stratified analyses by parity (if necessary). While statistical
analysis is important, we did not think that this topic should dominate all of the other quality
criteria, so even if all of the responses to the statistical quality metrics were negative, we reduced
the overall quality rating at most one level.

Specific aspects of applicability ratings. In addition to evaluating the quality of each of the
included studies, we evaluated the extent to which each included study was applicable to our Key
Questions. While Key Questions 1 and 2 examined maternal and neonatal outcomes in the
setting of elective induction of labor, Key Question 3 examined predictors of success and Key
Question 4 examined how induction of labor success was defined. Thus, for key questions 1 and
2 it was important that the study be one of elective induction of labor and utilize the appropriate
comparison group of expectant management. For key question 3, any study including women
undergoing induction of labor could shed some light on the predictors of a successful induction
of labor, though we thought the applicability would be stronger in studies on elective induction
of labor. For key question 4, any study defining labor induction success seemed to be applicable
to the question. The specific factors that we considered to evaluate applicability are noted below:

Topics covered. Many studies only provided data on a few of the outcomes of interest for
any of the Key Questions. Thus, by definition, if the study did not examine an outcome, we
did not consider it applicable to that outcome.

Comparison group. If the comparison group for studies examining components of either Key
Question 1 or 2 was not expectant management, then the study was deemed to have poor
applicability for these two Key Questions.

Elective induction of labor. While studies needed to specifically address elective
induction of labor by definition for Key Questions 1 or 2, there were also studies that examined
induction of labor in women with indications for Key Question 3. If the study was not of women
with an elective induction of labor, then the applicability was deemed fair for Key Question 3;
however, if it was of elective induction of labor, then it was rated as having good applicability to
Key Question 3.

Timing of study. Because clinical care changes over time and, in particular, the overall
cesarean delivery rate has changed significantly from the 1970s and early 1980s to the current
time, studies in which the clinical care was provided prior to 1985 were downgraded one step in
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applicability if they also did not utilize more recent labor induction techniques mentioned below.
Of note, while the cesarean delivery rate has continued to rise over the past 10 to 15 years, the
rise has not been nearly as rapid as it was between 1970 and 1985, which was why that time
period was chosen. For studies that did not report the specific time period in which the study was
conducted, we assumed that studies published in 1990 and beyond met this criterion.

Location of study. Because the clinical environment and in particular, the medical
malpractice environment is particularly unique within the U.S., any study not conducted in the
U.S. was downgraded by one step in applicability.

Labor induction method. In particular, the use of prostaglandin agents and Foley catheter
balloons for cervical ripening have led to improved success of induction of labor. Thus, we
downgraded the applicability of any studies in which prostaglandins or other cervical ripening
agents were not utilized in induction of labor regardless of when the study was conducted. For
studies which did not specifically report methods of induction, we deferred to the timing of the
study as these methods are more recent developments.

Less than 41 weeks gestational age. ACOG continues to define postterm pregnancy as 42
completed weeks of gestation and beyond; however, there is an increasing trend for the threshold
of 41 0/7 weeks being more commonly accepted as a time for labor induction to be indicated.
Thus, some clinicians and policymakers deem pregnancies less than 41 weeks as the group of
interest for elective induction of labor. Thus, we considered the applicability of studies to this
population. If a study was conducted on only women prior to 41 weeks gestation or included
women prior to 41 weeks and conducted a stratified analysis, it was considered to have good
applicability to this group of women. Thus, the overall applicability rating determined from the
other items would be maintained to women less than 41 weeks of gestation. If it included women
less than 41 weeks, but did not stratify, or if it did not include women less than 41 weeks of
gestation, it was considered to have poor applicability to women less than 41 weeks of gestation.

Overall quality and applicability rating of the literature for the key questions. The
overall grade for strength of evidence reflects a global assessment that takes the required
domains of both quality and applicability of the individual studies directly into account. In
addition, we considered the consistency of the results of the included studies and volume of the
literature to rate the overall quality for each of the Key Questions. Consistent with the AHRQ
guidelines in the “Guide for Conducting Comparative Effectiveness Reviews”, we assigned a
grade of high, moderate, low, or insufficient to each of the outcomes. A grade other than
insufficient implied that there was enough evidence available to estimate a point estimate of the
effect of either elective induction of labor or a predictor on the success of induction of labor.
However, in cases where there was either no evidence or the evidence was too inconsistent or
underpowered to draw a conclusion, we assigned a grade of insufficient. For example, if there
were two small randomized trials that examined the effect of induction of labor on a maternal
outcome and both had an odds ratio point estimate that had clinical implications, but even when
combined was still statistically insignificant, we considered this as insufficient evidence. Another
example of insufficient evidence would be in the case of two studies where each found a
statistically significant effect, but in the opposite direction.

Data Synthesis

To evaluate the maternal and neonatal risks of elective induction versus expectant
management (Key Questions 1 and 2), we computed two summary effect sizes for each outcome
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of interest reported by more than four studies: A summary odds ratio and a summary risk
difference. Both summary effect sizes were computed using random effects models. We present
the summary odds ratio as the primary outcome metric in our figures and text, and we also
provide the summary risk difference when applicable. We present the figures showing the
summary risk difference in Appendix C.

We also conducted univariate analysis to evaluate the effect of the following variables on our
outcomes of interest: Year (1990 and earlier versus after 1990), country (U.S. versus non-U.S.),
and setting (academic, community hospital, both, or multi-center).

To evaluate the predictors of cesarean delivery (Key Question 3), we computed the summary
odds ratio and risk difference for predictors that were reported in more than four studies.
Predictors that were reported in fewer studies are presented in tabular format.

We assessed the statistical heterogeneity for all computed summary effects by calculating the
Q statistic (designated Q statistics with p <0. 05 as heterogeneous) and I” statistic (designated I’
statistics greater than 50 percent as heterogeneous).'*® '%° The I” statistic measures the extent of
inconsistency among the studies’ results, which is interpreted as the approximate proportion of
total variation in study estimates due to heterogeneity rather than sampling error.

We performed sensitivity analyses to evaluate the robustness of our results. We removed
each study individually to evaluate that study’s effect on the summary estimates. We conducted a
cumulative analysis after ordering studies by year, to determine if there was a trend over time.
We defined study year as the year in which the study was started; if this was not reported, then
we used the publication year for the study year.

We assessed publication bias by visual inspection of funnel plots to evaluate the association
between the sample size of a study and the likelihood of that study reporting a statistically
significant outcome. We also calculated the fail safe N (the number of missing studies that would
be required to change a significant summary effect to one that was not statistically significant).'"!
We performed analyses using Comprehensive Meta-Analysis v.2 software (Biostat, NJ, U.S.A.).

Peer Review

A draft of this evidence report was reviewed by experts in obstetrics and gynecology, meta-
analysis, and decision analysis, and by representatives of AHRQ (Appendix E). We provided a
detailed response to each of their comments and incorporated changes into the final version of
this Evidence Report. However, the findings and conclusions are those of the authors, who are
responsible for the content of the report.
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Systematic Review Results

Our search strategy yielded 3,722 published articles. After title and abstract review, 392
articles were retrieved for full text review. Of these, an additional 316 articles were excluded

(Appendix D) leaving 76 unique studies (10 articles were duplicate reports); 34 articles

compared elective induction of labor with a control group and 42 additional articles addressed

any induction of labor reporting on predictors of failed induction (Figure 2.1).

Figure 2.1. Literature search

MEDLINE Search

Potentially Relevant Articles
N=3722

Stage 1: Review of title
and abstract by two

independent
investigators

A 4

Articles Requiring Full Text
Review
N=392

Stage 2: Full text review
and abstraction by two

v

3330 Exclusions
Not elective induction of labor; no predictors of
cesarean delivery in non-electively inducted
labor=155
Ineligible study design=1157
No eligible maternal or neonatal outcomes=8
Study of method of induction=1056
Post-term pregnancy=59
Previous cesarean delivery=61
Multiple gestations=25
Medical or obstetric complications=235
Fetal anomalies=31
Article not written in English=2
Other reason for exclusion=541

independent
investigators

A 4

Unique articles meeting
criteria for full abstraction
N=76

A 4

316 Exclusions

Not elective induction of labor; no predictors of
cesarean delivery in non-electively inducted
labor=212

Mode of delivery not examined or no eligible
maternal or neonatal outcomes=8

Ineligible study design=44

Study of method of induction=6

Post-term pregnancy=11

Medical or obstetrical complications=2
Duplicate article=10

Data provided not usable=19

Other=4

T

Elective induction of labor
N=34

Induction for any reason
(only for KQ3 and KQ4)
N=42

37




The results are presented in three sections: 1) elective induction of labor studies; 2) predictors
of cesarean delivery; and 3) definitions of failed induction. In the first section we present a
general description of our included studies, quality assessment of studies, followed by our
synthesis of maternal outcomes (Key Question 1) and neonatal outcomes (Key Question 2). In
the second section we present a general description of our included studies, quality assessment,
and predictors of cesarean delivery (Key Question 3), followed by the definition of successful or
failed induction (Key Question 4) reported in our included studies.

Elective Induction of Labor Studies

General description of included studies. We identified 34 studies comparing maternal or
perinatal outcomes in women with elective induction of labor to either expectant management or
spontaneous labor. Of these, 11 were randomized controlled trials (RCTs) (Table 2.1) and the
remaining were observational studies (Table 2.2).

RCTs. In nine (82 percent) RCTs, women who were expectantly managed were designated
as the control group, and in two RCTs the control group was women who had spontaneous labor
(i.e., women in the control arm who were induced later were either excluded from the analysis or
analyzed as the induction group). In one study, the patient population was restricted to only
nulliparous women;* for the remaining studies, inclusion was not restricted on the basis of
parity. The oldest of these studies was conducted in 1975 and the most recent in 2005. Seventy-
three percent of these studies were conducted outside the U.S. (Canada, Europe, Turkey, and
Japan). About half the studies were conducted in an academic setting and about a third in either a
community hospital or across multiple centers; two articles did not report the setting of the study.
Most of the studies were small to medium-sized and only one study had a sample size of more
than 1,000 patients®’ (Table 2.1).

Observational studies. Elective induction of labor was assessed in 23 observational studies;
only one cohort study compared elective induction of labor with expectant management®' while
the remaining studies compared elective induction with spontaneous labor (Table 2.2). The
oldest of these studies was conducted in 1962 and the most recent one in 2006. Four studies were
conducted among only nulliparous women'" '"**% and two among only multiparous women.">
5 A little less than half of the studies were conducted outside the U.S. (Canada, Australia, India,
Thailand, Belgium, Hungary and the Netherlands). Eight studies were conducted in an academic
setting, three in a community hospital, and four in both types of centers; the remaining studies
did not report study setting. Most studies were small to medium-sized; 10 studies had sample
sizes of more than 1,000 women (Table 2.2).
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Table 2.1. RCTs of elective induction of labor: Study information

Applic- R
Year ability Aﬁg'ﬁgb;“ty Applic-
Article Pt?tl:li- Study Period Location Setting %?gtsol Sample Size Induction Method s;l,:iiy Kt81 and/or KQ2 ati'(')'ty
. P 9 for GA<41
cation and/or weeks KQ3
KQ2
Control Induced
Group Labor
Amano et Academic Oxytocin, AROM,
al.®* 1999 NS Japan SL 72 63 PGE, gel, some Poor  Poor Poor -
Center 9
laminaria tents
67 .

Cole et al. 1975 NS Scotland A%aedniglc EM 117 111 Oxytocin, AROM Poor Poor Poor Poor
Dyson et ) United Community Oxytocin, AROM, . . .
al 1987 1983-1985 States Hospital EM 150 152 PGE, gel Fair Fair Poor Fair
Elgsasf#er et 41989 NS Austria ACCaednig"r'c EM 165 180 PGE, gel Poor  Fair Poor Fair
G%hsen et 2005 NS Turkey Academic EM 300 300 Oxytocin, Misoprostol, Fair Fair Poor i
al. Center Foley catheter
Hannah et Nov 1985- Multi- Oxytocin, AROM, .
a1 27 112 1992 Dec 1995 Canada Center EM 1706 1701 PGE, gel Good Fair Poor -
Heimstad et Sep 2002- Academic Oxytocin, AROM, . .
al.5° 2007 Jul 2004 Norway Center EM 254 254 Misoprostol Fair Fair Poor -
g’llaegt'” et 1978 NS Ireland NS SL 92 92 Oxytocin, AROM Poor  Poor Poor Poor
Nielsen et United Academic Oxytocin, AROM . . .
al’ 2005 1999-2002 States Center EM 110 116 (either or both) Fair Fair Poor Fair
NICHHD*** Dec 1987-  United Multi- Oxytocin, AROM,

1994 Jul 1989 States Center EM 174 264 PGE, gel Good Good Poor Good
Tylleskar et
al>and o0 NS Swed Multi- EM 41 43 Oxytocin, AROM P P P P
Leijon ot weden Center xytocin, oor oor oor oor
al. 13, 114+

Note: KQ=Key Question; GA=gestational age; NS=NS; SL=spontaneous labor; AROM=artificial rupture of membranes; PGE,=prostaglandin; EM=expectant management

*Nulliparous women only;

*Also reports predictors of vaginal delivery within 24 hours in the setting of induction of labor;

#Also reports predictors of vaginal delivery within 12 hours in the setting of induction of labor
“This RCT compared expectant management to two groups with different methods of induction; we combined the data from the two methods for our analysis since we were not

comparing different methods of induction

39

*Also reports predictors of Cesarean section in the setting of induction of labor;



Table 2.2. Observational studies of elective induction of labor: Study information

Applic-  Applicability

Ygfa r Stud Control Induction Stud ability to toKQ1 Applic-
Article Publi- Perio)c/j Location Setting Grou Sample Size Method Ratiny KQ1 and/or KQ2  ability
cation P 9 and/or for GA<41  to KQ3
KQ2 weeks
Control Induced
Group Labor
Belsky™ Sep
1979- United Community :
1982 Oct States Hospital SL 918 35 Oxytocin Poor Poor Poor -
1980
Booth argg Jan Oxytocin
Kurdyak 1970 192 Canada NS SL 213 213 Spartocin,  Poor  Poor Poor Poor
Sep AROM
1967
Bo4lélvain et Jan Oxytocin
al. 2001 1990 canada ACdEMIC g 3353 531  AROMPGE, Poor  Poor Poor ;
Dec Center ol
1995 g
Ca1r7nmu et Academic
al. 2002 1996 pogiym Centerand g g6e3 7683 NS Poor  Poor Poor -
1997 Community
Hospital
Du6t1)Iin et Academic
al. 1989- United Center and .
2000 1993 States  Community SL 9648 2886 NS Poor Poor Poor Fair
Hospital
Glantz’ 1998-  United Oxytocin,
2005 1999 States NS SL 10608 1241 PGE, gel Poor Poor Poor -
Heinberg et 1994- United Community Oxytocin,
al. 151t 2002 2000 States Hospital SL 304 304 PGE, gel Poor Poor Poor Good
Hoffman et Oxytocin,
al ot Jan . | AROM
o006 2002~ United  Academic o 4885 796 = PGE,gel,  Poor  Poor Poor Good
Mar States Center
2004 Foley
catheter
:ﬁ:jn Egir: e 1986 NS Hungar Academic SL 2750 2020 Oxytocin, Poor Poor Poor -
gl 9ay  Center AROM

40



Table 2.2. Observational studies of elective induction of labor: Study information (continued)

Applic- Appllc—
- ability to .
Year ability KQ 1 Applic-
. of Study . . Control . Induction Study to ability
Article  ppli.  periog  -ocation  Settng o Sample Size Method  Rating KQf ;?83/ > b
cation and/or KQ3
KQ2 GA<41
weeks
Control Induced
Group Labor
I1_19thy etal. Academic
* 1999- United Center and .
2004 2000 States  Community SL 2673 542 NS Poor Poor Poor Fair
Hospital
Mazg:*?r et Jan Oxytocin
al. 1992  1990-  United = Community g 553 553  AROMPGE, Poor Poor  Poor  Good
Dec States Hospital ol
1990 9
Maslow and 1997- United
Swe eny62 2000 1998 States NS SL 872 263 NS Poor Poor Poor Good
McBride et 1970- ; Oxytocin,
al 1977 1971 Australia NS SL 32 69 AROM Poor Poor Poor -
MeGLton et Jan Academic Oxytocin
al. 1979 ~ 1976- United = Centerand o = g5 63  AROM,PGE, Poor Poor  Poor .
Dec States = Community ol
1976 Hospital 9
Mukherjee 1992- . Academic Oxytocin,
and Sood™ 1995 1993 India Center SL 100 100 AROM Poor Poor Poor Poor
Prysak and 1995- United Oxytocin,
Castronova®' 1998 1996 States NS SL 461 461 AROM Poor Poor Poor Good
Rc>2l:2)son et Jul Oxytocin
al. 1907 199 Australia  AC39eMIC g 4090 146 AROMPGE, Poor Poor  Poor  Fair
Jun Center ol
1995 9
Seyb et al.”’ Nov
1999 1996- United Academic SL 1124 143 Oxytocin Poor Poor Poor Good
Jun States Center
1997
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Table 2.2. Observational studies of elective induction of labor: Study information (continued)

. Applic-
Applic- ity to .
Year ability KQ 1 Applic-
. of Study . . Control . Induction Study to ability
Article Publi-  Period Location Setting Group Sample Size Method Rating KQ1 Kaag/?c:r to
cation and/or GA<41 KQ3
KQ2
weeks
Control Induced
Group Labor
van Gemund . . Oxytocin,
etal¥ 2003 1997 United  Academic o 455 435  AROMPGE, Poor Poor  Poor  Fair
1999 States Center gel
Vi%hout et May
al.”” and Out 1980 - Nether-  Academic Oxytocin,
ot g1 116117 1985 Sep lands Center SL 156 184 AROM Poor Poor Poor -
1981
Vrouen-raets Oxytocin,
etal 2005  2000-  Nether- NS SL 765 189  AROM,PGE, Poor Poor  Poor Fair
2002 lands gel
WiYI?*iIak et Jan
al. 1990- . Oxytocin,
1993 Jun Thailand NS SL 249 262 AROM Poor Poor Poor Poor
1990
Yeast et al.”® 1990- United
1999 1997 States NS SL 4086 197 PGE, gel Poor Poor Poor Good

KQ=Key Question; GA=gestational age; SL=spontaneous labor; NS=not specified; AROM=artificial rupture of membranes; PGE,=prostaglandin
Also reports predictors of Cesarean section in the setting of induction of labor
*Also reports predictors of spontaneous vaginal delivery in the setting of induction of labor

“Also reports predictors of overall vaginal delivery in the setting of induction of labor

*Study conducted among nulliparous women only; +1Study conducted among multiparous women only
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Overall Quality and Applicability of Included Studies

The overall quality of the studies included in this review was generally poor. However, there
were some good and fair quality prospective RCTs addressing Key Questions 1 and 2 (Figure 2.2
and Table 2.1). As seen in Figure 2.2, most of the RCTs compared induction of labor with
expectant management, though several actually excluded women who ended up being induced
from the comparison group to reframe their study as comparing elective induction of labor to
spontaneous labor. Most of the studies were small (less than 400 subjects) or medium (400 to
1000 subjects) in size and a minority of them had conducted sample size calculations to
determine whether they had adequate power to address the primary question of the study.

Figure 2.2. Quality assessment of RCTs of elective induction of labor

Comparison group expectant management

Randomization method described

Randomization stratified by parity |

Good balance between arms

Masking attempted [

Masking achieved [

Loss to follow-up reported |

Immediate follow-up > 95%

Total subjects <400

Total subjects 400-1000 [

Total subjects >1000 [

Sample size calculation done [

Sample size achieved [

Statistical tests utilized

Intent to treat analysis

Multivariable analysis to control for confounding |

Analysis stratified by parity

100% 80% 609 40% 20% 0% 20% 40% 60% 80%  100%
Percent of Included RCTs

‘lYes ONo ONot applicable or not reported ‘

The vast majority of the observational studies addressing Key Questions 1 and 2 utilized a
spontaneous labor group as a comparison group, so were rated as poor quality (Figure 2.3 and
Table 2.2). As seen in Figure 2.3, most of the studies did not compare induction of labor with
expectant management which resulted in their getting a poor quality rating. Similar to the RCTs,
most of the studies were small (less than 400 subjects) or medium, (400 to 1000 subjects) in size
and a minority of them had conducted sample size calculations to determine whether they had
adequate power to address the primary question of the study.
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Figure 2.3. Quality assessment of observational studies of elective induction of labor

Comparison group expectant management | |

Prospective study |

Good balance between arms | |

Loss to follow-up reported | |

Immediate follow-up > 95% |

Total subjects <400 |

Total subjects 400-1000 |

Total subjects >1000 |

Sample size calculation done | |

Sample size achieved |

Statistical tests utilized

Multivariable analysis to control for confounding

Analysis stratified by parity

-100% 80% 60% 40% 20% 0% 20% 40% 60% 80%
Percent of Included Observational Studies

‘lYes ONo ONot applicable or not reported ‘

For Key Question 3, no comparison group was needed, so there were more fair and good
quality studies (Tables 2.1 and 2.2 and Appendix C, Tables 1 and 2). However, the overall
strength of evidence for most components of the Key Questions was low or insufficient because
of the relatively small number of studies addressing the outcomes and the poor quality of the
studies.

There was considerable heterogeneity among the studies on elective induction of labor
which, similar to the quality rating, led to primarily poor applicability ratings as well. Again, to
address Key Questions 1 and 2 it was important to have the appropriate comparison group of
expectant management, so the vast majority of the observational studies had poor applicability to
these questions (Table 2.2). The most likely source of heterogeneity was the time during which
the studies were conducted. Obstetric management has changed significantly over the past 30
years as has the baseline cesarean delivery rate. Because several of the RCTs were older, their
applicability was downgraded as well. Study country, type of hospital, variation in geographic
practice patterns, variation among clinicians, gestational age of the women included, initial
Bishop score (cervical assessment for induction favorability), parity, maternal age, and study
design are additional possible sources of heterogeneity. However, because the data on these
variables, except for study design, were not reported consistently, we could not explore these
potential sources of heterogeneity in our analyses.
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Key Question 1: What evidence describes the maternal risks of
elective induction versus expectant management?

As noted in Figure 2.4, few studies reported mode of delivery and maternal outcomes of
interest. Since cesarean, spontaneous, and operative vaginal deliveries are correlated, we present
results for only cesarean and operative vaginal deliveries. In this section, we present the detailed
results of our evidence synthesis first for the randomized, controlled trials, followed by the
observational studies. At the end of this section, we summarize the evidence addressing Key
Question 1.

Figure 2.4. Maternal outcomes reported

Cesarean delivery

Spontaneous vaginal delivery

Operative vaginal delivery

Chorioamnionitis

Prolonged labor

Prolonged 1st stage of labor | [

Prolonged 2nd stage of labor | [

Mean labor [

Mean 1st stage of labor [

Mean 2nd stage of labor [

Median labor

Median 1st stage of labor

Median 2nd stage of labor

Mean estimated blood loss

3rd/4th degree perineal laceration [

Postpartum hemorrhage [

Blood transfusion | [

Hysterectory

Injury to organs - bowel/bladder

Wound complications

Endoymometritis

Maternal infection [

I'"‘"I“'I"

100% -80% 60% 40% 20% 0% 20% 40% 60%
Percent of Total Included Studies

O Outcome Not Reported B Outcome Reported
Randomized controlled trials of elective induction of labor

Mode of delivery: Cesarean delivery.

Elective induction of labor versus expectant management. Nine RCTs compared elective
induction of labor to expectant management, with cesarean delivery as the primary outcome. The
studies included a total of 6,138 women: 3,017 in the expectant management group and 3,121 in
the elective induction of labor group. The overall cesarean delivery rate among the women who
were induced and those who were expectantly managed was 11 percent and 14 percent,
respectively. When compared to women who were expectantly managed, women who had
elective induction of labor were at lower risk for cesarean delivery (Odds ratio (OR) 1.22; 95
percent CI 1.07-1.39, Figure 2.5 and risk difference 0.02 (95 percent CI: 0.002 to 0.04),
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Appendix C Figure 1; one study® could not be included in the calculation of the summary odds
ratio because it reported zero cesarean deliveries for both groups). The test for heterogeneity
revealed that these studies were relatively homogenous (Figure 2.5). There was some evidence of
publication bias for this outcome: The fail-safe N required to reduce publication bias was seven
studies. Considering the quality of the body of evidence and its applicability to care in the U.S.
today, the evidence for elective induction of labor and cesarean delivery was rated as moderate
because of the size and number of studies and consistency of the findings.

The majority of these prospective RCTs were in women at or beyond 41 0/7 weeks of
gestation. In this subgroup, there was a statistically significant increase in cesarean delivery in
the women managed expectantly (OR 1.21, 95 percent CI 1.01-1.46) and the evidence for this
subgroup was also rated as moderate because of the size and number of studies and consistency
of the findings. Only three trials®> ®> ¢’ were conducted among women with gestational age less
than 41 weeks; no other trials reported results stratified by gestational age less than 41 weeks.
All of these RCTs reported no statistically significant difference in risk of cesarean delivery
between women undergoing elective induction of labor versus those who were expectantly
managed (Figure 2.6 and Appendix C Figure 2). However all of these articles were rated as being
of poor quality primarily due to their small sample size. Thus, the overall evidence for elective
induction of labor prior to 41 weeks of gestation was rated as insufficient.

Two studies individually reported significant differences in cesarean delivery between the
women who were electively induced and those who were managed expectantly. The study by
Dyson et al.”* reported the highest odds of cesarean delivery among women who were
expectantly managed. This was a medium sized study, rated fair quality, with 352 women
randomized at 41 weeks of gestation to induction of labor (n=152) versus expectant management
with antenatal fetal testing (n=150). The rates of cesarean delivery in the study were 14.5 percent
in the induction group as compared to 27.3 percent in the expectant management group
(P<0.01). The principle cause of this difference appeared to be cesarean delivery for fetal
distress, which was 1.3 percent in the induced group and 14.0 percent in the expectant
management group (P<0.01).

The study by Hannah et al.,*” conducted in Canada and published in 1992, was the largest
randomized trial included in our analysis, and was rated as good quality. It included 1,701
women in the induction of labor group and 1,706 women in the expectant management group.
This study reported a significantly higher risk of cesarean delivery among women who were
managed expectantly than those who were induced (24.5 percent vs. 21.2 percent, P=0.03).
When this study was removed during sensitivity analysis, the summary effect changed to no
difference in the summary odds of cesarean delivery between induced labor and expectant
management (OR 1.24; 95 percent CI: 0.99-1.55, P=0.061).

We were interested in the extent to which changes in practice over time affected the rates of
cesarean delivery among women with expectant versus induced labor. When we stratified the
studies to those conducted in or prior to 1990 and those conducted after 1990, there was no
difference in the odds of cesarean delivery for either of the two groups (Figure 2.7 and Appendix
C Figure 3).

We were also interested in the extent to which geographic variations in practice patterns may
have affected the rates of cesarean delivery among women with expectant versus induced labor.
Six RCTs, including 5,172 women, were conducted outside of the U.S. (in Austria, Norway,
Sweden, Turkey, Canada, and the United Kingdom) and three RCTs, including 966 women, were

46



Figure 2.5. RCTs of elective induction of labor versus expectant management: Cesarean delivery

Study Name

Cole
Dyson
Hannah
NICHHD
Egarter
Nielsen
Heimstad
Gelisen

Summary

Statistics for each study

Odds
ratio
1.767
2.223
1.209
0.856
1.648
1.059
1.205
1.177
1.218

Lower
limit
0.573
1.248
1.030
0.527
0.272
0.383
0.705
0.792
1.068

Upper
limit
5.445
3.958
1.419
1.391
9.989
2.927
2.061
1.748
1.389

p-Value

0.322
0.007
0.020
0.531
0.587
0.912
0.495
0.420
0.003

Event / Total

Expectant  Induced
Mgt CS Cs
9/117 57111
41/ 150 22 [ 152

418 /1706 360/ 1701
32 /174 55/ 264
3/165 2/180
8/110 8/116
33/ 254 28 /1 254
66 / 300 58 / 300

610/ 2976 538/ 3078

0.1

Odds ratio and 95% ClI

L
———
——
¢
0.2 0.5 1 2 5

Higher for Induced

Lower for Induced

10

Heterogeneity statistics: Q-value 6.838, P-value 0.446, I-squared 0.00

CS: cesarean section; Mgt: management
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Figure 2.6. RCTs of elective induction of labor versus expectant management: Cesarean delivery, stratified by gestational age

Study Name Statistics for each study Event / Total QOdds ratio and 95%Cl
Odds Lower  Upper Controls Induced

>= 41 weeks ratio limit limit p-Value CSs Cs

Dyson 2223 1.248 3.958 0.007  41/150 22/152 —_—t

Hannah 1209 1030 1419 0020 418/1706 360/ 1701 -

NCHD 0.856 0.527 1.391 0531 32/174 55/ 264 =

Nelsen 1.059 0.383 2927 0912 8/110 8/116

Heimrstad 1.205 0.705 2.061 0495 33/254 28/254 -

Gelisen 1177 0.792 1.748 0420 66/300 58/300 -

Summary 1.214 1.009 1.460 0.040 598/2694 531/2787 ‘
< 41 weeks

Cole 1.767 0.573 5.445 032 9/117 5/111 .l

Egarter 1.648 0.272 9.939 0587 3/165 2/180 i

Summarv 1.733 0.667 4.501 0259 12/282 71291 *

0.1 0.2 05 1 2 5 10
Higher for Induced Lower for Induced
Heterogeneity statistics
Q-value P-value I-squared

>=41 weeks 6.301 0.278 20.647
<41 weeks 0.004 0.949 0.00
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Figure 2.7. RCTs of elective induction of labor versus expectant management

: Cesarean delivery, stratified by study year

Study Name Statistics for each study Bvent / Total (Qdds ratio and 95%Cl
Odds Lower  Upper Expectant Induced
1990 or earlier  ratio limit limit p-Value Mgt CS Cs
Cole 1.767 0.573 5.445 0.322 9/ 117 5/111 -
Dyson 2.223 1.248 3.958 0.007 41/150 22/152 Hl—
Hannah 1209 1030 1419 0.020 418/1706 360/ 1701 . »
NCH-D 0.856 0.527 1.391 0.531 32/174 55/ 264 —_—l—
Egarter 1.648 0.272 9.989 0.587 3/165 2/180
Summary 1.297 0.946 1.780 0107 503/2312  444/2408 1‘
After 1990
Nelsen 1.059 0.383 2.927 0.912 8/110 8/116 '
Heimstad 1.205 0.705 2.061 0.495 33/254 28/254 :
Gelisen 1177 0.792 1.748 0.420 66 /300 58/300
Summary 1.175 0.867 1.502 0.299 107 / 664 94/670
0.1 0.2 0.5 1 2 5 10
Higher for Induced Lower for Induced
Heterogeneity statistics
Q-value P-value I-squared
1990 or earlier 6.721 0.151 40.489
After 1990 0.049 0.976 0.00

49



Figure 2.8. RCTs of elective induction of labor versus expectant management: Cesarean delivery, stratified by study location

Study Name Statistics for each study Bvent / Total Qdds ratio and 95%Cl
Odds Lower  Upper Expectant Induced
Non-U.S. ratio limit limit p-Vaue Mgt CS CS
Cole 1.767 0.573 5.445 0.322 9/117 5/111
Hannah 1.209 1.030 1419 0020 418/1706  360/1701 -.-
Egarter 1.648 0.272 9.989 0.587 3/165 2/180
Heimstad 1.205 0705  2.061 0.495 33/254 28/ 254
Gelisen 1477 0.792 1.748 0.420 66 /300 58 /300 —_——
Summary 1214 1054 1399 0007 529/2542  453/2546 <&
uU.S.
Dyson 2223 1.248 3.958 0.007 41/150 22 /152 —
NCH-D 0.856 0.527 1.391 0.531 32/174 55/ 264 L
Nelsen 1.059 0.383 2927 0912 8/110 8/116
Summary 1.277 0.654 2494 0473 81/434 85/532 |
01 0.2 0.5 1 2 5 10
Higher for Induced Lower for Induced
Heterogeneity statistics
Q-value P-value I-squared
Non-U.S. 0.564 0.967 0.00
U.S. 6.258 0.044 68.039
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conducted in the U.S. (Figure 2.8 and Appendix C Figure 4). We found that the odds of cesarean
delivery were higher in women who were expectantly managed compared to elective induction
of labor in studies conducted outside the U.S. (OR 1.21; 95 percent CI 1.05-1.40) but were not
different in studies conducted in the U.S. (OR 1.28; 95 percent CI 0.65-2.49, Figure 2.8 and
Appendix C Figure 4). This is likely due to the effect of the Canadian study by Hannah et al.
(cesarean delivery rate between the induced labor and expectant management groups was 21
percent versus 25 percent, respectively and OR 1.21; 95 percent CI 1.03-1.42, P=0.02).”

Relatively little RCT data addressed the question of whether parity affects the comparative
cesarean delivery rate between expectant management and induced labor. Three RCTs">> ™
reported cesarean delivery as an outcome specifically among nulliparous women. These studies
included a total of 506 nulliparous women: 256 in the expectant management group and 250 in
the elective induction of labor group. There was no statistically significant difference in the risk
of cesarean delivery between the two groups (OR 1.67; 95 percent CI: 0.81-3.46, P=0.17). Thus,
there was insufficient information to draw any conclusions about the effect of elective induction
on nulliparous women specifically.

The same three RCTs" > ™ also reported cesarean delivery among a total of 367 multiparous
women. In all three studies, the rate of cesarean deliveries was low, with one study reporting no
events among the women who were expectantly managed and only one among the women who
underwent induced labor.”® In the other two studies, there were three and two cesarean
deliveries, respectively, among the women who were electively managed and only one and two
among those who were induced.” ™ Thus, there was insufficient information to draw any
conclusions about the effect of elective induction on multiparous women.

Elective induction of labor versus spontaneous labor. One RCT compared the cesarean
delivery rate among women with elective induction of labor and those with spontaneous labor.*
This trial was conducted Ireland and published in 1978. They included 92 women in each arm
and reported only one cesarean delivery in the spontaneous labor group and four in the elective
induction of labor group. When we included this study in our synthesis of elective induction of
labor versus expectant management, women with induced labor remained at lower risk for
cesarean delivery (OR 1.21; 95 percent CI: 1.03-1.44, P=0.023 and risk difference 0.014; 95
percent CI: -0.005 to 0.033, P=0.16). The studies remained relatively homogeneous
(heterogeneity statistics for summary odds ratio: Q-value 8.89, P-value 0.35, I-squared 9.97;
heterogeneity statistics for summary risk difference: Q-value 14.02, p-value 0.12, I-squared
statistics 35.79).

One RCT compared the cesarean delivery rate among nulliparous women undergoing elective
induction of labor to the rate in women who had spontaneous labor.* This study, conducted in
Japan in 1999, randomized 194 women to elective induction of labor at 39 weeks versus
expectant management up to 42 weeks. Ninety-eight women were randomized to the induction of
labor; however, 35 went into labor prior to 39 weeks and were excluded from the analysis. 96
women were randomized to the expectant management group and 10 were induced for obstetric
reasons (postterm, nonreassuring antenatal testing). Additionally, 14 women delivered prior to 39
weeks and were excluded as well. This left 63 women who were electively induced compared to
72 women who went into spontaneous labor beyond 39 weeks of gestation. The rate of cesarean
delivery was not different between the two groups, 6.4 percent in those induced and 5.6 percent
in the spontaneous labor group. No RCTs compared elective induction of labor to spontaneous
labor among multiparous women.
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Mode of delivery: Operative vaginal delivery. Six RCTs’ 2" >% %7 reported the rate of

operative vaginal delivery (including both vacuum-assisted vaginal delivery and forceps
delivery, Figure 2.9) in women who underwent elective induction of labor or expectant
management. The overall rate of operative vaginal delivery was the similar in both groups (13
percent versus 12 percent, respectively). There was no difference in the risk of operative vaginal
delivery between women who were expectantly managed and those who had elective induction
of labor (OR 0.91; 95 percent CI 0.79-1.04, Figure 2.9; and risk difference -0.01 (-0.03 to +0.01),
Appendix C Figure 5). Three RCTs reported the risk of operative vaginal delivery among women
who were induced at less than 41 weeks gestational age and found no difference between women
who were induced and women who were expectantly managed (OR 0.71, 95 percent CI: 0.41-
1.21, P=0.21). Over time, there was an increased risk of operative vaginal delivery for the
induced labor group when compared with the expectant management group; in the oldest study
conducted in 1975, ¢ the odds ratio was 0.65 (95 percent CI: 0.36-1.17) and in the latest study
conducted in 2005, the odds ratio was 0.83 (95 percent CI: 0.48-1.42), which was not
statistically significant (Figure 2.10). There was no change in the overall effect sizes in
sensitivity analysis and there was no evidence of publication bias for this outcome. Because of
the consistency, quality, and number of individual studies, the overall evidence for this outcome
was determined to be moderate. With respect to the stratified analyses at 41 0/7 weeks of
gestation, the overall evidence was rated as low. The evidence examining the effect on operative
vaginal delivery before 41 0/7 weeks was considered insufficient.

Egarter et al.” reported operative vaginal delivery rates among nulliparous and multiparous
women. Among the nulliparous women, 3 of 88 (3.4 percent) women in the expectant labor
group and 3 of 99 (3.0 percent) women in the elective induction of labor group had operative
vaginal deliveries. Among the multiparous women, none of the 77 women in the expectant
management group and only 1 of 81 women in the elective induction of labor group had
operative vaginal deliveries.

No RCTs reported operative vaginal delivery when comparing elective induction of labor to
spontaneous labor.

Maternal outcomes: Postpartum hemorrhage. Only one RCT, including 254 women in
each arm of the study, examined the risk of postpartum hemorrhage associated with elective
induction of labor when compared with expectant management.*® The rate of postpartum
hemorrhage was the similar in both groups (12 percent versus 13 percent, respectively).
Postpartum hemorrhage was not reported separately by parity.

No RCTs reported postpartum hemorrhage rates comparing elective induction of labor with
spontaneous labor.

Maternal outcomes: Maternal infection. Three RCTs reported the risk of maternal
infection associated with elective induction of labor when compared with expectant
management.7’ 2427 The studies included a total of 4,073 women: 1,991 in the expectant
management arm and 2,082 in the elective induction of labor arm. There was no difference in the
risk of maternal infection between the two groups (OR 1.06; 95 percent
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Figure 2.9. RCTs of elective induction of labor versus expectant management: Operative vaginal delivery

Study Name

Cole
Tylleskar
Hannah
Egarter
Nielsen
Heimstad

Summary

Statistics for each study

Odds
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0.647
2.154
0.927
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0.180
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limit
1.172
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1.079
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3.238
1.422
1.044

p-Value

0.151
0.538
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0.715
0.489
0.176
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Heterogeneity statistics; Q-value 2.254, P-value 0.813, I-squared 0.00
OVD: operative vaginal delivery; Mgt: management

53



Figure 2.10. RCTs of elective induction of labor versus expectant management: Operative vaginal delivery, stratified by study year

Study Name Statistics for each study BEvent / Total QOdds ratio and 95%Cl
Odds Lower  Upper Expectant Induced
1990 or earlier ratio limit limit p-Value Mgt OVD ovD
Cole 0.647 0.357 1.172 0.151 26/ 117 34/11
Tylleskar 2154 0188 24.704 0.538 2/41 1/43
Hannah 0.927 0.797 1.079 0328 449/1706  473/1701 .'
Egarter 0.815 0.180 3.696 0.791 3/165 4/180
Summary 0909 0786  1.052 0200 480/2029 512/2035 q
After 1990
Nelsen 1.203 0.447 3.238 0.715 9/110 8/116 =
Heimstad 0.825 0.479 1.422 0.489 271254 32/254 .
Summary 0.901 0559  1.451 0667  36/364 40/ 370 -
0.1 0.2 0.5 1 2 5 10
Higher for Induced Lower for Induced
Heterogeneity statistics
Q-value  P-value I-squared
1990 or earlier 1.825 0.609 0.00
After 1990 0.427 0.12 0.00
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CI: 0.78-1.43 and risk difference 0.005 (-0.006 to +0.02)). Maternal infection rates were not
reported separately by parity.

Other maternal outcomes. Seven RCTs reported other maternal outcomes including length
of labor, perineal lacerations, and blood transfusion (Tables 2.3 and 2.4). There were no notable
differences in these outcomes, though these findings were from small studies. Specifics
regarding these outcomes are noted in the summary section at the end of the section on Key
Question 1.

Table 2.3. RCTs of elective induction of labor studies: Other maternal outcomes’

rd; 4th
Labor d3e /fee Blood Prolonged  Prolonged
Study Sample size mean hours er?neal Transfusion 1% Stage 2™ Stage
(SD) perin o % Labor % Labor %
laceration %
CG EIOL
Elective induction of labor versus expectant management
Cole et al.*” EM=7.0 (3.4)
117 111 EIOL=6.4 (3.1) NR NR NR NR
Dyson et al.” EM=12.5 (5.9)
150 152 EIOL=10.5(5.2) NR NR NR NR
(p <0.01)
55 —
Egarter et al. 165 180 EI:Ig/II_—f64188 NR NR NR NR
Heimstad et EM=5.9 EM=4.3 EM=9.4
al.”® 254 254 NR EIOL=7.1 NR EIOL=24  EIOL=6.3
(P=0.6) (P=0.23) (P=0.19)
NICHHD* EM=1.7
174 264 NR NR EIOL=075 NR NR
Tylleskar etal.”®> 41 43
- SL=6.49
2Ir11cI13IT1e1|£on et EIOL=4.89 NR NR NR NR
Elective induction of labor versus spontaneous labor
Martin et al.®® SL=6.9 (0.4)
92 92 EIOL=8.3 (0.52) NR NR NR NR
(P<0.05)

CG=control group; EIOL=elective induction of labor group; EM=expectant management; SL=spontaneous labor; NR=not
reported; if an individual article reported P-values for a specific outcome, those P-values have been shown in the table.

T Oligohydramnios, active second stage of labor less than 15 minutes, active second stage of labor more than 60 minutes, labor
less than 3 hours, emergency abdominal delivery for worrying fetal heart rate, shoulder dystocia, rupture of membranes over 24
hours before delivery, abruptio placentae, and mean blood loss after vaginal delivery were each reported by one study. Mean
maternal hospital stay (days), uterine hypertonus or hyperactivity, and placental retention were each reported by two studies.

Table 2.4. RCTs of elective induction of labor studies: Other maternal outcomes among multiparous women'’

Labor

Study Sample Size mean hours (SD)
SL EIOL
Group Group
Dyson et al.” 150 152  EM=8.0 (3.7); EIOL=6.5 (3.1), P<0.05
Egarter et al.” 165 180 EM=6.2 (3.8); EIOL=5.3 (3.3)
Tylleskar et al.*® and Leijon etal.”™ ™ 41 43 SL=5.3 (2.5); EIOL=4.0 (1.8)

SL=spontaneous labor; EIOL=elective induction of labor group; EM=expectant management; if an individual article reported P-
values for a specific outcome, those P-values have been shown in the table.
T mean uterine activity at 6 cm (Montevideo units) and bleeding during third stage of labor (ml) were each reported by one study.
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Observational Studies of Elective Induction of Labor

Unlike RCTs which usually designated expectant management as the control group, most
observational studies chose women who presented with spontaneous labor as the control group.
While there was only one cohort study which compared elective induction of labor to expectant
management, there were 21 observational studies which assessed the risk of elective induction of
labor compared with spontaneous labor. Because this comparison did not specifically answer
Key Questions 1 and 2 which were to address elective induction of labor versus expectant
management, studies of this type were considered to provide additional relevant evidence, but
were considered separately. We report our synthesis of these studies below, first for mode of
delivery and then by maternal outcomes.

Mode of delivery: Cesarean delivery. Elective induction of labor versus expectant
management. We found only one retrospective cohort study, published in 1986, comparing
elective induction of labor with expectant management that reported cesarean delivery as an
outcome.”’ Women who were electively induced were compared to those who had not been
electively induced who either went into spontaneous labor or were induced postterm at 42 weeks
of gestation. The rate of cesarean delivery was 1.0 percent in the women who were electively
induced and 6.7 percent in those expectantly managed. Additionally, the authors found better
neonatal outcomes in the induced group as well a lower rate of 5-minute Apgar scores 7 or less
(3.7 percent versus 17.6 percent), lower overall neonatal morbidity (3.4 percent versus 7.0
percent), and neonatal mortality (0.5 percent versus 1.7 percent).

Elective induction of labor versus spontaneous labor. Twelve observational studies reported
cesarean delivery rates comparing women with elective induction of labor with spontaneous
labor.?!: 2 28. 3447, 48, 30. 61, 62. 68. 775 ‘T pate of cesarean delivery was six (standard error 0.6)
percent among the spontaneous labor group and eight (standard error 1.3) percent in the elective
induction group. All, except two,”* ®® of the studies reported a consistently lower risk of cesarean
delivery among women who underwent spontaneous labor compared with women who had an
elective induction of labor (Figure 2.11 and Appendix C Figure 6). When we combined these
studies, women who underwent spontaneous labor were less likely to have a cesarean delivery
when compared with women who were electively induced (OR 0.63; 95 percent CI: 0.49-0.79,
Figure 2.11; and risk difference -0.03 (-0.04 to -0.01), Appendix C Figure 6). These studies were
highly heterogeneous (Figure 2.11 and Appendix C Figure 6). Seven of the studies reported
individual effect sizes that were not statistically significant for the risk of cesarean delivery
between the two groups. When each of these studies was removed sequentially in sensitivity
analysis, the summary effect size became statistically significant with a decreased risk of
cesarean delivery for women who underwent spontaneous labor compared with elective
induction of labor. There was no indication of significant publication bias.

Ten retrospective studies' ! 72!+ 28:47-48.30.60:62 5y 4 one prospective cohort study? reported the
risk of cesarean delivery among nulliparous women comparing those who had elective induction
of labor to women in spontaneous labor. The twelve studies included a total of 33,168 women:
22,317 who had spontaneous labor and 10,851 who had elective induction of labor (Figure 2.12).
The risk of cesarean delivery was consistently and significantly lower in the spontaneous labor
group compared with the elective induction of labor group in all but two of the studies®® *!
(Figure 2.12 and Appendix C Figure 7). The overall rate of cesarean delivery in the spontaneous
group was nine (s.e.1.0) percent compared with 19 (s.e. 2.4) percent in the group electively
induced. When we combined these studies, women who had spontaneous labor had an almost 50
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percent reduction in the odds of cesarean delivery compared to women who were electively
induced (OR 0.48; 95 percent CI 0.41-0.56, Figure 2.12; and risk difference -0.09 (-0.12 to -
0.67), Appendix C Figure 7). These results remained the same when studies were stratified by
location: There was a lower risk of cesarean delivery among women who had spontaneous labor
compared with those who were electively induced for studies conducted within the U.S. and
those conducted outside the U.S. (Appendix C Figures 8 and 9). There was considerable
heterogeneity among the studies. These results remained significant during sensitivity analysis
and there was no significant indication of publication bias.

Nine observational studies reported cesarean delivery among multiparous women comparing
spontaneous labor with elective induction of labor. The studies included a total of 20,617
women: 16,081 who underwent spontaneous labor and 4,536 who had elective induction of labor
(Figure 2.13). For these multiparous women, there was a lower risk of cesarean delivery among
women who had spontaneous labor compared with women who were electively induced (OR
0.78; 95 percent CI 0.63-0.65, Figure 2.13; and risk difference -0.005 (-0.01 to 0.0, Appendix C
Figure 10). In sensitivity analysis, when we removed one study at a time, when the study by
Hoffman et al.*” was excluded, there was no longer a statistically significant difference in risk of
cesarean delivery between the two groups (OR 0.83; 95 percent CI: 0.66-1.05, P=0.12) as this
study was large and had one of the largest clinical effect sizes. This outcome showed some
evidence of publication bias (fail-safe N was eight studies).

Thus, overall, these observational studies found that induction of labor was associated with a
higher rate of cesarean delivery. This difference persisted among both nulliparous and
multiparous women.
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Figure 2.11. Observational studies of elective induction of labor versus spontaneous labor: Cesarean delivery
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Figure 2.12. Observational studies of elective induction of labor versus spontaneous labor: Cesarean delivery among nulliparous women

Study Name Statistics for each study
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Figure 2.13. Observational studies of elective induction of labor versus spontaneous labor: Cesarean delivery among multiparous women

Study Name Statistics for each study
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Mode of delivery: Operative vaginal delivery. Elective induction of labor versus expectant
management. The only observational study comparing elective induction of labor with expectant
management that reported operative vaginal delivery (forceps- or vacuum-assisted vaginal
delivery) as an outcome measure was by Lampe out of Hungary in 1986.*" There was no
significant difference in the rate of operative vaginal delivery between the women who were
electively induced and those who were expectantly managed [0.74 percent (15 /2020) and 0.94
percent (26 / 2750), respectively].

Elective induction of labor versus spontaneous labor. Seven observational studies reported
operative vaginal delivery as an outcome comparing spontaneous labor with electively induced
labor. The seven retrospective studies were conducted between 1970 and 1999. They included a
total of 22,670 women: 19,684 in the spontaneous labor group and 4,607 electively induced
(Figure 2.14). The overall rate of operative vaginal delivery in the two groups was similar: 15
(s.e. 3.0) percent in the spontaneous labor group and 17 (s.e. 2.3) percent in the elective
induction of labor group. When these studies were combined, there was no difference in the risk
of operative vaginal delivery between women in the spontaneous labor group and women who
had an elective induction of labor (OR 0.91; 95 percent CI: 0.78-1.05, Figure 2.14; and risk
difference -0.01 (-0.03 to 0.004, Appendix C Figure 11). These studies were moderately
homogenous (Figure 2.14) and indicated the existence of publication bias (fail-safe N was 1).

Four observational studies reported operative vaginal deliveries comparing spontaneous labor
with electively induced labor in nulliparous women (Figure 2.15). The studies included a total of
16,520 nulliparous women: 8,548 women in the spontaneous labor group and 7,972 women who
had elective induction of labor (Figure 2.15). When we combined these studies, women in the
spontaneous labor group were less likely to have operative vaginal delivery than women who
were electively induced (ORO0.89; 95 percent CI 0.83-0.95, P<0.01, Figure 2.16; and risk
difference -0.02 (-0.04 to -0.01, P=0.001), Appendix C Figure 12). These studies were fairly
homogeneous (Figure 2.15 and Appendix C Figure 12). In sensitivity analysis, removing the
study by Cammu et al.'” resulted in there being no difference in operative vaginal delivery
between the two groups (OR 0.98; 95 percent CI: 0.70-1.37, P=0.895).

Three observational studies reported operative vaginal delivery as an outcome of interest
when comparing elective induction of labor with spontaneous labor for multiparous women.">**
% When we combined these studies, there was no difference in the risk of operative vaginal
delivery between the two groups of women (OR 0.96; 95 percent CI: 0.62-1.49, P=0.86; and risk
difference -0.003 (-0.047 to 0.041, P=0.90). These studies were highly heterogeneous (Q-value
5.275, P-value 0.07, I-squared 62.085).
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Figure 2.14. Observational studies of elective induction of labor versus spontaneous labor: Operative vaginal delivery

Study Name Statistics for each study Event/Total
Odds Lower Upper Controls Induced
ratio limit limit p-Value OovD OovD
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Figure 2.15. Observational studies of elective induction of labor versus spontaneous labor: Operative vaginal delivery among nulliparous women

Study Name Statistics for each study Event/Total Odds ratio and 95% CI

Odds Lower Upper Control Induced

ratio limit limit p-Value Group OVD Labor OVD
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Maternal outcomes: Postpartum hemorrhage. Three observational studies reported
postpartum hemorrhage in women who had elective induction of labor and those who underwent
spontaneous labor.** ® " The studies included 566 women in each group. There was no
difference in the risk of postpartum hemorrhage between the two groups for either the case-
control or cohort studies (OR 0.68; 95 percent CI 0.25-1.87, P=0.45).

No studies reported postpartum hemorrhage among nulliparous women and only one study
reported it among multiparous women.*® Booth et al. reported a postpartum hemorrhage rate of
two percent among women who underwent spontaneous labor and 4 percent for those women
who had elective induction of labor.

Other maternal outcomes. Several other outcomes were reported by our included
studies; most of these were reported by one or two of the studies and are shown in Tables 2.5 to
2.7.

Table 2.5. Observational studies of elective induction of labor: Other maternal outcomes’

2" Stage 314"

1% Stage Labor degree Endomy- Chorio- Urina
Study Sample Size Labor mean mean perineal ometritis  amnionitis infectio;y"/
hours (SD) minutes  laceration % % °
(SD) %
Control EIOL
Lampe”’
andLampe 2750 2020 EIOL=458  EIOL=26 NR NR NR NR
et al.
Booth and SL=0.46 SL=33
Kurdyak® 213 213 NR NR NR Eo=046 NR EIOL=2.8
Mager et SL=72(2)  SL=39
al. EIOL=6.0 (44) SL=75 SL=2.77  SL=2.4
253 293 (3.1) EIOL=44 EIOL=7.5 EIOL=2.37 EIOL=1.6 NR
(P=0.008) 61)
SL=30.1
. SL=5.8 (2.4)
Mprdeet 32 33 mo=36 24 wR NR NR NR
: (2.5) o
VUKISIee 100 100 NR NR NR NR RN NR
Vi%hout et
al.™® and SL=6.28  SL=187
Out et al."™ 156 184 gi51=490 ElOL=221 R NR NR NR

EIOL=elective induction of labor group; SL=spontaneous labor; NR=not reported; if an individual article reported P-values for a
specific outcome, those P-values have been shown in the table.

 Antepartum hemorrhage, median hospital stay, bilirubin levels of 15 mg/dL or more during hospital stay, mild superficial
phlebitis, cervical lacerations, 3rd stage hemorrhage, dystocia, shoulder dystocia, any birth injury, scalp injury, postpartum
neurological complications, “medication for pain relief (not strictly epidural)”, rupture of membranes >24 hours, mean duration
of ruptured membranes, and women's psychological outcomes were each reported by one study. Receiving epidural was reported
by two studies.
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Table 2.6. Observational studies of elective induction of labor in nulliparous women: Other maternal

outcomes’
st 2" stage Time of
Chorio- 1" stage of labor 'V'ea!” ruptured .
St . o of labor hospital Epidural
udy Sample Size  amnionitis mean membranes o
o mean hour. stay mean hour use %
° hours (SD) ours days (SD) ean hours
(SD) (SD)
SL___EIOL
Camm SL=57.6
oY 7683 7683 NR NR NR NR NR EIOL=79
: 8
Luthy et SL=24
oL 2673 542  EIOL=2 NR NR NR NR NR
: (P=0.608)
SL=99  SL=15
SL=7.6 (5.5)
vaseret 7z 7 N o 088 NR EIOL=77  NR
(3.2) 3 (0.85) (53)
Maslow SL=50
Vg 349 103 NR NR NR NR NR EIOL=64
) P<0.05
Seyb et SL=6.3 SL=1.8 SL=79
oy 124 143 go127 NR NR EIOL=2.0 NR EIOL=93
Vierhout SL=80  SL=0.63
Z:wglbut 156 184 NR (3.4) (0.37) NR NR NR
ot al.116 EIOL=5.8 EIOL=0.6
M7 (2.3) 2(0.3)
Vrouenr SL=0.67 SL=2.7 SL=13.9
aets et (0.44) (2.0) (16.7) SL=3
al * 765 189 NR NR EIOL=0.6 EIOL=35  EIOL=9.9  EIOL=11
1(0.42) (2.1) (10.5)

SL=spontaneous labor group; EIOL=elective induction of labor group; NR=not reported; if an individual article reported P-
values for a specific outcome, those P-values have been shown in the table.
TAbnormal position, mean labor, mean labor for term births only, vaginal delivery within 8 hours, intrapartum fever, intrapartum
abruption, mean uterine activity at 6 cm (Motevideo units), and bleeding during third stage of labor were each reported by one

study.
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Table 2.7. Observational studies of elective induction of labor in multiparous women: Other maternal
outcomes’

t Mean time of Mean
1% stage of nd ruptured length of
Study Sample Size labor mean Izabc?rtarrg]]eeac: membranes Enr:a(iﬁtrlns yé;_ hospital
hours (SD) .- o (SD) Mean hours ° stay
(SD) (days)
SL EIOL
Booth & SL=0.47
Kurdyak68 213 213 NR NR NR EIOL=0.47 NR
Hein?{t)arg SL=1.6
etal. 304 304 NR NR NR NR o EOET
P=0.0118
Macer et SL=6.4 (5.0)  SL=26(30)  SL=3.9 (4.9)
al 28 253 283 E|51=57(3.0) EIOL=31(56) EIOL=4.6(2.9) R NR
Vigghout et
al”® and SL=5.7 (2.8)  SL=12(8)
Out et 156 184 Eiol=45(2.0) EIOL=15 (11) NR NR NR
al. ™

SL=spontaneous labor; EIOL=elective induction of labor group; NR=not reported; if an individual article reported P-values for a
specific outcome, those P-values have been shown in the table.

"Vaginal delivery within 8 hours, epidural use, and reported labor/delivery/postpartum complications were each reported by one
study.

Summary of evidence addressing Key Question 1: What evidence
describes the maternal risks of elective induction versus expectant
management?

Cesarean delivery. Of the nine RCTs that compared cesarean delivery among women who
had elective induction of labor with those with expectant management, the combined summary
odds ratio favored elective induction of labor. Expectant management of pregnancy was
associated with a 22 percent increase in cesarean delivery (OR=1.22; 95 percent CI 1.07-1.39,
P=0.003) and an absolute risk difference of nearly two percent (95 percent CI: 0.2 percent to 4
percent, P=0.033). Three trials reported no difference in risk of cesarean delivery among women
who were induced at less than 41 weeks gestational age (OR 1.73, 95 percent CI: 0.67-4.5,
P=0.026) but all of these trials were of poor quality. Only three studies addressed whether parity
affected the risk of cesarean delivery between expectant management and electively induced
labor; these studies reported no difference in risk for nulliparas and there was insufficient
information to draw any conclusions on the risk for multiparas. When we stratified the studies to
those conducted in or prior to 1990 and those conducted after 1990, there was no statistically
significant difference in the odds of cesarean delivery for either of the two groups. When we
stratified the analysis by country, we found that the odds of cesarean delivery were higher in
women who were expectantly managed compared to elective induction of labor in studies
conducted outside the U.S. (OR 1.21; 95 percent CI 1.05-1.40) but were not different in studies
conducted in the U.S. (OR 1.28; 95 percent CI 0.65-2.49). The strength of evidence was weaker
in observational studies, which showed women with elective induction of labor had a higher
odds of cesarean delivery compared to women in spontaneous labor. The principal reason for this
difference in findings between the two types of studies is likely the different control groups used
by the included studies. Since the clinical scenario faced by practitioners is induction of labor
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now versus expectant management with either induction or spontaneous labor at a later date,
gestational age is an important confounding factor which may bias the estimate of effect on
induction when induction is compared to spontaneous labor. Considering the quality of the body
of evidence and its applicability to care in the U.S. today, the evidence for elective induction of
labor and cesarean delivery was rated as moderate. However, with respect to elective induction
of labor prior to 41 weeks of gestation, the overall evidence was considered insufficient.

Operative vaginal delivery. Most of the six RCTs that examined the effect of elective
induction of labor on operative vaginal delivery were small to medium-sized studies (only one
study had 1700 women in each arm). The summary odds of operative vaginal delivery were not
statistically significantly different between women who were electively induced or expectantly
managed (OR=0.91; 95 percent CI 0.79-1.04, P=0.18). Three RCTs reported no risk in operative
vaginal delivery among women who were induced at less than 41 weeks gestational age (OR
0.71, 95 percent CI: 0.41-1.21, P=0.21), but all of these trials were of poor quality. For the seven
observational studies, there was no significant difference in the risk of operative vaginal delivery
between women in spontaneous labor compared to elective labor induction (OR=0.91; 95 percent
CI10.78-1.05, P=0.18). Although the observational studies involved more women, the strength of
evidence for this outcome was considered relatively weak secondary to a high degree of
heterogeneity among these studies. However, given the consistency of the findings in the studies
for a lack of difference in the risk of operative vaginal delivery, the overall evidence regarding
the relationship between elective induction of labor and operative vaginal delivery at 41 weeks of
gestation was rated as moderate. The evidence examining the effect on operative vaginal delivery
before 41 weeks was considered insufficient.

Length of labor. None of the included studies evaluated “prolonged labor” as a primary
outcome. One RCT from Norway of 508 women evaluated “prolonged first and second stages of
labor” and they found no statistically significant difference between women who were electively
induced or expectantly managed. Four observational studies examined “mean duration of first
and second stages of labor.” Only one of these studies™ that included 253 women in each group
found a significant difference in mean first stage of labor in women who had elective induction
of labor compared to spontaneous labor (6.0 versus 7.2 hours, respectively; P=0.008); the others
reported no difference in length of labor. Given the limited evidence further information is
needed to evaluate the effect of elective labor induction on the duration of labor. No studies
reported or compared the median duration of labor. Thus, the overall strength of evidence
addressing length of labor and elective induction of labor was considered insufficient.

Maternal infections. Six studies (three RCTs and three observational) reported presence or
absence of maternal infection; however, none provided detailed quantitative data such as risk
ratios or risk differences. Four studies (two RCTs, two observational) provided some evidence
that elective induction is not associated with increased risk of chorioamnionitis and two
observational studies provided some evidence that elective induction is not associated with
increased risk of endomyometritis. Thus, given the consistency in these findings, but the modest
amount of available data, the overall strength of evidence regarding maternal infections was
rated as low.

Maternal blood loss and hemorrhage. Four studies (one RCT and three observational)
evaluated the association between postpartum hemorrhage and elective induction and found no
association. However, these studies likely lacked adequate statistical power to detect a
difference. One RCT examined rates of blood transfusion between elective induction (2/265
[0.75 percent]) versus expectant management (3/175 [1.7 percent]) and found no statistically
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significant difference. No studies reported mean estimated blood loss as an outcome of interest.
Thus, given the minimal amount of data and the lack of statistical power to examine this
question, the overall evidence regarding maternal blood loss was rated as insufficient.

Other outcomes. Two studies (one RCT and one observational) reported on serious perineal
lacerations and did not observe an association between elective induction and third or fourth
degree perineal lacerations. No studies addressed the risk of hysterectomy, evidence of injury to
internal organs, or wound complications after elective induction of labor. Given the lack of
available data to address any of these other outcomes, the evidence regarding other maternal
outcomes was all rated as insufficient.
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Key Question 2: What evidence describes the fetal/neonatal risks of
elective induction versus expectant management?

The included studies reported on only a few of the neonatal outcomes that we had hoped to
evaluate (Figure 2.16). However, the majority of these results were reported by less than five of
the included studies. In this section, we present the detailed results of our evidence synthesis for
those outcomes reported by more than four studies. We first present the evidence from the RCTs,
then the observational studies. At the end of this section, we summarize the evidence addressing

Key Question 2.

Figure 2.16. Neonatal outcomes reported

Apgar score < 7 at 5 minutes
UApH < 7.0
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Neonatal outcomes: 5-minute Apgar score less than 7. Four RCTs reported the rate of
neonatal Apgar score at 5S-minutes less than 7 in studies comparing expectant management with
elective induction of labor. The total number of women included in these studies was 4,434, with
2,212 in the expectant management group and 2,222 in the elective induction of labor group. The
study by Nielsen et al.” reported that no neonates had a 5-minute Apgar score of less than 7 and
so was not included in the calculation of summary odds ratio. There was no difference in the risk
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between women in the expectant management group and those in the elective induction of labor
group of having neonates born with 5-minute Apgar score less than 7 (OR 1.18; 95 percent CI:
0.67-2.06, Figure 2.17; and risk difference 1.18 (0.67-2.06), Appendix Figure 13). None of the
RCTs reported this outcome among women who were induced at less than 41 weeks gestation.

Neonatal outcomes: Meconium-stained amniotic fluid. Six RCTs reported data on the
presence of meconium-stained amniotic fluid as an outcome, comparing elective induction of
labor with expectant management. The studies included a total of 5,478 women, with 2,698
women in the expectant management group and 2,780 women in the elective induction of labor
group (Figure 2.18). The overall rate of meconium-stained amniotic fluid in the expectant
management group was 29 percent (S.E. 0.04) compared with 17 percent (S.E. 0.06) in the
elective induction of labor group. When combined, these studies showed that the presence of
meconium-stained amniotic fluid was more likely to occur in the expectant management group
compared with the elective induction of labor group (OR 2.04; 95 percent CI: 1.34-3.09,
P=0.001, Figure 2.18; and risk difference 0.11 (0.06-0.17, P<0.01), Appendix C Figure 14).
There was a consistently significant effect for all of the individual studies.

The study by Cole et al. was the smallest study with 228 women and reported the largest
effect size with women in the expectant management group being nearly 14 times more likely to
have presence of meconium-stained amniotic fluid.®’ It was also the only trial to report the
presence of meconium among women who were induced at less than 41 weeks gestational age.
The overall summary effects were fairly robust: They remained significant during sensitivity
analysis. The results did not suggest the presence of significant publication bias (fail-safe N was
82).

One RCT reported the presence of meconium-stained amniotic fluid when comparing elective
induction of labor with spontaneous labor.®® Martin et al. included a total of 184 women in their
trial (92 in each arm); they reported a significantly increased risk of meconium-stained amniotic
fluid among women who had spontaneous labor compared with women who underwent elective
induction of labor (OR 4.89; 95 percent CI: 1.34-17.76).

One RCT of nulliparous women reported the presence of meconium-stained amniotic fluid.”!
In the electively induced women the rate was 3.2 percent versus 19.4 percent in the women with
spontaneous labor (P=0.004). We did not find any RCTs of multiparous women that reported
this outcome.

Neonatal outcomes: Meconium aspiration syndrome. Five RCTs reported data on
meconium aspiration syndrome.® ** 2" > ™ These studies included a total of 5,248 women, with
2,577 women in the expectant management group and 2,671 women in the elective induction of
labor group. Overall, there was no difference in the risk of meconium aspiration syndrome to
neonates between the two groups of women (OR 1.39; 95 percent CI 0.71-2.72, P=0.34, Figure
2.19; and risk difference 0.009 (-0.005 to +0.024), P=0.21, Appendix C Figure 15). Notably, the
odds ratio reported by the 1983 study by Dyson et al.”* was 13.72 and that of the 2005 study by
Gelisen et al. was 1.36°—suggesting the possibility of a trend toward decreasing risk of
meconium aspiration over time. However, when we grouped the studies by year (1990 or earlier
versus after 1990), there was no difference in the combined summary odds ratio (OR 1.5; 95
percent CI: 0.49-4.54, P=0.48 and OR 1.5; 95 percent CI: 0.35-6.27, P=0.59, respectively).

Neonatal intensive care unit (NICU) admissions. Three RCTs reported data on NICU
admissions.” > Heimstad et al.”® reported 18 NICU admissions among the expectant
management group of 254 women (7 percent) and 14 among the elective induction of labor
group of 254 women (5.5 percent). Gelisen et al.® reported 15 NICU admissions among the
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expectant management group of 300 women (5 percent) and 13 among the elective induction of
labor group of 300 women (4.3 percent). When the two studies were combined, there was no
difference in the odds of NICU admissions between the two groups (OR 1.24; 95 percent CI:
0.73-2.09, P=0.43). Nielsen et al.” reported no admissions to the NICU for either group of
women.

One RCT® reported data on NICU admissions in nulliparous women. The study was
inadequately powered to examine this association with 0 percent of neonates in the elective
induction arm being admitted to the NICU versus 2 percent of the spontaneous labor neonates.

Neonatal deaths. Six RCTs reported data on neonatal deaths.** 27 *% %-¢"- 7 Neonatal deaths
were a rare occurrence overall with only four neonatal deaths among women in the expectant
management group and none in the elective induction of labor group.

Other neonatal outcomes. The other neonatal outcomes that were reported in fewer studies
are shown in Table 2.8.
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Figure 2.17. RCTs of elective induction of labor versus expectant management: 5-minute Apgar score less than 7

Study Name Statistics for each study Event/ Total Odds ratio and 95% CI
Odds Lower Upper Expectant  Induced
ratio limit limit  p-Value Mgt Apgar  Apgar

Heimstad 1.339 0.297 6.043 0.704 4 /254 3/ 254

Hannah 1.114  0.587 2.113 0.742 20/1698 18/ 1700
Dyson 1.531 0.252  9.293 0.644 3/150 2/152

i
i
Summary 1.178 0.673 2.063  0.567 27/2102 23/2106 <
12

01 0.2 0.5

Higher for Induced

Lower for Induced

10

Heterogeneity statistics: Q-value 0.138, P-value 0.933, I-squared 0.00
Apgar: 5S-minute Apgar score less than 7
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Figure 2.18. RCTs of elective induction of labor versus expectant management: Meconium-stained amniotic fluid

Study Name

Statistics for each study

Odds

ratio
Cole 13.750
Dyson 3.711
Hannah 1.206
NICHHD 1.915
Heimstad 1.397
Gelisen 2.479
Summary 2.038

Lower

limit

Upper

limit

1.767 106.973

2.215
1.036
1.2563
0.956
1.534
1.344

6.219
1.404
2.928
2.040
4.007
3.090

p-Value Mgt Meconium

0.012
0.000
0.016
0.003
0.084
0.000
0.001

Event/Total
Expectant Induced Labor
Meconium

13/ 117 17111

70/ 150 29/ 152
490/ 1706 426/ 1701

62 /171 60 / 262

87 /254 69/ 254

61 /300 28 /300
783/ 2698 613 /2780

0.1

Odds ratio and 95% CI

0.2 05

Higher for Induced

—
L
+
-
_.._

-
2

1 5

Lower for Induced

10

Heterogeneity statistics: Q-value 29.485, P-value 0.000, I-squared 83.042
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Figure 2.19. RCTs of elective induction of labor versus expectant management: Meconium aspiration syndrome

Study name Statistics for each study Events / Total Odds ratio and 95% CI

Odds Lower Upper Expectant Mgt  Induced

ratio limit limit p-Value Mecon aspir Mecon aspir
Dyson 13.720 0.766 245.737  0.075 6/ 150 0/152 |
Hannah 0.990 0739 1.326 0947 95/1698 96 / 1700 —i—
NICHHD 1.520 0.212 10.894 0.677 271175 2/ 265 =
Heimstad  0.709 0.222 2.263 0.561 517254 71254 L
Gelisen 3.083 0.983 9.671  0.054 12/ 300 4 /300 i
Summary  1.385 0.705 2722 0.345 120/2577 109/ 2671 -l

01 0.2 0.5 1 2 5 10

Higher for Induced Lower for Induced

Heterogeneity statistics: Q-value 7.173, P-value 0.127, I-squared 44.233
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Table 2.8. RCTs of elective induction of labor versus expectant management: Other neonatal outcomes’

Transient
Birthweight Meanbirth- tachypnea UA base Neonatal
Study Sample Size >4500 LGA % weight U7Ag Q/< U7Af 2/< Dislt:r?at:; o of the excess <-  Jaundice
grams % grams (SD) e e °  newborn 12 % %
%
EM EIOL
Cole et EM=1.7 EM=5.1
2l 117 111 NR NR NR NR NR NR EIOL=18 NR EIOL=109
DyRonet 450 152 NR Eony NR NR NR NR NR NR NR
Hannah et EM=5.5 EM=1.7 EM=12.8 EM=4.5
al 2 112 1706 1701 EioL=4.6 NR NR NR EIOL=14 EIOL=10.3 EIOL=5.6 NR NR
Heimstad EM=16.9 EM=3.80 EM=0.84 EM=14.6 EM=1.69
etal.”® 254 254  EIOL=11.0 NR NR EIOL=6.33 EIOL=1.2 NR EIOL=16.9 EIOL=2.53 NR
P=0.06 P=0.22 7 P=0.69 P=0.47 P=0.55
EM=3504
Nielsen et (438)
7 110 116 NR NR EIOL=3459 NR NR NR NR NR NR
al.
(347)
P=0.006
24 EM=3.4
NICHHD 174 264 EIOL=15 NR NR NR NR NR NR NR NR
Table 2.81. RCTs of elective induction of labor versus expectant management: Other neonatal outcomes (continued)Jr
Stud Samole Size Resuscitat Photo- Neonatal Neonatal Suspected Proven Hypoglycemia
y P ion % therapy % polycythemia % Seizures % Sepsis % Sepsis % Y%
EM EIOL
Hannah et al. EM=1.0 EM=0.3 EM=71 EM=0.2 EM=2.7
27, 112 1706 1701 NR NR EIOL=0.8 EIOL=0.2 EIOL=69  EIOL=05 _ EIOL=3.0
Heimstad et EM=3.1 EM=3.9 _ _ _ EM=3.94
al. * 254 254  EIOL=47 EIOL=31 MOS0 NR B a malys EIOL=3.15
P=0.50 P=0.64 ) ) ) P=0.64
NICHHD* 174 264 NR NR NR 0T NR NR NR

EM=expectant management; EIOL=elective induction of labor group; NR=not reported; if an individual article reported P-values for a specific outcome, those P-values have been

shown in the table.

T Birthweight less than 2500 grams, fetal anomaly, and cord prolapse were each reported by one study.
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Observational studies of elective induction of labor

Neonatal Outcomes: 5-minute Apgar Score less than 7. Nine observational studies
compared elective induction of labor to spontaneous labor and reported 5-minute Apgar score
less than 7722847 48.50.61 21.34.68 hiq qutcome was a rare event in both groups. Overall, the rate
of 5-minute Apgar score less than 7 was 0.5 percent in both groups (P=0.723). The studies
included a total of 31,275 women with 25,768 in the spontaneous labor group and 5,507 women
in the elective induction of labor group. All except one of the studies™ reported a higher, though
not statistically significant, risk of 5-minute Apgar score less than 7 among women who had
spontaneous labor. When these studies were combined, there was no difference in the risk of 5-
minute Apgar score less than 7 between groups. Removing the study by Yeast et al.” in
sensitivity analysis did not change the results. These studies appeared relatively homogeneous
(Figure 2.20 and Appendix C Figure 16) and did not indicate the presence of significant
publication bias (fail-safe N was zero).

Neonatal outcomes: Meconium-stained amniotic fluid. Four observational studies
comparing women who had elective induction of labor to women who were in spontaneous labor
reported data on the presence of meconium-stained amniotic fluid. These studies included a total
of 13,624 women: 10,179 in the spontaneous labor group and 3,445 in the elective induction of
labor group. When these studies were combined, the risk of meconium-stained amniotic fluid
was higher in women who underwent spontaneous labor than those who were electively induced
(OR 2.16; 95 percent CI 1.24-3.75, Figure 2.21; and risk difference 0.06 (0.01-0.12), Appendix
C Figure 17). These studies showed a high degree of heterogeneity.

Two observational studies'" ® also reported this outcome among nulliparous women when
comparing elective induction of labor with spontaneous labor. In the prospective study by
Vrouenraets et al.,*’ the presence of meconium-stained amniotic fluid was almost the same in
both groups (19 percent versus 17 percent, respectively). In the retrospective study by Luthy et
al.,'! the presence of meconium-stained amniotic fluid was higher in the elective induction of
labor group compared with the spontaneous labor group (16 percent versus 23 percent). We did
not find any studies in multiparous women that reported this outcome.
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Figure 2.20. Observational studies of elective induction of labor versus spontaneous labor: 5-minute Apgar score less than 7

Study Name Statistics for each study

Odds
ratio

van Gemund 0.744
Boulvain 0.950

Dublin 0.911
Yeast 3.215
Prysak 0.499
Robson 0.672
Macer 0.498
Belsky 0.835
Booth 0.198

Summary 0.930

Lower
limit
0.163
0.114
0.561
0.788
0.045
0.032
0.045
0.109
0.009
0.623

Upper
limit
3.395
7.907
1.476

13.127
5.521

14.060
5.527
6.376
4.151
1.388

p-Value

0.702
0.962
0.704
0.104
0.571
0.798
0.570
0.862
0.297
0.722

Event/ Total

Controls Induced
Apgar Apgar
3/122 4/ 122
6/ 3353 1/531

67 /9633 22/ 2882

7219723 2/ 864
1/ 461 2/ 461

2 /1092 0/ 146
1/ 253 2/ 253

22 /918 1/35
0/213 2/213

174 | 25768 36 / 5507

Odds ratio and 95% CI

-

01 02 0.5 1 2 5

Higher for Induced Lower for Induced

10

Heterogeneity statistics: Q-value 4.642, P-value 0.795, I-squared 0.00
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Figure 2.21. Observational studies of elective induction of labor versus spontaneous labor: Meconium-stained amniotic fluid

Study Name Statistics for each study Event / Total

Odds Lower Upper Controls Induced Labor

ratio  limit limit p-Value Meconium  Meconium
Vierhout 3.255 1.134 9343 0.028 13/156 5/ 184
Dublin 1.293 1.061 1.574 0.011 546/9648 128/ 2886
Macer 2685 1481 4.868 0.001 41/253 17 | 253
van Gemund 2.887 1.320 6.310 0.008 25/122 10/ 122
Summary 2159 1.242 3.754 0.006 625/ 10179 160/ 3445

0.1

Odds ratio and 95% CI

0.2 0.5

Higher for Induced

Lower for Induced

10

Heterogeneity statistics: Q-value 7.65, P-value 0.022, I-squared 73.857
Meconium: meconium-stained amniotic fluid

78



NICU admissions. Six observational studies reported data on NICU admissions comparing
elective induction of labor with spontaneous labor (Figure 2.22). The studies included a total of
17,381 women: 15,004 in the spontaneous labor group and 2,377 in the elective induction of
labor group. Overall there was no significant difference in the risk of NICU admissions between
the two groups (OR 0.97; 95 percent CI 0.61-1.55, Figure 2.22; and risk difference 0.001 (-0.02
to +0.02), Appendix C Figure 18).

Three observational studies among nulliparous women reported NICU admissions.
Vrouenraets et al.”’ reported a higher rate of NICU admissions among women with spontaneous
labor (14.8 percent) versus women with elective induction (25.9 percent). In a large cohort of
more than 4,000 women, though only 197 women had elective induction of labor, Yeast et al.>®
reported a small difference in NICU admissions with 6.3 percent of the neonates born as a result
of spontaneous labor and 5.1 percent of the neonates born as a result of an elective induction of
labor admitted to the NICU. In contrast, an even larger cohort from France of more than 15,000
women found that 10.7 percent of the neonates were admitted to the NICU in the setting of
induced labor as compared to 9.4 percent of the neonates in the setting of spontaneous labor
(P=0.009)."

One retrospective cohort studies among multiparous women reported NICU admissions.>
The study by Yeast et al., found a slight reduction in NICU admissions from 3.8 percent of
neonates born in the setting of spontaneous labor down to 1.9 percent of neonates born in the
setting of elective induction of labor (P<0.005).>

Neonatal deaths. Four observational studies reported neonatal deaths.?'*"-** " All but one
of the studies reported higher numbers of neonatal deaths in the spontaneous group compared
with the elective induction of labor group. Mukherjee et al.” reported six (6 percent) neonatal
deaths in the spontaneous labor group and one (1 percent) in the elective induction group. Lampe
et al.’' also reported 6 (0.22 percent) neonatal deaths in the spontaneous labor group compared
with one (0.05 percent) in the elective induction group and Belsky et al.>* reported two (0.2
percent) stillbirths in the spontaneous labor group and none in the elective induction group.
Prysak et al.>' reported no neonatal deaths in either group.

One study among nulliparous women reported six neonatal deaths within the first week in
each of the groups.'’

Other neonatal outcomes. Several other neonatal outcomes were reported by fewer studies
(Tables 2.9 to 2.11).

17, 50, 60
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Figure 2.22. Observational studies of elective induction of labor versus spontaneous labor: NICU admissions

Study name Statistics for each study Events / Total Odds ratio and 95% CI
Odds Lower Upper Controls NICU Induced NICU
ratio  limit limit p-Value admission admission
Boulvain 0.660 0.411 1.060 0.086 93/ 3353 22/ 531 ——
Yeast 1.857 1.215 2839 0.004 470/9723 23 / 864 ——
Macer 3.049 0.609 15.250 0.175 6/ 253 2/ 253 =
Robson 0.944 0.558 1599 0.831 128/1092 18/ 146 ——
Prysak 0.851 0.447 1620 0.624 18 / 461 21/ 461 B
van Gemund 0.484 0.215 1.089 0.080 10/ 122 19/ 122 L
Summary 0.973 0.613 1.545 0.908 725/ 15004 105/ 2377 ’

01 0.2 0.5 1 2 5 10

Higher for Induced Lower for Induced

Heterogeneity statistics: Q-value 16.305, P-value 0.006, I-squared 69.334
NICU: neonatal intensive care unit
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Table 2.9. Observational studies of elective induction of labor versus spontaneous labor: Other neonatal outcomes’

Fetal Birthweight o Hyperbili- ) .
Study Sample Size Distress <2500 LGA % Re.susﬁ't UApho Proyer; rubinemia Photo o Bre_asto
% grams % ation % <715% Sepsis % % therapy % feeding %
SL EIOL
Booth and SL=0.93 SL=0.47 SL=3.3
Kurdyak® 213 213 NR EIOL=0.47 NR NR NR EloL=0.0 EIOL=55 NR NR
Macer et SL=1.2
a2 253 253 EIOL=3.2 NR NR NR NR NR NR NR NR
Prysak and SL=198
Castronov 461 461 NR NR e NR NR NR NR NR NR
22 ElOL=24.3
Wilailak et SL=2.4
al’! 249 262 NR EIOL=65 NR NR NR NR NR NR NR
34 SL=3.8 _

Belsky 918 35 NR EIOL=29 NR EIOL=0 NR NR NR NR NR
Boulvain et SL=13.7 SL=11.9
al %8 3353 531 NR NR NR EIOL=16.2 NR NR NR EIOL=14 3 NR
and Soogr® 100 100 gisrllsNR R goier  MROONR el MR NR
Dublin et SL=0.6
al 6! 9648 2886 NR EIOL=0 7 NR NR NR NR NR NR NR
\G/ae’:nundu 122 122 NR NR NR NR E%Ei% NR NR NR NR
Vigghout et
al.”” and SL=4.52 SL=6.4 SL=2.6 SL=88.6
Outet 156 184 NR NR NR NR Elo=718 NR Elol=98 EIOL=49 EIOL=724
al.” ™

LGA=large for gestational age; UAph=Umbilical Arterial pH; SL=spontaneous labor; EIOL=elective induction of labor group; NR=not reported; if an individual article reported
P-values for a specific outcome, those P-values have been shown in the table.

T e

trauma”, mean and median birthweight, brachial plexus injury, intracranial hemorrhage, Apgar score less than 4 at five minutes, mechanical ventilation, verbal and non-verbal

scores, cord prolapse, and neonatal jaundice were each reported by one study. Birthweight greater than 4000 grams and NICU length of stay were reported by two studies.
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Table 2.10. Cohort studies of elective induction of labor versus spontaneous labor in nulliparous
women: Other neonatal outcomes

. . . . Apgar Median
Birthweight  Birthweight : .
Study Sample Size >4000 4500 ST <7 ypph<7.q5  Dirthweight
atb in grams
grams grams minutes (range)
sSL Electiye
Group Induction
Group
Luthy et SL=8.3%
al ! 2673 542 EIOL=23.8% NR NR NR NR
' (P<0.001)
SL=3375
(2573-
Vi%hout et 4379)
al.”” and SL=12.5% EIOL=
Outetal’® 196 184 NR NR NR EloL=172% 3400
" (2260-
4410)
Vrouenraets SL=9% SL=0.9%
et al.? 765 189 Ei51=1539% EIOL=05% "R NR NR
Yeast et SL=6.6% SL=0.8%
al.*® 4086 197 EIOL=8.6% NR EIOL=2% NR NR
(P<0.01) (P<0.01)

Umbilical Arterial pH; SL=spontaneous labor; EIOL=elective induction of labor group; NR=not reported; if an
individual article reported P-values for a specific outcome, those P-values have been shown in the table.

Table 2.11. Cohort studies of elective induction of labor versus spontaneous labor in multiparous
women: Other neonatal outcomes

Birth- Birth- Median Apgar
. weight weight birthweight score <7 at UAph<7.1
Study  Sample Size >4000 <2500  ingrams 5 minutes %
grams % grams % (range) %
SL EIOL
Group Group
SL= 3486
Vierhout (2710-
etal.” 4540)

SL=1.74 SL=4.35

2{‘;_9% 156 184 NR NR :,'i'g'é‘ EIOL=2.44 EIOL=4.88
" (2530-
4410)
Yeast et SL=111 _ SL=14 SL=0.7
al 4086 197 EIOL=78 EIOL=06 NR EIOL=0.0 NR
(P<0.05) (P<0.05) (P<0.05)

SL=spontaneous labor; EIOL=elective induction of labor group; NR=not reported; if an individual article reported P-
values for a specific outcome, those P-values have been shown in the table.
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Summary of evidence addressing Key Question 2: What
evidence describes the fetal/neonatal risks of elective induction
versus expectant management?

Meconium stained amniotic fluid. There were six randomized controlled studies
with a total of 5,478 women that examined whether the presence of meconium-stained
amniotic fluid is associated with elective induction of labor. Women who were
expectantly managed were more likely to have meconium stained amniotic fluid than
those electively induced (OR 2.04; 95 percent CI 1.34-3.09). However, a high degree of
heterogeneity exists among these studies. Only one randomized controlled trial evaluated
this outcome among women who were induced at less than 41 weeks gestation and found
a lower risk for the presence of meconium among women who were electively induced.
Given the consistency of the findings and the quality of the individual studies, the overall
evidence regarding the presence of meconium was rated as moderate.

Meconium aspiration syndrome. Five randomized controlled trials which ranged in
size from 300 to 3000 participants and were of poor to good quality, provided somewhat
conflicting results regarding the effect of elective induction on meconium aspiration
syndrome. While two of the studies found higher rates of meconium aspiration in the
setting of expectant management, these differences were not quite statistically significant
and the other three studies found no difference. Overall, there was no difference in the
risk of meconium aspiration syndrome to neonates between the two groups of women
(OR 1.39; 95 percent CI 0.71-2.72). Thus, more data are needed to further evaluate the
presence and strength of this association and the overall evidence regarding meconium
aspiration was considered low.

Apgar score less than 7 at 5 minutes. Thirteen studies (four RCTs and nine
observational) provided relatively good strength of evidence that the rate of 5-minute
Apgar score less than 7 was no different between women with elective induction of labor
compared to expectant management/spontaneous labor. The summary odds ratio from the
RCTs was 1.18 (95 percent CI: 0.67-2.06). None of the RCTs reported this outcome
among women who were induced at less than 41 weeks gestation. Given the relatively
wide confidence interval, the fact that this outcome is relatively uncommon and maybe
lacking adequate power, and the individual quality ratings of the studies, the overall
evidence regarding this outcome was rated as low.

Umbilical arterial pH and umbilical arterial base excess. One good and one fair
RCT provided evidence that elective induction of labor was not associated with higher
rates of neonatal acidemia as measured by umbilical cord gases indicated by umbilical
arterial pH (<7.0 or <7.1) and umbilical arterial base excess (<-12). However, with such
little evidence on a relatively uncommon outcome, the overall evidence was rated as
insufficient.

Fetal distress. While two poor quality smaller observational studies reported no
difference in rates of fetal distress, one large, good quality, RCT reported lower rates of
fetal distress favoring elective induction of labor. We rated the overall strength of
evidence as insufficient because of the disagreement between the study findings and that
only one study was an RCT of good quality.

Respiratory distress syndrome. One poor quality large cohort study involving 4,472
women did not observe any cases of respiratory distress syndrome in either group. The
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evidence addressing this outcome was rated as insufficient because of the lack of any
good quality, RCT evidence.

Transient tachypnea of the newborn. Three fair to good quality RCTs provided
evidence that the risk of transient tachypnea of the newborn was not different in women
who had elective induction as compared to expectant management. Because of the
consistency of the evidence and the individual quality ratings, the overall strength of
evidence was rated as low.

Neonatal sepsis. Two good quality, large RCTs examined both the risk of suspected
neonatal sepsis and culture-proven sepsis. These two studies did not find that the rates of
suspected neonatal sepsis were different in women with elective induction versus
expectant management. Given the consistency of these two RCTs, the evidence was rated
as low.

Hypoxic-ischemic encephalopathy. No studies designated hypoxic-ischemic
encephalopathy as an outcome of interest and the evidence was rated as insufficient.

Birthweight. One RCT involving 302 women reported that the rate of large-for-
gestational-age (LGA) neonates was lower in women who were electively induced
compared to expectant management. However, three poor quality observational studies
provided conflicting results regarding the effect of elective induction of labor on rates of
birthweight greater than 4,000 grams.

Three fair to good quality RCTs provided evidence that elective induction of labor
reduces the rate of macrosomia (birthweight greater than 4,500 grams). Four
observational studies provided conflicting data regarding the effect of elective induction
of incidence of birthweight less than 2,500 grams. The overall evidence that elective
induction of labor reduces LGA and macrosomia was rated as low because of the small
number of studies for each outcome.

Neonatal seizures. Two RCTs (one large and good quality and one medium sized
and fair quality) reported no difference in the risk of neonatal seizure between women
who were electively induced or expectantly managed. The evidence was rated as low
because of the small number of studies.

Hypoglycemia. Two RCTs (one large and good quality and one medium sized and
fair quality) provided evidence that hypoglycemia was not associated with elective
induction of labor and the evidence was rated as low because of the small number of
studies.

Neonatal jaundice. Three poor to fair quality studies (two small RCTs and one larger
observational case-control) provided evidence that the risk of neonatal jaundice was not
higher in women undergoing elective induction of labor; the overall evidence was rated
as low because of the small number of studies.

Neonatal polycythemia. Two relatively large RCTs provided evidence that the risk
of neonatal polycythemia was not different between comparison groups (elective labor
induction versus expectant management) and the evidence was rated as low because of
the small number of studies.

Breastfeeding. One relatively small, poor quality, cohort study from the Netherlands
provided evidence of higher rates of breastfeeding in women who had spontaneous labor
than those who had induction of labor. The overall evidence was rated as insufficient.
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Key Question 3: What is the evidence that certain physical
conditions/patient characteristics (e.g., parity, cervical dilatation,
previous pregnancy outcome) are predictive of a successful
induction of labor?

Because patient characteristics such as parity, cervical dilatation, and maternal age
are correlated, the best way to evaluate the extent to which these characteristics predict
successful induction of labor would be to perform a meta-regression.'” Specifically, to
answer Key Question 3, we planned a regression analysis with successful induction of
labor as the dependent variable and a list of well-established key maternal and obstetric
factors (e.g., maternal age, parity, gestational age at delivery, Bishop score)** ''*'?? as the
independent variables. We were unable to perform such an analysis because the included
studies typically did not report data in a suitable format and because the definition of
successful induction of labor was so varied that we were unable to abstract data for a
consistent outcome (see Table 2.15). Instead, since studies more typically reported the
predictors of cesarean delivery (i.e. failed induction), we synthesized those data (i.e.,
predictors of cesarean delivery, given that women had induced labor).

Predictors of cesarean delivery. Forty-one studies reported data on predictors of
cesarean delivery (Figure 2.23).% 7 1012, 14,16, 18, 19,23,25, 26,28-30, 32, 33,35, 39,40, 43-46, 49, 5156,
60.70-74. 12 One reported data on emergency cesarean delivery and so was not included in
our synthesis.’® Seventeen of these 41 studies also reported predictors of successful
induction (either overall vaginal delivery (including both spontaneous and operative),
spontaneous vaginal delivery, or vaginal delivery in 24 hours);> 2% 2> 28 29, 434649 51 34-56,
72124 additionally, five studies reported only predictors of successful induction;
>7 one reported predictors of both failed induction and successful induction®® and one
study reported data on failed induction.* We present the general description of all these
studies (Appendix Tables 1 and 2) as well as other predictors of cesarean delivery not
reported below (Appendix Tables 3 to 5) and predictors of induction success and failure
(other than cesarean delivery) (Appendix Tables 6 to 9) in Appendix C.

1,24, 38, 48,
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Figure 2.23. Cesarean delivery predictors reported
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Parity. Three RCTs and 20 cohort studies reported both nulliparity and multiparity as
a predictor of cesarean delivery among women who underwent induction of labor. In
general, most studies reported lower cesarean delivery rates among multiparous than
nulliparous women. In the RCTs, the rate of cesarean deliveries among nulliparous
women was 11 percent compared with two percent in multiparous women. When we
combined the data from the RCTs, there was a decreased risk of cesarean delivery among
the multiparous women when compared with the nulliparous women (OR 0.21; 95
percent CI: 0.06-0.72, P=0.01). Of note, when we looked at the absolute difference in
risk there was a lower rate among multiparous women, though this absolute difference in
risk was not statistically significant (-0.09 (-0.21 to +0.04), P=0.16).

Among the cohort studies, the rate of cesarean delivery was 28 percent among the
nulliparous women compared with 10 percent among the multiparous women. When we
combined the cohort studies, there was a decreased risk of cesarean delivery among the
multiparous women when compared to the nulliparous women (OR 0.27; 95 percent CI:
0.16-0.45, Figure 2.24 risk difference -0.19 (-0.27 to -0.12), Appendix C Figure 19). The
studies were highly heterogeneous. Five of the studies reported individual effect sizes
that were not significantly different for risk of cesarean delivery between the two groups
of women. In sensitivity analysis, when we removed each of these studies, the risk of
cesarean delivery became significantly lower in multiparous women.
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Figure 2.24. Cesarean deliveries (following induction) by parity: Cohort studies

Study Name Statistics for each study Event/Total Odds ratio and 95% ClI
Odds Lower Upper Multiparous Nulliparous
ratio limit limit  p-Value CD CD
Tan 0.208 0.091 0.475 0.000 10/ 87 25/65 —
Dodd 0.283 0.183 0.436  0.000 31/ 255 120/ 365 +—
Peregrine  0.108 0.051 0.229 0.000  9/110 71/ 157 —
Nuthalapaty 0.022 0.012 0.039  0.000 19/ 149 313/ 360
Chan 0.162 0.097 0.270 0.000 19/ 306 116 / 400 —lH—
Heffner 0.143 0.113 0.181 0.000 86/1920 550/ 2227 E B
Ware 0.086 0.027 0.275 0.000 5745 19732
Buist 0.465 0.288 0.748 0.002 32/212 62 /224
Xenakis 0.546 0.365 0.817  0.003 55/ 345 65/ 252
Alberico 0.134 0.030 0.598 0.008 2/43 24 /90 <l
Abou el-Leil 0.548 0.208 1.441 0.223 11/139 8/59
Macer 0.131 0.060 0.283 0.000 11/176 26 /77 <l——
Boyd 0.967 0.861 1.086 0.569 689/3354 766/ 3631 =
Dhall 1.005 0.470 2.148  0.991 12/ 63 26 /137
Arulkumaran 0.267 0.182 0.390  0.000 39 /498 135/ 559 +H—
Orhue 0.533 0.336 0.846  0.008 57 1 705 32/ 226 ——
Anderson 1.218 0.290 5.116  0.788 3/42 6/ 101 L
Ekman 1.000 0.130 7.666 1.000 2127 2127 L
Nooh 0.187 0.058 0.597 0.005 5761 11/ 34
Onifade 0.324 0.129 0.815 0.017 11/113 111744 %—
Summary 0.270 0.163 0.448 0.000 1108 /8650 2388/ 9067

01 02 05 1

2

5

10

Lower in Multiparous Higher in Multiparous

Heterogeneity statistics: Q-value 436.191, P-value 0.00, [-squared 95.644

We further assessed parity as a predictor of cesarean delivery rates in the RCTs that
compared elective induction of labor with expectant management. We analyzed
nulliparity as a predictor of cesarean delivery between induced labor and expectant
management in two ways: first we examined the effect of nulliparity among the expectant
management group and induction of labor group separately (Figure 2.25); then we
calculated a weighted mean nulliparity rate for the studies and assessed its relationship to
the risk of cesarean delivery (Figure 2.26). The mean nulliparity rate among the expectant
management group was 51 percent compared with 53 percent in the elective induction of
labor group. The overall weighted mean nulliparity rate for the studies was 51 percent.
We did not find a significant relationship between nulliparity and the odds of cesarean
delivery between the two groups in our included RCTs.
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Figure 2.25. Nulliparity in expectant management and elective induction of labor groups and
cesarean delivery odds ratio between the two groups
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Cervical status: Bishop score. Twelve cohort studies examined the cervical status
using the Bishop score at the time of labor induction and the association with cesarean
delivery. Most of these studies dichotomized the Bishop scores using three, four, or five
as thresholds (Table 2.12). One study,’ included only women with a Bishop score of
greater than four and performed a stratified analysis of subjects with Bishop scores
between four and eight versus greater than eight. While these studies may differ by study
design or patient population, all reported that the frequency of cesarean delivery is
inversely related to Bishop scores such that a higher rate of cesarean delivery was
observed in women with a lower Bishop score compared to women with more favorable
cervix as represented by higher Bishop scores.

Table 2.12. Cesarean deliveries (following induction of labor) by Bishop score

Bishop score

Atrticle nIN (%)
>=
<5 >=5 <=5 >5 <4 >=4 <=3 >3 and >=8
<8
Alberico S©°  21/100 5/33 NR NR NR NR NR NR NR NR
(21.0) (15.2)
Orhue 46/271 41/660 NR NR NR NR NR NR NR NR
AAE® (16.9) (6.2)
Tan PC? 17/50  18/102 NR NR NR NR NR NR NR NR
(34.0) (17.6)
Arulkumaran NR NR NR NR 41/85 132/972 NR NR NR NR
s* (48.2) (13.6)
Dhall K*® NR NR NR NR 16/47 22/153 NR NR NR NR

(34.0) (14.4)

Dodd JM®  NR NR NR NR NR  46/240 105/380 NR NR NR
(19.2)  (27.6)

Xenakis NR NR NR NR NR NR 59/202 59/395 NR NR
EMJ* (29.2) (149
Gabriel R NR NR 43/133 10/46 NR NR NR NR NR NR
(32.3) (21.7)
Macer JA®  NR NR 14/61  23/192 NR NR NR NR NR NR
(22.9) (11.9)
Schreyer P NR NR 3/34 1127 NR NR NR NR NR NR
(8.8) (3.7)
Nielsen PE©  NR NR NR NR NR NR NR NR 6/65 2/51
(9.2) (3.9)

NR: not reported; Ware et al.”” reported a cesarean delivery rate of 50 percent among women with Bishop scores <=4
and 15 percent among women with Bishop scores >4.

Maternal age. Two observational studies examined the association between maternal
age and cesarean delivery among women undergoing induction of labor. A prospective
cohort study by Tan and colleagues® was conducted in Malaysia between January 2003
and August 2004. This study included 152 women who had an induction of labor. In this
cohort, there was no significant difference in cesarean delivery rates between women
who were less than 35 years (24.0 percent) compared with women who were greater than
or equal to 35 years (19 percent) of age. In another prospective study conducted between
1974 and 1981, Orhue and colleagues33 examined 1,775 women who had induction of
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labor in Nigeria and found that maternal age greater than 35 years was not associated
with increased cesarean delivery; 71 of 844 (8.4 percent) women with age less than or
equal to 35 years had cesarean delivery compared to 89 of 931 (9.6 percent) women with
age greater than 35 years.

Seven RCTs comparing elective induction of labor with expectant management
reported mean age of the women included in their trials. Mean age of the women did not
appear to predict the odds ratio of cesarean delivery between induced labor versus
expectant management in these studies (Figure 2.27).

Figure 2.27. Mean maternal age in RCTs as a predictor of the odds of cesarean delivery between
induced labor and expectant management
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Maternal body-mass index. One prospective cohort study conducted in England
between 2001 and 2003 examined maternal body-mass index as a predictor of cesarean
delivery in the setting of IOL. The authors reported that women with a BMI greater than
29 kg/m” had a higher frequency of cesarean delivery (15/32, 47 percent) compared to
women with a BMI less than 30kg/m* (65/235, 28 percent).’

Gestational age at delivery. Four cohort studies examined gestational age at delivery
as a predictor of cesarean delivery in women who underwent induction of labor compared
to spontaneous labor. Overall, there was a trend of increasing frequency of cesarean
delivery with increasing gestational age (Table 2.13). One large retrospective cohort
study of 6,985 women, conducted in Canada, observed that cesarean frequency increased
from 18.5 percent when delivery occurred between 39 and 40 weeks gestation to 23.9
percent at 41 weeks gestation, and was as high as 44.6 percent when delivery occurred
during 42 weeks and beyond.*® Similarly, another cohort study reported women who
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delivered at 40 weeks or less also had a cesarean frequency (18.9 percent) lower than that
of women who delivered at greater than 40 weeks (27.4 percent).”

Table 2.13. Cesarean deliveries (following induction of labor) by gestational age
Article Gestational age (weeks )

n/N (%)
41 Greater than or Less than or Greater than
equal to 42 equal to 40 40
Boyd ME™ 328/1367 (23.9)  150/336 (44.6) 977/5282 (18.5) Not reported
Caughey A® 147/821 (18) Not reported 281/1633 (17.2) Not reported
Heimstad R®  69/349 (19.8) 129/599 (21.6) 207/1552 (13) Not reported
Tan PC’ Not reported Not reported 15/79 (18.9) 20/73 (27.4)

Amniotic fluid index. The amniotic fluid index (AFI) is the sum of the deepest
vertical measurement of the amniotic fluid in the four quadrants of the uterus with a
normal range of five to 20. Three cohort studies evaluated the association between AFI
and cesarean delivery among women undergoing induction of labor. They reported
conflicting results: While one study from England ° reported that women with an
amniotic fluid index (AFT) less than or equal to five had a higher frequency of cesarean
delivery (39.4 percent) compared to women with an AFI greater than 5 (14 percent), two
other cohort studies report otherwise (Table 2.14). These two smaller studies > * reported
that women with a low AFI had lower cesarean delivery (5.0 percent, 9.5 percent,
respectively for the two studies) compared to women with a normal AFI greater than 5 or
6 (9.5 percent, 26.7 percent, respectively for the two studies).

Table 2.14. Cesarean deliveries (following induction of labor) by amniotic fluid index (AFI)

Amniotic fluid index

Article nIN (%)
<=5 >5 <=6 >6
Alchalabi HA ° 26/66 (39.4) 16/114 (14.0) Not reported Not reported
Tan PC? 1/17 (5.9) 34/135 (25.2) Not reported Not reported
Rizzo N ** Not reported Not reported 2/21 (9.5) 16/60 (26.7)

Summary of evidence assessing Key Question 3: What is the
evidence that certain physical conditions/patient characteristics
(e.g., parity, cervical dilatation, previous preghancy outcome)
are predictive of a successful induction of labor?

Parity. Twenty-three studies examined parity as a predictor of cesarean delivery in
women undergoing induction of labor. In three RCTs, there was a decreased risk of
cesarean delivery among the multiparous women when compared with the nulliparous
women (OR 0.21; 95 percent CI: 0.06-0.72). Among the 20 cohort studies, the rate of
cesarean delivery was 28 percent among the nulliparous women compared with 10
percent among the multiparous women. When we combined the cohort studies, there was
a decreased risk of cesarean delivery among the multiparous women when compared to
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the nulliparous women (OR 0.27; 95 percent CI 0.16-0.45). The overall evidence
regarding this predictor was rated as high.

Cervical status. Twelve studies measured Bishop scores to evaluate cervical status as
a predictor of cesarean delivery in women undergoing induction of labor. These studies
differed by study design and patient population; however, all reported that the frequency
of cesarean delivery was inversely related to Bishop scores such that a higher rate of
cesarean delivery was observed in women with a lower Bishop score compared to women
with more favorable cervix as represented by higher Bishop scores. The overall evidence
evaluating this predictor was rated as moderate.

Maternal age. Two observational studies presented conflicting data to support
maternal age as a predictor of cesarean delivery. Thus, the direction of effect could not be
adequately determined based on the current literature reviewed and the evidence was
rated as insufficient.

Maternal body-mass index. We identified one small prospective cohort study that
examined maternal body-mass index as a predictor of cesarean delivery in the setting of
induction of labor. The authors found that women with a BMI greater than or equal to
30kg/m” had a higher frequency of cesarean delivery. We rated the strength of evidence
as insufficient given the small-sized, single study of the topic.

Gestational age. Four cohort studies had consistent evidence to support that
increasing gestational age was associated with increased rates of cesarean delivery in the
setting of induction of labor and the strength of evidence was rated as moderate.

Amniotic fluid index. Three studies presented conflicting results regarding the level
of amniotic fluid index at time of induction and its effect on mode of delivery. The
evidence was insufficient to support any conclusions regarding the direction of effect.

Key Question 4: Definition of Successful Labor Induction

We evaluated the definition of successful labor induction from each of the 76
included studies. 59 (78 percent) studies specified how a successful labor induction was
defined (Table 2.15).

There are two principal means of defining successful induction of labor: Based on
mode of delivery or having achieved the active phase of labor. We argue that the latter is
more appropriate. The fundamental reason why induction of labor may lead to a cesarean
delivery is through failure to achieve the active phase of labor, whereas a cesarean
delivery during labor is common for two biologic reasons: Fetal intolerance of labor or
cephalo-pelvic disproportion. Since the fetus continues to grow and the utero-placental
unit only becomes more senescent with increasing gestational age, an elective induction
of labor should only reduce the potential impact of both of these issues. Thus, if a
cesarean delivery occurs in the setting of induction of labor, the most appropriate causal
pathway is via the failure to achieve active phase of labor. Of the 76 included studies,
only one utilized this definition to define success.*

Forty-four (58 percent) of the included studies defined success as achieving a vaginal
delivery anytime after the onset of the induction of labor. (This was often inverted in that
an induction was considered a failure when it lead to a cesarean delivery.) Other
definitions of success included a spontaneous vaginal delivery or achieving a vaginal
delivery in a specific amount of time, most commonly 24 hours, but also 6, 12, or 18

92



hours. One study defined induction of labor success as the onset of labor within 12
hours.?* Only one study defined induction of labor success as achieving active labor.**

Table 2.15. Definition of Induction of Labor Success

Definition n/N (%)
Vaginal delivery 44176 (57.9%) "
Spontaneous vaginal delivery 16/76 (21.1%)"" ™ 2% 2> 27, 28, 51,43, 45:52
Vaginal delivery within 24 hours 9/76 (11.8%)" > >
Not Specified 17/76 (22.4%)> "
Miscellaneous Definitions Used:
Vaginal delivery within 6 hours 1176 (1.3 %) "°
Vaginal delivery within 12 hours 1176 (1.3 %) **
Vaginal delivery within 18 hours 1176 (1.3 %)
Labor within 12 hours 1/76 (1.3 %) i
Active Labor Achieved 1/76 (1.3 %) 4

Delivery within 48 hours of scheduled induction ~ 1/76 (1.3 %) *°
Note: Fourteen studies report more than one measure of induction of labor success. > ' 1 13 22, 24, 25, 27 28, 31, 41, 43, 44
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Chapter 3. Decision Analytic Model of Elective
Induction of Labor

Given gaps in the available literature on elective induction of labor, we utilized decision and
cost-effectiveness analyses to further address Key Questions 1 and 2, which compared elective
induction of labor to expectant management of pregnancy. The advantage of utilizing decision
analysis is that it allows us to explore some of the possible clinical implications of the
information described in the meta-analysis as well as the implicit uncertainty in these data. For
example, in decision analytic modeling, one of the first sensitivity analyses performed is the
univariate analysis. This technique varies each point estimate in turn to determine what effect
this factor has on the overall outcomes. In this setting, if varying the point estimates has little
effect on the overall outcomes, one can be reassured that the results produced by the model are
robust to uncertainty in these assumptions. Similarly, if a univariate sensitivity analysis produces
change in the results, this guides investigators towards the need for greater certainty in the result
from clinical studies. Based on these advantages, we utilized decision analysis as a
complementary technique to the systematic review and present our methods and results in this
chapter.

Decision Analytic Model Methods

We utilized decision analysis to characterize the expected outcomes in a population of
pregnant women undergoing either induction of labor or expectant management of the pregnancy
at or beyond a particular gestational age. The optimal timing of induction of labor depends on
comorbidities of the pregnant patient, overall status of the developing fetus, and the potential
complications associated with pursuing an induction of labor. While the clinical constraints of
the obstetric population limit the number of management options that can be investigated in a
prospective fashion, decision and cost-effectiveness analysis can be used to model the impact of
induction strategies on clinical outcomes or cost in certain populations.*? *2° Similar to the way
that clinicians integrate the prior probability of clinical outcomes of interest when making a
management decision, decision-analytic models consider a hypothetical cohort of patients in a
defined clinical scenario who experience the consequences of each management strategy based
on their prior probability of each outcome being propagated through the decision tree structure.
Correspondingly, the tree structure allows the assessment of multiple clinical outcomes as well
as costs and cost-effectiveness.

To address the question of the consequences of induction of labor, we constructed decision
trees to simulate clinical scenarios in which elective induction of labor might be considered as an
alternative to expectant management of the pregnancy. Three separate models considering the
question of elective induction of labor at 41, 40, and 39 weeks of gestation were created. Since
expectant management beyond 40 weeks of gestation is usually accompanied by antenatal testing

Appendixes and evidence tables for this report are provided electronically at
http://www.ahrg.gov/clinic/epcindex.htm.
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with a combination of a nonstress test (NST) and amniotic fluid index (AFI), we included these
interventions in the expectant management arms of the models for the 40 and 41 weeks models,
but not between 39 and 40 weeks gestation in the 39 week model. Since the medical
comorbidities of pregnant women may lead to an indicated induction of labor at any gestational
age, the hypothetical cohort entering the decision tree consisted of women with low risk,
singleton, cephalic gestations. In addition, since nulliparous women tend to incur increased costs
during labor®® and have a higher likelihood of cesarean delivery in comparison to multiparous
patients, we considered all patients to be nulliparous with the attendant increased risks in order to
provide the most conservative estimate of the consequences of induction of labor. Decision-
analytic models were developed with TreeAgePro 2007 software (TreeAge Software, Inc,
Williamstown, MA).

Induction of labor for postterm pregnancy is currently recommended by the American
College of Obstetricians and Gynecologists at 42 weeks gestation, so the first strategy assessed
was induction of labor at 41 weeks versus expectant management of the pregnancy until 42
weeks (Figure 3.1). The literature shows an increase in intrauterine fetal demise?’ and an
increase in hypertensive complications of pregnancy with advancing gestational age.” Thus,
women undergoing expectant management could go into spontaneous labor (52 percent of
ongoing pregnancies between 41 and 42 weeks), develop preeclampsia requiring induction of
labor (1.2 percent), or have an intrauterine fetal demise (0.12 percent). As one of the primary
clinical concerns with continuing pregnancy beyond term is the development of placental
insufficiency leading to neonatal compromise or death, women undergoing expectant
management in the model were subjected to antenatal testing consisting of a nonstress test and
measurement of amniotic fluid volume in order to assess fetal well being and placental function.
Women undergoing antenatal testing could therefore develop an indication for induction based
on antenatal testing (14 percent of ongoing pregnancies 41-42 weeks). Women undergoing
spontaneous or induced labor could experience downstream events including: 1) development of
fetal macrosomia; 2) epidural placement; 3) mode of delivery, including spontaneous vaginal
delivery, operative vaginal delivery, or cesarean delivery with potential for maternal mortality as
a consequence (Figure 3.2); 4) severe perineal laceration, defined as a perineal laceration
injuring the rectal sphincter; 5) shoulder dystocia with the possibility of brachial plexus injury or
neonatal demise; and 6) meconium stained amniotic fluid with the possibility of meconium
aspiration syndrome, potentially leading to neonatal demise (Figure 3.3). All women who
reached a gestational age of 42 weeks with ongoing pregnancies underwent induction of labor at
that time.
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Figure 3.1. Schematic of Decision Tree for 41 week model
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Figure 3.2. Mode of delivery for 39, 40, and 41 week models
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Figure 3.3. Maternal and Neonatal outcomes for 39, 40, and 41 week models
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The second strategy assessed was induction of labor at 40 weeks versus expectant
management of the pregnancy (Figure 3.4). Similar to the 41 week model, women undergoing
expectant management incurred a risk of preeclampsia (1.2 percent) and intrauterine fetal demise
(0.09 percent), as well as the possibility of spontaneous labor (39 percent). While fewer data
exist evaluating or supporting antenatal testing starting at 40 week and given that placental
insufficiency with a resultant increase in intrauterine fetal demise remains a clinical concern,
women undergoing expectant management at 40 weeks also underwent antenatal testing
consisting of a nonstress test and measurement of amniotic fluid volume, and could thereby
develop indications for induction based on antenatal testing (5 percent). Women undergoing
spontaneous or induced labor experienced the same downstream events as detailed for the 41
week model (Figure 3.2 and Figure 3.3). All women who reached a gestational age of 41 weeks
with ongoing pregnancies underwent induction of labor at that time.

Figure 3.4. Schematic of Decision Tree for 40 week model
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The third strategy assessed was induction of labor at 39 weeks (Figure 3.5). Given that it is
not routine to perform antenatal testing in women with uncomplicated pregnancies at this
gestational age, women undergoing expectant management continued pregnancy with the chance
to develop spontaneous labor (24 percent), preeclampsia (0.9 percent), or intrauterine fetal
demise (0.05 percent), but did not undergo antenatal testing. Induction of labor at 39 weeks was
compared both to ongoing pregnancy until 40 weeks with induction of labor at that time, and to
ongoing pregnancy until 40 weeks followed by initiation of antenatal testing at 40 weeks with
induction of labor at 41 weeks. All women underwent induction at 41 weeks. Women
undergoing spontaneous or induced labor experienced the same downstream events detailed for
the models above. Since 39 weeks is the gestational age beyond which ACOG allows elective
induction of labor or cesarean delivery without assessment of fetal lung maturity, this is the
earliest gestational age that was assessed for entry into the model.

In sum, three different management strategies were investigated: 1) Induction of labor at 41
weeks versus expectant management with antenatal testing until 42 weeks; 2) Induction of labor
at 40 weeks versus expectant management with antenatal testing until 41 weeks; 3) Induction of
labor at 39 weeks versus expectant management until induction of labor at 40 weeks or antenatal
testing at 40 weeks followed by induction of labor at 41 weeks.

101

& W 0 L



Figure 3.5. Schematic of Decision Tree for 39 week model
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Probabilities. We entered probability estimates into the model from the published literature;
these are displayed in Table 3.1. We primarily obtained information regarding cesarean delivery
rate from the national birth cohort data set, a retrospective cohort of all term, singleton deliveries
in the United States in 2003. Earlier studies indicated that induction of labor is associated with an
increased risk of cesarean delivery; however, this was not confirmed in more recent meta-
analyses,” ** the current systematic review, nor has it been observed in the national birth cohort
data. Therefore, three separate baseline models were created: (a) a model with a decreased risk of
cesarean delivery in women undergoing elective induction of labor; (b) a model with the
cesarean delivery risk equivalent in the two groups; and (c) a model with an increased risk of
cesarean delivery in women undergoing elective induction of labor. The current meta-analysis
found a 22 percent decrease in the risk of cesarean delivery with induction; therefore, we
assessed the impact of a 22 percent increase or decrease in cesarean delivery rate with induction.
The impact of this assumption was further tested in sensitivity analyses which widely varied the
risk of cesarean delivery in the two groups.

Perineal lacerations are a common effect of vaginal deliveries; they are categorized from first
to fourth degree based on the vaginal, perineal, or rectal tissues involved. We defined a severe
perineal laceration as a third or fourth degree laceration, involving injury to the rectal sphincter.
Severe perineal lacerations can lead to increased blood loss, prolonged length of stay, and less
certain long term effects on continence and symptoms of vaginal prolapse. We applied the
probability of severe perineal laceration based on gestational age. Operative vaginal delivery
carried an increased risk of severe perineal laceration at every gestational age.
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Macrosomia, a neonatal complication defined as birthweight greater than 4000 grams, carries
with it increased risk of operative vaginal delivery, cesarean delivery, and shoulder dystocia.*?®
As the fetus continues to grow throughout gestation, the likelihood of macrosomia increases with
ongoing pregnancy, and therefore we applied gestational age specific estimates. A risk ratio of
1.52 for cesarean section was applied in the case of macrosomia.'® Shoulder dystocia is a
clinical diagnosis, made during vaginal delivery when the extraction of the fetal shoulders is
difficult. The long term clinical sequelae of shoulder dystocia may include permanent neonatal
brachial plexus injury or neonatal demise. The risk of shoulder dystocia increases with increasing
birthweight, and is higher in the case of operative vaginal delivery as compared to spontaneous
vaginal delivery. We applied baseline estimates of shoulder dystocia based on the likelihood of
macrosomia, and we applied a risk ratio of 1.74 for shoulder dystocia in the setting of operative
vaginal delivery.*?

Meconium is the greenish substance present in the intestinal tract of the developing fetus,
comprised primarily of sloughed skin and GI tract cells and breakdown products of hemoglobin.
Meconium is usually passed by the fetus at or near the time of delivery. The likelihood of
passage of meconium in utero increases with fetal stress such as hypoxia as well as increasing
gestational age. As such, the finding of meconium stained fluid increases the clinician’s index of
suspicion that a fetus may be at risk of neonatal compromise. For the purposes of this model, we
report meconium stained fluid as a clinical outcome of interest; the effects of the presence of
meconium on the decision making of practitioners cannot be quantified as the effect may be
subtle and vary considerably. A small proportion of infants born through meconium stained
amniotic fluid will develop meconium aspiration syndrome, which occurs when the fetus
breathes in amniotic fluid containing meconium; the meconium results in blockage and irritation
of the airways, resulting in respiratory distress, which may resolve or lead to neonatal demise.

Preeclampsia is defined as elevated blood pressures and proteinuria associated with
pregnancy, and is cured by delivery. Complications of preeclampsia include abruption, seizure,
stroke, and maternal renal compromise. In pregnancies greater than 37 weeks, the rate of
preeclampsia increases with increasing gestational age.*® Once a woman reaches a gestational
age greater than 37 weeks, induction of labor is indicated when preeclampsia is diagnosed in
order to decrease the likelihood of maternal or neonatal compromise.

Table 3.1. Probability estimates

Baseline Low High Reference
Probability of Cesarean with Expectant Management
41 weeks 0.293 0.147 0.44 Sanchez-Ramos™, U.S.

Birth Cohort 2003

40 weeks 0.251 0.126 0.377 U.S. Birth Cohort 2003
39 weeks 0.236 0.118 0.354 U.S. Birth Cohort 2003
RR cesarean delivery for expectant Gulmezoglu 2006
management vs. IOL at 41 weeks 1.0 0.7 1.5
RR cesarean delivery for expectant U.S. Birth Cohort 2003
management vs. IOL at 40 weeks 1.0 0.7 1.5
RR cesarean delivery for expectant U.S. Birth Cohort 2003
management vs .IOL at 39 weeks 1.0 0.7 1.5
Probability of Cesarean with Induction
41 weeks 0.27 0.135 0.405 U.S. Birth Cohort 2003
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Table 3.1. Probability estimates (continued)

Baseline Low High Reference

40 weeks 0.242 0.121 0.363  U.S. Birth Cohort 2003

39 weeks 0.223 0.1115 0.3345  U.S. Birth Cohort 2003

Probability of Cesarean Delivery with 0.217 0.108 0.325 U.S. Birth Cohort 2003

Spontaneous labor

Probability of Operative Vaginal Delivery

42 weeks 0.174 0.087 0.261  Caughey 2007"*°

41 weeks 0.133 0.0665 0.1995  Caughey 2007**

40 weeks 0.109 0.0545 0.1635  Caughey 2007**

39 weeks 0.094 0.047 0.141  Caughey 2007**

Probability of Epidural with Induction 0.8143 0.7198 1 UCSF

Probability of Epidural with 0.7198 0.6 1 UCSF

Spontaneous Labor

Probability of IUFD

41 weeks 0.0012 0.0006 0.0018  Smith 2001"*’

40 weeks 0.0009 0.00045  0.00135 Smith 2001’

39 weeks 0.0005 0.00025  0.00075 Smith 2001’

Probability of Spontaneous Labor

41 weeks 0.52 0.26 0.78 Alexander 2001

40 weeks 0.39 0.195 0.585  UCSF

39 weeks 0.24 0.12 0.36 UCSF

Probability of Macrosomia

42 week 0.15 0.075 0.225  Alexander 2000**

41 weeks 0.12 0.06 0.18 Alexander 2000™*

40 weeks 0.08 0.04 0.12 Alexander 2000™*

39 weeks 0.05 0.025 0.075  Alexander 2000,
Caughey 2004

Relative Risk for Cesarean Delivery 1.52 0.81 2.43 Boulet 2003,*° Sanchez-

with Macrosomia Ramos 2003%

Probability of Meconium Stained Fluid

42 weeks 0.277 0.1385 0.4155  Sanchez-Ramos 2003”

41 weeks 0.224 0.112 0.336 Sanchez-Ramos 2003%

40 weeks 0.17 0.085 0.255 Dargaville 2006,
Sanchez-Ramos 2003%°

39 weeks 0.105 0.0525 0.1575  Dargaville 2006,
Sanchez-Ramos 2003%°

Probability of Meconium Aspiration Syndrome

42 weeks 0.032 0.016 0.048 Gulmezoglu 2006

41 weeks 0.008 0.004 0.012  Gulmezoglu 2006

40 weeks 0.0045 0.00225  0.00675 Dargaville 2006,
Gulmezoglu 2006

39 weeks 0.0025 0.00125  0.00375 Dargaville 2006,
Gulmezoglu 2006°*

Probability of Neonatal Demise if 0.00025  0.000125 0.000375 Dargaville 2006™**

Meconium Aspiration Syndrome

Probability of Shoulder Dystocia 0.0065 0.00325  0.00975 Nesbitt 1998," Rouse

without Macrosomia 1996'%°

Probability of Shoulder Dystocia with 0.1 0.05 0.15 Nesbitt 1998

Macrosomia
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Table 3.1. Probability estimates (continued)

Baseline Low High Reference
Relative Risk for Shoulder Dystocia 1.74 0.95 2.85 Neshitt 1998"
with Operative Vaginal Delivery
Probability of Permanent Injury from 0.0067 0.00335  0.01005 Rouse 1996™°
Shoulder Dystocia
Probability of Neonatal Demise from 0.001 0.0005 0.0015  Nesbitt 1998
Shoulder Dystocia
Probability of Positive NST
41 weeks 0.14 0.07 0.21 Bochner 1988™°
40 weeks 0.05 0.025 0.075
Probability of Severe Perineal Laceration
39 weeks, Vaginal Delivery 0.019 0.0095 0.0285  Caughey 2007
39 weeks, Operative Vaginal Delivery 0.244 0.122 0.366  Caughey 2007"°
40 weeks, Vaginal Delivery 0.022 0.011 0.033  Caughey 2007™°
40 weeks, Operative Vaginal Delivery 0.26 0.13 0.39 (Zaét(i)r;leslged from Caughey
41 weeks, Vaginal Delivery 0.036 0.018 0.054  Caughey 2007™°
41 weeks, Operative Vaginal Delivery 0.26 0.13 0.39 Caughey 2007
42 weeks, Vaginal Delivery 0.051 0.0255 0.0765  Caughey 2007
42 Weeks, Operative Vaginal Delivery 0.282 0.141 0.423  Caughey 2007
Probability of Preeclampsia
42 weeks 0.012 0.006 0.018  Caughey 2003”
41 weeks 0.012 0.006 0.018  Caughey 2003”
40 weeks 0.012 0.006 0.018  Caughey 2003%
39 weeks 0.009 0.005 0.015  Caughey 2003”

Probability of Maternal Mortality with 0.00035  0.000175 0.000525 Harper 2003™’
Cesarean Delivery

Probability of Maternal Mortality with 0.000092  0.000046 0.000138 Harper 2003"’
Vaginal Delivery

RR=relative risk

Utilities. Outcomes from medical decisions can affect both the quality and quantity of life
expected. The quality adjusted life year (QALY) is a measure that has been created in order to
combine both of these effects. Essentially, it is the product of life expectancy multiplied by the
quality of life of the health states that a person experiences. Utilities are a measure of quality of
life, usually expressed on a 0 to 1 scale, which assesses how a patient values a health state.
Methods for eliciting the value of particular outcomes are usually based on the idea of trade-offs
of either risk or time, with participants being asked what risk of a worse outcome they would
take to avoid a particular outcome™*® or how many years of health in a certain state they would be
willing to give up in order to be in perfect health for a shorter time.*

QALYs were based on maternal life expectancy estimates from the national birth/death
statistics, assuming a discount rate of 0.03 (Table 3.2). Women experienced a slight decrement in
utility in the case of a cesarean delivery, which was applied over their reproductive life,
assuming an average age at menopause of 50. In the case of a neonatal demise or IUFD, maternal
utility was decreased to 0.92, an estimate for women who experience a miscarriage.'*® As we felt
that this was likely an underestimate of the decrement in utility that would be experienced after
an intrauterine fetal demise at term, this was applied for the remainder of the woman’s life. Due
to a paucity of data, the utility of induction of labor, perineal laceration, and neonatal
complications not resulting in neonatal demise could not be assessed. Similarly, a decrease in
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neonatal QALY based on meconium aspiration and shoulder dystocia could not be assessed. As
the neonatal outcomes were all improved in the induction of labor arm, this only made the model
more conservative with respect to intervention.

Table 3.2. Utility estimates

Baseline Low High Reference
Utility of Cesarean Delivery 0.99 0.9 1 Caughey 2003™*
Utility of IUFD 0.92 0.6 1 Kuppermann 2000™*
Utility of Vaginal Delivery 1 Assumed
Discount Rate 0.03 0 .06 Assumed
Maternal Life Expectancy 56 28 84 U.S. Mortality Data 2003
Neonatal Life Expectancy 77 30 100 U.S. Mortality Data 2003

Costs. We included direct costs of hospitalization such as equipment, medication, supplies,
and nursing and physician staffing costs, as well as indirect costs for hospital overhead and
administration. All costs were obtained from the literature and projected to 2007 dollars by
inflation with the medical component of the consumer price index (Table 3.3). Costs were
applied for maternal interventions only. The estimated costs were: Vaginal delivery $7213,
cesarean delivery $11092, additional cost of induction of labor $1237, and epidural $788. The
cost of antenatal testing of $210 was calculated for twice weekly nonstress tests and assessment
of amniotic fluid volume.

Table 3.3. Cost estimates

Baseline ($) Low High Reference
Cost of Antenatal Testing 210 105 840  Goeree 1995
Cost of Cesarean Delivery 11092 5546 44368 Bost 2003%
Cost of Epidural 788 394 3152  Bost 2003%
Additional cost of Induction of labor 1237 618.5 4948  Bost 2003%
Cost of Vaginal Delivery 7213 3606.5 28852 Bost2003%

Analytic approach. We conducted analyses from a societal perspective. Baseline analyses
consisted first of generating costs and QALY s for each strategy to determine the strategy that
minimized costs, the strategy that maximized utility, and cost effectiveness, the incremental cost
required for increased QALYs.**

We evaluated a variety of clinical outcomes including: Cesarean delivery, macrosomia,
shoulder dystocia, permanent injury from shoulder dystocia, intrauterine fetal demise, meconium
stained fluid, meconium aspiration syndrome, and severe perineal laceration. We calculated each
of these outcomes in the setting of either elective induction of labor or expectant management of
pregnancy for a theoretical cohort of 10,000 women.

Sensitivity analysis is a technique to investigate how projected outcomes are affected when
key assumptions are varied. We performed univariate sensitivity analysis for every input
probability and cost; probabilities were varied from 50 to 150 percent of their baseline, and costs
were varied from 50 to 400 percent of their baseline. In each case, we evaluated the effect on the
model outcomes of varying the input around the original point estimate. Given that one of the
potentially contentious assumptions of the model is that induction of labor results in a decrease
in cesarean delivery rate, we examined the effect of varying the cesarean delivery rate on cost,
utility, cost effectiveness, and clinical outcomes.
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After examining the impact of varying one probability across its feasible range while holding
other probabilities at their baseline, we examined the impact of simultaneously varying two
estimates using two way sensitivity analysis. We identified candidate variables for two-way
sensitivity analysis based on theoretical impact and results of one-way sensitivity analysis.

We also tested the impact of simultaneous changes in multiple inputs through Monte Carlo
simulation. In this technique, each input probability, utility, and cost is defined by a distribution
of possible values, rather than point estimates. We performed 1,000 Monte Carlo trials. In each
trial, a different input probability, cost and utility is chosen from the underlying distribution.
Analyzing the outcome of these 1,000 trials thus provides an estimate of the stability of our
conclusions despite the simultaneous uncertainty in input assumptions.

We used beta distributions for probability and utility input variables. Beta distributions are
the multivariate equivalent of binomial distributions, in that they are bounded between zero and
one. We used gamma distributions for the costs. Gamma distributions are like normal
distributions, except they are right-skewed. Thus, they are an accurate representation of medical
cost distributions as some individuals will have costs that far exceed the mean.

Both beta and gamma distributions are defined by their mean and spread. We used the
baseline model estimates as the distribution means. To estimate standard deviations, we utilized
reasonable assumptions, which in general, allowed for very large spreads. For probabilities, we
used +/- 0.05 to +/- 0.2 depending on the size of the baseline probability. Similarly, we allowed
for +/- $200 to $1000 for costs depending on the size of the baseline cost.

Decision Analytic Model Results

Induction of labor at 41 weeks versus expectant management from 41-
42 weeks

Decision analytic results. Induction of labor at 41 weeks was superior to expectant
management with an average of 56.910 total QALY with an induction of labor at 41 weeks
versus an average of 56.876 total QALY'S with expectant management: An incremental gain of
0.033 QALYs. Table 3.4 shows the maternal, neonatal, and total QALY for each strategy.

Table 3.4. Decision analytic results for induction of labor at 41 weeks versus expectant management

Incremental QALY
Induction of Labor at 41  Expectant Management  gain for induction

weeks at 41 weeks of labor at 41
weeks
Maternal QALYs 26.910 26.908 0.002
Neonatal QALYs 30.000 29.969 0.031
Total QALYs 56.910 56.876 0.033

QALY=quality adjusted life year

Clinical outcomes. In terms of clinical outcomes, induction of labor at 41 weeks as opposed
to expectant management results in lower rates of neonatal demise, pre-eclampsia, macrosomia,
shoulder dystocia, meconium-stained amniotic fluid, meconium aspiration syndrome, severe
perineal laceration and operative vaginal delivery. Table 3.5 demonstrates the clinical outcomes
associated with each strategy for a cohort of 10,000 women.
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Table 3.5. Clinical outcomes per 10,000 women for induction of labor at 41 weeks versus expectant
management

Induction of labor at 41 weeks Expectant management at 41

weeks
Cesarean delivery 2700 2700
Perinatal demise <1 11
Macrosomia 1200 1405
Shoulder dystocia 131 323
Meconium-Stained Fluid 2240 2436
Meconium-Aspiration 80 170
Syndrome
Severe perineal lacerations 561 644
Operative vaginal deliveries 1330 1482
Pre-eclampsia 0 120

Cost and cost-effectiveness results. Induction of labor at 41 weeks is more expensive as
compared to expectant management. The average cost per woman of an induction at 41 weeks is
$10,139 as compared to $9770 for expectant management for an average incremental cost of
$368 per induction. In terms of cost-effectiveness, we find that it would cost an additional
$10,789 per additional QALY Typically, interventions are considered cost-effective if they are
less than $50,000 to $100,000 per QALY. Thus, induction of labor at 41 weeks is a cost-effective
intervention by conventional thresholds for cost effectiveness.

Impact of the cesarean delivery rate on outcomes. One of the key and potentially
controversial assumptions in the model is that induction of labor leads to a lower cesarean
delivery rate as compared to expectant management. To fully appreciate the impact of this
assumption on model outcomes, we ran the model under three separate assumptions: (1) cesarean
delivery rates are equal in the induction as compared to expectant management group [our
baseline assumption] (2) cesarean delivery rates are 22 percent less in the induction as compared
to the expectant management group [Chapter 2] (3) cesarean delivery rates are 22 percent more
in the induction as compared to the expectant management group.

In terms of decision analytic results, the cesarean delivery rate has only a marginal impact
(Table 3.6). In our baseline model, induction of labor leads to an incremental QALY gain of
0.033 QALYs. Based on the meta-analysis presented in Chapter 2, it appears that induction of
labor is associated with a 22 percent decrease in cesarean delivery rate; this would lead to an
increase in the incremental QALY's gained to 0.046. Conversely, assuming that induction of
labor was associated with a 22 percent increase in the cesarean delivery rate led to a decrease in
the incremental QALY's gained to 0.023 QALYS.
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Table 3.6. Decision analytic results with varying assumptions in cesarean delivery rates

Induction of labor Expectant Management
Total Maternal Neonatal Total Maternal Neonatal In;i:]emigigll

QALYs QALYS QALYS QALYs QALYs QALYS 9 QALYs
C/S rate 56.910 26.910 30.000 56.876 26.908 29.968 0.033
equal
C/S rate 56.922 26.922 30.000 56.876 26.908 29.968 0.046
22% lower
IOL
C/S rate 56.899 26.899 30.000 56.876 26.908 29.968 0.023
22% higher
IOL

QALY=quality-adjusted life year; C/S=cesarean delivery

Similarly, we tested the impact of cesarean delivery rates on clinical outcomes. Table 3.7
shows the clinical outcomes per 10,000 women for induction versus expectant management at 41
weeks under the same variations in cesarean delivery rate. As shown, the cesarean delivery rate
had no effect on most outcomes, and only a very modest impact on shoulder dystocia and
perineal laceration. Because the incidence of these complications increases with gestational age,
induction of labor is always beneficial in terms of shoulder dystocia and perineal lacerations;
interestingly, since varying the relative risk of cesarean delivery affects the number of women at
risk for these complications, the relative benefit increases as the likelihood of cesarean delivery
with induction increases.

Table 3.7. Clinical outcomes with various assumptions in the cesarean delivery rate

Cesarean delivery rate Cesarean delivery rate 22%  Cesarean delivery rate 22%

equal lower with an induction higher with an induction

Induction Expt Mgt Induction Expt Mgt Induction Expt Mgt
Cesarean delivery 2700 2700 2106 2700 3294 2700
Neonatal demise <1 11 <1 11 <1 11
Macrosomia 1200 1405 1200 1405 1200 1405
Shoulder dystocia 131 323 144 323 117 323
Meconium-Stained 2240 2436 2240 2436 2240 2436
Fluid
Meconium- 80 170 80 170 80 170
Aspiration Syndrome
Severe perineal 561 644 582 644 539 644
lacerations
Operative vaginal 1330 1482 1330 1482 1330 1482
deliveries
Pre-eclampsia 0 120 0 120 0 120

Expt Mgt=expectant management

Finally, we tested the impact of cesarean delivery rates on the cost and cost-effectiveness
calculations. Under all three assumptions, induction of labor at 41 weeks as compared to
expectant management was a cost-effective strategy. Using our baseline assumption that the
cesarean delivery rate is equal in either scenario, the incremental cost per QALY is $10,789.
Based on the review of the literature performed in this report, the cesarean delivery rate is 22
percent lower with an induction; under that assumption, the incremental cost per QALY is
$3023. Next, we assumed that the cesarean delivery rate is 22 percent higher with an induction,
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and the incremental cost per QALY increased to $26,450. Table 3.8 shows the cost and cost-
effectiveness outcomes under the various cesarean delivery rate assumptions.

Table 3.8. Cost-effectiveness of an induction versus expectant management at 41 weeks under various
cesarean delivery rate assumptions

Cesarean delivery rate

Cesarean delivery rate 2204 lower with an

equal

Cesarean delivery rate 22%
higher with an induction

induction

Induction Ii/lxgptt Induction Ii/lxgptt Induction Expt Mgt
Cost ($) $10,139 $9770 $9908 $9770 $10,369 $9770
Effectiveness (Total 56.910 56.876  56.922 56.876  56.899 56.876
QALYs)
Incremental cost per $10,789 - $3023 - $26,450 -
additional QALY
Effectiveness 26.910 26.908  26.922 26.908  26.899 26.908
(Maternal QALY only)
Incremental cost per $164,321 - $10,010 - Dominated -
additional maternal
QALY

QALY=quality-adjusted life year; Expt Mgt=expectant management

Univariate sensitivity analysis. Univariate sensitivity analysis was performed on each
input variable in the model. We varied all probabilities from 50 percent to 150 percent of
baseline. We varied costs from 50 percent to 400 percent of baseline. Below are highlighted
some of the important findings.

Figure 3.6. Sensitivity analysis varying relative risk of cesarean delivery with induction

120,000
—— [OL - 41 wks

100,000

Incremental Cost/iEff

mlnm e e

0 0.5 1 1.5 2

Relative Risk of Cesarean Delivery with
Induction

Vertical line shows base case assumption, cesarean delivery rates equal
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Probabilities. As described above, the relative cesarean delivery rate for expectant
management versus induction is both important and uncertain. Figure 3.6 demonstrates the
impact of varying the relative rate over a wide range. Induction is cost-effective up to 148
percent of baseline cesarean risk with induction of labor at a willingness to pay threshold of
$100,000.

Figure 3.7 shows the impact of the spontaneous labor rate. If the rate of spontaneous labor
between 41 and 42 weeks is 25 percent or less, induction of labor at 41 weeks is the dominant
option. It remains cost-effective for the entire range; at 150 percent of baseline (78 percent) it
costs $24,710 per additional QALY .

Figure 3.7. Sensitivity analysis varying probability of spontaneous labor before 42 weeks
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Probability of Spontaneous Labor

Vertical line indicates spontaneous labor rate of 52 percent, base case assumption.

Costs. The model was slightly more sensitive to changes in cost inputs. However, as stated
above, induction of labor was always the cost-effective strategy.

Induction of labor is cost-effective at an antenatal testing cost of $105 (50 percent of
baseline) at $13,839 per QALY. At an antenatal testing cost of $600 (300 percent of baseline),
induction of labor becomes the dominant option. As the cost of labor induction increases, the
cost-effectiveness of labor induction decreases to $59,316 per QALY at 400 percent of baseline
estimates (an additional $5000 per IOL).

Two-way sensitivity analysis. Two-way sensitivity analysis was also performed to examine
the effect of simultaneously varying two inputs. First, we investigated the impact of varying the
probability of spontaneous labor within 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. However, sensitivity
analysis shows that even when the likelihood of spontaneous labor is high, as long as the
cesarean delivery rate is at least equal in the expectant management and induction arms,
induction remains a cost effective intervention. Next, we explored the effect of varying the
relative risk of cesarean delivery and the additional cost of labor induction. In women with the
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lowest likelihood of successful induction, additional costs may be incurred as the induction
process may be prolonged. Induction remained cost effective across all cost estimates.
Examining this from a different perspective, the additional cost of labor induction may be varied
with the likelihood of spontaneous labor in the next week. Given that the baseline estimate of
spontaneous labor is 52 percent, induction of labor remains cost effective even if the additional
cost is increased to 400 percent of the baseline, with the likelihood of spontaneous labor
increasing to 150 percent of the baseline.

Monte Carlo simulation.
Multivariate sensitivity analysis, or Monte
Carlo simulation, is performed to test the $2.300.0

. . &
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Figure 3.8. Incremental cost effectiveness
for induction of labor compared with
expectant management at 41 weeks
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Induction of labor at 40 weeks versus expectant management from 40-
41 weeks

Decision analytic results. Induction of labor at 40 weeks is superior to expectant
management until 41 weeks, with an average of 56.916 total QALY for an induction of labor at
40 weeks versus an average of 56.889 total QALYS for expectant management: An incremental
gain of 0.027 QALYSs. Table 3.9 shows the maternal, neonatal, and total QALY s for each
strategy.

Table 3.9. Decision analytic results for induction of labor at 41 weeks versus expectant management

Induction of Labor at 40 Expectant In_creme_ntal Q.ALY
Management at 40 gain for induction of
weeks
weeks labor at 41 weeks
Maternal QALYs 26.916 26.914 0.002
Neonatal QALYs 29.999 29.974 0.025
Total QALYs 56.916 56.889 0.027

QALY=quality adjusted life year

Clinical outcomes. In terms of clinical outcomes, induction of labor at 40 weeks compared
to expectant management results in a lower rate of all adverse obstetric outcomes, including
neonatal demise, pre-eclampsia, macrosomia, shoulder dystocia, meconium-stained amniotic
fluid, meconium aspiration syndrome, severe perineal lacerations, and operative vaginal
deliveries. Table 3.10 demonstrates the clinical outcomes associated with each strategy for a
cohort of 10,000 women.

Table 3.10. Clinical outcomes per 10,000 women for induction of labor at 40 weeks versus expectant
management until 41 weeks

Induction of labor at 40 weeks Expectant management unti

41 weeks

Cesarean delivery 2420 2420
Neonatal demise <1 9
Macrosomia 800 1105
Shoulder dystocia 109 330
Meconium-Stained Fluid 1700 1985
Meconium-Aspiration 43 63
Syndrome

Severe perineal lacerations 426 514
Operative vaginal deliveries 1090 1270
Pre-eclampsia 0 800

Cost and cost-effectiveness results. Induction of labor at 40 weeks is more expensive as
compared to expectant management. The average cost per woman of an induction at 40 weeks is
$10,030 compared to $9760 for expectant management, for an average incremental cost of $269
per induction. In terms of cost-effectiveness, it would cost an additional $9932 per added QALY;
thus, induction of labor at 40 weeks is a cost-effective intervention.

Impact of the cesarean delivery rate on outcomes. Similar to the 41 week model, we
performed the 40 week model under three separate assumptions about the cesarean delivery rate:
(1) cesarean delivery rates are equal in the induction as compared to expectant management
group [our baseline assumption]; (2) cesarean delivery rates are 22 percent less in the induction

113



as compared to the expectant management group, as would be expected based on the meta-
analysis presented in Chapter 2; and (3) cesarean delivery rates are 22 percent higher in the
induction as compared to the expectant management group.

As with the 41 week model, the cesarean delivery rate had only a marginal impact (Table
3.11). In our baseline model, induction of labor leads to an incremental QALY gain of 0.027
total QALY's. Assuming a 22 percent decrease in the cesarean delivery rate with induction of
labor, the incremental QALY gain increases to 0.037. Assuming that induction of labor was
associated with a 22 percent increase in the cesarean delivery rate, the incremental QALY gain
decreases to 0.016 QALYSs.

Table 3.11. Decision analytic results with varying assumptions in cesarean delivery rates

Induction of labor Expectant Management
Total Maternal  Neonatal Total Maternal Neonatal Incremental gain in
QALYs QALYs QALYs QALYs QALYs QALYs total QALYs

C/S rate equal 56.916 26.916 29.999 56.889 26.914 29.974 0.027
C/S rate 22% 56.926 26.926 29.999 56.889 26.914 29.974 0.037
lower 10OL

C/S rate 22% 56.905 26.905 29.999 56.889 26.914 29.974 0.016
higher IOL

C/S=cesarean delivery; QALY =quality-adjusted life year

Table 3.12 shows the clinical outcomes per 10,000 women for induction versus expectant
management at 40 weeks under the same variations in cesarean delivery rate assumptions. The
categories with any change in the cesarean delivery rate are displayed in bold text.

Table 3.12. Clinical outcomes with various assumptions in the cesarean delivery rate
Cesarean delivery rate Cesarean delivery rate

Cesarean delivery rate

22% lower with an 22% higher with an
equal . . . .
induction induction
Induction Expt Mgt Induction Expt Mgt Induction  Expt Mgt

Cesarean delivery 2420 2420 1888 2420 2952 2420
Neonatal demise <1 9 <1 9 <1 9
Macrosomia 800 1105 800 1105 800 1105
Shoulder dystocia 109 330 118 330 100 330
Meconium-Stained 1700 1985 1700 1985 1700 1985
Fluid
Meconium-Aspiration 43 63 43 63 43 63
Syndrome
Severe perineal 426 514 438 514 414 514
lacerations
Operative vaginal 1090 1270 1090 1270 1090 1270
deliveries
Pre-eclampsia 0 120 0 120 0 120

Expt Mgt=expectant management

The impact of cesarean delivery rates on the cost and cost-effectiveness calculations are
shown below. Under all three assumptions, induction of labor at 40 weeks is a cost-effective
strategy as compared to expectant management. Using the baseline assumption that the cesarean
delivery rate is equal, the incremental cost is $9932 per QALY. If the cesarean delivery rate is 22
percent lower for induction of labor at 40 weeks, the incremental cost is $1692 per QALY. Table
3.13 shows the cost and cost-effectiveness outcomes under the various cesarean delivery rate
assumptions.
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Table 3.13. Cost and Cost-Effectiveness for induction versus expectant management under various cesarean
delivery rate assumptions

Cesarean delivery rate Cesarean delivery Cesarea_n delivgry rate
rate 22% lower with 22% higher with an
equal . . . :
an induction induction

Induction  Expt Mgt Induction  Expt Mgt  Induction Expt Mgt
Cost ($) $10,030 $9760 $9823 $9760 $10,237 $9760
Effectiveness (Total 56.916 56.889 56.926 56.889 56.905 56.889
QALYs)
Incremental cost per $9932 - $1692 - $28,267 -
additional QALY
Effectiveness (Maternal 26.916 26.914 26.926 26.914 26.905 26.914
QALYs only)
Incremental cost per $135,000 - $5250 - Dominated -

additional maternal QALY

QALY=quality-adjusted life year; Expt Mgt=expectant management

Univariate sensitivity. Univariate sensitivity analysis was performed on each input
variable in the 40 week model. Again, all probabilities were varied from 50 percent to 150
percent of baseline. We varied costs from 50 percent to 400 percent of baseline.

Probabilities. Figure 3.10 demonstrates the impact of varying the relative rate of
cesarean delivery for an induction compared to expectant management over a wide range. As
shown, induction of 250,000
labor is the dominant ——IOL - 40 wks
strategy if the relative
risk of cesarean 200,000 4o
delivery in the =
induction group is less %
than 76 percent of the ~ § 150,000 ----------ooomommmomomomo oo
rate of cesarean =
delivery in the =
expectant management £ 100,000 q---oooommmm e g
group. Induction is g
cost-effective up to =

BN ool s s
144 percent of the
baseline.
Fi 3.10. Sensitivit : ' - ;
| r .10. nsitvi
angalljyzis varyi(relgsrelati)\//e 0 0.5 1 1.5 C
risk of cesarean delivery Relative Risk of Cesarean Delivery with

with induction .
Induction
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Figure 3.11 illustrates the impact of the spontaneous labor rate. If the rate of spontaneous
labor between 40 and 41 weeks is 20 percent or less, induction of labor at 40 weeks is the
dominant option. It remains cost-effective all the up to 200 percent of baseline (78 percent) at
$31,368 per QALY.

Figure 3.11. Sensitivity analysis varying probability of spontaneous labor
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Costs. The model was more sensitive to changes in cost inputs. However, induction of labor
was always the cost-effective strategy. Induction of labor is cost-effective at $12,635 per QALY
to an antenatal testing cost of $105 (50 percent of baseline). At an antenatal testing cost of $450
(200 percent of baseline estimates) induction of labor becomes the dominant option. As the cost
of labor induction increases, the cost-effectiveness of labor induction decreases to $56,218 per
QALY at the 400 percent of baseline estimates (an additional $5000 per induction).

Two-way sensitivity analysis. Similar to the results in the 41 week model, even if the
likelihood of spontaneous labor is higher than expected, and the cesarean delivery rate is at least
equal in the expectant management and induction arms, induction remains a cost effective
intervention. In women with the lowest likelihood of successful induction, additional costs may
be incurred as the induction process may be prolonged. If induction continues to confer either an
equal or a decreased risk of cesarean delivery in comparison to expectant management, even if
the additional cost of induction of labor increases to twice the baseline estimate, induction of
labor remains cost effective.

Monte Carlo simulation. We performed multivariate sensitivity analysis, or Monte Carlo
simulation, to test the robustness to simultaneous changes in multiple input variables. Figure 3.12
demonstrates the distribution of incremental costs and effectiveness for induction of labor as
compared to expectant management at 40 weeks. Each trial is represented by a different dot. The
95 percent confidence interval is shown by the elliptical line (i.e. 95 percent of all trials fall
within this boundary). In this multivariate sensitivity analysis, elective induction of labor is only
cost-effective in approximately 55 percent of trials (Figure 3.13) as compared to well over 95
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percent of the trials in the 41 week model and is even dominated by expectant management in a
proportion of cases.

Figure 3.12. Monte Carlo simulation of ICE Scattgrpmt of
induction of labor versus expectant
management at 40 weeks of gestation IOL - 40 wks vs. Eth Mgmt
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Induction of labor at 39 weeks versus expectant management from 39-
40 weeks and expectant management from 39-41 weeks

Decision analytic results. Induction of labor at 39 weeks is superior to expectant
management until 40 or 41 weeks, with an average of 56.920 total QALY's for induction at 39
weeks versus an average of 56.903 total QALY'S for expectant management until 40 weeks and
56.877 for expectant management until 41 weeks. This represents an incremental gain of 0.017
QALYs for induction at 39 weeks compared to expectant management until 40 weeks and an
incremental gain of 0.033 QALY for an induction as compared to expectant management until
41 weeks. Table 3.14 shows the maternal, neonatal, and total QALY's for each strategy;

Table 3.14. Decision analytic results for induction of labor at 39 weeks versus expectant management

Induction of Labor at 39 Expectant Management Expectant Management

wks until 40 wks until 41 wks
Maternal QALYs 26.920 26.919 26.915
Neonatal QALYs 30.000 29.984 29.962
Total QALYs 56.920 56.903 56.877

Clinical outcomes. In terms of clinical outcomes, induction of labor at 39 weeks compared
to expectant management until either 40 or 41 weeks leads to a lower rate of all adverse obstetric
outcomes, including neonatal demise, pre-eclampsia, macrosomia, shoulder dystocia, meconium-
stained amniotic fluid, meconium aspiration syndrome, severe perineal lacerations, and operative
vaginal deliveries. Table 3.15 shows the clinical outcomes associated with each strategy for a
cohort of 10,000 women.

Table 3.15. Clinical outcomes per 10,000 women for induction of labor at 39 weeks versus expectant
management until 40 or 41 weeks

Induction of labor at 39 Expectant management Expectant .
weeks until 40 weeks management until
41 weeks

Cesarean delivery 2230 2227 2349
Perinatal demise <1 5 12
Macrosomia 500 763 997
Shoulder dystocia 87 107 346
Meconium-Stained Fluid 1098 1699 1921
Meconium-Aspiration 27 45 59
Syndrome
Severe perineal 380 430 506
lacerations
Operative vaginal 966 1089 1270
deliveries
Pre-eclampsia 0 91 175

Cost and cost-effectiveness results. Induction of labor at 39 weeks is more expensive
compared to expectant management until either 40 or 41 weeks. The average cost per woman of
an induction at 39 weeks is $9,568 versus $9253 for expectant management until 40 weeks and
$8915 for expectant management until 41 weeks. Thus, the incremental cost per woman induced
is $316 compared to expectant management to 40 weeks and $338 per woman expectantly
managed to 40 weeks compared to expectant management until 41 weeks. In terms of cost-
effectiveness, it costs an additional $20,222 per additional QALY compared to expectant
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management until 40 weeks and an additional $13,900 per additional QALY as compared to
expectant management until 41 weeks. Thus, induction of labor at 39 weeks is the most cost-
effective strategy at any reasonable willingness-to-pay threshold.

Considering maternal QALYSs alone, however, induction of labor at 39 weeks is not cost
effective, as induction costs an additional $269,151 per QALY compared to induction at 40
weeks, and is more expensive and only equally effective compared to induction at 40 weeks (see
table 3.18 below).

Impact of the cesarean delivery rate on outcomes. As with the previous models, we
examined the 39 week model under three separate assumptions about the cesarean delivery rate:
(1) cesarean delivery rates are equal in the induction and expectant management groups [our
baseline assumption]; (2) cesarean delivery rates are 22 percent less in the induction compared to
the expectant management group; and (3) cesarean delivery rates are 22 percent more in the
induction as compared to the expectant management groups.

In our baseline model, induction of labor leads to an incremental QALY gain of 0.017
QALYs for an induction compared to expectant management until 40 weeks and an incremental
gain of 0.033 QALYs for an induction as compared to expectant management until 41 weeks.
Assuming that induction of labor led to a 22 percent decrease in cesarean delivery rate, the
incremental QALY gain increases to 0.027 and 0.043, respectively. If induction of labor is
associated with a 22 percent increase in the cesarean delivery rate the incremental QALY gain
decreases to 0.007 and 0.023 QALYsSs, respectively (Table 3.16).

Table 3.16. Decision analytic results with varying assumptions in cesarean delivery rates

Expectant Management until 40  Expectant Management until 41

Induction of labor
weeks weeks

Total Maternal Neonatal Total Maternal Neonatal Total Maternal Neonatal
QALYs QALYs QALYs QALYs QALYs QALYs QALYs QALYs QALYS

C/S rate 56.920  26.920 29.999 56.904  26.919 29.985 56.877  26.915 29.962
equal

C/S rate 56.930  26.930 29.999 56.904 26.919 29.985 56.877  26.915 29.962

22%
IOL

lower

C/S rate 56.910 26.910 29.999 56.904  26.919 29.985 56.877  26.915 29.962

22%

higher IOL

C/S: Cesarean delivery; QALY Quality-adjusted life year

Similarly, we tested the impact of cesarean delivery rates on clinical outcomes. Table 3.17
displays the clinical outcomes per 10,000 women for induction versus expectant management
until 40 and 41 weeks under the same variations in cesarean delivery rate.
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Table 3.17. Clinical outcomes with various assumptions in the cesarean delivery rate

Cesarean delivery rate at Cesarean delivery rate 22%  Cesarean delivery rate 22%

baseline lower with an induction higher with an induction
Expt Expt Expt Expt
Ii/lxgtt Mgt Ii/lxgtt mgt Mgt mgt
Induction until until Induction until until Induction until until
41 41 40 41
40 wks 40 wks
wks wks wks wks
Cesarean 2230 2230 2349 1739 2230 2349 2721 2230 2349
delivery
Neonatal <1 5 12 <1 5 12 <1 5 12
demise
Macrosomia 500 763 997 500 763 997 500 763 997
Shoulder 87 107 346 93 107 346 80 107 346
dystocia
Meconium- 1098 1699 1921 1098 1699 1921 1098 1699 1921
Stained Fluid
Meconium- 27 45 59 27 45 59 27 45 59
Aspiration
Syndrome
Severe 380 430 506 389 430 506 371 430 506
perineal
lacerations
Operative 966 1089 1270 966 1089 1270 966 1089 1270
vaginal
deliveries
Pre- 0 667 1088 O 667 1088 O 667 1088
eclampsia

Expt: Expectant management

The impact of cesarean delivery rates on the cost and cost-effectiveness calculations are
shown in Table 3.18. Unlike the previous models, the cesarean delivery rate assumptions impact
the cost-effectiveness conclusions for this model. While induction of labor is cost-effective as
compared to expectant management, the cost per QALY has increased. Additionally, when
examining maternal QALY's, with an increased in the cesarean delivery rate of 22 percent per
induction, induction of labor is both more expensive and less effective (hence dominated) as
compared to expectant management until 40 weeks.
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Table 3.18. Cost and cost-effectiveness for induction versus expectant management under various cesarean delivery

rate assumptions

Cesarean delivery rate equal
(baseline)

Cesarean delivery rate 22%
lower with an induction at 39
weeks

Cesarean delivery rate 22% higher
with an induction at 39 weeks

Expt Mgt
until 40
wks

Expt Mgt
until 41
wks

Induction

Expt
Mgt
until 40
wks

Expt
Mgt
until 41
wks

Induction

Expt Mgt
until 40
wks

Expt Mgt
until 41
wks

Induction

Cost ($) $9568  $9253  $8915

$9367 $9253 $8915

$9770 $9253 $8915

Effectiveness  56.920 56.903 56.877

(Total
QALYSs)

56.930 56.903  56.877

56.910 56.903 56.877

Incremental - $18,914  $15,385
cost per

additional

QALY

(IOL as

compared to

expt mgt

strategy)

- $4350 $8693

- $71,945 $25,931

Effectiveness  26.920 26.919 26.915

(Maternal
QALYs only)

26.930 26.919 26.915

26.910 26.919 26.915

Incremental - $299,058 $130,866
cost per

additional

maternal

QALY

(IoL as

compared to

expt mgt

strategy)

- $10,776 $31,139

- Dominated Dominated

Expt Mgt: Expectant management; QALY Quality-adjusted life year

Univariate sensitivity. Univariate sensitivity analysis was performed on each input variable
in the 39 week model. Again, all probabilities were varied from 50 percent to 150 percent of
baseline. Similarly, costs were varied from 50 percent to 400 percent of baseline. Given the
findings of the previous models showing cost-effectiveness of induction of labor at 40 weeks,
induction of labor at 39 weeks was compared to expectant management until 40 weeks. Unlike
the previous models, however, this model was not uniformly robust. Highlighted below are the

key findings.

Probabilities. Figure 3.14 demonstrates the impact of varying the relative rate of cesarean
delivery for an induction at 39 weeks compared to expectant management until 40 weeks over a
wide range. As shown, the model is quite sensitive to the risk of cesarean delivery with induction
compared to expectant management until 40 weeks. Induction of labor is the dominant strategy if
the rate of cesarean delivery is less than 75 percent of the cesarean rate with expectant
management. Induction is cost-effective at $50,000 until the risk of cesarean delivery is 14
percent higher with an induction. Induction is cost-effective at $100,000 until the risk of cesarean
delivery is 22 percent higher with induction, and at an increased risk of 35 percent or higher,
induction of labor is dominated (more expensive and less effective) as compared to expectant

management until 40 wks.
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Figure 3.15 shows the impact of
the spontaneous labor rate. Induction
of labor is cost-effective compared to
expectant management until 40 weeks
over the entire range. If the rate of
spontaneous labor is half of the
baseline rate (12 percent) then
induction of labor at 39 weeks costs
$9337 per addition QALY. If the rate
of spontaneous labor is 2 times
baseline (48 percent) then induction of
labor costs $39,013 per QALY.

Incremental Cost/Eff
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Figure 3.14. Sensitivity analysis on relative rate of
cesarean delivery with IOL at 39 weeks
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Figure 3.15. Sensitivity analysis on probability of
Spontaneous Labor 39-40 weeks

Costs. Induction of labor is the cost effective option down to 50 percent of the baseline
cesarean delivery costs. As the cost of labor induction increases, the cost-effectiveness of labor
induction decreases. Induction of labor is cost-effective at a willingness-to-pay threshold of
$100,000 over the entire range. At a threshold of $50,000 per QALY, it is cost-effective to $4123

(330 percent of baseline).
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Two-way sensitivity analysis. Figure 3.16 illustrates the impact of varying the probability of
spontaneous labor within the next week along with the relative risk of cesarean delivery with
induction of labor. Of note, all two-way sensitivity analyses for this model use a willingness to
pay threshold of $50,000. Unlike the previous models, this model was not as robust. Figure 3.20
illustrates that when the likelihood of spontaneous labor is higher than expected, induction of
labor remains cost-

. . L]
effeCt“{e_ only if the e e EA Induction of labor at 39 weeks
probability O.f ﬁ pe| [ Expectant management until 40 weeks
cesarean delivery S 0.624 1
with an inductionis @ 0.561-
the same as the § 0498+
likelihood of S 0435-
cesarean delivery 3 0.372-
with expectant %S 0.3094
management 2 0.246
(relative risk of = 01834
cesarean delivery B 0120 PESEEEEEEERREI N |
with induction of 1). 2 0750 0915 1.080  1.245

RR CD IOL at 39 weeks

Figure 3.16. Net monetary benefit (willingness to pay=50000) sensitivity
analysis on relative risk of cesarean delivery IOL at 39 weeks and
probability of spontaneous labor at 39 weeks

Figure 3.17 illustrates the effect of varying the relative risk of cesarean delivery and the
additional cost of labor induction. In women with the lowest likelihood of successful induction,
additional costs may be incurred as the induction process may be prolonged. As demonstrated, if
an induction

|
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Figure 3.17. New monetary benefit (willingness to pay=50000) sensitivity
analysis on relative risk of cesarean delivery IOL and additional cost of
labor induction
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Examining this from a different perspective, the additional cost of induction of labor may be
varied with the likelihood of spontaneous labor in the next week, as seen in Figure 3.18. If the
probability of spontaneous labor in the next week is low, then an induction of labor is cost-
effective even at a higher additional cost.
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! |
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Figure 3.18. Net monetary benefit (willingness to pay = 50000) sensitivity analysis on probability of
spontaneous labor and additional cost of labor induction

Monte Carlo simulation. Multivariate sensitivity analysis, or Monte Carlo simulation, was
performed to test the robustness to simultaneous changes in multiple input variables. In 29.5

percent of the trials, induction of labor
at 39 weeks was the dominant strategy
(less expensive and more effective). In
25.7 percent of trials it was more
effective but more costly, and in 44.8
percent of the trials it was dominated
(less effective and more costly). Figure
3.19 shows the distribution of
incremental costs and effectiveness for
induction of labor as compared to
expectant management at 39 weeks.
Each trial is represented by a different
dot. The 95 percent confidence interval
is shown by the elliptical line (i.e. 95
percent of all trials fall within this
boundary).
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Figure 3.19. Cost-effectiveness induction of labor at 39
weeks versus expectant management until 40 weeks
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Figure 3.20 is the acceptability curve, which demonstrates the proportion of all 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 39 weeks is cost-effective in 52.5
percent of the trials. At a

willingness to pay of $50,000, it o M IOL - 39 whs
is cost-effective in 49.5 percent % 0.9 + Expt Mgt - 40 whs
of trials. As induction of labor is 2 0.8
dominated by expectant g 07
management in 44.8 percent of @ 064
trials, we can never be greater < 054
than 55.2 percent confident that S 044
induction of labor is cost- £ 034

. crrs =
effective at any willingness to o 0.27
pay threshold. g 014
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Willinaness to Pay

Figure 3.20. Acceptability curve

In summary, our cost-effectiveness analysis suggests that elective induction of labor at 41
weeks improves maternal and fetal outcomes and is cost effective. Our analyses also suggest
that elective induction of labor prior to 41 weeks may improve outcomes and could reach
conventional thresholds for cost effectiveness. However, there is additional uncertainty about
outcomes prior for elective induction prior to 41 weeks because less evidence is available. All of
our model-based analyses should be considered exploratory and hypothesis generating, rather
than definitive, because the strength of evidence for model inputs is generally low.
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Chapter 4. Discussion

Overall, we found consistent evidence from the randomized controlled trials included
in our analysis that elective induction of labor led to either no difference or a slightly
decreased rate of cesarean delivery at 41 weeks of gestation; there was minimal evidence
to suggest that elective induction of labor at this gestational age would lead to an increase
in the rate of cesarean delivery. Further, the studies did not generally find an increase in
either maternal or neonatal complications in the setting of elective induction of labor at
41 weeks of gestation and potentially a decrease in the presence of meconium.
Unfortunately, there was insufficient evidence to examine outcomes prior to 41 weeks of
gestation. In our decision and cost-effectiveness analyses, elective induction of labor was
associated with improved maternal and neonatal outcomes and to be a cost-effective
alternative to expectant management of pregnancy.

The quantity of evidence from RCTs for Key Questions 1 and 2 was somewhat
limited. However, there was an overall slight increase in the odds of cesarean delivery
with expectant management (OR 1.22; 95 percent Cl 1.07-1.39) compared to elective
induction of labor. Interestingly, in a stratified analysis of U.S. and non-U.S. studies,
there was little difference between elective induction of labor and expectant management
of pregnancy in studies conducted in the U.S.; however, there was a consistent increase in
cesarean delivery with expectant management of pregnancy in the studies conducted
outside of the U.S. (Figure 2.8). The majority of prospective studies examined women at
41 weeks of gestation. When we stratified to studies that examined women prior to 41
weeks of gestation, we did not find a statistically significant difference in the effect on
cesarean delivery. The quality of the evidence examining the Key Questions ranged from
insufficient to moderate, with much more of the former than the latter. Further, the
applicability to Key Questions 1 and 2, in particular, was poor to fair for many of them
except for the more recently conducted randomized trials from the U.S.

These findings are generally consistent with existing meta-analyses which include
studies of induction of labor as compared to expectant management of pregnancy.”® ** In
the study by Sanchez-Ramos et al., a meta-analysis of postterm pregnancy that included
women at 41 and 42 weeks gestation, there was a reduction in the rate of cesarean
delivery in women who were induced (OR 0.88; 95 percent CI 0.78 — 0.99) as compared
to those women who underwent expectant management.” In a recent Cochrane review
which stratified groups by gestational age, there was a non-significant decrease in the rate
of cesarean delivery in women who underwent induction of labor (OR 0.92; 95 percent
C10.76 — 1.12).** Interestingly, in the group of studies of women less than 41 weeks
gestation, there was a reduction in the rate of cesarean delivery in the elective induction
group (OR 0.58; 95 percent Cl 0.34-0.99). This statistically significant finding was, in
large part, due to a study reported in French (which the current report excluded due to the
inclusion criteria of only studies published in English language) of over 700 women
published in 1982. Using a 2:1 randomization scheme in favor of elective induction of
labor, this study randomized women at 37-39 weeks of gestation. In women who were
induced, 19/481 (4 percent) women were delivered via cesarean versus 16/235 (7
percent) of the women with expectant management. While the reduction in cesarean
delivery is promising, it is difficult to
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generalize these study findings to current obstetric practice since this was a study
conducted more than 25 years ago in a different clinical setting as compared to the
current practice environment in the United States; particularly, it was during a time
period when the cesarean delivery rate during labor was 3 to 5 times lower than it is
today.

The evidence from cohort and case-control studies is mixed, though generally, these
observational studies either support that elective induction of labor is associated with an
increase in cesarean delivery or show no difference in risk. Because of the heterogeneity
in these studies, we were unable to perform a formal synthesis of the data. However, the
majority of these studies utilized a control group consisting of women in spontaneous
labor as opposed to expectant management of pregnancy. In the single observational
study which utilizes an expectantly managed group of women as the control group,® the
authors reported an increase in cesarean delivery in those managed expectantly. The
conflicts in study results between these studies as well as the differences in study design
(observational studies and RCTs) will be discussed in detail below.

Importance of Methodologic Differences Between
Interventional and Observational Studies

The effect of the study design differences on the reported cesarean delivery rate as
well as other perinatal outcomes observed between RCTs versus cohort and case-control
studies must be addressed. A similar effect was observed in a meta-analysis of induction
of labor in the setting of presumed macrosomia by Sanchez-Ramos in 2002 that reported
a larger increase in the effect of induction of labor on cesarean delivery seen in the
observational studies.*** As previously discussed, this difference may be due to both
measurable and residual confounding bias, even after attempts are made to control for
confounding using multivariable regression techniques. However, it is likely that the
study designs of traditional cohort and case-control studies which compare women
undergoing induction of labor to those with spontaneous labor simply do not provide
useful information on either mode of delivery or perinatal outcomes. Unfortunately, this
flawed information may be used to facilitate informed clinical decision making or
establish practice guidelines and policies. Such a comparison of induction versus
spontaneous labor is impossible for clinicians and their patients to make in the clinical
setting as they are faced with the decision of either employing induction of labor or
continuing expectant management of the pregnancy, not spontaneous labor. Again,
expectant management leads to either spontaneous labor or induction of labor at a later
gestational age.

This is not to suggest that the results from randomized trials are infallible.
Interestingly, three of the reports we excluded from our meta-analysis of induction of

Appendixes and evidence tables for this report are provided electronically at
http://www.ahrg.gov/clinic/epcindes.htm.
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labor versus expectant management of the pregnancy were RCTs. These studies
randomized women to induction of labor versus expectant management of pregnancy.®*
86145 However, in the analysis of the data, the authors either excluded those patients who
ended up needing to be induced from the expectant management arm® ®® or incorrectly
allocated those women with inductions into the induction arm.* It is particularly
problematic to combine women who were induced for either abnormal antenatal testing
or postterm pregnancy with those undergoing elective labor induction as each of the
above factors are known to be associated with increased risk of cesarean delivery.
Analyzing the data in this fashion would distort the appropriate study design since one
goal of elective induction of labor is to avoid an indicated induction of labor.

As an example, we present the specifics from one of these studies.®® At the 38th
week, all patients were admitted into the trial and examined. After exclusions, there were
230 women with a normal obstetrical history enrolled - 106 in the planned induction
(treatment) group and 124 in the expectant management (control) group. The authors
excluded 32 women from the control group secondary to either an obstetric complication
necessitating induction or failure to begin spontaneous labor prior to 42 weeks gestation
such that a postterm induction of labor was required, leaving 92 women who entered
labor spontaneously. Thus, of 124 women randomized to the control group, 32 (26
percent) ultimately required induction of labor for either the development of an obstetric
abnormality (e.g. preeclampsia, oligohydramnios, abnormal antenatal testing) or postterm
pregnancy.

While RCTs are the best way to address the study questions, observational studies can
be utilized to examine these question as well. If women who are induced at one
gestational age are compared to all women who progress beyond that specific gestational
age who then experience either spontaneous labor or induced labor, then this design
scheme creates similar comparison groups as those seen in a well designed RCT. Among
the observational studies we identified, one study attempted to utilize this designation of
comparison groups.®; this was a retrospective cohort study conducted in Hungary based
on the care of a single group of obstetricians was published in 1986. The authors
compared women who were electively induced to those who had not been electively
induced and either went into spontaneous labor or were induced postterm at 42 weeks of
gestation. They reported a cesarean delivery rate of 1 percent in the women who were
electively induced, as oppose to a 6.7 percent risk of cesarean in those who were
expectantly managed. Additionally, they reported better neonatal outcomes in the
induction group, with lower rates of Apgar score of 7 or less (3.7 percent versus 17.6
percent), neonatal morbidity (3.4 percent versus 7.0 percent), and neonatal mortality (0.5
percent versus 1.7 percent). However, while this study is supportive of elective induction
of labor, it is likely profoundly confounded by both cervical status (women were only
induced if they had a favorable cervix) and parity.

Recently, an observational study utilizing a study design which compared induction
of labor to expectant management of pregnancy demonstrated how such design issues
affect the findings by gestational age.® In this study, when the authors used the traditional
comparison between induction of labor and spontaneous labor, induction of labor was
associated with an increased risk of cesarean delivery. However, when they compared
women who were induced at a specific gestational age to those undergoing expectant
management of pregnancy (i.e., women who either went into spontaneous labor or were
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induced beyond that particular gestational age), the authors reported a decreased risk of
cesarean delivery in the women who were induced.

Preventive Induction of Labor

Another series of studies that have utilized the retrospective cohort or case-control
study designs which have captured the essence of comparing elective induction of labor
versus expectant management are the studies by Nicholson et al.**® **” These studies
examine the use of preventive induction of labor known as active management of risk in
pregnancy at term (AMOR-IPAT). This clinical management strategy is designed to
identify women who are at an increased risk for a cesarean delivery during labor from
either fetal intolerance of labor due to placental insufficiency or failure to progress in
labor from cephalo-pelvic disproportion.**® The authors have identified a series of risk
factors for each of the indications for cesarean delivery (Table 4.1) and assigned these
risks a number of days which are used to determine the upper limit of the optimal time of
delivery (UL-OTD).*® The associated days from these risk factors are summed and the
total number is subtracted from 41 weeks of gestation. The patient is then induced at the
resultant gestational age, but never prior to 38 weeks of gestation.

There are two studies assessing the effects of this strategy in two different
populations using a retrospective, observational study design. In the first study, a
retrospective case-control study of AMOR-IPAT, 100 women who were exposed to this
preventive induction strategy had labor induction 63 percent of the time and a 4 percent
cesarean delivery rate as compared to 300 women receiving standard care which led to a
lower rate of labor induction (26 percent) but a 17 percent cesarean delivery rate
(P=0.01).2® In the second study, a retrospective cohort study, the 794 women who were
exposed to AMOR-IPAT, had a higher induction rate (31 percent versus 20 percent
respectively, P<0.001) and lower cesarean delivery rate (5 percent versus 12 percent
respectively, P<0.001) as compared to the 1,075 women in the standard care group.**’
Further, each of these studies demonstrated an improvement in a number of perinatal
outcomes in the preventive induction of labor groups. These included thick meconium,
NICU admissions, macrosomia, postpartum hemorrhage, and third- or fourth-degree
perineal lacerations, without an increase in other maternal or neonatal complications.

Table 4.1. Upper Limit of Optimal Time of Delivery Calculation Table146

Odds ratio Time units
Utero-placental factors
History of chronic hypertension 1.8 6 days
Gestational diabetes 2.0 7 days
Diabetes mellitus 2.4 10 days
Sickle cell trait 15 3 days
Elevated MSAFP 1.4 3 days
Cigarette use 1.3 2 days
Size < dates (<3 cm) 1.6 4 days
Maternal age > 35 1.8 6 days
Anemia (Hgb < 10) 1.6 4 days
Cephalopelvic factors
Elevated BMI (>30) 1.3 2 days
Short stature (<62 inches) 1.8 6 days
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Excess weight gain (>30 pounds) 1.8 6 days

Size > dates (>3 cm) 1.7 4 days
Gestational diabetes 1.8 6 days
Diabetes mellitus 2.4 10 days
History vacuum/forceps 2.2 9 days
Prior birthweight >4,000 gms 2.0 7 days

Note: Hgb=hemoglobin; BMI=body mass index; MSAFP=maternal serum alpha fetoprotein

There are obvious limitations to each of these studies. It is difficult to study process
of care in a retrospective study. There are numerous potential confounding factors that
may not be recognized or measured, thus resulting in residual confounding even after
many of these differences between the populations have been accounted for by statistical
techniques. For example, providers caring for the women using the preventive strategy
may have been more motivated to achieve vaginal birth, leading to a higher level of
patience in managing their patients’ respective labor and delivery. Some of the potential
confounding factors may be addressed by utilizing a prospective randomized controlled
study design. In a pilot study which randomized women to AMOR-IPAT and standard
care, the cesarean delivery rate was 10 percent in women managed with the AMOR-IPAT
and 15 percent in women managed with standard care.**® While this difference was not
statistically different, it does represent a 33 percent reduction in cesarean delivery in a
modern obstetric setting.

Predictors of Mode of Delivery in the Setting of
Induction

Our initial goal was to examine a variety of predictors of cesarean delivery in the
setting of elective induction of labor. However, given the limitations of the included
studies we were unable to perform the planned analysis. Thus we expanded our inclusion
criteria to studies of women with any induction of labor as secondary levels of evidence,
though we strictly excluded studies in which women were all postterm. Despite
expanding our search beyond elective induction of labor, we still had difficulty in
identifying a wide body of literature on this topic. As noted in Figure 2.23, the majority
of items we identified as potential predictors were not examined in most of the studies we
included in this review.

Of the factors characterized as predictors of success in the setting of induction of
labor, two were clearly supported by evidence. Multiparity was associated with a lower
cesarean delivery rate after induction of labor, thus a higher success rate using the
measure of any vaginal delivery. Similarly, a “favorable” cervix examination, as
measured by Bishop score or cervical length and dilation, was also associated with a
lower rate of cesarean delivery. These findings are not surprising. Certainly, multiparity
and cervical status are commonly cited throughout obstetrical textbooks and review
papers as important factors in predicting success in the setting of a trial of labor.™
However, it is important to consider how these two factors are regarded in the setting of
determining who may benefit from induction of labor. Since a cesarean delivery resulting
from an induction of labor is considered a failure and is also associated with many of the
maternal complications of labor and delivery, one may minimize this risk by electively
inducing only multiparous women or those who have a favorable cervical status.
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However, the anticipated risk reduction may not be realized for the reasons we discuss
below.

The Bishop score was initially used to predict who would go into labor within the
following week and only later modified to predict labor induction success.™! Given that
one of the benefits from elective induction of labor is to deliver the baby before any
complications develop, women with a favorable Bishop score would then be the least
likely to benefit from such an intervention. One may consider the question of induction of
labor in terms of number needed to treat (NNT) and number needed to harm (NNH),
stratified by Bishop score. When considering the number needed to harm, if we
acknowledge the prevailing view that induction of labor increases the risk of cesarean
delivery, then it follows that the number needed to harm is higher for women with a
favorable Bishop score. Thus, inducing these women seems more reasonable. However,
given that the findings from this review as well as the recent Cochrane review® actually
demonstrate a decrease in cesarean delivery in women who are electively induced, the
opposite effect holds. The number needed to treat to achieve a benefit of lower cesarean
delivery or lower neonatal complications would actually be lower in women who have an
unfavorable cervix. This reduction stems from the lower baseline cesarean delivery rate
in women with a favorable cervix, and also because the principle mechanism through
which an elective induction of labor offers benefit is prevention of subsequent
complications. Women with a favorable Bishop score are those destined for spontaneous
labor shortly, and they have less preventive benefit potential than those with an
unfavorable cervix.

Similarly for multiparous women, conventional wisdom in obstetrics has held that
these women are less likely to be harmed from an elective induction. However, since the
benefit of elective induction of labor is to those women who will not go into labor in the
near future, these women are actually less likely to benefit from an elective induction.
Interestingly, in a recent retrospective cohort study which used a study design to capture
the control group of expectant management, a stratified analysis by parity was
conducted.® In nulliparous women, a decrease in cesarean delivery associated with
induction of labor was illustrated. However, in multiparous women, there was either no
difference or an increase in rate of cesarean delivery in women induced at 40 weeks of
gestation as compared to those undergoing expectant management. Thus, the existing
evidence would not support the conventional wisdom that multiparous women benefit
most from elective induction of labor. We make recommendations on how studies might
address the issues of parity and cervical status in the following section on future research.

Other predictors of a successful induction of labor were reported by few studies that
were heterogeneous, and therefore no synthesis was performed. Several potential
predictors are notable, including gestational age at delivery, maternal age at delivery,
obesity, and amniotic fluid index, and are discussed below.

Gestational Age at Delivery

In the four cohort studies that examined gestational age at delivery, a greater gestational
age at delivery was associated with a higher failure rate. Biologic plausibility exists for this
observation. Once labor is achieved, there are fundamentally two reasons for a cesarean
delivery: Fetal intolerance of labor and cephalo-pelvic disproportion. Since the placental
function in term pregnancies appears to undergo functional decline with increasing gestation,
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fetal intolerance of labor would then likely increase with gestational age. Similarly, the fetus
continues to grow as gestation progresses, subsequently increasing the probability of cephalo-
pelvic disproportion with gestational age. These findings have been demonstrated in term
pregnancies in a cohort of laboring women.**

Maternal Age

We found two retrospective cohort studies of maternal age and success of labor induction
in our search of the published literature. The authors of the larger study reported an increase in
cesarean delivery in women over the age of 35 as compared to women younger than 35. This
finding mirrors the prevailing tenet in the overall literature regarding maternal age and the risk
of cesarean delivery. This may reflect true biological differences seen between younger and
older women. For instance, older women are more likely to experience complications of
pregnancy such as preeclampsia and gestational diabetes. In addition, it appears that they also
have longer labors. In a recent study in which maternal age was characterized by five-year
subgroups, increasing maternal age was associated with longer length of labor.*?° Perhaps,
older women have a dysfunctional myometrium leading to higher likelihood of failure in
labor. Alternatively, it may be that older women are being held to labor standards based on
younger women and thus prematurely diagnosed with active phase arrest.

Obesity

There are several studies which have examined the association of body-mass index (BMI)
and cesarean delivery in the setting of induction of labor. When maternal BMI was
dichotomized at 30kg/m?, the authors found that those women with a higher BMI had higher
rates of cesarean delivery in the setting of induction of labor. Again, this finding is consistent
with the overall literature examining BMI and mode of delivery. The presumed biologic
plausibility behind such an association includes higher rates of pregnancy-related
complications such as preeclampsia, gestational diabetes mellitus, and increased birthweight.
These factors are associated with maternal obesity leading to higher rates of cephalo-pelvic
disproportion and cesarean deliveries. 118 1°2

Diagnostic Bias with Identifying Predictors of a
Successful Induction of Labor

One challenge not previously discussed when assessing predictors of a successful
induction of labor is diagnostic bias. Clinicians are not blinded to their patient’s clinical
history and physical characteristics. Based on their clinical intuition, they may believe
that an individual patient is more or less likely to achieve vaginal delivery. A multipara
with a favorable cervical status is likely to be perceived as having low-risk of cesarean
delivery. Increasing maternal age and gestational age may both be perceived as
increasing the chance of fetal intolerance of labor and fetal size, and thus increasing the
risk of cesarean delivery. Obesity is typically perceived as being associated with
increased fetal size, and decreased amniotic fluid with higher rates of fetal intolerance of
labor and subsequent cesarean delivery.

Most clinicians utilize these perceptions to adjust the a priori risk of cesarean

delivery. Unfortunately, most individuals are exceptionally poor at such adjustments.’*®
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Such modifications to a priori risk are known as Bayesian updating, in which one
considers the joint probability of two events, in this case, induction of labor and cesarean
delivery, occurring together. Some adjustment on the relationship is then performed to
provide an updated, posterior estimate of a prior probability. Further, even if adjusted
accurately, the overall sense of a patient with an increased risk of a failed induction leads
to increased pessimism regarding her chances. Since clinicians make the diagnosis of an
indication for the cesarean (e.g., fetal intolerance of labor, active phase arrest, cephalo-
pelvic disproportion), clinicians may be more likely to make these diagnoses in women
whom they believe are more likely to fail during their induction of labor. This introduces
diagnostic bias that tends to bias results away from the null. Thus, if these factors are
associated with increases in cesarean delivery, such diagnostic bias would only amplify
these findings, making the difference in risk appear larger than the truth. Such findings,
in turn, may become accepted into the understanding and practice of obstetrics, further
biasing clinicians in a cyclic fashion.

How Successful Induction of Labor was Defined

Since the purpose of induction of labor is to cause a non-laboring woman to go into
labor, a reasonable working definition is achieving active labor as a measure of success.
However, of the 80 studies included, only one of the studies utilized this definition. The
most commonly utilized method of defining successful induction in our included studies
was achieving any vaginal delivery [46/80 (58.5 percent) of studies]. Considering the
effects of elective induction of labor, this metric is a reasonable way to examine the effect
of induction of labor. If induction of labor leads to achieving active phase of labor in all
attempts, yet eventually leads to a higher rate of cesarean delivery, the downstream
effects of induction need to be considered. However, one problem with utilizing cesarean
delivery as a metric is the wide variation in physician practice and the potential bias
introduced by a physician’s beliefs about the effect of induction of labor on cesarean
delivery and other perinatal outcomes. One way to minimize such bias is by examining
the indication for cesarean delivery, which was done in the largest study we reviewed.*’
However, even the indication for cesarean delivery is subject to physician influence, as
some clinicians may define indications for cesarean delivery, such as active phase arrest,
cephalo-pelvic disproportion, and fetal intolerance of labor, differently based on whether
the patient was being induced or in spontaneous labor.

Several studies used a variety of time-based definitions of a successful induction:
Vaginal delivery within 6, 12, 18, or 24 hours or active labor within 12 hours. These
definitions are particularly applicable when considering the cost-effectiveness of elective
labor induction. Labor and delivery units are nearly as costly to function as intensive care
units. A considerable portion of the high cost is attributed to the high ratio of nurses to
patients as well as to the use of costly supplies. When considering a policy of offering or
recommending elective induction of labor from a societal standpoint, consideration must
be given to the amount of additional time such women will be required to spend on the
labor and delivery unit compared to those who undergo spontaneous labor. If this amount
of time equals 12-24 additional hours and 25 percent of women are induced, the societal
cost may be in the billions of dollars annually.

134



Another important aspect of the time-based definition of induction of labor is how it
influences the culture of both providers and patients when considering what is defined as
a “successful” induction of labor. For instance, if achieving active labor within 12 hours
is the threshold for a successful induction, and those who do not achieve this are
considered failures, might these perceived failures be more likely to proceed with a
cesarean delivery? In a small study of the predictive value of the amount of time spent in
the latent phase subsequent to cesarean delivery, Simon and Grobman demonstrated that
women who progressed into active labor within 12 hours had a 67 percent to 86 percent
chance of achieving vaginal birth, whereas women who reached active labor after 18
hours proceeded to a vaginal birth only 31 percent to 33 percent of the time.'® However,
this brings two considerations to light. First, women who reached the active phase of
labor later may have been perceived as failures, and thus their clinicians may have been
more likely to proceed to a cesarean delivery. Second, if a third of the women whose
latent phase of labor extended beyond 24 hours were still able to achieve vaginal
delivery, is there harm in continuing the labor in this setting? These investigators
examined some of the associated outcomes with prolonged latent phase of labor, but were
underpowered to make consistent conclusions regarding the potential risks.

In summary, it appears that each of these measures, achieving active labor, mode of
delivery, and length of time to achieve each of these outcomes, have validity as metrics.
Thus, future studies should attempt to capture all of them.

Decision Analytic Outcomes

In our exploratory models among theoretical cohorts of nulliparous women at 39, 40
or 41 weeks gestation, induction of labor was cost effective and led to improved maternal
and neonatal outcomes compared to expectant management of pregnancy. These findings
were extremely robust at 41 weeks of gestation. However, at 40 and 39 weeks of
gestation, while the baseline model was cost-effective, but the findings did not stand up
to multivariate sensitivity analyses. The improvement in neonatal outcomes is expected,
as the outcomes examined (intrauterine fetal demise, macrosomia, shoulder dystocia,
meconium stained amniotic fluid, meconium aspiration syndrome) are all known to
increase with gestational age.®” ®® In our models, we found that 96 percent of the benefit
in the cost-effectiveness analysis was from reduced IUFD. Since induction of labor at
term will always lead to a lower gestational age at delivery, this option will necessarily
lead to reductions in these outcomes. Furthermore, when considering maternal outcomes,
if a woman undergoes induction of labor, she is no longer at risk for the pregnancy
complications associated with continuing gestation, such as preeclampsia. Therefore,
these complications will also be reduced. In addition, those maternal outcomes that are
dependent on changes in fetal status, such as the increased risk of severe perineal
laceration associated with delivery at a later gestation, will also necessarily decrease with
a policy of induction of labor. These changes in outcomes are both intuitive and
clinically relevant to comparing induction of labor to expectant management of
pregnancy.

Acknowledging that these clinical outcomes are virtually all improved with a policy
of induction of labor, the most easily calculable potential disadvantage of induction (and
the theoretical concern that is most often stated by opponents of labor induction) is an
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increased risk of cesarean delivery, and an increase in costs associated with induction of
labor. Review of the literature for this project and other existing meta-analyses®® **
indicate that induction of labor may be associated with a decreased risk of cesarean
delivery. Depending on the reduction of risk associated with induction, the cost
effectiveness of this intervention increases. Importantly, though, even if this assumption
is reversed, and induction of labor is assumed to lead to a 22 percent increase in risk of
cesarean delivery, induction remains a cost-effective intervention at $27,021 per QALY
when examining the 41 week cohort, $27,397 per QALY when examining the 40 week
cohort, and $71,945 when examining the 39 week cohort. Of note, induction of labor is
not cost-effective when it leads to more than a 50 percent increase in cesarean delivery at
41 weeks, more than a 40 percent increase in cesarean delivery at 40 weeks, and more
than a 25 percent increase in cesarean delivery at 39 weeks of gestation. Biologically, we
do not believe that induction of labor should lead to such increases in cesarean delivery
based on the current review; however, it is difficult to determine from this review how
induction of labor will truly affect cesarean delivery rates in actuality given the other
pressures on clinicians to perform a cesarean delivery such as scheduling of outpatient
clinical time and medical-legal considerations related to labor and delivery management.
Further, we did not consider downstream effects on future pregnancies. If induction of
labor leads to higher rates of cesarean, future pregnancy outcomes would be worsened as
well.

Univariate sensitivity analysis revealed that both the 40 and 41 week models were
robust, remaining cost-effective over a wide variation in individual inputs, while the 39
week model was more sensitive, particularly to the risk of cesarean delivery, as discussed
above. However, as noted above, the 40 week model was less robust when multivariate
sensitivity analysis was conducted, underscoring the importance of conducting such
analyses. Most interesting were the situations in which induction became the dominant
strategy; this occurred only in the 40 and 41 week models. In the 41 week model, this
occurred when the rate of cesarean delivery in the induction group was less than 70
percent of the rate in the expectant management group or when the likelihood of
spontaneous labor at 41 weeks dropped below 25 percent. In the 40 week model, this
occurred when the rate of cesarean delivery in the induction group was less than 82
percent of the rate in the expectant management group or when the likelihood of
spontaneous labor dropped below 20 percent. These characteristics help define two
different populations that may benefit from induction of labor. The first is those women
who are “easy” to induce, incur very little risk of cesarean delivery with induction, and
gain the benefits of delivery at an earlier gestational age. The second is a group with the
least likelihood of spontaneous labor in the following week benefiting the most from
induction of labor, as without induction, they are highly likely to remain pregnant and
thus potentially incur the negative outcomes associated with advancing gestational age.

Theoretically, those with the lowest likelihood of spontaneous labor might have an
increased risk of failed induction of labor or require additional resources for induction of
labor, as characteristics such as multiparity and a favorable Bishop’s score have been
associated with successful induction as well as spontaneous labor. This relationship was
further explored in bivariate sensitivity analysis first examining the effect of varying the
relative risk of cesarean delivery with induction and the probability of spontaneous labor,
and then the cost of induction of labor and the likelihood of spontaneous labor. For both
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the 40 and 41 week cohorts, induction was still cost-effective for the population of
women with the higher than average likelihood of spontaneous labor as long as the
relative risk of cesarean delivery remained close to 1, but the absolute likelihood of
spontaneous labor at an earlier gestational age had to be lower in order to maintain the
same threshold of cost effectiveness.

Conceptually, the issue of women who have the lowest chance of going into labor in
the following week potentially reaping the greatest benefits of induction of labor has not
been particularly well explored in the literature. Generally, cohort studies of elective
induction of labor have been of women who have favorable cervices® because it is
presumed that the increase in cesarean delivery will be the least in these women. Further,
randomized trials of elective induction of labor at 41 weeks and earlier often include only
women who have an unfavorable cervix because of the assumption that elective induction
of labor is reasonable in those with a favorable cervix.”” * However, because ongoing
risk leads to higher rates of complications in the expectant management group, those
women at the lowest risk of going into spontaneous labor in the following week are those
who theoretically may benefit the most from induction of labor; women with unfavorable
cervices or those who are at increased risk of progressing to a postterm pregnancy, such
as nulliparas or obese women.***

Extending these concepts to the 39 week cohort is dependent on the comparison
strategy chosen. While induction remains a cost effective strategy in many scenarios, if
the alternative strategy is induction of labor at 40 weeks, then variation in the cesarean
delivery rate, cost of induction, and probability of spontaneous labor all impact cost-
effectiveness. The complications of term and post-term pregnancy are increasing at this
point, but the slope is not as steep as it is from 40 weeks and beyond; thus, induction at
40 weeks becomes the more cost-effective option in some scenarios. Again, this
highlights the idea that the women who are at greatest risk of postterm pregnancy are the
ones that will benefit most from induction; the challenge is how to identify this cohort at
39 weeks.

One methodologic issue of decision and cost-effectiveness analysis that we explored
deserves mention. It is unclear in models of pregnant women whether and how to include
the utilities related to the neonate.’®® In general, decision-analytic models have not
utilized preferences of family members (e.g., partners, parents, siblings, or children),
though the utilities of these individuals would certainly be affected by changes in the
health status to the individual being studied. Thus, one way to design these models would
be to simply consider the utilities of the pregnant woman herself. However, because the
decisions being made directly affect the neonatal outcomes as well, we believe that
preferences related to the neonate should be directly included in the decision and cost-
effectiveness models in such cases.®® In our baseline analysis, we incorporated both
maternal and neonatal QALYs. However, to investigate the effect of such inclusion, we
also conducted analyses excluding the neonatal valuations. In the 39, 40 and 41 week
models, the inclusion of neonatal QALYS is necessary to make the model cost effective
as compared to expectant management. In fact, with the utility estimates that we were
able to incorporate, avoidance of intrauterine fetal demise by delivery at an earlier
gestational age drives the results of the model. Future decision analytic and cost-
effectiveness analyses should consider the effects of both maternal and neonatal QALY's
as well as how the model is affected by excluding neonatal QALYSs. To be clear, the
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largest driver of QALYSs in our model were the loss of both maternal and neonatal
utilities from IUFD.

Costs were another area of exploration in our sensitivity analysis to which the cost-
effectiveness of the model had some variation. Examining the impact of cost, at 41
weeks, if the likelihood of spontaneous labor is low, even if the additional cost of
induction of labor increased to 400 percent of baseline, induction remained a cost-
effective intervention. The 40 week model was more sensitive to the cost of induction of
labor, although still cost effective up to 200 percent of the baseline cost estimate for those
with the lowest likelihood of spontaneous labor. This trend continued in the 39 week
model, taking into account a lower baseline spontaneous labor rate. At all gestational
ages, this defines the population of people with the lowest likelihood of spontaneous
labor as the ones most likely to benefit from induction of labor, even if additional cost is
incurred during induction.

We believe that the utilization of decision analysis to characterize the expected
outcomes in a population of pregnant women who would undergo either induction of
labor or expectant management of the pregnancy at or beyond a particular gestational age
enhances this literature review of elective induction of labor. Acknowledging that no
model is able to fully capture the complexity of a clinical situation, or include all of the
factors that a clinician integrates, decision analysis provides another perspective on the
limited information currently available regarding elective induction of labor.

Elective Induction of Labor—From Evidence to Actual
Practice

While elective induction of labor seems like a promising intervention to
simultaneously reduce the cesarean delivery rate as well as prevent a variety of term
complications of pregnancy, there are a number of practical considerations which must be
addressed. First, generalization from the existing evidence to clinical practice today is
problematic. While the cesarean delivery rates in many investigations summarized in this
review range from 10 to 20 percent, the rate of cesarean delivery in the setting of
induction of labor in the U.S. in 2003 at 41 weeks of gestation was 27 percent. In fact, the
overall cesarean delivery rate in the U.S. has risen from 5.5 percent in 1970 to reach its
highest level yet in 2006 of 31.1 percent,® *" 8 despite a goal for the primary cesarean
delivery rate from Healthy People 2010 of 15 percent.>® Why is the cesarean rate
increasing? One possible reason for the rise in the cesarean delivery rate is that there may
be a rise in the need for cesarean. Two possible mechanisms that may contribute to the
increasing need for indicated cesarean are increasing birthweight*®® and increasing
maternal obesity and weight gain.™® 1°2 > Another possible reason may be a rise in
elective cesarean delivery by maternal request (CDMR).** The topic of CDMR is
currently of heightened interest leading to a recent NIH State-of-the-Science conference
in March, 2006. The statement from this meeting concluded that future research was
necessary to examine both the “current extent of CDMR and attitudes about it.”*®
Another potential mechanism contributing to an increasing rate of cesarean delivery are
the incentives that providers face. As noted in the introduction, these incentives are not
simply reimbursement. Specifically, the time costs that providers in private practice face
when deciding to proceed with expectant management of a labor in progress versus
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proceeding with a cesarean delivery are high; it takes less time to perform a cesarean
delivery now as compared to expectantly managing a dysfunctional labor. This is likely
to vary based on practice setting. For example, in a practice setting which incorporates
the use of laborists, practitioners dedicated to care in the labor and delivery unit (similar
to hospitalists in internal medicine), being patient during an induction of labor has far less
economic or time pressure on the practitioner. Alternatively, for clinicians who are
charged with both in house obstetric care and simultaneously are providing care in the
outpatient setting, there are both economic and time pressures to minimize the length of
labor whether through augmentation or, in some cases, cesarean delivery. Further, there
are additional medical-legal pressures, particularly in states without “pain and suffering”
caps where recent settlements of greater than $20 million have been awarded. A clinician
deciding to proceed with a labor that has veered ever so slightly from what is perceived
as normal may believe he or she is at risk for liability.'**

These incentives may lead to decreased patience on the part of providers. Such
patience is essential if a goal of reducing the cesarean delivery rate is considered
important. For example, a common indication for cesarean delivery is active phase arrest,
which is frequently defined as absence of cervical change for two hours in the active
phase of labor in the presence of adequate uterine contraction. Rouse et al. reported a
prospective cohort study in which clinicians waited for an additional two hours after the
diagnosis of active phase arrest, and 60 percent of these women initially diagnosed with
active phase arrest went on to achieve vaginal delivery.’®> 1% Myers et al validated these
findings, but found a reduced success in the setting of induction of labor.®” As reported
above by Simon and Grobman, if clinicians extended the definition of prolonged latent
phase in the setting of induction of labor to 18 hours, one would achieve vaginal delivery
in over 60 percent of women being induced; and if such a threshold was extended beyond
24 hours, another third of these women would deliver vaginally. Given that such patience
may lead to lower cesarean delivery rates, changing the financial incentives to clinicians
to reimburse at a higher rate for vaginal delivery is one possible solution to encourage a
lower rate of cesarean deliveries.

Thus, the question of whether elective induction of labor is supported as a reasonable
intervention is implicitly tied to how it will actually affect both rates of cesarean delivery
and perinatal outcomes. Since 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 risk actually rises. Although, in our decision-analytic model where we utilized
an increase in cesarean delivery of 22 percent from induction of labor, we found that on
balance, short-term maternal outcomes were similar and neonatal outcomes were better.
Despite this, the long-term impact of a rising cesarean delivery rate may be revealed in
subsequent pregnancies which we did not include in this model.

It is essential to determine not only how elective induction of labor will affect
outcomes in the research setting, but particularly in private practice and community
hospitals where the majority of women receive their care. In most of these settings, we do
not currently have adequate data structures to examine the effect even in observational
studies. Thus, concomitant with a large prospective RCT to examine elective induction of
labor, it is important to collect specific data on elective induction of labor and the wide
variety of potential confounders and perinatal outcomes at a population level. Further, the
importance of exercising patience when managing labor and delivery should be
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emphasized in the teaching of current obstetrician-gynecologists-in-training to provide a
long-lasting impact on the cesarean delivery rate in the future.

Limitations of This Report

When conducting a systematic review, there are limitations based on particular MeSH
terms utilized, inherent shortcomings in the existing literature, and the heterogeneity of
the existing data. Cost-effectiveness analyses suffer similar data limitations and are
further limited by potential design flaws. We discuss below the limitations of our
systematic review and cost-effectiveness analysis.

Limitations of the Review

When examining the limitations of a systematic review, consideration of the
limitations of the search strategy utilized, limitations of the databases searched, and
technique of data abstraction is necessary. Regarding the search strategy employed, we
believe we captured a great majority of the literature on elective induction of labor.
However, in recognizing the potential for missing studies, we chose ten known studies of
elective induction of labor and made sure our search strategy captured all of them.
Further, once the initial review was completed, we searched bibliographies of included
studies for additional studies on elective induction of labor. We only searched the
MEDLINE database, but with reviewing the bibliographies, we believe that we captured
nearly all of the elective induction of labor literature.

One aspect of the search strategy that limited 100 percent identification of the
literature of interest was exclusion of non-English language studies. As noted earlier in
this report, one of the largest RCTs on induction was published in French.*®® However,
given time and budgetary limitations, it was not feasible to translate non-English studies.
Having reviewed other related meta-analyses, we believe this is the only pertinent non-
English study we did not identify in our search.

Our review and abstraction was also challenging. While we utilized dual review and
resolution of disagreements, much of the older literature was difficult to interpret with
respect to study design and control groups.

Limitations of the Existing Evidence

The body of evidence is limited by the relative paucity of studies, the small number of
well-designed studies, the number of adequately powered studies, the breadth of reported
outcomes in these studies, and the analytic design. Examination of heterogeneity often
revealed that the studies collected were dissimilar, thus, we could not synthesize the data
into a single summary statistic. Additionally, several of the outcomes and predictors may
have been subject to publication bias which is concerning for overstating our findings.

The literature identified and included in this review was distributed broadly across
countries and spanning a wide time period. Cesarean delivery, as a principal outcome of
interest, was a concern as cesarean delivery rates are sensitive to the cultural context and
have demonstrated dramatic change over time, particularly during the last three decades.
Thus, a study conducted in one decade may not necessarily inform practice in another
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decade with respect to cesarean delivery. Further, because most of the studies did not
stratify analyses or examine for interaction or effect modification, it is uncertain whether
the overall effects observed apply to all subgroups of the population.

Inadequate quantity of evidence. The overall quantity of studies was somewhat
limited. For the vast majority of outcomes, fewer than five studies reported data.
Synthesis of the literature with few studies becomes challenging as a single study may
significantly affect the overall outcomes and introduce heterogeneity. This limited the
ability to perform stratified analyses or use multivariate techniques such as
metaregression. In addition to the small number of studies, many of the available studies
were small to medium in size, thus further limiting the overall power of the review.
Finally, the breadth of reported variables of interest was quite limited. The majority of
studies only report a handful of outcomes. This reduced the availability of data that was
affected by the limited number of studies, further limiting the power.

Inadequate study design. As mentioned in the discussion, there were challenging
issues regarding study design. While the majority of the RCTs were properly designed to
compare elective induction of labor to expectant management of pregnancy, three
identified studies used an incorrect analytic design: Excluding women who were induced
while allocated to the expectant management arm. With the exception of one study,** all
of the cohort and case-control studies utilized an inappropriate control group, comparing
elective induction of labor to spontaneous labor, rather than expectant management.
However, even in this study, there was considerable risk for potential confounding, as the
women who were electively induced all had favorable cervices. Other concerns with
study design included a lack of careful consideration of gestational age. While the studies
examining induction of labor at 41 weeks of gestation as compared to expectant
management were generally specific with respect to gestational age, the studies before 41
weeks of gestation did not have specific randomization arms at 39 and 40 weeks of
gestation. Thus, generalizing the information from the synthesized summary statistic to
gestational ages prior to 41 weeks is not reasonable with the available data.

Inadequate adjustment for confounding. For most of the cohort and case-control
studies there was inadequate adjustment for potential confounding. The majority of
studies did not utilize either multivariable techniques or stratified analyses to begin to
adjust for potential confounders. Unfortunately, even, in recent studies which attempted
to control for bias, many studies were too small or contained too little information on
particularly important known confounders to make appropriate adjustments. Finally,
since several of the most important confounders, such as local practice styles, local
cesarean rates, and provider characteristics were not measured in any of the studies,
adjustments could not be achieved, leading to potential confounding and the diagnostic
bias discussed above.

Limitations of Decision Analysis

We used models to represent clinical scenarios, which can be limited in scope and
miss a number of intangible factors that can be realized in a clinical study. The size of a
model and incorporated outcomes depends on clinical expertise and the balance of too
great a burden of detail and too little can be a challenge. While a more complex model
may better approximate the true clinical picture, its complexity may obfuscate the
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identification of what the key inputs and outcomes are in a more simplistic model. Thus,
we did not include every possible maternal and neonatal outcome; rather, we
incorporated 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.

Once a decision-analytic model is created, point estimates of probabilities must be
identified in the existing literature in order to populate the model and allow for prediction
of outcomes. We incorporated probabilities from a variety of sources for the current
model, some of which may lack sufficient power to support the accuracy of the generated
point estimate. However, in settings such as this, the strength of decision analysis is to
consider a wide confidence interval around unsure estimates. We created univariate
sensitivity analyses around every point estimate in the model and generally found our
results to be robust. Further, we conducted a Monte Carlo simulation which allows for a
large number of trials to be performed, each of which samples the probabilities at each
probability node and then predicts which path will be taken. Such a simulation models
the path of a clinical trial and provides results in a similar fashion. Such sensitivity
analyses allow for extremely uncertain data to be included in the model and to allow for
close and accurate examination of how poor data would impact the study conclusions.

More than just probability estimates, the utility estimates used in this model were
abstracted from studies which did not directly address what these preferences represent
and how they are utilized in the current model. For example, maternal preferences
towards neonatal outcomes such as neonatal death, intrauterine fetal demise, and cerebral
palsy, were estimated from studies by Kuppermann et al.,**® which examine outcomes
such as pregnancy loss and Down syndrome. Generalization of these data is questionable
and may provide bias with respect to the decision analytic and cost-effectiveness results.
However, our results were robust to sensitivity analyses, and without generalization of
these data, only perinatal mortality could have been addressed. It is not feasible to
compare the multitude of perinatal outcomes or to characterize the quality of life issues
related to these outcomes.

Finally, there are limitations in the existing cost data utilized for the cost-
effectiveness analyses. Much of the data utilized is more than 10 years old. This is a
concern in health economics studies since health care costs are rapidly increasing. While
the medical component of the consumer price index can be used to project the older costs
forward, this is a measure of overall medical cost increases rather than the how specific
costs are increasing and being measured. Further, a number of the costs utilized were
estimated from the existing literature and generalized for use in this study. These costs
may not have been estimated based on the specific clinical situations being described in
the current study. While we conducted sensitivity analyses over wide ranges of these cost
inputs, better cost data in this area would certainly facilitate more accurate estimates of
the cost-effectiveness of elective induction of labor.

Future Research Considerations

We order this section by Key Questions, similar to other sections in this report. Key
Questions 1 and 2 are part of the same research agenda, comparing elective induction of
labor to expectant management, thus the first section will discuss these two mutually.
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Elective Induction of Labor Versus Expectant Management of
Pregnancy

When addressing issues involving elective induction of labor, one must consider the
intended goal. Similar to the commentary in the AHRQ report on cesarean delivery by
maternal request, (CDMR) which noted that since women may go into labor and deliver
via one of three modes of delivery (a spontaneous vaginal delivery, operative vaginal
delivery, or cesarean delivery), one must consider planned or intended modes of
delivery.’” In the setting of elective induction of labor, the comparison group, which
consisted of women whose pregnancy were expectantly managed, can experience either
spontaneous labor, or subsequent development of complications of pregnancy that
requires induction of labor. Further, these potential outcomes (i.e., spontaneous labor,
complications of pregnancy, or induction of labor) can occur at any point in the future at
a wide variety of gestational ages. It was surprising that even when prospective RCTs
were appropriately designed, several authors analyzed the data by comparing induction of
labor to spontaneous labor rather than induction of labor to expectant management as
intention to treat. In both RCTs and observational studies, strict use of the appropriate
control group, women being managed expectantly, is important.

Outcomes measured. In studies of elective induction of labor compared to expectant
management, the focus should be on consistently reporting a wide variety of perinatal
outcomes. While we anticipated examining a wide range of outcomes, in reality we
obtained information only on a few and were able to synthesize information only on a
handful. With respect to mode of delivery, the outcomes, cesarean and operative vaginal
delivery, were usually recorded. However, to further determine the effect of labor
induction on specific modes of delivery, it would be beneficial to report the indications
for both cesarean delivery and operative vaginal delivery. In particular, if a “failed
induction” is the indication for cesarean delivery, it would be helpful to report the
number of hours involved in the attempted labor induction, and the methods (e.g.
prostaglandins, Foley bulb, oxytocin, AROM) utilized, as well as the timing of these
methods relative to different phases/stages of labor. Further, since there is some evidence
regarding induction and augmentation of labor and fetal position,”® % which, in turn, is
associated with mode of delivery, fetal position should be recorded as an outcome.

Other maternal outcomes which should be routinely reported in studies of elective
induction of labor include the following: Estimated blood loss, incidences of postpartum
hemorrhage, blood transfusion, chorioamnionitis, endomyometritis, perineal lacerations,
epidural use, length of hospital stay, as well as uncommon but severe morbidities such as
pulmonary embolus, amniotic fluid embolus, hysterectomy, and mortality. Since these
outcomes are both more severe and less frequent, it is difficult to garner sufficient power
to evaluate in a single prospective RCT; thus larger health system or birth certificate data
could include elective induction of labor, and large cohort studies could potentially
accurately quantify these complications. Long term outcomes such as subsequent fertility,
subsequent placentation, subsequent mode of delivery, and pelvic floor injury as
represented by urinary incontinence, fecal incontinence, and pelvic organ prolapse should
also be examined.

Neonatal outcomes that should be reported routinely in studies intending to examine
the effects of labor induction include the following: Umbilical artery blood gases, 5-
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minute Apgar score, particularly 5-minute Apgar less than 4, respiratory distress
syndrome, transient tachypnea of the newborn, presence of meconium-stained fluid,
meconium aspiration syndrome, neonatal sepsis, admission to intensive care nursery
(ICN), shoulder dystocia, birth trauma including brachial plexus injury, facial nerve
palsy, skull fracture, other fractures, cephalohematoma, subgaleal hemorrhage,
intracranial hemorrhage, hyperbilirubinemia, birthweight, IUGR, macrosomia,
hypoglycemia, polycythemia, length of stay, breastfeeding, and mortality (antepartum,
intrapartum, and neonatal). Long-term outcomes such as infant and childhood outcomes
of behavior and intelligence should also be assessed. Similar to maternal outcomes, due
to the low incidence rate of these outcomes, even large prospective trials are not
adequately powered to assess these outcomes. If properly designed and well executed,
large cohort studies may potentially overcome limited power and some of the inherent
flaws of observational studies, potentially offering vital information to elucidate the rate
of these outcomes in association with induction of labor.

In addition to the more traditional clinical outcomes, economic and quality-of-life
measures such as patient preferences or utilities should also be considered in future
studies of elective induction of labor. Qualitative studies of how women perceived their
birth experience in the setting of elective and indicated induction of labor, how they felt
their preferences were incorporated into the decision-making process, whether they felt
pressured by providers to choose one clinical path or another, how they were counseled
and consented, and how their birth experience affected their perceptions of quality of life
in future pregnancies all need to be conducted. Specific quantitative measures of patient
quality of life would also contribute to the discussion. Both measures of pain and utility
on labor and delivery as well as quality of life measures throughout the short- and long-
term postpartum periods would inform the understanding of how individuals perceive this
intervention. Interestingly, while elective induction of labor allows for some control as to
when labor will begin, it also may take the management of early labor out of the
parturient’s control. How women perceive this intervention will greatly inform the
discussion regarding whether it should be routinely offered, and how it might be best
conducted to optimize perinatal outcomes and maintain patient satisfaction. Specific
economic measures such that micro-costing all of the labor, supplies, time costs, and
overhead costs of the induction of labor experience should be examined. When
determining how to use societal dollars to facilitate better health outcomes, allocation of
these scarce resources cannot occur without reproducible estimates of these costs. In
addition, these economic and quality of life issues should be estimated in subsequent
pregnancies as these are affected by prior experiences and outcomes on labor and
delivery.

The outcomes mentioned above can happen to either group of patients, but the
expectant management group is at risk of developing other complications of pregnancy
that occurs only in the setting of prolonging gestation. Such pregnancy complications that
will arise in the expectant management group should also be recorded including:
Preeclampsia, cholestasis of pregnancy, abnormal antenatal fetal testing, placenta
abruption, oligohydramnios, intrauterine fetal growth restriction (IUGR), induction of
labor, and intrauterine fetal death (IUFD). Knowing these specific risks of complications
will further assist in the ongoing evaluation of the risks and benefits of elective induction
of labor versus expectant management.
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Studies examining this litany of outcomes would need to be adequately powered. For
example, for a relatively common outcome such as cesarean delivery, if we assume a
baseline rate of 20 percent, a study would need 400 women in order to have 80 percent
power to identify a 50 percent difference with a two-sided alpha of 0.05 and 532 women
for 90 percent power (Table 4.2). However, when examining less common outcomes,
such as a rare neonatal morbidity at a prevalence of 1 percent, a study would need 9,346
women to have 80 percent power and 12,506 women to have 90 percent power.

Table 4.2. Sample size estimates for prospective trial of elective induction of labor as compared to
expectant management of pregnancy

Outcome Studied (baseline risk) Total Sample Size  Total Sample Size for

for 80% Power 90% Power
Cesarean Delivery, Nulliparas (20%) 400 532
Cesarean Delivery, Nulliparas (15%) 556 742
Meconium (10%) 870 1,162
Chorioamnionitis Or 1,812 2,422
Cesarean Delivery, Multiparas (5%)
Neonatal Acidemia (1%) 9,346 12,506

Thus, to accomplish a well-designed, prospective RCT would likely require a multi-
center approach, for example the Maternal-Fetal Medicine Units (MFMU) network, to
accomplish such a large study. While one may appropriately address some of these issues
using large observational data, prospective studies will need to be conducted to truly
answer the causal effect of these questions.

Study Design

The majority of RCTs examining induction of labor versus expectant management of
pregnancy have been conducted in women who are considered postterm or at least
prolonged (greater than 41 weeks of gestation).” In our review, there were only five
RCTs that compared induction of labor to expectant management at the design phase and
only three that did so in the analytic phase. One of these studies'®® was excluded from our
analysis because the primary language of the paper was not English. However, even with
its inclusion, these studies are heterogeneous with respect to study design, analytic
choices, outcomes reported, and gestational age at randomization of the patients. This last
issue is of paramount importance in any future study is conducted. There are two choices
for the sequence of studies to be conducted. The first approach would be to conduct the
studies incrementally. In this scenario, the study would preferably be an RCT of
induction of labor at 40 weeks gestation as compared to expectant management, followed
by an RCT at 39 weeks gestation with similar comparison groups. Alternatively, a three-
armed study would be an RCT at 39 weeks gestation versus expectant management and
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within the expectant management arm, those who achieve 40 weeks of gestation would
then be subsequently randomized to induction of labor at 40 weeks of gestation versus
induction at 41 weeks gestation. While the latter study is larger and more expensive than
each of the single studies, it is likely less expensive overall and addresses induction at 39
versus 40 weeks as well as 40 versus 41 weeks. A subsequent study of induction of labor
at 38 weeks of gestation versus expectant management would not meet standard of care
issues set forth by the ACOG®® because of concerns regarding neonatal outcomes in
elective inductions prior to 39 weeks. However, as more data on neonatal outcomes at 38
versus. 39 weeks of gestation are published, such a distinction may evolve.

Stratified Randomization

Since nulliparous and multiparous women carry such different risks of cesarean
delivery, they need to be randomized independently. In all practicality, two separate
studies would be carried out. A similar concern applies to the cervical status. Because of
the current dogma regarding elective induction as appropriate in women with a favorable
cervix and more problematic in those with an unfavorable Bishop score, it would likely
be best to randomize these women separately as well. Doing so, of course, will
significantly increase the overall sample size if the analytic plan is to examine these
subgroups independently. Further stratification would likely prove too onerous to
accomplish. But as we begin to understand more about risk factors, such as obesity,
for prolonged, and postterm pregnancy, these factors certainly should be considered and
examined closely as potential confounders.
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Data Analysis

For the prospective RCTSs, traditional data analysis seems adequate. Surveillance of
important confounders as mentioned above, including parity, cervical status, BMI and
obesity, race/ethnicity, co-morbid medical conditions and complications, is important and
controlling for potential confounders with multivariable logistic regression models should
be utilized. Further, stratified analyses, particular by parity and cervical status, but also
by other potential confounders will aid in characterizing the effects regardless of these
confounders. Also, examination for interaction and effect modification will help to
determine whether there are particular subgroups that may benefit more or less from
elective induction of labor.

For observational studies, these same issues regarding confounding bias and how to
address such methodologic challenges using statistical techniques are even more
important. More so, constructing appropriate control groups to simulate clinical scenarios
such that elective induction of labor is compared to expectant management is tantamount.
Utilizing the appropriate study design and data analysis will be a step towards
characterizing the potential benefits or harms of elective induction of labor.

Predictors of a Successful Induction of Labor
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It is not surprising that multiparity and a favorable cervix have been examined
frequently in the literature and are found to be associated with greater success in the
setting of labor induction. However, there are many other factors that may be associated
with a successful induction which have not been properly examined. Such factors
include: Maternal demographics such age, weight, height, BMI, race/ethnicity,
socioeconomic status as well as obstetric and medical history such as spontaneous or
therapeutic abortion, uterine fibroids, chronic hypertension, diabetes, and preeclampsia.
Further, systems and care issues such as provider characteristics, day of the week, time of
day, volume of the obstetric unit, and overall cesarean delivery rate on the obstetric unit
should also be examined as potentially important predictors of induction of labor success.

Definitions of a Successful Induction of Labor

The definition of a successful induction of labor can alter the perception of elective
induction of labor. If defined in terms of cesarean delivery, an elegant comparison of
success to that of expectant management is achieved. If defined with respect to time
interval required to achieve active labor, while this is a useful measure when
approximating the economic impact, it certainly is unreasonable when comparing elective
labor induction to expectant management since more of the women expectantly managed
will experience spontaneous labor. Furthermore, the sociocultural effects of defining the
success of an induction of labor by the amount of time it takes to achieve active labor or
vaginal delivery should be examined as well. In settings where such time thresholds are
utilized, does this lead to an increase in unnecessary cesarean deliveries simply because
of a lack of patience by both the providers and patients? Comparative work examining
these effects between providers and obstetric units is certainly important when attempting
to create guidelines that might inform the practice of obstetrics as a whole.

Conclusions

In this systematic review and decision analysis of elective induction of labor, we
found that overall elective induction of labor as compared to expectant management of
the pregnancy was associated with an approximately 20 percent reduction in the rate of
cesarean delivery and a 50 percent reduction in the presence of meconium in the amniotic
fluid. However, the majority of these studies were just in women at or beyond 41 0/7
weeks of gestation; prior to 41 weeks of gestation, there was insufficient evidence from
the review to address these outcomes. These findings are consistent with other meta-
analyses of induction of labor in postterm and term pregnancies, but are contrary to many
observational studies. The existing literature is not powered to examine many of the other
complications of pregnancy; however it is assumed that a number of complications must
be reduced by elective induction of labor, simply because pregnancy complications such
as preeclampsia or IUFD can no longer occur if the pregnancy is ended by induction of
labor. These findings were reflected in the results of our decision-analytic models.
Further, when we incorporated costs into the models, it appears that elective induction of
labor is a cost-effective intervention at 41 weeks of gestation and may potentially be so at
earlier gestations. These results prior to 41 weeks of gestation require further examination
in a large, prospective randomized trial before routine adoption into clinical practice.
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Further, because of the heterogeneity in the management of labor induction, which varies
widely between providers and institutions, careful examination of the impact of such
policies in a wide variety of settings should be explored before elective induction of labor
is routinely adopted as a potential policy to prevent complications of term pregnancies.
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List of Acronyms and Abbreviations

Ao
ACOG American College of Obstetricians and Gynecologists
AFI Amniotic Fluid Index
AHRQ Agency for Healthcare Research and Quality
AMOR-IPAT Active management of risk in pregnancy at term
BMI Body Mass Index
CDC Centers for Disease Control
CDMR Cesarean section on maternal request
CPI Consumer Price Index
EPC Evidence-based Practice Center
ICN Intensive care nursery
IUFD In utero fetal demise
IUGR Intra-uterine growth restriction
MeSH Medical Subject Headings
MFMU Maternal-Fetal Medicine Units
NICU Neonatal intensive care unit
NNH Number needed to harm
NNT Number needed to treat
NST Nonstress Test
OovD Operative vaginal delivery
PROM Premature rupture of membranes
RCT Randomized controlled trial
SVD Spontaneous vaginal delivery
TEP Technical Expert Panel
UCSF University of California, San Francisco
UK United Kingdom
UL-OTD Upper limit of optimal delivery time
us United States
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Appendix A: Search Strategy

MEDLINE Search |

"Puerperal Disorders"[MeSH] OR "Pregnancy, Prolonged"[MeSH] OR "Pregnancy
Complications"[MeSH] OR "Morbidity"[MeSH] OR "Infant, Newborn"[MeSH] OR
"Fetal Diseases"[MeSH] OR "Puerperal Infection"[MeSH] OR "Pregnancy
Outcome”[MeSH] OR "Cesarean Section"[MeSH] OR "Obstetric Labor
Complications"[MeSH] AND "Labor, Induced"[MeSH]

Limits: English, Humans

# of citations as of 5/21/2007: 2597

MEDLINE Search 11

#1 "Labor, Induced"[mesh] OR "induction of labor" OR "labor induction™ OR
(labor ti] OR labour[ti] AND induc*[ti])

#2 trial OR study OR studies OR follow* OR "long term™ OR outcome* OR risk OR
mortality OR fatal* OR disabilit* OR (*Treatment Outcome”[MeSH] OR
"Pregnancy Outcome”[MeSH] OR "Controlled Clinical Trials"[MeSH] OR
"Epidemiologic Factors"[MeSH] OR "Cohort Studies"[MeSH] OR "Risk"[MeSH]
OR "Retrospective Studies"[MeSH] OR "Prognosis“[MeSH] OR
"Mortality"[MeSH] OR "Follow-Up Studies"[MeSH] OR
"mortality”[Subheading] OR "Controlled Clinical Trial"[Publication Type])

#3 #1 and #2, limits: English, Humans

# of citations as of June 6, 2007 (total): 3207
# of citations as of June 6, 2007 (unique): 1110

MEDLINE Search |11

#1 "Labor, Induced"[mesh] OR "induction of labor" OR "labor induction" OR
(labor ti] OR labour[ti] AND induc*[ti]) AND elective

# of citations as of June 6, 2007 (total): 272
# of citations as of June 6, 2007 (unique): 15

Total number of unique citations from MEDLINE search: 3722
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Appendix B: Data Abstraction Forms

Level 1. Title and abstract review form

Fundamentally, there are two types of articles we are looking for to address our Key
Questions:

1. Elective I0OL studies with outcomes on mothers and babies

2. Studies that examine predictors of IOL success.

Both types of studies, but particularly the latter, can be used to examine definitions of
success.

1. What type of article is this?
Prospective RCT
Cohort/Case-control study
Review

Meta-analysis

Editorial

Letter

Case study

Clinical guideline

Can't tell

—Se e ooow

2. Is this a study of method induction (e.g. prostaglandins [misoprostol, cervidil, prepidil, PGE2,
PGE1M], oxytocin, Foley bulb, laminaria, amniotomy, artificial rupture of membranes
[AROM])?

a. Yes

b. No

c. Can'ttell

3. Are there any other reasons that this article should be excluded?

No

Can't tell

Article primarily addresses postterm (>42 weeks gestational age) pregnancy

Acrticle primarily addresses women with prior cesareans

Acrticle primarily addresses multiple gestations

Article primarily addresses medical or obstetrical complications of pregnancy such as
preeclampsia, diabetes mellitus and isoimmunization

g. Article primarily addresses fetal anomalies

h. Foreign language

i. Other (specify):

o Q0o

4. Is the article about elective induction of labor? (Where elective induction of labor is defined as
induction of labor without a medical indication prior to 42 weeks of gestation. A medical
induction of induction of labor includes preeclampsia, diabetes mellitus, neonatal indications
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such as intrauterine growth restriction, oligohydramnios, nonreassuring fetal heart rate, fetal
anomalies)

a. Yes - ANSWER QUESTION 5 ONLY

b. No - ANSWER QUESTION 6 ONLY

c. Can'ttell - ANSWER QUESTION 5 ONLY

ANSWER ONLY QUESTION 5 IF THE ANSWER TO QUESTION 4 IS "YES" OR
"CAN'T TELL". DO NOT ANSWER QUESTION 6.

5. Which of the following outcomes do the results include?
a. Maternal outcomes (including cesarean delivery)
b. Neonatal outcomes
c. Neither (explain)
d. Can’ttell

ANSWER ONLY QUESTION 6 IF THE ANSWER TO QUESTION 4 IS ""NO"".

6. Do the results examine predictors of cesarean delivery? (Where such predictors might include
maternal age, race/ethnicity, obesity/weight, parity, birthweight, gestational age, etc.)

a. Yes

b. No

c. Can'ttell
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Level 2. Full text data abstraction form

Should this article be abstracted? Article #
a. Yes
b. No

Why should this article be excluded from full text abstraction (check all that apply)? (Please skip the

rest of the form if the article is to be excluded)
a. Article is not about elective induction of labor nor predictors of success in the setting of
induction of labor

b. While article is about elective induction of labor, does not examine mode of delivery or maternal

or neonatal outcomes
Not a research study including cohort, case-control or RCT

Article primarily about method of induction

Article primarily addresses postterm (>42 weeks gestational age) pregnancy

Article primarily addresses multiple gestations

Article primarily addresses medical or obstetrical complications of pregnancy such as
preeclampsia, diabetes mellitus and isoimmunization

Article primarily addresses fetal anomalies

Article primarily addresses women with prior cesareans

Foreign language article

Duplicate publication or linked to another publication (specify)

I. Data provided not usable (specify)
m. Other reason (specify)

XTI TS @™m0 oo

Does this article present data that overlaps with another article/publication?
a. Yes — please specify other article(s).
b. No

What was the study design of the article?
a. Randomized, controlled trial
b. Prospective cohort study
c. Retrospective cohort study
d. Case-control study

What year was the article published?

Over what years was the study conducted?
a. Beganin: Ended in:

What country was the study conducted in?
a. US.
b. Canada
c. Other (Specify):

What was the primary location of the study?
Academic Center

Community Hospital

Both Academic and Community Hospital
Multi-center study

Not stated

©Poo0T O

Was this a study of elective induction of labor? (Where elective induction of labor is defined as

induction of labor without a medical indication prior to 42 weeks of gestation. A medical induction of



10.

11.

12.

13.

14.

15.

16.

induction of labor includes preeclampsia, diabetes mellitus, neonatal indications such as intrauterine
growth restriction, oligohydramnios, nonreassuring fetal heart rate, fetal anomalies)
a. Yes
b. No
What was the primary measure of success for induction of labor?
Not mentioned
Vaginal delivery
Spontaneous vaginal delivery (neither forceps nor vacuum)
Vaginal delivery within 24 hours
Vaginal delivery within 18 hours
Active labor within 24 hours
Active labor within 18 hours
Active labor within 12 hours
Other (Specify):

TS@meaoTo

What was the primary comparison group to IOL?
a. Expectant management
b. Spontaneous labor
c. No comparison group

What induction method was used?
Oxytocin

AROM (artificial rupture of membrane)
Misoprostil

PGE2 gel (prepidil)

Cervidil

Other method (specify)

~Po0TD

Please report any additional information on the induction method that may be relevant in the text box
below.

Which of the following exclusion criteria were used when selecting the population for the study?
(Note: this applies only to the elective induction of labor studies)

Multiple gestation

Prior CS

Breech

> 42 weeks GA

< 37 weeks GA

Other (specify)

~Po0TD

Which of the following inclusion criteria were used when selecting the population for the study?
(Note: this applies to elective IOL studies only)

a. Multiparas

b. Nulliparas

c. Other (specify)

Please describe any other issues with respect to the population studied in the text box below.




If this is a study of ELECTIVE IOL, then answer the outcomes questions; if this study only looked at predictors of success, then skip the
outcomes questions and only report data for the table on predictors of CS.

What were the Maternal/Obstetric outcomes reported?

Maternal/Obstetric Outcomes for ALL patients (not stratified by parity)

Spont
Labor n

Spont
Labor %

Spont
Labor N

IOL
n

IOL
%

IOL N

value

RR

OR

95% CI
lower

95% CI
upper

aOR

95% CI
lower

95% ClI
upper

Cesarean

Spontaneous
Vaginal Del

Operative
vaginal
delivery

Chorio

Prolonged
Labor

Prolonged 1%
stage of labor

Prolonged 2™
stage of labor

Mean labor

Mean 1% stage

Mean 2" stage

Median labor

Median 1%
stage

Median 2™
stage

Mean EBL

3"/4" degree
perineal
laceration

Postpartum
hemorrhage

Blood
transfusion

Hysterectomy

Injury to




organs —
bowel/bladder

Wound
complications

Endomyometrit
is

Outcome

Spont
Labor n

Spont
Labor
% N

Spont
Labor

IOL

IOL
%

IOL
N value

RR

OR

95%
Cl
lower

95% Cl
upper

aOR

95%
Cl
lower

95% CI
upper

Other
maternal/obste
outcome

Other

Other

Other

Other

Maternal/Obstetric Outcomes for NULLIPAROUS patients ONLY

Spont
Labor n

Spont
Labor %

Spont
Labor N

IOL
n

IOL
%

IOL

value

RR

OR

95% CI
lower

95% CI
upper

aOR

95% CI
lower

95% ClI
upper

Cesarean

Spontaneous
Vaginal Del

Operative vaginal
delivery

Chorio

Prolonged Labor

Prolonged 1% stage
of labor

Prolonged 2™ stage
of labor

Mean labor

Mean 1% stage

Mean 2" stage

Median labor

Median 1% stage

Median 2™ stage

Mean EBL
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3"/4™ degree
perineal laceration

Postpartum
hemorrhage

Blood transfusion

Hysterectomy

Injury to organs —
bowel/bladder

Wound
complications

Endomyometritis

Outcome

Spont
Labor n

Spont
Labor
% N

Spont
Labor

IOL

IOL
%

IOL
N value

RR

OR

95%
Cl
lower

95% CI
upper

aOR

95%
Cl
lower

95% CI
upper

Other
maternal/obste
outcome

Other

Other

Other

Other

Maternal/Obstetric Outcomes for MULTIPAROUS patients ONLY

Spont
Labor n

Spont
Labor %

Spont
Labor N

IOL
n

IOL
%

IOL

value

RR

OR

95% CI
lower

95% ClI
upper

aOR

95% CI
lower

95% CI
upper

Cesarean

Spontaneous
Vaginal Del

Operative vaginal
delivery

Chorio

Prolonged Labor

Prolonged 1% stage
of labor

Prolonged 2™ stage
of labor

Mean labor
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Mean 1% stage

Mean 2™ stage

Median labor

Median 1% stage

Median 2™ stage

Mean EBL

3"/4™ degree
perineal laceration

Postpartum
hemorrhage

Blood transfusion

Hysterectomy

Injury to organs —
bowel/bladder

Wound
complications
Endomyometritis
Outcome | Spont Spont Spont IOL | IOL | IOL | P- RR | OR | 95% 95% CI | aOR | 95% 95% ClI
Labor n | Labor Labor n % N value Cl upper Cl upper
% N lower lower
Other
maternal/obste
outcome
Other
Other
Other
Other
What were the neonatal outcomes reported?
Neonatal outcomes for ALL patients (not stratified by parity)
Spont Spont Spont IOL | IOL | IOL | P- RR | OR | 95% CI | 95% CI | aOR | 95% CI | 95% CI
Laborn | Labor % | LaborN | n % N value lower upper lower upper

Apgar score <7 at 5
minutes

UAph<7.0

UAph<7.1




UA base excess < -12

UA base excess < -11

Mean UApH

Mean base excess

Meconium

Meconium aspiration
syndrome

“fetal distress” or fetal
intolerance of labor

Respiratory distress
syndrome

Transient tachypnea of
the newborn

Suspected sepsis

Culture proven sepsis

Hypoxic-ischemic
encephalopathy

LGA — large for
gestational age

Birthweight > 4000
gms

Birthweight >4500 gms

Birthweight < 2500
gms

Neonatal seizures

Hypoglycemia

Neonatal jaundice

Neonatal polycythemia

Breastfeeding

Outcome

Spont
Labor n

Spont
Labor
%

Spont
Labor N

IOL

IOL
%

IOL

value

RR

OR

95% CI
lower

95% CI
upper

aOR

95% CI
lower

95% CI
upper

Other neonatal
outcome

Other

Other

Other

Other
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Neonatal outcomes for NULLIPAROUS patients only

Spont
Labor n

Spont
Labor %

Spont
Labor N

IOL

IOL
%

IOL

value

RR

OR

95% CI
lower

95% ClI
upper

aOR

95% CI
lower

95% ClI
upper

Apgar score <7 at 5
minutes

UAph<7.0

UAph<7.1

UA base excess < -12

UA base excess < -11

Mean UApH

Mean base excess

Meconium

Meconium aspiration
syndrome

“fetal distress” or fetal
intolerance of labor

Respiratory distress
syndrome

Transient tachypnea of
the newborn

Suspected sepsis

Culture proven sepsis

Hypoxic-ischemic
encephalopathy

LGA - large for
gestational age

Birthweight > 4000
gms

Birthweight >4500 gms

Birthweight < 2500
gms

Neonatal seizures

Hypoglycemia

Neonatal jaundice

Neonatal polycythemia

Breastfeeding
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Outcome | Spont Spont Spont IOL [ IOL | IOL | P- RR | OR | 95% CI | 95% CI | aOR | 95% CI | 95% CI
Laborn | Labor Labor N | n % N value lower upper lower upper
%
Other neonatal
outcome
Other
Other
Other
Other
Neonatal outcomes for MULTIPAROUS patients only
Spont Spont Spont IOL [IOL |IOL | P- RR | OR | 95% Cl | 95% Cl | aOR | 95% Cl | 95% ClI
Laborn | Labor% | LaborN | n % N value lower upper lower upper

Apgar score <7 at 5
minutes

UAph<7.0

UAph<7.1

UA base excess < -12

UA base excess < -11

Mean UApH

Mean base excess

Meconium

Meconium aspiration
syndrome

“fetal distress” or fetal
intolerance of labor

Respiratory distress
syndrome

Transient tachypnea of
the newborn

Suspected sepsis

Culture proven sepsis

Hypoxic-ischemic
encephalopathy

LGA — large for
gestational age
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Birthweight > 4000

gms

Birthweight >4500 gms

Birthweight < 2500

gms

Neonatal seizures

Hypoglycemia

Neonatal jaundice

Neonatal polycythemia

Breastfeeding

Outcome | Spont Spont Spont IOL [ IOL | IOL | P- RR | OR | 95% Cl | 95% CI | aOR | 95% CI | 95% CI
Laborn | Labor Labor N | n % N value lower upper lower upper
%
Other neonatal
outcome
Other
Other
Other
Other
What were the predictors of cesarean delivery reported?
17. For which of the following outcomes were the predictors of delivery reported?
a. Overall vaginal delivery
b. Vaginal delivery within 24 hours
c. Other (specify)
Predictors of cesarean delivery in setting of IOL (ALL PATIENTS - NOT STRATIFIED BY PARITY)
IOL |IOL |IOL | P- RR | OR | 95% CI 95% Cl aOR | 95% Cl 95% CI
n % N value lower upper lower upper

Maternal age < 35

Maternal age = 35

Maternal age < 20

Age 20-24

Age 25-29

Age 30-34

Age 35-39

Age 240
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Asian

Black

White

Hispanic/Latina

Native American

Other
(specify)

Nulliparous

Multiparous

Medical Insurance

Private Insurance

Height < 5°0”

Height 250"

Underweight <BMI of 19

Normal weight BMI 20-
24

Overweight BMI 25-29

Obese BMI >= 30

Bishop score <5

Bishop score >=5

Cervical length <2 cm

Cervical length >= 2 cm

Cervical length < 1.5 cm

Cervical length >= 1.5
cm

Cervical length < 1.0 cm

Cervical length >=1.0
cm

Gestational age <41
weeks GA

> 41 weeks GA

<42 weeks GA

2> 42 weeks GA

37 weeks GA

38 weeks GA

39 weeks GA

40 weeks GA

41 weeks GA

42 weeks GA
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Preeclampsia

No preeclampsia

GDM/DM

NO GDM/DM

AFI<=5

AF| >5 to <20

AF| >=20

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Predictors of cesarean delivery in setting of IOL (NULLIPAROUS PATIENTS ONLY)

IOL
n

IOL
%

IOL
N

P_
value

RR

OR

95% ClI
lower

95% ClI
upper

aOR

95% CI
lower

95% ClI
upper

Maternal age < 35

Maternal age = 35

Maternal age < 20

Age 20-24

Age 25-29

Age 30-34

Age 35-39

Age 240

Asian

Black

White

Hispanic/Latina

Native American

Other
(specify)

Nulliparous

Multiparous

Medical Insurance
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Private Insurance

Height < 5°0”

Height 250"

Underweight <BMI of 19

Normal weight BMI 20-
24

Overweight BMI 25-29

Obese BMI >= 30

Bishop score <5

Bishop score >=5

Cervical length <2 cm

Cervical length >= 2 cm

Cervical length < 1.5 cm

Cervical length >= 1.5
cm

Cervical length < 1.0 cm

Cervical length >=1.0
cm

Gestational age <41
weeks GA

> 41 weeks GA

<42 weeks GA

2> 42 weeks GA

37 weeks GA

38 weeks GA

39 weeks GA

40 weeks GA

41 weeks GA

42 weeks GA

Preeclampsia

No preeclampsia

GDM/DM

NO GDM/DM

AFl <=5

AFI >5 to <20

AFI >= 20

Other

Other

Other
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Other

Other

Other

Other

Other

Other

Other

Predictors of cesarean delivery in setting of IOL (MULTIPAROUS PATIENTS ONLY)

IOL |IOL |IOL | P- RR | OR | 95% CI 95% CI aOR | 95% CI 95% Cl
n % N value lower upper lower upper

Maternal age < 35

Maternal age = 35

Maternal age < 20

Age 20-24

Age 25-29

Age 30-34

Age 35-39

Age 240

Asian

Black

White

Hispanic/Latina

Native American

Other
(specify)

Nulliparous

Multiparous

Medical Insurance

Private Insurance

Height < 5°0”

Height 250"

Underweight <BMI of 19

Normal weight BMI 20-
24

Overweight BMI 25-29

Obese BMI >= 30

Bishop score <5

Bishop score >=5
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Cervical length <2 cm

Cervical length >= 2 cm

Cervical length < 1.5 cm

Cervical length >= 1.5
cm

Cervical length < 1.0 cm

Cervical length >=1.0
cm

Gestational age <41
weeks GA

> 41 weeks GA

<42 weeks GA

> 42 weeks GA

37 weeks GA

38 weeks GA

39 weeks GA

40 weeks GA

41 weeks GA

42 weeks GA

Preeclampsia

No preeclampsia

GDM/DM

NO GDM/DM

AFl <=5

AFI >5 to <20

AFI >= 20

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other
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For which of the following outcomes were the predictors of delivery reported?
a. Overall vaginal delivery

b. Vaginal delivery within 24 hours
c. Other (specify)

Predictors of cesarean delivery in setting of IOL (ALL PATIENTS - NOT STRATIFIED BY PARITY)

IOL
n

IOL
%

IOL
N

P-
value

RR

OR

95% ClI
lower

95% ClI
upper

aOR

95% CI
lower

95% ClI
upper

Maternal age < 35

Maternal age = 35

Maternal age < 20

Age 20-24

Age 25-29

Age 30-34

Age 35-39

Age 240

Asian

Black

White

Hispanic/Latina

Native American

Other
(specify)

Nulliparous

Multiparous

Medical Insurance

Private Insurance

Height < 5’0"

Height =5'0”

Underweight <BMI of 19

Normal weight BMI 20-
24

Overweight BMI 25-29

Obese BMI >= 30

Bishop score <5

Bishop score >=5

Cervical length <2 cm

Cervical length >= 2 cm

Cervical length < 1.5 cm
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Cervical length >= 1.5
cm

Cervical length < 1.0 cm

Cervical length >=1.0
cm

Gestational age <41
weeks GA

> 41 weeks GA

<42 weeks GA

> 42 weeks GA

37 weeks GA

38 weeks GA

39 weeks GA

40 weeks GA

41 weeks GA

42 weeks GA

Preeclampsia

No preeclampsia

GDM/DM

NO GDM/DM

AFl <=5

AFI >5 to <20

AFI >= 20

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Predictors of cesarean delivery in setting of IOL (NULLIPAROUS PATIENTS ONLY)

IOL
n

IOL
%

IOL
N

P-
value

RR

OR

95% CI
lower

95% ClI
upper

aOR

95% CI
lower

95% ClI
upper

Maternal age < 35

Maternal age = 35
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Maternal age < 20

Age 20-24

Age 25-29

Age 30-34

Age 35-39

Age 240

Asian

Black

White

Hispanic/Latina

Native American

Other
(specify)

Nulliparous

Multiparous

Medical Insurance

Private Insurance

Height < 5°0”

Height 250"

Underweight <BMI of 19

Normal weight BMI 20-
24

Overweight BMI 25-29

Obese BMI >= 30

Bishop score <5

Bishop score >=5

Cervical length <2 cm

Cervical length >= 2 cm

Cervical length < 1.5 cm

Cervical length >= 1.5
cm

Cervical length < 1.0 cm

Cervical length >=1.0
cm

Gestational age <41
weeks GA

> 41 weeks GA

<42 weeks GA

> 42 weeks GA
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37 weeks GA

38 weeks GA

39 weeks GA

40 weeks GA

41 weeks GA

42 weeks GA

Preeclampsia

No preeclampsia

GDM/DM

NO GDM/DM

AFl <=5

AF| >5 to <20

AF| >=20

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Predictors of cesarean delivery in setting of IOL (MU

LTIPAROU

S PATIENTS ONLY)

IOL
n

IOL
%

IOL
N

P_
value

RR | OR

95% ClI
lower

95% CI
upper

aOR

95% CI
lower

95% CI
upper

Maternal age < 35

Maternal age = 35

Maternal age < 20

Age 20-24

Age 25-29

Age 30-34

Age 35-39

Age 240

Asian

Black

White

Hispanic/Latina
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Native American

Other
(specify)

Nulliparous

Multiparous

Medical Insurance

Private Insurance

Height < 5°0”

Height 250"

Underweight <BMI of 19

Normal weight BMI 20-
24

Overweight BMI 25-29

Obese BMI >= 30

Bishop score <5

Bishop score >=5

Cervical length <2 cm

Cervical length >= 2 cm

Cervical length < 1.5 cm

Cervical length >= 1.5
cm

Cervical length < 1.0 cm

Cervical length >=1.0
cm

Gestational age <41
weeks GA

> 41 weeks GA

<42 weeks GA

2> 42 weeks GA

37 weeks GA

38 weeks GA

39 weeks GA

40 weeks GA

41 weeks GA

42 weeks GA

Preeclampsia

No preeclampsia

GDM/DM

NO GDM/DM
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AFI<=5

AF| >5 to <20

AF| >=20

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Any other comments?
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Quality assessment and applicability forms

I. Assessment of Quality of Individual Randomized Controlled Trials of Elective Induction of
Labor

1) Was the comparison group expectant management? Yes No
2) Is there description of the method of randomization?  Yes  No

2a) If yes, Is there a fatal flaw in the approach (such as lottery cards)? Yes No

2b) Was randomization stratified by parity (or study includes only one parity group)? Yes
No

3) Was there good balance achieved in parity, gestational age at randomization, maternal age,
race/ethnicity, and insurance status/education, or less than a 20 percent difference between each arm?
Yes (all) No (for any) Not reported
4) Was masking of outcome assessors attempted? Yes No Not reported
4a) Was masking of outcome assessors accomplished? Yes No Not reported
5) Was loss to follow-up reported? Yes No

5a) If yes, what was follow-up at different time periods?

Immediate Postpartum <80% 80-90% 90-95%  >95%
4-8 wks Postpartum  <80% 80-90% 90-95%  >95% N/A

6) How many total subjects in the study? <400 400-1000 >1000

6a) Was a sample size calculation performed a priori?  Yes No
6b) If yes, was sample size achieved? Yes No N/A

7) Were statistical tests utilized? Yes No

7a) Was the analysis conducted as intention-to-treat? Yes No
7b) If there was any lack of balance in randomization, were multivariable analyses utilized

to control for confounding variables? Yes No N/A
7¢) Were analyses stratified by parity (or study includes only one parity group)?
Yes No

Overall Quality Good  Fair  Poor
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I1. Assessment of Quality of Observational studies of Elective Induction of Labor
1) Was the comparison group expectant management? Yes No N/A
2) Was the study prospective? Yes No
3) Were the study groups comparable at baseline in terms of parity, maternal age, race/ethnicity, and
insurance status/education as described/shown in a table?
Yes (all) No (for any) Not reported N/A
4) Was loss to follow-up reported? Yes No N/A (retrospective study)
4a) If yes, what was follow-up at different time periods?
Immediate Postpartum <80% 80-90% 90-95%  >95%
4-8 wks Postpartum <80% 80-90% 90-95%  >95% N/A

5) How many total subjects in the study? <400 400-1000 >1000

5a) Was a sample size calculation performed a priori?  Yes No
5b) If yes, was sample size achieved? Yes No N/A

6) Were statistical tests utilized? Yes No

6a) Were multivariable analyses utilized to control for confounding variables?
Yes No

6b) Were analyses stratified by parity (or study includes only one parity group)?
Yes No

Overall Quality Good  Fair  Poor
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I11. Assessment of Applicability of Individual Studies of Induction of Labor

1)  This study examined the following:
a. Mode of delivery/maternal outcomes (KQ1)
b. Neonatal outcomes (KQ2)
c. Factors associated with mode of delivery (KQ3)

Key Questions 1 and 2

2) Was the comparison group expectant management? Yes No N/A
(If No, then poor applicability for KQs 1 and 2, if yes then good)

Key Question 3

3) Was this a study of elective induction of labor? Yes No
(If No, not used for KQs 1 and 2 and baseline fair applicability for KQ 3 and if yes, then good
applicability for KQ3)

For All Key Questions

4) Was any of the clinical care in the study provided before 1985? Yes No
(If the answer to #4 is yes, then applicability downgraded one step good to fair or fair to poor)

5) Was the clinical care provided in the U.S. ? Yes No
(If the answer to #5 is no, then applicability downgraded one step good to fair or fair to poor)

6) Were prostaglandins or other cervical ripening utilized in induction of labor? Yes No
(If the answer to #6 is no, then applicability downgraded one step good to fair or fair to poor)
Applicability KQ1 and 2 Good Fair  Poor

Applicability KQ3 Good Fair  Poor

7) Was there a stratified analysis of women delivered prior to 41 weeks of gestation or was the
population all prior to 41 weeks of gestation in the induction group? Yes No

(If yes, then maintain applicability for KQ1 and 2, If no, then poor applicability to < 41 weeks)

Applicability to pregnancies prior to 41 weeks of gestation Good Fair Poor
(for KQ1 and 2)
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Appendix C. Additional Analyses for Systematic Review

Appendix Figure 1. Randomized controlled trials of elective induction of labor versus expectant management: cesarean

delivery (risk difference)

Study Name Statistics for each study Event / Total

Risk Lower Upper Expectant Induced

difference limit limit p-Value Mgt CS Cs

Cole 0.032 -0.030 0.094 0.312 9/117 5/111
Tylleskar 0.000 -0.045 0.045 1.000 0/41 0/43
Dyson 0.129 0.038 0.219 0.005 41/150 22/152
Hannah 0.033 0.005 0.062 0.020  418/1706 360/1701
NICHHD -0.024 -0.100 0.051 0.527 32/174 55/264
Egarter 0.007 -0.018 0.033 0.587 3/165 2/180
Nielsen 0.004 -0.063 0.071 0.912 8/110 8/116
Heimstad 0.020 -0.037 0.076 0.495 33/254 28/254
Gelisen 0.027 -0.038 0.091 0.420 66 /300 58/300
Summary 0.019 0.002 0.037 0.033 610/3017 538/3121

Risk difference and 95%Cl

-0.25 -0.13 0.

Higher for Induced

i

_:_

———
) 4

-

o

0 0.13

Lower for Induced

0.25

Heterogeneity statistics: Q-value 9.818, P-value 0.278, I-squared 18.520
CS: Cesarean section; Mgt: Management
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Appendix Figure 2. Randomized controlled trials of elective induction of labor versus expectant management: cesarean
delivery, stratified by gestational age (risk difference)

Study Name Statistics for each study Bvent / Total Risk difference and 95%CI
Risk Lower Upper Controls Induced
>= 41 weeks difference limit limit p-Value Cs Cs
Dyson 0.129 0.038 0.219 0.005 41/150 22/152 ——
Hannah 0.033 0.005 0.062 0.020 418/1706 360/ 1701 -
NCH-D -0.024 -0.100 0.051 0.527 32/174 55/ 264
Nelsen 0.004 -0.063 0.071 0.912 8/110 8/116
Heirrstad 0.020 -0.037 0.076 0.495 33/254 28/ 254
Gelisen 0.027 -0.038 0.001 0.420 66 /300 58/300
Summary 0.027 -0.001 0.056 0.058 598/2694 531/2787
< 41 weeks
Cole 0.032 -0.030 0.0%4 0.312 9/117 5/111
Tylleskar 0.000 -0.045 0.045 1.000 0/41 0/43
Egarter 0.007 -0.018 0.033 0.587 3/165 2/180
Summary 0.008 -0.013 0.029 0.431 12/323 7/334
-0.50 -0.25 0.00 0.25 0.50
Higher for Induced Lower for Induced
Heterogeneity statistics
Q value P-value I-squared
>=41] weeks 7.305 0.199 31.550
<41 weeks 0.697 0.706 0.00
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Appendix Figure 3. Randomized controlled trials of elective induction of labor versus expectant management: cesarean
delivery, stratified by study year (risk difference)

Study Name Statistics for each study Bvent / Total Risk difference and 95%CI
_ Risk Lower  Upper Expectant Induced
1990 or earlier difference limit limit  p-Value Mgt CS cs
Cole 0.032 -0.030 0.094 0.312 9/117 5/111
Tylleskar 0.000 -0.045 0.045 1.000 0/41 0/43
Dyson 0.129 0.038 0.219 0.005 41/150 22/152 =
Hannah 0.033 0.005 0.062 0.020 418/1706 360/ 1701 -
NCH-D -0.024 -0.100 0.051 0.527 32/174 55/264
Egarter 0.007 -0.018 0.033 0.587 3/165 2/180
Summary 0.021 -0.005 0.047 0.107  503/2353 444 | 2451
After 1990
Nelsen 0.004 -0.063 0.071 0.912 8/110 8/116 ——
Heimstad 0020 -0037 0076 0495  33/254 28/ 254 ——
Gelisen 0027 -0038 0091 0420  66/300 58/300 —
Summary 0.017 -0.019 0.053 0.347 107/ 664 94/670 ’
-0.25 -0.13 0.00 0.13 0.25
Higher for Induced Lower for Induced
Heterogeneity statistics
Q value P-value I-squared
1990 or earlier 9.567 0.088 47.738
After 1990 0.244 0.885 0.00
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Appendix Figure 4. Randomized controlled trials of elective induction of labor versus expectant management: cesarean
delivery, stratified by study location (risk difference)

Study Name Statistics for each study Event / Total Risk difference and 95%Cl

Risk Lower Upper Bxpectant Induced
Non-U.S. difference limit limit p-Value Mgt CS (O
Cole 0.032 -0.030 0.094 0.312 9/117 5/111
Tylleskar 0.000 -0.045 0.045 1.000 0/41 0/43
Hannah 0.033 0.005 0.062 0.020 418/ 1706 360/1701 —.—
Egarter 0.007 -0.018 0.033 0.587 3/165 2/180
Heimstad 0.020 -0.037 0.076 0.495 33/254 28/254 T
Gelisen 0.027 -0.038 0.091 0.420 66/ 300 58/300 —_—
Summary 0.018 0002 0034 0024  529/2583  453/2589 <&
u.s.
Dyson 0.129 0.038 0.219 0.005 41/150 22/152
NCHD -0.024 -0.100 0.051 0.527 32/174 55/ 264
Nelsen 0.004 -0.063 0.071 0.912 8/110 8/116
Summary 0.032 -0.052 0.116 0.455 81/434 85/532

-0.25 -0.13 0.00 0.13 0.25
Higher for Induced Lower for Induced
Heterogeneity statistics
Q value P-value I-squared

Non-U.S. 2.722 0.743 0.00
U.S. 7.043 0.03 71.603



Appendix Figure 5. Randomized controlled trials of elective induction of labor versus expectant management: operative

vaginal delivery (risk difference)

Study Name Statistics for each study
Risk Lower Upper
difference limit limit
Cole -0.084 -0.198 0.030
Tylleskar 0.026 -0.054 0.105
Hannah -0.015 -0.045 0.015
Egarter -0.004 -0.034 0.026
Nielsen 0.013 -0.056 0.082
Heimstad -0.020 -0.075 0.036
Summary -0.009 -0.027 0.009

p-Value

0.149
0.531
0.328
0.789
0.715
0.488
0.329

Event / Total
Expectant Induced
Mgt OVD OovD
26/117 34/111
2/41 1/43
449 /1706 473/1701
3/165 4/180
9/110 8/116
271254 32/254
516 /2393 552 /2405

Risk difference

and 95%Cl

-0.25 -0.13 0.00

Higher for Induced

0.13

Lower for Induced

0.25

Heterogeneity statistics: Q-value 3.165, P-value 0.675, I-squared 0.00
OVD: Operative vaginal delivery; Mgt: Management
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Appendix Figure 6. Observational studies of elective induction of labor versus expectant management: cesarean delivery (risk
difference)

Study Name Statistics for each study Event / Total Risk difference and 95%Cl
Risk Lower Upper Controls Induced
difference limit limit p-Value CS Cs
Booth 0.019 -0.010 0.047 0.200 7/213 3/213 -
Belsky 0.081 0.023 0.140 0.007 101/ 918 1/35 —a—
Vierhout -0.010 -0.032 0.012 0.382 1/156 3/184 = B
Dublin -0.036 0.047  -0.024 0.000 464/9066  233/2687 [ |
Boulain 0041 0064 -0.017 0.001  122/3353 41/531 -
Yeast -0.012 -0.029 0.005 0.151  509/9723 56 / 864 B
Macer -0.036 -0.094 0.023 0.231 28/ 253 37/253 ——
Wilailak -0.026 -0.092 0.039 0.431 40/ 249 49/ 262 —a—
Robson -0.018 -0.071 0.035 0509 100/ 1092 16/ 146 ——
Prysak 0.037 0069 -0.004 0.026  23/461 40/ 461 ——
van Gemund -0.139 0204 -0.074 0.000 1/122 18/ 122 —_——
Maslow -0.068 0.108 -0.028 0.001 371872 29/ 263 —i—
Summary -0.025 0043 -0.007 0.006 1433/26478 526/ 6021 <&
-0.25 0.13 0.00 0.13 0.25

Higher for Induced Lower for Induced

Heterogeneity statistics: Q-value 47.269, P-value 0.00, I-squared 76.729
CS: Cesarean section
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Appendix Figure 7. Observational studies of elective induction of labor versus spontaneous labor: cesarean delivery among
nulliparous women (risk difference)

Study Name

Dublin
Boulvain
Yeast
Macer
Prysak
Cammu
Seyb

van Gemund
Maslow
Luthy
\fouenraets
Summary

Statistics for each study

Risk
difference
-0.095
-0.098
-0.084
-0.117
-0.062
-0.034
-0.097
-0.304
-0.115
-0.096
-0.115
-0.091

Lower
limit
-0.121
-0.147
-0.136
-0.257
-0.125
-0.043
-0.161
-0.516
-0.192
-0.135
-0.156
-0.121

Upper
limit
-0.069
-0.049
-0.031
0.024
0.001
-0.025
-0.032
-0.093
-0.037
-0.057
-0.075
-0.061

p-Value

0.000
0.000
0.002
0.103
0.055
0.000
0.003
0.005
0.004
0.000
0.000
0.000

Event / Total
Controls Induced
Cs Cs
355/3603 197/1017

113/1724 38/232
322 /4086 32/197
17/77 26/77
20/210 33/210
500/7683 762 /7683
88/1124 25/143
1/23 8/23
21/349 18/103
409 /2673 135/542
92/765 147/624
1938/22317  1421/10851

Risk difference and 95%C

-0.25 -0.13

Higher for Induced

0.00

0.13

Lower for Induced

0.25

Heterogeneity statistics: Q-value 56.304, P-value 0.00, I-squared 82.239

CS: Cesarean section
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Appendix Figure 8. Observational studies of elective induction of labor versus spontaneous labor: cesarean delivery among
nulliparous women stratified by study location (odds ratio)

Study Name Statistics for each study Event / Total QOdds ratio and 95%Cl
Odds Lower  Upper Controls Induced
Non-U.S. ratio  limit  limit  p-Value Cs Cs
Boulvain 0.358 0.241 0.532 0.000 113/1724 38/232
Canmu 0.632 0.562 0.711 0.000 500/ 7683 762 /7683 B
Vrouenraets 0.444 0.333 0.590 0.000 92/765 147/ 624
Summary 0.482 0.340 0.684 0.000 705/10172 947/8539
u.S.
Dublin 0.455 0.376 0.550 0.000 355/3603 197/1017
Yeast 0.441 0.297 0.655 0.000 322/4086 32/197 ——
Macer 0.556 0.272 1138 0.108 17177 26177
Prysak 0.565 0.312 1021 0.058 20/ 210 33/210
Seyb 0.401 0.247 0.650 0.000 88/1124 25/143 ————
van Genmund 0.085 0.010 0.754 0.027 1/23 8/23
Maslow 0.302 0.154 0.593 0.000 21/349 18/103
Luthy 0.545 0.437 0.680 0.000 409/2673 135/542
Summary 0.474 0.419 0.536 0.000 1233/12145 474/2312
0.1 0.2 05 1 2 5 10
Higher for Induced Lower for Induced
Heterogeneity statistics
Q-value P-value I-squared
Non-U.S. 11.130 0.004 82.031
U.S. 6.899 0.439 0.00

CS: Cesarean section; U.S.: United States
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Appendix Figure 9. Observational studies of elective induction of labor versus spontaneous labor: cesarean delivery among
nulliparous women stratified by study location (risk difference)

Study Name Statistics for each study Event / Total Risk difference and 95%Cl
Risk Lower Upper Controls Induced
Non-U.S. difference  limit limit  p-Value CS CS
Boulvain -0.098 -0.147 -0.049 0.000 113/1724 38/232
Cammu -0.034 -0.043 -0.025 0.000 500/ 7683 762 /7683 [ |
Vrouenraets -0.115 -0.156 -0.075 0.000 92 /765 1471624
Summary -0.080 -0.140 -0.020 0.009 705/10172  947/8539
u.s.
Dublin -0.095 -0.121 -0.069 0.000  355/3603 197/1017 -
Yeast -0.084 -0.136 -0.031 0.002 322/ 4086 32/197 T
Macer -0.117 -0.257 0.024 0.103 17/77 26/77
Prysak -0.062 -0.125 0.001 0.055 20/210 33/210 -
Seyb -0.097 -0.161 -0.032 0.003 88/1124 25/143 —_——
van Germund -0.304 -0.516 -0.093 0.005 1/23 8/23
Maslow -0.115 -0.192 -0.037 0.004 21/349 18/103
Luthy -0.096 -0.135 -0.057 0.000  409/2673 135/542 -+
Summary -0.094 -0.112 -0.077 0.000 1233/12145 474/2312 <&
-0.25 -0.13 0.00 0.13 0.25

Higher for Induced Lower for Induced

Heterogeneity statistics

Q-value P-value I-squared
Non-U.S. 20.470 0.00 90.229
U.S. 5.239 0.62 0.00

CS: Cesarean section; U.S.: United States
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Appendix Figure 10. Observational studies of elective induction of labor versus spontaneous labor: cesarean delivery among
multiparous women (risk difference)

Study Name
Risk

difference
Booth -0.019
Dublin -0.002
Boulvain -0.005
Yeast -0.003
Macer 0.000
Heinberg 0.007
Prysak -0.016
Maslow -0.038
Hoffman -0.015
Summary -0.005

Statistics for each study

Lower

limit
-0.047
-0.009
-0.016
-0.018
-0.051
-0.024
-0.040
-0.080
-0.030
-0.011

Upper

limit
0.010
0.006
0.007
0.012
0.051
0.038
0.008
0.004
-0.000
-0.000

p-Value

0.200
0.690
0.456
0.712
1.000
0.677
0.201
0.074
0.050
0.039

BEvent / Total
Control Induced
Goup CS Labor CS
3/213 71213
109/5463 36/1670
9/1629 3/299
187 /5637 24667
11/176 11/176
13/304 11/304
3/251 71251
16/523 11/160
43/1885 30/796
394 /16081 140/4536

Risk difference and 95%Cl
——
RS
——
-~
-0.25 -0.13 0.00 0.13

Higher for Induced

Lower for Induced

0.25

Heterogeneity statistics: Q-value 7.110, P-value 0.525, I-squared 0.00

CS: Cesarean section
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Appendix Figure 11. Observational studies of elective induction of labor versus spontaneous labor: operative vaginal delivery

(risk difference)

Study Name Statistics for each study
Risk Lower Upper
difference limit limit
Booth -0.019 -0.079 0.041
Dublin -0.023 0.039  -0.008
Boulvain 0.021 -0.021 0.062
Macer -0.067 -0.142 0.007
Robson -0.023 -0.081 0.035
Prysak 0.013 -0.029 0.055
van Gemund -0.025 -0.092 0.043
Summary -0.014 -0.032 0.004

p-Value

0.540
0.003
0.327
0.077
0.434
0.545
0.473
0.125

Event / Total
Controls Induced
OovD OoVvD

22/213 26/ 213
1398/9583 487/ 2881
1010/ 3353 149/ 531

53/ 253 70/ 253
117/ 1092 19/ 146

59/ 461 53/ 461

8/122 11/122
2667 /15077 815/ 4607

Risk difference and 95%Cl

0.25 -0.13 0.00 0.13

Higher for Induced

Lower for Induced

0.25

Heterogeneity statistics: Q-value 7.592, P-value 0.27, I-squared 20.972
OVD: Operative vaginal delivery
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Appendix Figure 12. Observational studies of elective induction of labor versus spontaneous labor: operative vaginal delivery
among nulliparous women (risk difference)

Study Name

\fouenraets
van Gemund
Cammu
Macer

Summary

Statistics for each study

Risk
difference
0.015
-0.087
-0.025
-0.052
-0.024

Lower
limit
-0.049
-0.305
-0.040
-0.201
-0.038

Upper
limit
0.078
0.131

-0.011
0.097

-0.010

p-Value

0.650
0434
0.001
0.495
0.001

_Bvent /Total
Control Induced
Group OVD Labor OVD
161/765 37/189
3/23 5/23
2236/7683  2429/7683
24177 28/77
242418548  2499/7972

Risk difference and 95%Cl
-0.25 -0.13 0.00 0.13

Higher for Induced

Lower for Induced

0.25

Heterogeneity statistics: Q-value 1.902, P-value 0.93, I-squared 0.00
OVD: Operative vaginal delivery

C-12



Appendix Figure 13. Randomized controlled trials of elective induction of labor versus expectant management: 5-minute
Apgar score less than 7 (risk difference)

Study Name Statistics for each study Event/Total QOdds ratio and 95% CI

Odds Lower Upper Controls  Induced

ratio limit limit p-Value Apgar Apgar
Heimstad 1.339 0.297 6.043 0.704 4/254 3/254
Hannah 1.114 0.587 2.113 0.742 20/1698 18/ 1700
Dyson 1.531 0.252  9.293 0.644 3/150 2/152 =
Summary 1.178 0.673  2.063 0.567 27/2102 23/2106 # |

0.01 0.1 1 10 100

Higher for Induced Lower for Induced

Heterogeneity statistics: Q-value 0.138, P-value 0.933, I-squared 0.00
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Appendix Figure 14. Randomized controlled trials of elective induction of labor versus expectant management: meconium-

stained amniotic fluid (risk difference)

Study Name Statistics for each study
Risk Lower Upper
difference limit limit
Cole 0.102 0.043 0.162
Dyson 0.276 0.175 0.377
Hannah 0.037 0.007 0.067
NICHHD 0.134 0.045 0.222
Heimstad 0.071 -0.009 0.151
Gelisen 0.110 0.054 0.166
Summary 0.112 0.055 0.169

p-Value

0.001
0.000
0.015
0.003
0.082
0.000
0.000

Event / Total
Expectant Induced Labor
Mgt Meconium Meconium
13/117 1/111
70/150 29/152
490/1706 426/1701
62/171 60/262
87/254 69/254
61/300 28/300
783/2698 613/2780

Risk difference and 95%Cl

-0.50 -0.25 0.00 0.25

Higher for Induced

Lower for Induced

0.50

Heterogeneity statistics: Q-value 25.407, P-value 0.00, I-squared 80.321

Meconium: Meconium-stained amniotic fluid
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Appendix Figure 15. Randomized controlled trials of elective induction of labor versus expectant management: meconium
aspiration syndrome (risk difference)

Study name Statistics for each study
Risk Lower  Upper
difference limit limit
Dyson 0.040 0.006 0.074
Hannah -0001 -0016 0.015
NICHHD 0004 -0015 0.023
Heimstad -0.008 -0034 0.019
Gelisen 0.027 0.001  0.052
Summary 0009 -0005 0.024

p-Value

0.020
0.947
0.687
0.559
0.042
0.209

Bvents / Total Risk difference and 95%C
Expectant Mgt Induced Meconium
Meconium aspiration aspiration
6/150 0/152 .
95/1698 96/1700
21175 21265
5/254 71254
12/300 4/300
120/2577 109/2671
-0.50 -0.25 0.00 0.25

Higher for Induced Lower for Induced

0.50

Heterogeneity statistics: Q-value 8.181, P-value 0.085, I-squared 51.109

Meconium aspiration: Meconium aspiration syndrome



Appendix Figure 16. Observational studies of elective induction of labor versus spontaneous labor: 5-minute Apgar score less
than 7 (risk difference)

Statistics for each study Event / Total Risk difference and 95%Cl

Risk Lower Upper Controls Induced
difference limit limit p-Value Apgar Apgar
van Germund -0.008 -0.050 0.034 0.701 3/122 41122
Boulvain -0.000 -0.004 0.004 0.963 6/3353 1/531

Dublin -0.001 -0.004 0.003 0.711 67 /9633 22 /2882
Yeast 0.005 0.001 0.009 0.006 7219723 2/864
Prysak -0.002 -0.010 0.005 0.563 1/461 2/461
Robson 0.002 -0.008 0.012 0.715 2/1092 0/146
Macer -0.004 -0.017 0.009 0.562 1/253 2/253
Belsky -0.005 -0.061 0.051 0.872 22/918 1/35
Booth -0.009 -0.025 0.006 0.244 0/213 2/213

Summary 0.001 -0.002 0.003 0.520 17425768 36/ 5507

-0.25 -0.13 0.00 0.13 025

Higher for Induced Lower for Induced

Heterogeneity statistics: Q-value 9.168, P-value 0.328, I-squared 12.736

C-16



Appendix Figure 17. Observational studies of elective induction of labor versus spontaneous labor: meconium-stained

amniotic fluid (risk difference)

Study Name Statistics for each study
Risk Lower Upper
difference limit limit
\ierhout 0.056 0.007 0.105
Dublin 0.012 0.003 0.021
Macer 0.095 0.040 0.150
van Gemund 0.123 0.036 0.210
Summary 0.063 0.010 0.115

p-Value

0.026
0.006
0.001
0.005
0.019

_EBvent /Total
Controls Induced Labor
Meconium Meconium
13/156 5/184
546 /9648 128/2886
41/253 17/253
25/122 10/122
625/10179 160/3445

Risk difference and 95%Cl

-0.25 -0.13

Higher for Induced

+

—n—
i
.

0.00 0.13

Lower for Induced

0.25

Heterogeneity statistics: Q-value 17.012, P-value 0.001, I-squared 82.366
Meconium: meconium-stained amniotic fluid



Appendix Figure 18. Observational studies of elective induction of labor versus spontaneous labor: NICU admissions (risk
difference)

Study name Statistics for each study Events / Total Risk difference and 95%Cl
Risk Lower Upper Controls NICU Induced NICU
difference limit limit p-Value admission admission
Boulvain -0.014 -0.032 0.004 0.132 93/3353 22/531 -.-
Yeast 0.022 0.010 0.033 0.000 470/9723 23/864 .
Macer 0016  -0.006 0.038 0.153 6/253 21253 L
Robson -0.006 -0.063 0.051 0.834 128/1092 18/146 T
Prysak -0.007 -0.032 0.019 0.623 18/461 21/461
van Gemund -0.074 -0.154 0.007 0.073 10/122 19/122 =
Summary 0001  -0018  0.019 0.938 725/ 15004 105 /2377 <@
-0.25 -0.13 0.00 0.13 0.25

Higher for Induced Lower for Induced

Heterogeneity statistics: Q-value 16.938, P-value 0.005, I-squared 70.481
NICU: Neonatal intensive care unit
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Appendix Figure 19. Cesarean deliveries (following induction) by parity: observational studies (risk difference)

Study Name

Tan

Dodd
Peregrine
Nuthalapaty
Chan
Heffner
Ware

Buist
Xenakis
Alberico
Abou el-Leil
Macer

Boyd

Dhall
Arulkumaran
Orhue
Anderson
Ekman
Nooh
Onifade
Summary

Statistics for each study

Risk

difference
-0.270
-0.207
-0.370
-0.742
-0.228
-0.202
-0.483
-0.126
-0.099
-0.220
-0.056
-0.275
-0.006
0.001
-0.163
-0.061
0.012
0.000
-0.242
-0.153
-0.192

Lower

limit

-0.406
-0.270
-0.464
-0.806
-0.280
-0.222
-0.676
-0.202
-0.165
-0.331
-0.155
-0.387
-0.025
-0.116
-0.206
-0.110
-0.078
-0.140
-0413
-0.292
-0.266

Upper
limit
-0.134
-0.144
-0.277
-0.678
-0.176
-0.182
-0.289
-0.050
-0.032
-0.109
0.042
-0.164
0.014
0.118
-0.121
-0.011
0.103
0.140
-0.070
-0.014
-0.118

p-Value

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.004
0.000
0.260
0.000
0.569
0.991
0.000
0.017
0.795
1.000
0.006
0.032
0.000

Event / Total
Multiparous Nulliparous
Cch cb
10/87 25/65
31/255 120/365
9/110 71/157
19/149 313/360
19/306 116/400
86/1920 550/2227
5/45 19/32
32/212 62 /224
55/345 65/252
2/43 24/90
11/139 8/59
11/176 26177
689 /3354 766 /3631
12/63 26/137
39/498 135/559
57/705 32/226
3/42 6/101
2127 2127
5/61 11/34
11/113 11/44
1108 /8650 2388/9067

-0.50

-
|

Risk difference and 95%Cl

i
i

-0.25

. ——

i

0.00

0.25

0.50

Lower in Multiparous Higher in Multiparous

Heterogeneity statistics: Q-value 667.544, P-value 0.00, I-squared 97.154
CD: Cesarean delivery
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Appendix Table 1. Studies of induction of labor reporting predictors of cesarean delivery: Study information

Applic
Year of . -
. : Study . . Control . Induction Study .
Article Publlc- Periad Location Setting Group Sample size Method Quality ability
tion to
KQ3
Control  Induced
Group Labor
Abou el-Leil et Oxytocin,
al.! 1993 1988-1999 Kuwait NS - - 198 AROM, Poor Poor
PGE, gel
Ahner et al.’# 1995 NS Austria Academic Center - - 64 PGE, gel Poor Poor
Alberico et al.’* 1997 1992-1996 Italy Academic Center - - 133 PGE, gel Poor Poor
Alchalabi et al.* 2006 NS Jordan Academic Center - - 180 PGE, gel Fair Poor
Anderson’ United Oxytocin, .
1965 NS Kingdom NS - - 143 AROM Fair Poor
Arulkumaran et .
6 . Jan 1982- . . Oxytocin, .
21.7 and Gibb et 1985 Mar 1983 Singapore Academic Center - - 1057 AROM Fair Poor
Ben-Haroush et Jan 1998- Oxytocin, .
al B 2004 Dec 2000 Israel NS SL 574 135 PGE, gel Fair Poor
Boyd et al.’ 1988 1978-1985 Canada Academic Center SL 5368 1455 NS Fair Poor
- 10 ~
Buist 1999~ Mar197- Ny Zealand NS SL 1375 438 NS Fair  Poor
Jun 1997
Caughey etal.'’ 2006  1986-2001  United States Academic Center EM 16,445 2932 NS Fair Fair
Chan et al."*} Communit Oxytocin,
2004 1998-2000  Hong Kong Sty SL 7920 706 AROM, Fair Poor
Hospital
PGE, gel
Dhall et al.”’* . . Oxytocin,
1987 NS India Academic Center - - 200 AROM Poor Poor
14 s
Dodd et al. 2006  2001-2004 Australia Academic Center - - 620 Mlisc(})grogs;?l, Good Poor
2
Ecker et al.”>* 2001 1998-1998  United States  Academic Center SL 2222 1206 NS Poor Poor
. 16+ Apr 1998- . Oxytocin, .
Edris et al. 2006 Mar 2000 Canada Academic Center - - 339 PGE, gel Poor Fair
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Appendix Table 1. Studies of induction of labor reporting predictors of cesarean delivery: Study information (continued)

Applic
Year of Study Control Induction Study 3
Article Put?hc— Period Location Setting Group Sample size Method Quality ability
ation to
KQ3
Control  Induced
Group Labor
Ekman et Sweden or .
al."’ 1983 Feb 1980- Denmark NS - - 54 Oxytocin, Poor  Poor
Feb 1981 PGE, gel
(Unclear)
Gabriel et Oxytocin,
al.'® 2003 1999-2001 France Academic Center - - 179 Misoprostol, Poor Poor
PGE, gel
Garite et al.” . Oxtyocin,
1996 Jul 1994- Mexico Community - - 160 AROM, Poor Poor
Jun 1995 Hospital
PGE, gel
E;EZS:;IS)“ and 1980 1976-1978  Germany  Academic Center - - 453 NS Fair  Poor
iiﬁfner o 2003 1998-1999  United States ~ Academic Center - - 4147 NS Fair  Fair
Heimstad et Oxytocin,
al % 2006 1990-2001 Norway Academic Center - - 2500 AROM, Fair  Poor
PGE, gel
Johnson et Communit Oxytocin,
al.” 2003 1997-1999  United States ity SL 4635 2647 Misoprostol,  Fair Fair
Hospital
PGE, gel
Morgan and . . Oxytocin,
Thurnau® 1988 1986-1987  United States Academic Center - - 49 AROM Poor Poor
Nooh et al.” May 2003- United Community Oxytocin,
2005 Jun 2003 Kingdom Hospital i i 93 PGE, gel Poor Poor
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Appendix Table 1. Studies of induction of labor reporting predictors of cesarean delivery: Study information (continued)

Applic
Year of Study Control Induction Study )
Article Pul?llc— Periad Location Setting Group Sample size Method Quality ability
ation to
KQ3
Control  Induced
Group Labor
Nuthalapaty Oxytocin,
et al.?® AROM,
2004 1997-1999  United States ~ Academic Center - - 509 extra- Fair  Fair
amniotic
saline
infusion
Ofinade®’ Jan 1967- Lo . Oxytocin,
1970 Dec 1968 Nigeria Academic Center - - 159 AROM Poor Poor
Orhue et al.* Oxytocin,
1984 1974-1981 Nigeria Academic Center - - 931 AROM, Fair Poor
ergonovine
Peregrine et . Oxytocin,
al > 30x 2006 Jun 2001- Unlted Academic Center - - 267 AROM, Good  Poor
Nov 2003 Kingdom
PGE, gel
: 31,
Rizzo et al. 2000 NS Ttaly NS - - 81 PGE, gel Poor  Fair
. Oxytocin,
Saunders et 1992 NS United ) cademic Center - - 100 AROM,  Poor  Poor
al. Kingdom
PGE, gel
ilc Eirfyer et 1991 1988-1989 Israel Academic Center - - 65 Oxytocin Poor Poor
Simon and Oxytocin,
Grobman® AROM,
2005 2002-2003  United States Academic Center - - 397 ext.ra—- Poor Fair
amniotic
saline
infusion
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Appendix Table 1. Studies of induction of labor reporting predictors of cesarean delivery: Study information (continued)

Applic
Year of Study Control Induction Study )
Article P;li)(l,f Periad Location Setting Group Sample size Method Quality abg)lty
KQ3
Induced
Labor
Tan et al.* Jan 2003- Oxytocin,
2006 Aug 2004 Malaysia Academic Center - 152 AROM, Fair Poor
& PGE; gel
Ware and 2000 NS United States NS - 77 Oxytocin, = gy poor
Raynor Misoprostol
Wigton and . Community Oxytocin, .
Wolk*** 1994 1989-1989  United States Hospital - 201 AROM Poor Fair
Xenakis et Oxytocin,
al.”’* 1997 1993-1995  United States NS - 597 AROM, Good  Fair
PGE, gel

KQ=Key Question; NS=not specified; AROM=artificial rupture of membranes; PGE,=prostaglandin; SL=spontaneous labor; EM=expectant management
*Also reports predictors of vaginal delivery within 24 hours
*Also reports predictors of overall vaginal delivery

*Also reports predictors of spontaneous vaginal delivery in the setting of induction of labor

*Nulliparous women only
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Appendix Table 2. Studies of induction of labor reporting predictors of induction success or failure: Study information

Year

. Applic-
. of Study . . Control . Induction Measure of Study s
Article Public- Period Location Setting Group Sample size Method success or failure  Quality tibll(h(tg}g
tion
Control Induced
Group  Labor
Bueno et al.***! . Overall vaginal
2002- Academic Oxytocin, delivery, Vaginal
2007 Spain - - 196 AROM, . > s Poor Poor
2003 Center delivery within 24
PGE, gel
hours
Pandis et al.** United Oxytocin, Vaginal delivery .
2001 NS Kingdom NS ) ) 240 PGE, gel within 24 hours Fair Poor
Wilson and Mar
Philpott* 1974- . Oxytocin, Overall vaginal .
1976 Tul Rhodesia NS - - 175 AROM delivery Fair Poor
1974
Williams and 1979 1972-  United Academic i i 1910 Oxytocin, errlf:rtee(:lt; Poor Poor
Craft** 1973 Kingdom Center AROM geney
Cesarean section
Williams et . Failure to
al.® Jun . Oxytocin, progress to active
1997 1291- United NS i i 415 POBagel i within 12 Good  Fair
Dec States hygroscop- .
R hours, failed
1993 ic dilation . .
vaginal delivery
Wing et al.* Academic .
1994-  United  Center and Oxytocin, Vaginal delive
2002 ! . - 1373 AROM, e Y Fair  Fair
2000 States ~ Community . within 24 hours
. Misoprostol
Hospital

KQ=Key Question; AROM=artificial rupture of membranes; PGE,=prostaglandin NS=not specified
SAlso reported failure to deliver after 24 hours in the setting of induction of labor; NS=not specified
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Appendix Table 3. Additional predictors of cesarean delivery among all women

Article

Predictor

Predictor Predictor

Predictor

Ahner et al.

Presence of Fetal
Fibronectin (FFN):
FFN+=10.0%
FFN-=15.2%

5
Anderson

Cervical status:
“ripe” (otherwise
undefined)=5.3%
“unripe” (otherwise
undefined)=8.2%

Chan et al."

Number of PGE,
Doses:

0=19.0%
1-2=16.4%
>3=48.1%

Gabriel et al."™

Cervical Length
upon Arrival:

<26 mm=20.6%
>26 mm=40.2%

Bishop score </=5
AND cervix
<26mm=21%
Bishop score </=5
AND cervix
>/=26mm=43%
Bishop score >5
AND cervix
<26mm=21%Bisho
p score >5 AND
cervix
>/=26mm=25%

Garite et al.””  Presence of FFN:
FFN+=14.8%
FFN-=26.9%
(P=0.05)
Morgan and Ultrasound Fetal-Pelvic Index Colcher-Sussman
Thurnau® Estimated Fetal (FPD) Status: x-ray Pelvimetry
Weight (EFW) FPI+=83.3% Result:
(grams): FPI-=5.4% Contract=100%

EFW>4000 =22.2%
EFW<4000 =25.0%
EFW >4500 =25.0%
EFW<4500 =24.4%

Adequate=22.9%

Orhue et al.”®

Cervical Dilation at
8 hours:

<4 ¢cm=38.4%

4-8 cm=15.4%

>8 cm=0%

Length of latent
period:

<4 hours=5.1%
4-8 hours=10.3%
>8 hours=69.5%
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Peregrine et
a] 2% 30

Fetal Position:
Occipito-
posterior=25.3%
Not Occipito-
posterior=31.2%
(P=0.29)
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Appendix Table 3. Additional predictors of cesarean delivery among all women

(continued)

Article Predictor Predictor Predictor Predictor

Saunders et Fetal Occipital

al.” Position before
Induction:

Occipito-
anterior=17.4%
Occipito-
transverse=22.5%
Occipito-
posterior=35.7%

Schreyer et Presence of Fetal

al** Breathing
Movements (FBM):

FBM+=9.7%
FBM-=0%

Tan et al.* Cervical Length: EFW (grams): Maternal Height:  Race:
>20 mm=30.0% EFW<2500=28.6% <150 cm=27.3%  Malaysian=22%
<20 mm=12.9% EFW 2500- >150 cm=21.7%  (P=0.65)
(P=0.018) 4000=22.2% (P=0.59)

EFW>4000=33.3%

Ware and Cervical Length: Pharmaceutical

Raynor’’ <30 mm=4.0% agent used for
>30 mm=81.5% induction of labor:

(P<0.001) Oxytocin=14%
Misoprostol=56%
(P<0.005)
Wilailak et Patient Status:
al.’ Private

Patient=19.4%
Non-private
Patient=17.2%

Peregrine et al.”*°

reported predictors of cesarean section only as odds ratios and P-values for maternal height,

gestational age, amniotic fluid index, estimated fetal weight, transvaginal sonography cervical length, and Bishop

score.

Rizzo et al.*"? reported predictors of cesarean section only as odds ratios for parity, amniotic fluid index, and number

of doses of prostaglandin administered.
Tan et al.*®
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Appendix Table 4. Additional predictors of cesarean delivery among nulliparous

women

Article

Predictor

Anderson’

Cervical status:
“ripe” (otherwise undefined)=5.7%; “unripe” (otherwise
undefined)=6.5%

Chan et al."

Number of PGE, doses:
0=31.6%

1-2=22.8%

>3=58.8%

Dodd et al.™

Bishop score:
0-3=37%; 4-6=26%

Ecker et al.”

Maternal age (years):
<25=15%
25-34=23%
35-39=31%
>40=33%

Heffner et al.”!

Gestational age (weeks):
36-38=18%;  39-40 =23%

Nuthalapaty et al.”®

Maternal weight (kilograms):
47 to < 72=15%

72 to < 85=20%

85 to < 103=30%

103 to 193=37%

- 29,30
Peregrine et al.”

Fetal Position:
Occipito-posterior=39.1%;
(P=0.22)

Not Occipito-posterior=48.6%

Xenakis et al.”’

Bishop score:

0-3=34%; >3=20%

Appendix Table 5. Additional predictors of cesarean delivery among multiparous

women
Article Predictor
Anderson’ Cervical status:
“ripe” (otherwise undefined)=4.2%; ‘“‘unripe” (otherwise
undefined)=11.1%
Chan et al." Number of PGE, doses:
0=5.5%
1-2=5.2%
>3=30.0%
Dodd et al."* Bishop score:
0-3=15%; 4-6=8%

Nuthalapaty et al.”®

Maternal weight (kilograms):
47 to <72=T7%

72 to < 85=8%

85 to < 103=13%

103 to 193=9%

Peregrine et al.””*"

Fetal Position:

C-28



Occipito-posterior=0%;

Not Occipito-posterior=15.5%

(P<0.05)
Xenakis et al.”’ Bishop score:
0-3=23%; >3=13%
Appendix Table 6. Predictors of induction success reported among all women
Article Success Predictor Predictor Predictor
Measure
Xenakis et Ability to Bishop Score:
al.” achieve active 0-3=91%
labor >3=99%
NICHHD*  Vaginal delivery Parity:
within 12 hours ~ Nulliparous=2%
Multiparous=14%
Ahner etal.”  Vaginal delivery Presence of fetal
within 24 hours  fibronectin:
FFN+=83%
FFN-=43%
Bueno et Vaginal delivery Parity: Bishop score: Cervical
al. 4! within 24 hours  Nulliparous=51% 0=35% length: <16.5
Multiparous=83% 1-4=60% mm=91%
>4=81% 16.5-27
mm=65%

>27mm =48%

Dhall et al."?

Vaginal delivery

Parity:

Bishop Score:

Dhall score:

within 24 hours  Nulliparous=69% 0-3=47% 0-6=34%
Multiparous=76% 4-5=68% 7-8=72%
>6=92% >9=91%
Dodd etal."*  Vaginal delivery Parity: Bishop score:
within 24 hours  Nulliparous=43% 0-3=50%
Multiparous=76% 4-6=66%
Egarter et Vaginal delivery Parity:
al.* within 24 hours  Nulliparous=80%
Multiparous=96%
Ekman et Vaginal delivery Parity:
al."” within 24 hours  Nulliparous=66%
Multiparous=48%
Pandis et Vaginal delivery Parity:
al.* within 24 hours  Nulliparous=54%

Multiparous=74%

Peregrine et
a] 2% 30

Vaginal delivery
within 24 hours

Parity:
Nulliparous=34%
Multiparous=65%

Fetal position:

Non-occipito-

posterior=43%

occipito-

posterior=50%

Wing et al.*®

Vaginal delivery
within 24 hours

Parity:
Nulliparous=32%
Multiparous=63%

Buist'”

Spontaneous
vaginal delivery

Parity:
Nulliparous=49%
Multiparous=74%
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Chanetal."®  Spontaneous Parity: Number of doses
vaginal delivery ~ Nulliparous=38% of prostaglandin:
Multiparous=81% 0=59%
1-2=57%
>3=33%
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Appendix Table 6. Predictors of induction success reported among all women

(continued)

Article Success Predictor Predictor Predictor
Measure
Heimstad et  Spontaneous Gestational age:
al.* vaginal delivery 37 weeks=77%
38 weeks=73%
39 weeks=77%
40 weeks=74%
41 weeks=58%
42+ weeks=63%
Macer et Spontaneous Use of epidural
al.”’ vaginal delivery  analgesia:
Epidural=52%
No epidural=85%
Saunders et ~ Spontaneous Fetal position:
al.” vaginal delivery  occipito-anterior=57%
occipito-transverse=63%
occipito-posterior=64%
Albericoet  Overall vaginal  Parity: Bishop Score:
al.’ delivery Nulliparous=76% <5=79%
Multiparous=95% >5=85%
Ben- Overall vaginal  Parity:
Ha3r30ush et delivery Nulliparous=37%
al.
Boulvainet  Overall vaginal  Parity: Medications
al.*! delivery Nulliparous=41% used:
Multiparous=89% Oxtyocin=86%
Misoprostol=44%
Dhall etal.”  Overall vaginal  Parity: Bishop Score: Dhall score:
delivery Nulliparous=81% <4=66% <7=54%
Multiparous=81% >4=86% >7=90%
Saunders et  Overall vaginal  Fetal position:
al.” delivery occipito-anterior=83%
occipito-transverse=78%
occipito-posterior=64%
Schreyer et  Overall vaginal ~ Bishop Score: Presence/absence
al** delivery Bishop Score 3-5=91%  of fetal breathing
Bishop Score 6-10=96% movements:
FBM+=90%
FBM-=100%
Wigton and  Overall vaginal  Parity:
Wolk™ delivery Nulliparous=76%
Multiparous=100%
Wilson and  Overall vaginal  Parity:
Philpott* delivery >4=35%

Note: Each predictor is reported as the percentage of women with induction success within the specific group; for e.g.
in the study by Xenakis et al, 91% of women with a Bishop score 0-3 had successful induction of labor as compared
with 99% of women with Bishop score >3.
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FFN=fetal fibronectin

Bueno et al.** *'reported predictors of overall vaginal delivery only as odds ratios for parity, Bishop score, cervical
length, gestational age, age, weight at delivery, biparietal diameter, and previous abortion.

Rizzo et al.*"*? reported predictors of overall vaginal delivery only as odds ratios for parity, gestational age, weight at
delivery, AFI, and number of doses of prostaglandin administered.
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Appendix Table 7. Predictors of induction success reported among nulliparous

women
Article Success Predictor Predictor Predictor
Measure
Xenakis et Ability to Bishop Score:
al.*’ achieve active ~ 0-3=87%
labor >3=99%
Bueno et Vaginal Bishop score: Cervical Cervical length
al 04! delivery within  <5=45% length: >16.5mm AND
24 hours >=73% <16.5 Bishop
mm=92% score<6=44%
>16.5 Cervical length
mm=47% >16.5mm AND
Bishop score
>6=88%
Dhalletal.” Vaginal Bishop Score: Dhall score:
delivery within  <4=43% <7=43%
24 hours >4=76% >7=80%
Dodd etal.'"*  Vaginal Bishop Score:
delivery within ~ 0-3=33%
24 hours 4-6=57%
Ekman et Vaginal Gestational Age:
al."’ delivery within 40 weeks=67%
24 hours >42 weeks=63%
Peregrine et  Vaginal Fetal position:
al?*>" delivery within ~ Non-occipito-
24 hours posterior=30%
Occipito-
posterior=39%
Chanetal.'” Spontaneous Number of doses of
vaginal delivery prostaglandin:
0=38%
1-2=41%
>3=18%
Albericoet  Overall vaginal  Bishop Score:
al.’ delivery <5=71%
> 5=82%
Dhall etal.”” Overall vaginal Bishop Score: Dhall score:
delivery <4=71% <7=65%
>4=83% >7=88%

Bueno et al.***! reported predictors of overall vaginal delivery only as odds ratios for parity, Bishop score, cervical
length, gestational age, age, weight at delivery, biparietal diameter, and previous abortion.
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Appendix Table 8. Predictors of induction success reported among multiparous

women
Article Success Measure Predictor Predictor
Xenakis et al.”  Ability to achieve ~ Bishop Score:
active labor 0-3=95%
>3=99%
Bueno et al.**"  Vaginal delivery Bishop score: Cervical length:
within 24 hours 0=40% <27 mm=100%
1-3=78% >27 mm=70%
>3=100%
Dhall et al.” Vaginal delivery Bishop Score: Dhall score:
within 24 hours <4=53% <7=10%
> 4=86% >7=89%
Dodd et al." Vaginal delivery Bishop Score:
within 24 hours 0-3=73%
4-6=80%
Ekman et al.”’ Vaginal delivery Gestational Age:

within 24 hours

< 38 weeks=46%
40 weeks=27%
> 41 weeks=67%

Peregrine et Vaginal delivery Fetal position:
al?*>" within 24 hours Non-occipito-posterior=61%
Occipito-posterior=77%
Chan et al.' Spontaneous Number of doses of
vaginal delivery prostaglandin:
0=81%
1-2=85%
>3=60%
Alberico etal”  Overall vaginal Bishop Score:
delivery <5=97%
>5=91%
Dhall et al.” Overall vaginal Bishop Score: Dhall score:
delivery <4=58% <7=10%
> 4=91% >7=94%

Bueno et al.***! reported predictors of overall vaginal delivery only as odds ratios for parity, Bishop score, cervical
length, gestational age, age, weight at delivery, biparietal diameter, and previous abortion.

C-34



Appendix Table 9. Predictors of failure

Article

Failure Measure

Predictor

Predictor

Garite et al."”

Interval of PG administration

to delivery >18hrs

Garite et al."”

Interval of PG administration

to delivery >24hrs

Pandis et al. ¥

Failure to deliver after 24

Bishop Score:

Cervical length:

hours <5=44% 0-18mm=2%
> 5=9% 19-24mm=21%
25-31mm=33%
32-50 mm=84%
Williams and Emergency C-section only Parity:

Craft*

Nulliparous=11%
Multiparous=4%

Williams et al.*®

Failure to progress to active

labor within 12 hours

Parity:

Nulliparous=54%
Multiparous=45%

Williams et al.*®

Failed vaginal delivery

Parity:

Nulliparous=30%
Multiparous=25%

‘0dds ratios are given for entire group and nulliparous women separately on predictors of Bishop score>5 and fetal

fibronectin+.
PG=prostaglandin
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Appendix D: List of Excluded Studies

Atrticle

Reason for exclusion

A randomized control study of oxytocin augmentation of labour. 1.
Obstetric outcome. Br J Obstet Gynaecol. 1988 Jan;95(1):104-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Adams JL. The use of obstetrical procedures in the care of low-risk
women. Women Health. 1983 Spring;8(1):25-34.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Adelstein P, Fedrick J, Howat P, Robinson R, Turnbull AC. Obstetric
practice and infant morbidity. Br J Obstet Gynaecol. 1977
Oct;84(10):721-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Akyol D, Mungan T, Unsal A, Yuksel K. Prelabour rupture of the
membranes at term--no advantage of delaying induction for 24 hours.
Aust N Z J Obstet Gynaecol. 1999 Aug;39(3):291-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Albers LL, Savitz DA. Hospital setting for birth and use of medical
procedures in low-risk women. J Nurse Midwifery. 1991 Nov-
Dec;36(6):327-33.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Alexander JM, Lucas MJ, Ramin SM, Mclntire DD, Leveno KJ. The
course of labor with and without epidural analgesia. Am J Obstet
Gynecol. 1998 Mar;178(3):516-20.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Alexander JM, Mclintire DD, Leveno KJ. Forty weeks and beyond:
pregnancy outcomes by week of gestation. Obstet Gynecol. 2000
Aug;96(2):291-4.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Allen VM, O'Connell CM, Baskett TF. Maternal morbidity associated
with cesarean delivery without labor compared with induction of labor
at term. Obstet Gynecol. 2006 Aug;108(2):286-94.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Al-Taani M. Pregnancies past the estimated date of confinement: labour
and delivery outcome. East Mediterr Health J. 2003 Sep-Nov;9(5-
6):955-60.

Data not usable

Anderson AB, Turnbull AC, Baird D. The influence of induction of
labour on caesarean section rate, duration of labour and perinatal
mortality in Aberdeen primigravidae between 1938 and 1966. J Obstet
Gynaecol Br Commonw. 1968 Aug;75(8):800-11.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Anderson T. Induction of labour for suspected fetal macrosomia. Pract
Midwife. 2000 Feb;3(2):10-1.

Ineligible Study Design

Arulkumaran S, Gibb DM, Heng SH, Ratnam SS. Perinatal outcome of
induced labour. Asia Oceania J Obstet Gynaecol. 1985 Mar;11(1):33-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Bahn SA, Jacobson J, Petersen F. Maternal and neonatal outcome
following prolonged labor induction. Obstet Gynecol. 1998
Sep;92(3):403-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Bakketeig LS, Petersen SO, Bersjo P. Statistical comparison in a
controlled trial of elective induction of labor. Acta Obstet Gynecol
Scand. 1980;59(2):191-2.

Ineligible Study Design

Barda G, Arbel-Alon S, Bernstein D, Zakut H, Menczer J. Pregnancy
and delivery in a group of Israeli teenagers. A case-controlled study.
Clin Exp Obstet Gynecol. 1998;25(1-2):32-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Barros FC, Velez Mdel P. Temporal trends of preterm birth subtypes
and neonatal outcomes. Obstet Gynecol. 2006 May;107(5):1035-41.

Data not usable

Baruffi G, Dellinger WS, Jr., Strobino DM, Rudolph A, Timmons RG,
Ross A. Patterns of obstetric procedures use in maternity care. Obstet
Gynecol. 1984 Oct;64(4):493-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Baxter S. Orgasm and labour in primiparae. J Psychosom Res. 1974
Oct;18(5):357-60.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Beard R, Boyd I, Holt E. A study of cervical vibration in induced
labour. J Obstet Gynaecol Br Commonw. 1973 Nov;80(11):966-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Beard R, Steer PJ. Induction of labour and perinatal mortality. Br Med
J. 1977 Aug 20;2(6085):516-7.

Ineligible Study Design

Beazley JM, Alderman B. Neonatal hyperbilirubinaemia following the
use of oxytocin in labour. Br J Obstet Gynaecol. 1975 Apr;82(4):265-
71.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Beazley JM, Alderman B. The 'inductograph’--a graph describing the
limits of the latent phase of induced labour in low risk situations. Br J
Obstet Gynaecol. 1976 Jul;83(7):513-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Beazley JM. Controlled parturition. Br J Hosp Med. 1977
Mar;17(3):237-8, 41-4.

Ineligible Study Design

Beebe LA, Rayburn WF, Beaty CM, Eberly KL, Stanley JR, Rayburn
LA. Indications for labor induction. Differences between university and
community hospitals. J Reprod Med. 2000 Jun;45(6):469-75.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Behague DP, Victora CG, Barros FC. Consumer demand for caesarean
sections in Brazil: informed decision making, patient choice, or social
inequality? A population based birth cohort study linking ethnographic
and epidemiological methods. BMJ. 2002 Apr 20;324(7343):942-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Beilin Y, Friedman F, Jr., Andres LA, Hossain S, Bodian CA. The
effect of the obstetrician group and epidural analgesia on the risk for
cesarean delivery in nulliparous women. Acta Anaesthesiol Scand. 2000
Sep;44(8):959-64.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Belfrage P, Fernstrom I, Hallenberg G. Routine or selective ultrasound
examinations in early pregnancy. Obstet Gynecol. 1987 May;69(5):747-
50.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Ben-Haroush A, Yogev Y, Bar J, Glickman H, Kaplan B, Hod M.
Indicated labor induction with vaginal prostaglandin E2 increases the
risk of cesarean section even in multiparous women with no previous
cesarean section. J Perinat Med. 2004;32(1):31-6.

Data not usable

Ben-Haroush A, Yogev Y, Glickman H, Bar J, Kaplan B, Hod M. Mode
of delivery in pregnancies with premature rupture of membranes at or
before term following induction of labor with vaginal prostaglandin E2.
Am J Perinatol. 2004 Jul;21(5):263-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Bergsjo P, Halle C. Duration of the second stage of labor. Acta Obstet
Gynecol Scand. 1980;59(3):193-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Bianco A, Stone J, Lynch L, Lapinski R, Berkowitz G, Berkowitz RL.
Pregnancy outcome at age 40 and older. Obstet Gynecol. 1996
Jun;87(6):917-22.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Black BP, McBride WG. Children born after elective induction of
labour. Med J Aust. 1979 Oct 6;2(7):362-3.

No eligible outcomes

Bodner-Adler B, Bodner K, Pateisky N, Kimberger O, Chalubinski K,
Mayerhofer K, et al. Influence of labor induction on obstetric outcomes
in patients with prolonged pregnancy: a comparison between elective
labor induction and spontaneous onset of labor beyond term. Wien Klin
Wochenschr. 2005 Apr;117(7-8):287-92.

Post-term

Brinsden PR, Clark AD. Postpartum haemorrhage after induced and
spontaneous labour. Br Med J. 1978 Sep 23;2(6141):855-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Browne DS. Induction of labour. Med J Aust. 1977 Nov 19;2(21):721.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Buchan PC. Pathogenesis of neonatal hyperbilirubinaemia after
induction of labour with oxytocin. Br Med J. 1979 Nov
17;2(6200):1255-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Bueno B, San-Frutos L, Salazar F, Perez-Medina T, Engels V, Archilla
B, et al. Variables that predict the success of labor induction. Acta
Obstet Gynecol Scand. 2005 Nov;84(11):1093-7.

Duplicate of Included Study

Caliskan E, Dilbaz S, Gelisen O, Dilbaz B, Ozturk N, Haberal A.
Unsucessful labour induction in women with unfavourable cervical
scores: predictors and management. Aust N Z J Obstet Gynaecol. 2004
Dec;44(6):562-7.

Method of induction study

Callen P, Goldsworthy S, Graves L, Harvey D, Mellows H, Parkinson
C. Mode of delivery and the lecithin/sphingomyelin ratio. Br J Obstet
Gynaecol. 1979 Dec;86(12):965-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Cary AJ. Intervention rates in spontaneous term labour in low risk
nulliparous women. Aust N Z J Obstet Gynaecol. 1990 Feb;30(1):46-
51.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Caseby NG. Epidural analgesia for the surgical induction of labour. Br J
Anaesth. 1974 Oct;46(10):747-51.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Caughey AB, Bishop JT. Maternal complications of pregnancy increase
beyond 40 weeks of gestation in low-risk women. J Perinatol. 2006
Sep;26(9):540-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chalmers 1, Campbell H, Turnbull AC. Use of oxytocin and incidence
of neonatal jaundice. Br Med J. 1975 Apr 19;2(5963):116-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chalmers I, Lawson JG, Turnbull AC. Evaluation of different
approaches to obstetric care: Part Il. Br J Obstet Gynaecol. 1976
Dec;83(12):930-3.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chalmers JA, Prakash A. Optimal dosage of buccal oxytocin for the
induction of labor. Am J Obstet Gynecol. 1971 Sep 15;111(2):227-32.

Method of induction study

Chan BC, Lao TT. Influence of parity on the obstetric performance of
mothers aged 40 years and above. Hum Reprod. 1999 Mar;14(3):833-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chance GW. Elective delivery, premature rupture of the membranes
and the respiratory distress syndrome. Can Med Assoc J. 1980 Feb
9;122(3):265-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chandra S, Crane JM, Hutchens D, Young DC. Transvaginal ultrasound
and digital examination in predicting successful labor induction. Obstet
Gynecol. 2001 Jul;98(1):2-6.

Data not usable

Chang TC, Tan KT, Neow P, Yeo GS. Computerised analysis of foetal
heart rate variation: prediction of adverse perinatal outcome in patients
undergoing prostaglandin induction of labour at term. Ann Acad Med
Singapore. 1997 Nov;26(6):772-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chanrachakul B, Herabutya Y. Postterm with favorable cervix: is
induction necessary? Eur J Obstet Gynecol Reprod Biol. 2003 Feb
10;106(2):154-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chattopadhyay SK, Sengupta BS, Edrees YB. Intracervical application
of prostaglandin E2 tablets for elective induction of labor in grand
multiparae: a prospective controlled study. Eur J Obstet Gynecol
Reprod Biol. 1986 Jun;22(1-2):7-15.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Chen WH, Lai HC, Tang YH, Liu HS. Fetal Doppler hemodynamic
changes in spontaneous versus prostaglandin E1-induced active labor.
Acta Obstet Gynecol Scand. 1999 Aug;78(7):599-604.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Cheng YW, Shaffer BL, Caughey AB. Associated factors and outcomes
of persistent occiput posterior position: A retrospective cohort study
from 1976 to 2001. J Matern Fetal Neonatal Med. 2006 Sep;19(9):563-
8

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Cheng YW, Shaffer BL, Caughey AB. The association between
persistent occiput posterior position and neonatal outcomes. Obstet
Gynecol. 2006 Apr;107(4):837-44.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chew WC, Swann IL. Influence of simultaneous low amniotomy and
oxytocin infusion and other maternal factors on neonatal jaundice: a
prospective study. Br Med J. 1977 Jan 8;1(6053):72-3.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chia YT, Arulkumaran S, Soon SB, Norshida S, Ratnam SS. Induction
of labour: does internal tocography result in better obstetric outcome
than external tocography. Aust N Z J Obstet Gynaecol. 1993
May;33(2):159-61.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Chigbu CO, Ezeome IV, Okezie AO, Oyefara B. Induction of labor on
request in a resource-poor setting. Int J Gynaecol Obstet. Apr 18 2007.

Data not usable

Chua S, Arulkumaran S. Intrapartum care. Aust N Z J Obstet Gynaecol.
1997 Feb;37(1):25-35.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Clinch J. Induction of labour--a six year review. Br J Obstet Gynaecol.
1979 May;86(5):340-2.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Cnattingius R, Hoglund B, Kieler H. Emergency cesarean delivery in
induction of labor: an evaluation of risk factors. Acta Obstet Gynecol
Scand. 2005 May;84(5):456-62.

Data not usable

Combs CA, Murphy EL, Laros RK, Jr. Cost-benefit analysis of
autologous blood donation in obstetrics. Obstet Gynecol. Oct
1992;80(4):621-625

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Combs CA, Singh NB, Khoury JC. Elective induction versus
spontaneous labor after sonographic diagnosis of fetal macrosomia.
Obstet Gynecol. Apr 1993;81(4):492-496.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Conway DL, Adkins WB, Schroeder B, Langer O. Isolated
oligohydramnios in the term pregnancy: is it a clinical entity? J Matern
Fetal Med. 1998 Jul-Aug;7(4):197-200.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Conway DL, Langer O. Elective delivery of infants with macrosomia in
diabetic women: reduced shoulder dystocia versus increased cesarean
deliveries. Am J Obstet Gynecol. 1998 May;178(5):922-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Cooley S, Lissoni D, Geary M, Keane D. Does fetal head position at the
term plus 12 scan influence induction, labor and delivery outcome? J
Perinat Med. 2004;32(3):258-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Coonrod DV, Bay RC, Kishi GY. The epidemiology of labor induction:
Arizona, 1997. Am J Obstet Gynecol. 2000 Jun;182(6):1355-62.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Cope E. Induction of labour. Practitioner. 1967 Feb;198(184):207-16.

Ineligible Study Design

Crane JM, Young DC, Butt KD, Bennett KA, Hutchens D. Excessive
uterine activity accompanying induced labor. Obstet Gynecol. 2001
Jun;97(6):926-31.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Cromi A, Ghezzi F, Tomera S, Scandroglio S, Colombo G, Bolis P.
Cervical ripening with a Foley catheter: the role of pre- and
postripening ultrasound examination of the cervix. Am J Obstet
Gynecol. 2007 Jan;196(1):41 el-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Danon D, Ben-Haroush A, Yogev Y, Bar J, Hod M, Pardo J.
Prostaglandin E2 induction of labor for isolated oligohydramnios in
women with unfavorable cervix at term. Fetal Diagn Ther.
2007;22(1):75-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Daskalakis G, Thomakos N, Hatziioannou L, Mesogitis S, Papantoniou
N, Antsaklis A. Sonographic cervical length measurement before labor
induction in term nulliparous women. Fetal Diagn Ther. 2006;21(1):34-
8

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

de Hemptinne D, Thiery M, Vroman S, Martens S. Uterine contractility
in spontaneous and induced labour. Z Geburtshilfe Perinatol. 1976
Aug;180(4):275-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

DeMott RK, Sandmire HF. The Green Bay cesarean section study. I1.
The physician factor as a determinant of cesarean birth rates for failed
labor. Am J Obstet Gynecol. 1992 Jun;166(6 Pt 1):1799-806; discussion
806-10.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Dowding VM, Duignan NM, Henry GR, MacDonald DW. Induction of
labour, birthweight and perinatal mortality by day of the week. Br J
Obstet Gynaecol. 1987 May;94(5):413-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

D'Souza SW, Black P, Macfarlane T, Richards B. The effect of
oxytocin in induced labour on neonatal jaundice. Br J Obstet Gynaecol.
1979 Feb;86(2):133-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Duff C, Sinclair M. Exploring the risks associated with induction of
labour: a retrospective study using the NIMATS database. Northern
Ireland Maternity System. J Adv Nurs. 2000 Feb;31(2):410-7.

Post-term

Ekman G, Persson PH, Ulmsten U. Induction of labor in postterm
pregnant women. Int J Gynaecol Obstet. 1986 Feb;24(1):47-52.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Elferink-Stinkens PM, Brand R, le Cessie S, Van Hemel OJ. Large
differences in obstetrical intervention rates among Dutch hospitals, even
after adjustment for population differences. Eur J Obstet Gynecol
Reprod Biol. 1996 Sep;68(1-2):97-103.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Elferink-Stinkens PM, Van Hemel OJ, Brand R. Differences in
obstetrical intervention rates between Dutch hospitals. Eur J Obstet
Gynecol Reprod Biol. 1994 Mar 15;53(3):165-73.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Elghorori MR, Hassan I, Dartey W, Abdel-Aziz E, Bradley M.
Comparison between subjective and objective assessments of the cervix
before induction of labour. J Obstet Gynaecol. 2006 Aug;26(6):521-6.

Data not usable

Enkola K, Pulkkinen MO. Induction of human labor at term: uterine
activity, inducibility, duration and neonatal jaundice. Acta Physiol
Hung. 1985;,65(3):281-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Evans SE, Crawford JS, Stevens ID, Durbin GM, Daya H. Fluid therapy
for induced labour under epidural analgesia: biochemical consequences
for mother and infant. Br J Obstet Gynaecol. 1986 Apr;93(4):329-33.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

EzraY, McParland P, Farine D. High delivery intervention rates in
nulliparous women over age 35. Eur J Obstet Gynecol Reprod Biol.
1995 Oct;62(2):203-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Farr SL, Jamieson DJ, Rivera HV, Ahmed Y, Heilig CM. Risk Factors
for Cesarean Delivery Among Puerto Rican Women. Obstet Gynecol.
2007 Jun;109(6):1351-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Fedrick J, Yudkin P. Obstetric practice in the Oxford Record Linkage
Study Area 1965-72. Br Med J. 1976 Mar 27;1(6012):738-40.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Feinstein U, Sheiner E, Levy A, Hallak M, Mazor M. Risk factors for
arrest of descent during the second stage of labor. Int J Gynaecol
Obstet. 2002 Apr;77(1):7-14.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Fenton DW, Speedie J, Duncan SL. Does cervical ripening with PGE2
affect subsequent uterine activity in labour? Acta Obstet Gynecol
Scand. 1985;64(1):27-30.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Ferguson JE, 2nd, Newberry YG, DeAngelis GA, Finnerty JJ, Agarwal
S, Turkheimer E. The fetal-pelvic index has minimal utility in
predicting fetal-pelvic disproportion. Am J Obstet Gynecol. 1998
Nov;179(5):1186-92.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Fields H. Induction of labor: methods, hazards, complications and
contraindications. Hosp Top. 1968 Dec;46(12):63-6.

Ineligible Study Design

Fitzpatrick M, McQuillan K, O'Herlihy C. Influence of persistent
occiput posterior position on delivery outcome. Obstet Gynecol. 2001
Dec;98(6):1027-31.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Flaksman RJ, Vollman JH, Benfield DG. latrogenic prematurity due to
elective termination of the uncomplicated pregnancy: a major perinatal
health care problem. Am J Obstet Gynecol. 1978 Dec 15;132(8):885-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Fleissig A. Prevalence of procedures in childbirth. BMJ. 1993 Feb
20;306(6876):494-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Fok WY, Chan LY, Tsui MH, Leung TN, Lau TK, Chung TK. When to
induce labor for post-term? A study of induction at 41 weeks versus 42
weeks. Eur J Obstet Gynecol Reprod Biol. 2006 Apr 1;125(2):206-10.

Post-term

Foley ME, Alarab M, Daly L, Keane D, Rath A, O'Herlihy C. The
continuing effectiveness of active management of first labor, despite a

doubling in overall nulliparous cesarean delivery. Am J Obstet Gynecol.

2004 Sep;191(3):891-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Foong LC, Vanaja K, Tan G, Chua S. Membrane sweeping in
conjunction with labor induction. Obstet Gynecol. 2000 Oct;96(4):539-
42,

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Frost O. Augmentation of labour in the primigravid patient. Ethiop Med
J. 1984 Oct;22(4):193-201.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Frost O. Induction of labour in a nondoctor maternity unit. Cent Afr J
Med. 1978 Nov;24(11):229-31.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Fuchs K, Wapner R. Elective cesarean section and induction and their
impact on late preterm births. Clin Perinatol. 2006 Dec;33(4):793-801,;
abstract viii.

Ineligible Study Design

Garzetti GG, Ciavattini A, La Marca N, De Cristofaro F. Longitudinal
measurement of amniotic fluid index in term pregnancies and its
association with intrapartum fetal distress. Gynecol Obstet Invest.
1997;44(4):234-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Gerhardstein LP, Allswede MT, Sloan CT, Lorenz RP. Reduction in the
rate of cesarean birth with active management of labor and
intermediate-dose oxytocin. J Reprod Med. 1995 Jan;40(1):4-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Gibb DM, Arulkumaran S, Heng SH, Ratnam SS. Characteristics of
induced labour. Asia Oceania J Obstet Gynaecol. 1985 Mar;11(1):27-
3L

Duplicate of Included Study

Glantz JC. Labor induction rate variation in upstate New York: what is
the difference? Birth. 2003 Sep;30(3):168-74.

Ineligible Study Design
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Article

Reason for exclusion

Goeree R, Hannah M, Hewson S. Cost-effectiveness of induction of
labour versus serial antenatal monitoring in the Canadian Multicentre
Postterm Pregnancy Trial. CMAJ. 1995 May 1;152(9):1445-50.

No eligible outcomes

Goldberg CC, Kallen MA, McCurdy CM, Miller HS. Effect of
intrapartum use of oxytocin on estimated blood loss and hematocrit
change at vaginal delivery. Am J Perinatol. 1996 Aug;13(6):373-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Gonen O, Rosen DJ, Dolfin Z, Tepper R, Markov S, Fejgin MD.
Induction of labor versus expectant management in macrosomia: a
randomized study. Obstet Gynecol. 1997 Jun;89(6):913-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Gonen R, Degani S, Ron A. Prediction of successful induction of labor:
comparison of transvaginal ultrasonography and the Bishop score. Eur J
Ultrasound. 1998 Aug;7(3):183-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Gopalani S, Bennett K, Critchlow C. Factors predictive of failed
operative vaginal delivery. Am J Obstet Gynecol. 2004 Sep;191(3):896-
902.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Grant JM. Induction of labour confers benefits in prolonged pregnancy.
Br J Obstet Gynaecol. 1994 Feb;101(2):99-102.

Ineligible Study Design

Graves BW, DeJoy SA, Heath A, Pekow P. Maternal body mass index,
delivery route, and induction of labor in a midwifery caseload. J
Midwifery Womens Health. 2006 Jul-Aug;51(4):254-9.

Data not usable

Hack M, Fanaroff AA, Klaus MH, Mendelawitz BD, Merkatz IR.
Neonatal respiratory distress following elective delivery. A preventable
disease? Am J Obstet Gynecol. 1976 Sep 1;126(1):43-7.

Other

Hallak M, Bottoms SF. Induction of labor in patients with term
premature rupture of membranes. Effect on perinatal outcome. Fetal
Diagn Ther. 1999 May-Jun;14(3):138-42.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Halpern SH, Breen TW, Campbell DC, Muir HA, Kronberg J, Nunn R,
et al. A multicenter, randomized, controlled trial comparing bupivacaine
with ropivacaine for labor analgesia. Anesthesiology. 2003
Jun;98(6):1431-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Hamad SA, el-Domiaty BA, Philips DA, Nayel SA. Neonatal
hyperbilirubinemia in oxytocin augmented labour. Asia Oceania J
Obstet Gynaecol. 1985 Mar;11(1):69-73.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Hannah ME, Hodnett ED, Willan A, Foster GA, Di Cecco R, Helewa
M. Prelabor rupture of the membranes at term: expectant management
at home or in hospital? The TermPROM Study Group. Obstet Gynecol.
2000 Oct;96(4):533-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Hannah ME, Huh C, Hewson SA, Hannah WJ. Postterm pregnancy:
putting the merits of a policy of induction of labor into perspective.
Birth. 1996 Mar;23(1):13-9.

Duplicate of Included Study

Harlap S, Kaufman R, Prywes R, Davies AM, Sterk V'V, Weiskopf P.
Patterns of obstetric intervention in a total population. A report from the
Jerusalem perinatal study. Isr J Med Sci. 1971 Oct;7(10):1115-27.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Hatch MC. Maternal deaths associated with induction of labor. N Y
State J Med. 1969 Feb 15;69(4):599-602.

Ineligible Study Design

Haukkamaa M, Purhonen M, Teramo K. The monitoring of labor by
telemetry. J Perinat Med. 1982;10(1):17-22.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Hauth JC, Hankins GD, Gilstrap LC, 3rd. Uterine contraction pressures
achieved in parturients with active phase arrest. Obstet Gynecol. 1991
Sep;78(3 Pt 1):344-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Hemminki E, Saarikoski S. Ambulation and delayed amniotomy in the
first stage of labor. Eur J Obstet Gynecol Reprod Biol. 1983
Jul;15(3):129-39.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Hendricks CH. The control of labor. Gynecol Invest. 1970;1:Suppl:37-
54.

Ineligible Study Design

Hess PE, Pratt SD, Soni AK, Sarna MC, Oriol NE. An association
between severe labor pain and cesarean delivery. Anesth Analg. 2000
Apr;90(4):881-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Higgins J, Gleeson R, Holohan M, Cooney C, Darling M. Maternal and
neonatal hyponatraemia: a comparison of Hartmanns solution with 5%
dextrose for the delivery of oxytocin in labour. Eur J Obstet Gynecol
Reprod Biol. 1996 Sep;68(1-2):47-8.

Method of induction study

Hin LY, Lau TK, Rogers M, Chang AM. Antepartum and intrapartum
prediction of cesarean need: risk scoring in singleton pregnancies.
Obstet Gynecol. 1997 Aug;90(2):183-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Horrigan TJ. Physicians who induce labor for fetal macrosomia do not
reduce cesarean delivery rates. J Perinatol. 2001 Mar;21(2):93-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Howie P. Induction of labour--does it save babies? Nurs Mirror. 1978
Mar 30;146(13):21-4.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Howie PW, McNay MB, Mcllwaine GM, Macnaughton MC. Induction
of labour and perinatal mortality. Br Med J. 1977 Apr 9;1(6066):974-5.

Ineligible Study Design

Hoy J, Venn A, Halliday J, Kovacs G, Waalwyk K. Perinatal and
obstetric outcomes of donor insemination using cryopreserved semen in
Victoria, Australia. Hum Reprod. 1999 Jul;14(7):1760-4.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Hueston WJ, McClaflin RR, Claire E. Variations in cesarean delivery
for fetal distress. J Fam Pract. 1996 Nov;43(5):461-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Induction of labour. Br Med J. 1979 Aug 18;2(6187):407-8.

Ineligible Study Design

Induction of labour. Eur J Obstet Gynecol Reprod Biol. 1983 Aug;15(4-
6):319-32.

Ineligible Study Design

Jarvelin MR, Hartikainen-Sorri AL, Rantakallio P. Labour induction
policy in hospitals of different levels of specialisation. Br J Obstet
Gynaecol. 1993 Apr;100(4):310-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Jazayeri A, Heffron JA, Phillips R, Spellacy WN. Macrosomia
prediction using ultrasound fetal abdominal circumference of 35
centimeters or more. Obstet Gynecol. 1999 Apr;93(4):523-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Jeffares MJ. A multifactorial survey of neonatal juandice. Br J Obstet
Gynaecol. 1977 Jun;84(6):452-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Jensen DM, Damm P, Sorensen B, Molsted-Pedersen L, Westergaard
JG, Klebe J, et al. Clinical impact of mild carbohydrate intolerance in
preghancy: a study of 2904 nondiabetic Danish women with risk factors
for gestational diabetes mellitus. Am J Obstet Gynecol. 2001
Aug;185(2):413-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Jensen DM, Damm P, Sorensen B, Molsted-Pedersen L, Westergaard
JG, Ovesen P, et al. Pregnancy outcome and prepregnancy body mass
index in 2459 glucose-tolerant Danish women. Am J Obstet Gynecol.
2003 Jul;189(1):239-44.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Jensen DM, Ovesen P, Beck-Nielsen H, Molsted-Pedersen L, Sorensen
B, Vinter C, et al. Gestational weight gain and pregnancy outcomes in
481 obese glucose-tolerant women. Diabetes Care. 2005
Sep;28(9):2118-22.

No eligible outcomes

Jensen H, Agger AO, Rasmussen KL. The influence of prepregnancy
body mass index on labor complications. Acta Obstet Gynecol Scand.
1999 Oct;78(9):799-802.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Johnson EB, Reed SD, Hitti J, Batra M. Increased risk of adverse
pregnhancy outcome among Somali immigrants in Washington state. Am
J Obstet Gynecol. 2005 Aug;193(2):475-82.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Johnson JD, Aldrich M, Angelus P, Stevenson DK, Smith DW,
Herschel MJ, et al. Oxytocin and neonatal hyperbilirubinemia. Studies
of bilirubin production. Am J Dis Child. 1984 Nov;138(11):1047-50.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Johnson JM, Harman CR, Lange IR, Manning FA. Biophysical profile
scoring in the management of the postterm pregnancy: an analysis of
307 patients. Am J Obstet Gynecol. 1986 Feb;154(2):269-73.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Johnson N, Lilford R, Guthrie K, Thornton J, Barker M, Kelly M.
Randomised trial comparing a policy of early with selective amniotomy
in uncomplicated labour at term. Br J Obstet Gynaecol. 1997
Mar;104(3):340-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Joseph KS, Young DC, Dodds L, O'Connell CM, Allen VM, Chandra S,
et al. Changes in maternal characteristics and obstetric practice and
recent increases in primary cesarean delivery. Obstet Gynecol. 2003
Oct;102(4):791-800.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Kabiru W, Raynor BD. Obstetric outcomes associated with increase in
BMI category during pregnancy. Am J Obstet Gynecol. 2004
Sep;191(3):928-32.

Data not usable

Kalish RB, McCullough L, Gupta M, Thaler HT, Chervenak FA.
Intrapartum elective cesarean delivery: a previously unrecognized
clinical entity. Obstet Gynecol. 2004 Jun;103(6):1137-41.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Kassis A, Mazor M, Leiberman JR, Cohen A, Insler V. Management of
post-date pregnancy: a case control study. Isr J Med Sci. 1991
Feb;27(2):82-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Kaul B, Vallejo MC, Ramanathan S, Mandell G, Phelps AL, Daftary
AR. Induction of labor with oxytocin increases cesarean section rate as
compared with oxytocin for augmentation of spontaneous labor in
nulliparous parturients controlled for lumbar epidural analgesia. J Clin
Anesth. 2004 Sep;16(6):411-4.

Method of induction study

Kramer MS, Rouleau J, Baskett TF, Joseph KS. Amniotic-fluid
embolism and medical induction of labour: a retrospective, population-
based cohort study. Lancet. 2006 Oct 21;368(9545):1444-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Kreiser D, el-Sayed Y'Y, Sorem KA, Chitkara U, Holbrook RH, Jr.,
Druzin ML. Decreased amniotic fluid index in low-risk pregnancy. J
Reprod Med. 2001 Aug;46(8):743-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Krohn MA, Hitti J. Characteristics of women with clinical intra-
amniotic infection who deliver preterm compared with term. Am J
Epidemiol. 1998 Jan 15;147(2):111-6.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Kulkarni SK, Matadial L. Prolonged pregnancy--a rational approach to
management. West Indian Med J. 1986 Dec;35(4):314-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Ladfors L, Tessin I, Mattsson LA, Eriksson M, Seeberg S, Fall O. Risk
factors for neonatal sepsis in offspring of women with prelabor rupture
of the membranes at 34-42 weeks. J Perinat Med. 1998;26(2):94-101.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Lampe LG, Komaromy B, Gaal J. Selective planned induction of labor.
Acta Chir Acad Sci Hung. 1980;21(1):43-53.

Duplicate of Included Study

Lange AP. Induction of labour. Dan Med Bull. 1984 Apr;31(2):89-108.

Ineligible Study Design

Laor D, Seidman DS, Yaffe H, Voss E, Diamant YZ, Gale R. A
prospective study of the active management of labor in women of high
parity. Eur J Obstet Gynecol Reprod Biol. 1989 Feb;30(2):111-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Le Guennec JC, Bard H, Teasdale F, Doray B. Elective delivery and the
neonatal respiratory distress syndrome. Can Med Assoc J. 1980 Feb
9;122(3):307-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Le Ray C, Carayol M, Zeitlin J, Breart G, Goffinet F. Level of perinatal
care of the maternity unit and rate of cesarean in low-risk nulliparas.
Obstet Gynecol. 2006 Jun;107(6):1269-77.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Lea SJ, Lea C. Influence of certain aspects of management of labour
upon time and mode of delivery. Midwives Chron. 1987
Oct;100(1197):309-12.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Leaphart WL, Meyer MC, Capeless EL. Labor induction with a prenatal
diagnosis of fetal macrosomia. J Matern Fetal Med. 1997 Mar-
Apr;6(2):99-102.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Leeman L, Leeman R. A Native American community with a 7%
cesarean delivery rate: does case mix, ethnicity, or labor management
explain the low rate? Ann Fam Med. 2003 May-Jun;1(1):36-43.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Leeson TJ, smith A. Induction of labour and perinatal mortality. Br Med
J. 1977 May 21;1(6072):1354-5.

Ineligible Study Design

Leighton BL, Halpern SH, Wilson DB. Lumbar sympathetic blocks
speed early and second stage induced labor in nulliparous women.
Anesthesiology. 1999 Apr;90(4):1039-46.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Leijon I, Finnstrom O, Hedenskog S, Ryden G, Tylleskar J.
Spontaneous labor and elective induction--a prospective randomized
study. I1. Bilirubin levels in the neonatal period. Acta Obstet Gynecol
Scand. 1980;59(2):103-6.

Duplicate of Included Study

Leijon I, Finnstrom O, Hedenskog S, Ryden G, Tylleskar J.
Spontaneous labour and elective induction--a prospective randomized
study. Behavioural assessment and neurological examination in the
newborn period. Acta Paediatr Scand. 1979 Jul;68(4):553-60.

Duplicate of Included Study

Leveno KJ, Cunningham FG, Nelson S, Roark M, Williams ML,
Guzick D, et al. A prospective comparison of selective and universal
electronic fetal monitoring in 34,995 pregnancies. N Engl J Med. 1986
Sep 4;315(10):615-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Leveno KJ, Cunningham FG, Pritchard JA. Cesarean section: an answer
to the House of Horne. Am J Obstet Gynecol. 1985 Dec 15;153(8):838-
44,

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Lilienthal CM, Ward JP. Medical induction of labour. J Obstet
Gynaecol Br Commonw. 1971 Apr;78(4):317-21.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Lillie EW. Advances in obstetrics. Practitioner. 1973 Oct;211(264):451-
8

Ineligible Study Design

Locatelli A, Vergani P, Toso L, Verderio M, Pezzullo JC, Ghidini A.
Perinatal outcome associated with oligohydramnios in uncomplicated
term pregnancies. Arch Gynecol Obstet. 2004 Jan;269(2):130-3.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Lubarsky SL, Schiff E, Friedman SA, Mercer BM, Sibai BM. Obstetric
characteristics among nulliparas under age 15. Obstet Gynecol. 1994
Sep;84(3):365-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Lumley J. Antepartum fetal heart rate tests and induction of labour.
Women Health. 1982 Fall-Winter;7(3-4):9-28.

Ineligible Study Design

Lyndrup J, Legarth J, Weber T, Nickelsen C, Guldbaek E. Predictive
value of pelvic scores for induction of labor by local PGE2. Eur J
Obstet Gynecol Reprod Biol. 1992 Oct 23;47(1):17-23.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Lyndrup J, Weber T, Legarth J, Nickelsen C, Guldbaek E. Prediction of
mode of delivery and 'DisFIL score' following induction of labor by
local PGE2. Eur J Obstet Gynecol Reprod Biol. 1993 Nov;52(1):11-9.

Data not usable
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Article

Reason for exclusion

MacDonald D. Surgical induction of labor. Am J Obstet Gynecol. 1970
Jul 15;107(6):908-11.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Maclnnis DR. Elective induction. N S Med Bull. 1970 Feb;49(1):10-1.

Ineligible Study Design

Macnaughton MC. Management of labor--British style. Clin Obstet
Gynecol. 1982 Mar;25(1):137-44.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

MacVicar J. Acceleration and augmentation of labour. Scott Med J.
1973 Nov;18(6):201-14.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

MacVicar J. Failed induction of labour. J Obstet Gynaecol Br
Commonw. 1971 Nov;78(11):1007-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Magann EF, Chauhan SP, Nevils BG, McNamara MF, Kinsella MJ,
Morrison JC. Management of pregnancies beyond forty-one weeks'
gestation with an unfavorable cervix. Am J Obstet Gynecol. 1998
Jun;178(6):1279-87.

Post-term

Magann EF, Kinsella MJ, Chauhan SP, McNamara MF, Gehring BW,
Morrison JC. Does an amniotic fluid index of </=5 cm necessitate
delivery in high-risk pregnancies? A case-control study. Am J Obstet
Gynecol. 1999 Jun;180(6 Pt 1):1354-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Magann EF, McNamara MF, Whitworth NS, Chauhan SP, Thorpe RA,
Morrison JC. Can we decrease postdatism in women with an
unfavorable cervix and a negative fetal fibronectin test result at term by
serial membrane sweeping? Am J Obstet Gynecol. 1998
Oct;179(4):890-4.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Main EK, Moore D, Farrell B, Schimmel LD, Altman RJ, Abrahams C,
et al. Is there a useful cesarean birth measure? Assessment of the
nulliparous term singleton vertex cesarean birth rate as a tool for
obstetric quality improvement. Am J Obstet Gynecol. 2006
Jun;194(6):1644-51; discussion 51-2.

Data not usable

Maisels MJ, Rees R, Marks K, Friedman Z. Elective delivery of the
term fetus. An obstetrical hazard. JAMA. 1977 Nov 7;238(19):2036-9.

Other

Mancuso S, Ferrazzani S, De Carolis S, Carducci B, De Santis L,
Caruso A. Term and postterm low-risk pregnancies: management
schemes for the reduction of high rates of cesarean section. Minerva
Ginecol. 1996 Mar;48(3):95-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Martel M, Wacholder S, Lippman A, Brohan J, Hamilton E. Maternal
age and primary cesarean section rates: a multivariate analysis. Am J
Obstet Gynecol. 1987 Feb;156(2):305-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Martin JN, Jr., Sessums JK, Howard P, Martin RW, Morrison JC.
Alternative approaches to the management of gravidas with prolonged-
postterm-postdate pregnancies. J Miss State Med Assoc. 1989
Apr;30(4):105-11.

Post-term

Mathews TJ. Trends in stimulation and induction of labor 1989-1995.
Stat Bull Metrop Insur Co. 1997 Oct-Dec;78(4):20-6.

Ineligible Study Design

Mawdsley SD, Baskett TF. Outcome of the next labour in women who
had a vaginal delivery in their first pregnancy. BJOG. 2000
Jul;107(7):932-4.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

McNay MB, Mcllwaine GM, Howie PW, Macnaughton MC. Perinatal
deaths: analysis by clinical cause to assess value of induction of labour.
Br Med J. 1977 Feb 5;1(6057):347-50.

Other
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Article

Reason for exclusion

Michlin R, Oettinger M, Odeh M, Khoury S, Ophir E, Barak M, et al.
Maternal obesity and pregnancy outcome. Isr Med Assoc J. 2000
Jan;2(1):10-3.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Miller F. Uterine activity, labor management, and perinatal outcome.
Semin Perinatol. 1978 Apr;2(2):181-6.

Ineligible Study Design

Moore LE, Rayburn WF. Elective induction of labor. Clin Obstet
Gynecol. 2006 Sep;49(3):698-704.

Ineligible Study Design

Morgan MA, Thurnau GR, Fishburne JI, Jr. The fetal-pelvic index as an
indicator of fetal-pelvic disproportion: a preliminary report. AmJ
Obstet Gynecol. 1986 Sep;155(3):608-13.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Morgan MA, Thurnau GR. Efficacy of the fetal-pelvic index for
delivery of neonates weighing 4000 grams or greater: a preliminary
report. Am J Obstet Gynecol. 1988 May;158(5):1133-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Morita N, Matsushima N, Ogata N, Saeki K, Ishibashi M, Komukai H,
et al. Nationwide description of live Japanese births by day of the week,
hour, and location. J Epidemiol. 2002 Jul;12(4):330-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Muhlen-Schulte L, Wade K. Intervention in childbirth and neonatal
responsiveness. Community Health Stud. 1988;12(1):69-81.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Muldoon MJ. A prospective study of intrauterine infection following
surgical induction of labour. J Obstet Gynaecol Br Commonw. 1968
Nov;75(11):1144-50.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Mutlu Meydanli M, Caliskan E, Haberal A. Prediction of adverse
outcome associated with vaginal misoprostol for labor induction. Eur J
Obstet Gynecol Reprod Biol. 2003 Oct 10;110(2):143-8.

Data not usable

Myles TD, Santolaya J. Maternal and neonatal outcomes in patients
with a prolonged second stage of labor. Obstet Gynecol. 2003
Jul;102(1):52-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Nassar AH, Fayyumy R, Saab W, Mehio G, Usta IM. Grandmultiparas
in modern obstetrics. Am J Perinatol. 2006 Aug;23(6):345-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Nicholson JM, Kellar LC, Cronholm PF, Macones GA. Active
management of risk in pregnancy at term in an urban population; an
association between a higher induction of labor rate and a lower
cesarean delivery rate. Am J Obstet Gynecol. 2004 Nov;191(5):1516-
28.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Niswander KR, Turoff BB, Romans J. Developmental status of children
delivered through elective induction of labor. Results of a 4-year
follow-up study. Obstet Gynecol. 1966 Jan;27(1):15-20.

No eligible outcomes

Novakov-Mikic A, lvanovic L, Dukanac J. Transvaginal
ultrasonography of uterine cervix in prediction of the outcome of labour
induction. Med Pregl. 2000 Nov-Dec;53(11-12):569-78.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Oats JN, Abell DA, Andersen HM, Beischer NA. Obesity in pregnancy.
Compr Ther. 1983 Apr;9(4):51-5.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

O'Connor RA. Induction of labour--not how but why? Br J Hosp Med.
1994 Dec 14-1995 Jan 17;52(11):559-63.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

O'Driscol K, Carroll CJ, Coughlan M. Selective induction of labour. Br
Med J. 1975 Dec 27;4(5999):727-9.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

O'Driscoll K, Foley M, MacDonald D. Active management of labor as
an alternative to cesarean section for dystocia. Obstet Gynecol. 1984
Apr;63(4):485-90.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Opaneye AA. Labour and delivery after a prolonged interval between
the present and the last pregnancy. Br J Obstet Gynaecol. 1983
Dec;90(12):1180-2.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Ottervanger HP, Keirse MJ, Smit W, Holm JP. Controlled comparison
of induction versus expectant care for prelabor rupture of the
membranes at term. J Perinat Med. 1996,24(3):237-42.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Out JJ, Vierhout ME, Verhage F, Duivenvoorden HJ, Wallenburg HC.
Characteristics and motives of women choosing elective induction of
labour. J Psychosom Res. 1986;30(3):375-80.

No eligible outcomes

Out JJ, Vierhout ME, Verhage F, Duivenvoorden HJ, Wallenburg HC.
Elective induction of labor: a prospective clinical study, Il:
Psychological effects. J Perinat Med. 1985;13(4):163-70.

Duplicate of Included Study

Out JJ, Vierhout ME, Wallenburg HC. Breast-feeding following
spontaneous and induced labour. Eur J Obstet Gynecol Reprod Biol.
1988 Dec;29(4):275-9

Duplicate of Included Study

Paterson-Brown S, Fisk NM, Edmonds DK, Rodeck CH. Preinduction
cervical assessment by Bishop's score and transvaginal ultrasound. Eur
J Obstet Gynecol Reprod Biol. 1991 Jun 5;40(1):17-23.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Patton LL, English EC, Hambleton JD. Childbirth preparation and
outcomes of labor and delivery in primiparous women. J Fam Pract.
1985 Apr;20(4):375-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Peleg D, Hannah ME, Hodnett ED, Foster GA, Willan AR, Farine D.
Predictors of cesarean delivery after prelabor rupture of membranes at
term. Obstet Gynecol. 1999 Jun;93(6):1031-5.

Data not usable

Peregrine E, O'Brien P, Jauniaux E. Impact on delivery outcome of
ultrasonographic fetal head position prior to induction of labor. Obstet
Gynecol. 2007 Mar;109(3):618-25.

Duplicate of Included Study

Peregrine E, O'Brien P, Jauniaux E. Ultrasound detection of nuchal cord
prior to labor induction and the risk of Cesarean section. Ultrasound
Obstet Gynecol. 2005 Feb;25(2):160-4.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Phillip H, Fletcher H, Reid M. The impact of induced labour on
postpartum blood loss. J Obstet Gynaecol. 2004 Jan;24(1):12-5.

Method of induction study

Phillips WR, Rice GA, Layton RH. Audit of obstetrical care and
outcome in family medicine, obstetrics, and general practice. J Fam
Pract. 1978 Jun;6(6):1209-16.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Pinkerton JH, Carson M. Caesarean section after surgical induction of
labour. J Obstet Gynaecol Br Commonw. 1968 Dec;75(12):1287-90.

Ineligible Study Design

Pinkerton JH, Martin DH, Thompson W. Selective planned induction in
conditions of civil strife. Lancet. 1975 Jan 25;1(7900):197-8.

Ineligible Study Design

Pinkerton JH. Fetal rights. The first Belfast Royal Maternity Hospital
Perinatal Lecture. Ulster Med J. 1985 Apr;54(1):30-40.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Pinkerton JH. Induction of labour on behalf of the fetus. J Ir Med
Assoc. 1973 Nov 10;66(21):592-6.

Ineligible Study Design

Poma PA. Effects of obstetrician characteristics on cesarean delivery
rates. A community hospital experience. Am J Obstet Gynecol. 1999
Jun;180(6 Pt 1):1364-72.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Postpartum haemorrhage after induced and spontaneous labour. Br Med
J. 1978 Oct 21;2(6145):1162.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Prolonged pregnancy: the management debate. BMJ. 1988 Sep
17;297(6650):715-7.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor
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Article

Reason for exclusion

Ramanathan G, Yu C, Osei E, Nicolaides KH. Ultrasound examination
at 37 weeks' gestation in the prediction of pregnancy outcome: the value
of cervical assessment. Ultrasound Obstet Gynecol. 2003
Dec;22(6):598-603.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Ramsewak S, Roopnarinesingh S, Robinson J. Another look at the
effects of advanced maternal age. West Indian Med J. 1991
Jun;40(2):86-8.

Not a study of elective induction of
labor or predictors of success in the
setting of induced labor

Rane SM, Guirgis RR, Higgins B, Nicolaides KH. Models for the
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