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Executive Summary
The aim of this working paper was to compile in one place; definitions, recommended methods, rates, trends, indications and maternal and perinatal risks associated with induction and augmentation.  The focus of this working paper is on induction and augmentation in the developing world, and the inclusion of data from developed countries was intended only for comparative purposes.  The impetus for this working paper is the recent call for expanded availability of oxytocin and misoprostol to all maternity settings in developing countries for the purposes of active management of the third stage of labor (AMTSL) to reduce postpartum hemorrhage, coupled with concerns that these drugs would then be widely available for induction and augmentation.  

The information presented in this working paper comes from three sources:  a compilation of international obstetric practice guidelines, analysis of induction and augmentation rates from a seven country study on AMTSL, and a structured literature review which searched five electronic databases using broad search terms related to induction and augmentation.  The working paper compiled data from 42 countries, representing all MDG regions, except for North Africa.  Not surprisingly, few data are available from the private sector or smaller health centers.  The samples from three of the seven countries in the AMTSL study (all sub-Saharan African countries) did include health center data and suggest that induction and augmentation are being performed in those facilities.  Authors’ comments and references from some studies also suggest that induction and augmentation are being performed at lower levels of the health system (without surgical capacity) and outside of the health system often putting maternal and perinatal health at risk. 

In general, definitions, descriptions of the methods and indications for cervical ripening, induction and augmentation are consistent across obstetric practice guidelines from several countries and from guidelines and position papers from international agencies. Overall, data on induction and augmentation from developing countries are sparse and there is a need for more research.  National rates of induction and augmentation for all health facility-based births are not known for any developing country due to the lack of data from lower level and private facilities.    Where data are available, induction rates were documented in individual hospitals or samples of hospitals and ranged from 0.5 percent in Ethiopia to 31 percent in Brazil.  Augmentation rates ranged from two percent in Senegal to 38 percent in Benin.  Only a small number of papers specifically documented the rate of elective induction or augmentation in developing countries.  However, combined rates of induction and augmentation which reach 40 to 50 percent of deliveries clearly imply some use of elective procedures.  

In developed countries, recent national rates of induction (from 2000 or later) were available from ten countries and ranged from 15 to 37 percent.  Elective induction is reported to be responsible for much of the increasing trends in these countries.  Developing and developed country data, however, are not comparable due to substantially lower rates of institutional delivery and a lack of comprehensive perinatal data collection in most developing countries.

Data from clinical trials suggest that induction and augmentation in developed countries are generally safe.  Elective induction as compared to spontaneous labor was significantly associated with increased risks of Cesarean section, but not of other adverse maternal or perinatal outcomes.  In contrast, little is known about the safety of elective or medically indicated induction and augmentation in developing countries.  Seven descriptive studies from sub-Saharan Africa, China and Nepal documented between ten to greater than 50 percent of uterine ruptures associated with induction, and the authors commented that these oxytocin-related ruptures were due to injudicious, unskilled, unmonitored or excessive use of oxytocin both in and out of the health system.    The results of three small studies (two in sub-Saharan Africa one and one in India) suggest that induction with misoprostol relative to oxytocin may be associated with an increased risk of meconium staining, but this did not translate to neonatal asphyxia or NICU admissions.  

Non-pharmacological methods, which are used to encourage the initiation of labor but are not expected to result in the immediate onset of labor, are often used internationally in obstetric care as complementary practices which may avoid formal induction of labor.  Meta-analyses of the effectiveness of non-pharmacological methods have reported:  no differences in the risk of Cesarean section associated with mechanical dilators such as laminaria tents and balloon catheters relative to no treatment/placebo, to prostaglandins or to sweeping of the membranes;  decreased risk of Cesarean section associated with these mechanical methods relative to oxytocin; decreased risk of hyper-stimulation of the uterus with fetal heart changes associated with mechanical methods relative to prostaglandins; and importantly, decrease in the risk of post-date pregnancies and shorter duration of pregnancy associated with sweeping of the membranes. Given their low cost and concerns regarding the use of elective induction in developing countries, use of selected non-pharmacological methods to avoid formal induction in low resource settings warrants further discussion.  

An evidence-based safe and effective dose of misoprostol has now been established for induction of labor. Use of low-dose misoprostol for induction has now been approved by the US Federal Drug Administration and is included in the WHO essential drug list, both of which are often consulted by Ministries of Health and practitioners in developing countries.  Currently there are four options for low-dose misoprostol specifically packaged for obstetric use (Gymiso from France, Vagiprost from Egypt, Prostokos from Brazil and soon to be available from the UK, Isprelor). This method of induction is particularly well suited to low resource settings as the drug is inexpensive, temperature stable and requires less material, equipment and staffing for monitoring purposes.  The availability of misoprostol, particularly in the private sector in developing countries, is increasing rapidly.  

In summary, although sparse data on induction and augmentation from developing countries leave many unanswered questions, the information compiled in this working paper is sufficient to justify concern and responsive action to the issue of the appropriate use of uterotonics within and outside of developing country health facilities.  Data from developed countries convincingly show that induction and augmentation can be safe and effective.  The data presented here on health facility-based rates of induction and augmentation are high enough to imply questionable use of these procedures even though the literature provides us with very few studies specifically documenting elective induction and augmentation.  Studies suggesting that a substantial percentage of cases of ruptured uterus caused by inappropriate use of oxytocin clearly illustrate the issue, as do studies documenting increased risks of need of neonatal resuscitation and stillbirth due to oxytocic use during normal labor.  

Below is a list of preliminary recommendations proposed in response to the data presented in this working paper and provided for the purposes of further discussion.

Recommendations 
1. The collection, compilation and review of data on induction and augmentation should be added to routine health information systems to address the current paucity of data on levels and trends.  These data are necessary for the development of effective and context-specific programmatic responses to the expanded availability of uterotonics, particularly in peripheral health facilities.
2. Evidence-based guidelines should be developed and implemented to address the appropriate use of uterotonic drugs specifically in low resource settings where staffing, monitoring and equipment are not conducive to following existing guidelines as described for high resource settings.  These guidelines should include universally agreed-upon indications for induction and be useful to various levels of health facilities.

3. Educational materials addressing the use of oxytocin and misoprostol for obstetric purposes should be specifically designed and disseminated to health care providers and pharmacists. Such guidelines will likely require a variety of different formats and means of dissemination; for example, materials addressing the dangers associated with home-based use of uterotonics for induction and augmentation which could be used during antenatal care or with traditional birth attendants, and materials for health care providers, government pharmacists and private drug sellers regarding the various available uterotonics, their dosages and appropriate uses.

4. Research is needed into the most effective means of ensuring implementation and evaluation of these evidence-based guidelines and educational materials. 

5. Research is needed on the frequency, methods and outcomes associated with use of uterotonics and traditional medicines outside of the health care system.

6. The use of misoprostol in low doses for induction has been found to be effective, safe and practical for use in LDC settings due to its ease of use.  Packaging of misoprostol for obstetric doses of 25mcg for induction, as well as 400-600mcg for AMTSL should be made available in all LRS settings. 
7. Non-pharmacological methods of induction should be explored for use at health center level for non-urgent and elective inductions as they are inexpensive, require little monitoring and have been shown through systematic reviews to pose little risk to mother and baby.
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1. Introduction
Low and middle income countries are burdened with high maternal and perinatal mortality and morbidity and face the challenge of addressing these problems with very limited personnel and material resources (1).  Given that across all low income countries the annual per capita investment in health is only US $23 (2), establishing high quality clinical practices that are evidence-based and cost-effective is critical.  Where health care needs are dire and resources inadequate, elective procedures are not justifiable.  More importantly, even highly cost-effective interventions when improperly administered, may result in serious adverse outcomes.  Induction and augmentation of labor are examples of two such interventions and are the focus of this working paper.
The impetus for a working paper review on the use of uterotonic drugs for induction and augmentation of labor was a concern following recent calls for expanded availability of oxytocin in low resource setting (LRS) health facilities to promote active management of the third stage of labor (AMTSL) for the prevention of postpartum hemorrhage (3)(4).  Expansion in the availability of uterotonic drugs for AMTSL will require increased attention to the safe and appropriate use of these drugs for other purposes in LRS where the number of protocols, staff, equipment, training and supervision may be limited.  Table 1.1a lists examples of inappropriate uses of induction and augmentation, including anecdotal examples collected by PATH staff members, the authors of this review, and examples from published literature.
Table 1.1a Published and anecdotal evidence of unsafe use of induction and augmentation in LRS
	Comment 

	Setting
	Country
	Source and date

	Oxytocin is used IM to induce labor or speed up labor by licensed health center midwife, she says she does it on the client’s request and gets paid $5 for the injection.  She says she does it for economic reasons.
	Rural remote health center
	Cambodia
	Lovold A. KAP study of health workers in Kep district, 2004, U of Toronto, unpublished.


	Oxytocin IM, 10IU given by licensed midwife in her private practice
	Rural private practice

	Cambodia
	“                 “

	Association documented between IM oxytocin by TBAs outside of health system and neonatal death.
	Rural, indigenous TBAs

	Guatemala
	Bartlett A and Paz De Bocaletti M., 1991(5)

	“Demi demi” is a common practice which involves giving 5IU oxytocin IM in each buttock to begin or speed up labor.

	Rural, health clinics 
	Mali 
	Susheela Engelbrecht

	“Unskilled use of oxytocin” leads to uterine rupture in hospital 
	Urban hospital
	Nigeria
	Aboyeji A, Ijaiya M, et al., 2001(6)

	“injudicious use of oxytocin outside of hospital lead to cases of ruptured uterus”  
	Semi-urban
	Nigeria
	Ahmed S, 2001(7)

	Oxytocin is “used excessively”
	hospital
	Bahrain
	Al-Jufairi A, 2001(8)

	61% of inductions reviewed in the hospital had incorrect dose, route and/or monitoring.

	hospital
	Nigeria
	Ezechi O, 2004 (9)

	“There is evidence that oxytocin is not restricted to the postpartum period in developing countries, where it can often be freely bought, but is used for labor augmentation to speed up delivery including home deliveries that are not attended by skilled providers.

22% of 527 mothers who  had home births with TBAs reported oxytocin injections during labor

In interviews, untrained birth attendants reported encouraging mothers to receive injections at home to speed up labor.
“She (the TBA) gave me the shot and I had the baby in a half an hour, it really helped”

	Rural, outside of health  center
	India
	Sharan M,  Strobino D, et al., 2005 (10)

	Oxytocin is requested by the mother to make childbirth more painful, for the purpose of invoking “vali”, a Hindu spiritual cleansing through pain.   

	Hospital and community
	India
	Van Hollen C, 2003 (11)

	Oxytocin use is almost routine (91% of births observed) and given contrary to guidelines, before the onset of labor, inspite of good progress, etc.

	hospital
	Egypt
	Khalil, K, Elnoury, A, et al. 2005 (12)

	Elective inductions are increasing and there is a need for guidelines
	Teaching hospital
	Nigeria
	Chigbu C, Exeome I et al., 2007(13)

	Women who cannot afford elective CS, choose elective induction, only those who are very poor have no interventions

	hospital
	Brazil
	Behague D, 2002 (14)

	 10% rate of elective induction
	hospital
	Fiji
	Saunders D and Makutu S, 2001(15)


	A qualitative study in Bangladesh documents cases where physicians recommend Cesarean delivery to  women or couples who prefer vaginal delivery.  After the physician leaves the room, a nurse offers a normal delivery for a small payment. After receiving payment, the nurse administers IV fluid to the woman, who delivers vaginally later in the day.

	hospital
	Bangladesh
	Parkhurst J, and Rahman,  2007(16)

	39 cases of maternal deaths were directly caused by incorrect use of oxytocin in Fujian Province, from 1986 to 1992.  Main reason was the ignorance of the birth attendants on correct use of oxytocin.  90% of these deaths occurred in the rural and mountainous areas at patients homes or on the way to hospital.
	Rural, community
	China
	Zheng Q and Zhang X, 1994 (17)

	IM injections of oxytocin by the traditional birth attendant during labor in indigenous communities in rural areas were significantly associated with intrapartum deaths.  
	Rural, indigenous community
	Guatemala
	Bartlett A and Paz de Becaletti M, 1991(5)


Cervical ripening, induction and augmentation of labor all involve the use of uterotonic drugs.  The gold standard for induction protocols in high resource settings (HRS) is cervical ripening with a vaginal prostaglandin such as Prostin E2 (or dinoprostone) followed, if needed, by induction or augmentation with IV oxytocin and incorporating artificial rupture of the membranes (ARM) depending on the clinical situation of the woman (18-21).  In HRS with adequate guidelines, training, monitoring practices, equipment and staffing, induction and augmentation are very safe and effective interventions for indications such as, but not limited to; post-date pregnancy, intrauterine growth restriction of the fetus or uncontrolled hypertension (22, 23).

Although the benefits associated with the use of uterotonics are firmly established in the third stage of labor (3)(24), the frequency with which oxytocin and misoprostol should be used for induction and augmentation of labor is controversial in LRS.  In such settings, the only uterotonic drugs available at peripheral centers in most cases are oxytocin, ergometrine and misoprostol.  However prostoglandin vaginal gel can be commonly purchased in market pharmacies at high cost by patients who can afford it and used by health workers (A. Weeks, personal communication Feb. 2, 2008).   In LRS, current guidelines are often non-existent, care less regulated and staffing and monitoring capabilities limited (25-27).  Oxytocin is frequently administered without the aid of a precise dose/time regulatory infusion pump, external fetal monitor (EFM) or one-on-one nursing care as is recommended in HRS guidelines (18-20).  Misoprostol, where available, is packaged most commonly in 100 or 200 mcg tablets, which must be divided manually for purposes of induction, although there are now low dose (25ug) preparations of misoprostol coming on the market for obstetric use.  Further detail on the available preparations and packaging of misoprostol is discussed in section 3.6ii.  Lack of evidence-based guidelines and proper monitoring may lead to excessive dosing of oxytocin or misoprostol, which can in turn lead to hyper-stimulation of the uterus, resulting in uterine rupture and/or fetal death (23).   

1.1 Objectives

This review is intended as background reading for a discussion among concerned experts which could lead to any of the following: specific proposals for a programmatically-relevant research agenda, development of recommendations or clinical guidelines regarding induction and augmentation for LRS, new interventions and means of ensuring monitoring and evaluation of uterotonic use throughout late pregnancy, labor, delivery and the postpartum period. 
 XE "Introduction" There are six specific objectives of this review.  They are:

1) To define induction and augmentation of labor as described by various obstetric and midwifery textbooks and available national guidelines;

2) To compile and compare indications for induction and augmentation of labor as described by various obstetric and midwifery textbooks, evidence-based national guidelines and a literature review;

3)  To identify current evidence-based recommendations on safe and effective methods for induction and augmentation in different resource settings;

4) To summarize current rates, trends, indications and risks associated with induction and augmentation of labor in both HRS and LRS, with an emphasis on LRS; 
5) To propose specific recommendations to address issues related to the expanded availability of uterotonic drugs in developing country health facilities based on the information compiled in this review; and

6) To identify gaps in knowledge and needs for further research.
2.  Methods
Below is a description of the different methods used to address each of the objectives in this review.  

Objectives #1 and 2:  Definitions of common terms and indications for induction and augmentation were compiled via a review of obstetrics and midwifery texts, clinical practice guidelines and position statements from: the American College of Obstetricians and Gynecologists (ACOG), the Society of Obstetricians and Gynecologists of Canada (SOGC) and the Royal College of Obstetricians and Gynecologist in the United Kingdom (RCOG). For the LRS and international perspective we considered information from the International Federation of Gynecologists and Obstetricians (FIGO), and the International Confederation of Midwives (ICM) as well as the World Health Organization (WHO) guidebook for LRS “Managing complications in pregnancy and childbirth: a guidebook for midwives and doctors”(21).   All of these documents are available upon request. 

Objective #3: Three efforts to compile evidence-based recommendations for methods for induction and augmentation of labor with oxytocin or misoprostol were pursued:  1) a review of the above-mentioned guidelines; 2) a structured review of the literature, described in detail below and 3) a review of the studies in the Cochrane library of systematic reviews. 
Objective #4: Three methods for collecting national and sub-national rates, trends, indications and risks associated with induction and augmentation of labor were pursued; 1) searching data from routine health information systems in countries with web-accessible data; and 2) a structured review of the literature, described below; and 3) a review of published meta-analyses of induction and augmentation of labor from the Cochrane library of systematic reviews.  Tables of rates, trends, indications and risks are compiled and summarized using descriptive statistics, where appropriate.  
Description of the structured review of the literature
A structured review of the published literature was undertaken to identify rates, trends, indications and outcomes associated with induction and augmentation of labor.   Electronic searches of the literature were carried out using the following databases: Pubmed; CINAHL plus; Embase; Scopus and the Cochrane Library.  The searches employed the following MESH terms: labor, induced, rate, trend, developing country, oxytocics, misoprostol, outcome, uterine rupture, uterine hyperstimulation, hypertonus; and cervical ripening.  The order and combinations of these terms are available on request.      
A detailed description of the inclusion and exclusion criteria used for these searches is included in Table 2.1a.  In brief, articles were included for review if they provided a rate or trend in induction or augmentation from a wide variety of study designs.  Articles based on LRS data were included if they were published from 1988 to October 2007, and from 1998 to October 2007 if the data were from HRS.  Although this review is focused on LRS practices, HRS data are included as points of comparison.  The dates are more restrictive for HRS data due to the high volume of citations from HRS. 
The review includes all articles referring to use of oxytocin and misoprostol for induction augmentation or cervical ripening.  Other prostaglandins such as dinoprostone were excluded from the search as they are unlikely to be available in developing country health facilities for the foreseeable future due to their higher costs.  Non-pharmacological methods such as use of herbs, homeopathics, acupuncture, intercourse, nipple stimulation, evening primrose oil, stripping of the membranes, artificial rupture of membranes (ARM) and mechanical dilators, were excluded from the searches for this review given its focus on the use of uterotonic drugs.  However, Cochrane reviews of the effectiveness and safety of non-pharmacological methods limited to mechanical dilators, stripping of membranes and ARM is discussed in Section 3.6ii.

Articles referring to induction or augmentation for preterm births, history of previous Cesarean, and multiple gestation were excluded as induction and augmentation in LRS for these indications are controversial and generally contraindicated (21).  Articles referring to induction for suspected macrosomia were also excluded since this is not an acceptable indication as per guidelines, albeit a common practice (18, 19, 22, 23, 28).  

Searches were conducted to identify risks for both maternal and perinatal outcomes associated with induction and augmentation.  Included among maternal outcomes are:  Cesarean section, hyper-stimulation of the uterus, uterine rupture and mortality.  Included among perinatal outcomes are: hypoxia, significant morbidity as indicated by a five minute Apgar score less than 7 or NICU admission, and perinatal mortality.  
For risks associated specifically with the use of misoprostol for induction and augmentation, the search was restricted to articles published from 2004 to present.  In 2004, definitive systematic reviews were published showing that adverse maternal and perinatal outcomes associated with doses of 50-200 mcg of misoprostol that had been documented in the literature up to that point, were eliminated when lower doses of 25 mcg per vagina or 50 mcg orally every four hours were used (4, 29, 30).
The Cochrane database was searched for meta-analyses of induction and augmentation.  The studies subsumed in these meta-analyses were excluded from individual review and data extraction.  
Table 2.1a Inclusion and exclusion criteria used in the searches
	Category
	Inclusion
	Exclusion
	Rationale


	General
	Rate

Trend
	
	Key objective of the review is the compilation of rates and trends

	Study design


	Quantitative

Retrospective or prospective

Randomized controlled trials

Case/control
Descriptive
Meta-analysis
Qualitative
	
	 

	Time
	Last 20 years for LRS
Last 10 years for HRS

Last 3 years for misoprostol
	<  1988
< 1998 
< 2004
	Dates restricted due to high volume of data from LRS which is not the primary focus of the review

Significant change in acceptable dosage of misoprostol for safe use for induction of labor established in 2004.  

	Setting
	High resource setting

Low resource setting
	
	HRS data used for comparative purposes only.  Key objective of the review is the compilation of data on LRS practices

	Health facility
	Health center

District hospital 

Teaching hospital
	
	Objective of review is to compile data on practices at all levels of the health system 

	Indications / clinical criteria
	Pre-eclampsia

Post dates

Infection

IUFD

PROM > 24 hrs
Suspected fetal compromise

Elective 
	Preterm

Previous C/S

Multiple gestation

Suspected macrosomia
	The issue of induction with a history of prior Cesarean section or with multiple gestation is controversial and contraindicated in LRS
Suspected fetal macrosomia is not a valid indication for induction 

	Method
	Cervical ripening with misoprostol

Induction with oxytocin or misoprostol

Augmentation with oxytocin
	Herbal

Homeopathics

Acupuncture

Intercourse

Nipple stimulation

Evening primrose oil Stripping of membranes

ARM

Mechanical dilators (ie. catheter, laminaria)

Castor oil
	The three terms included in the search are often used interchangeably in the literature, making it difficult to exclude any of them 

Non-pharmacological methods are outside of the scope of this review given its focus on uterotonic drugs
Only three systematic reviews will be considered in for ARM, stripping of the membranes and mechanical dilators for purposes of recommendations and discussion  



	Drugs
	Oxytocin 
Misoprostol  

	All other prostaglandins and uterotonics
	For the foreseeable future, the population of interest has access to these two drugs within the health system 

	Outcomes
	Maternal: Cesarean section following induction, uterine hyper-stimulation, uterine rupture, mortality;
Perinatal: hypoxia, significant morbidity, mortality;
	
	


The database for this review was developed, pretested and revised as necessary.  The database was compiled using Excel software.  The searches resulted in identifying 962 articles from five databases; 278 references remained following review of the abstract; 140 references met the inclusion/exclusion criteria following full review of the article.  Figure 2a provides an overview of the identification and inclusion process for the review of literature.
Figure 2.1a Identification and inclusion process for literature searches
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Objectives #5 and 6:  Recommendations resulting from data compiled in this review are proposed; gaps in knowledge are summarized and needs for further research are discussed. XE "Methods" 
3. Results
This section presents results corresponding to each of the objectives listed in section 1.1.  Additionally, issues related to the use of induction and augmentation in LRS which emerged as a result of the literature review are listed and discussed in section 3.6.  
3.1 Definitions
Table 3.1a provides definitions for the terms induction and augmentation of labor and cervical ripening.  These definitions are taken from the clinical guidelines and policy statements listed in Section 2.1. No variation in definitions was identified in these documents.  Additional related terms are defined in Appendix A.  

It should be noted that some mechanical, or non-pharmacological methods, are listed among the obstetric interventions to induce labor in all of these guidelines.  It should also be noted that the terms induction and augmentation of labor and cervical ripening are often used interchangeably in the literature, despite important differences in their definitions, indications and outcomes.    For example, cervical ripening which involves the use of mechanical or prostaglandin methods to prepare the cervix for induction often results in spontaneous onset of labor, and is then erroneously referred to as induction;  oxytocin induction is often accompanied by artificial rupture of the membranes (ARM), though use of this  non-pharmacological method may or may not be mentioned in the literature; use of uterotonic drugs for induction and then subsequent augmentation is often not distinguished and is referred to simply as induction. The use of these terms in this paper will refer to their specific, technical definitions to the extent possible. 
Table 3.1a Definitions of terms relating to induction and augmentation of labor
	Term
	Definition

	Induction of labor 
	An obstetrical intervention to stimulate uterine contractions before spontaneous onset of labor, with or without ruptured membranes (18, 23). It commonly includes two steps: cervical ripening by prostaglandins or mechanical methods and stimulation of contractions by use of oxytocin (21).  Methods are individual to each case depending on the readiness of the cervix for dilation(18).  The term is usually restricted to pregnancies at gestations greater than the legal definition of fetal viability (ie. 24 weeks in UK) (18).

The goals of induction of labor are to prevent anticipated poor outcomes associated with continuation of pregnancy, effect uterine activity sufficient for cervical change and fetal descent without causing uterine hyper-stimulation or fetal compromise and to allow as natural a birth experience as safely possible (19).



	Augmentation of labor
	Stimulation of the uterus during labor to increase the frequency, duration and strength of contractions(21) when spontaneous contractions are considered inadequate because of lack of progressive cervical dilatation and fetal descent (23).



	Cervical ripening
	Mechanical or prostaglandin methods of preparing the cervix for induction which may or may not result in spontaneous labor.  These methods cause the cervix to soften, shorten and become ready for dilation in response to uterine contractions (22).  The use of oxytocin to ripen the cervix is not effective (19, 22).


Table 3.1b describes the Bishop score for assessing cervical readiness for induction.  Factors related to the cervix which must be taken into account before induction include:  extent of dilatation, percent effacement, station of the fetal head, consistency and position of the cervix.  Methods for assessing these factors do not vary between developed and developing country settings and guidelines generally agree that a Bishop’s score of six or more describes a cervix ready for induction of labor(18-21) (scores of 0-3 are assigned for each category and are then summed for a total score).
Table 3.1b Bishop score for assessment of cervical readiness for induction

	
	Factor

	Bishop score
	Dilatation (cm)
	Effacement (%)
	Station

(-3 to 3)
	Cervical consistency
	Cervical

position


	0
	Closed
	0-30
	-3
	Firm
	Posterior

	1
	1-2
	40-50
	-2
	Medium
	Mid-position

	2
	3-4
	60-70
	-1
	Soft
	Anterior

	3
	> 5
	> 80
	+1, +2
	
	-


Source:  Williams Obstetrics 22nd Ed. 2005(23). 

3.2 Indications for induction

Indications for induction and augmentation are described below and result from review of the clinical practice guidelines and position statements referred to in Section 2.1. 
According to guidelines, acceptable indications for the induction of labor are as follows:  pre-eclampsia (high blood pressure and proteinuria); intra-uterine growth restriction (IUGR) or other fetal condition in which delivery is beneficial for the infant; chorio-amnionitis (infection); oligohydramnios; logistics (ie. history of rapid labors, resides far from health center; psychological reasons (18); prolonged rupture of membranes without labor (in term pregnancies) or other infection risks; postdates or prolonged pregnancy (41-42 weeks); maternal diabetes; history of unexplained stillbirth at term and fetal demise without spontaneous labor after a variable length of time (up to four weeks).  
Augmentation is indicated by a lack of progress in dilation or descent in labor, often less than three effective contractions per ten minutes and crossing the action line of a WHO approved partogram. 
Prerequisite clinical conditions for induction of labor include:  normal presentation of fetus; consent of mother; compelling indication; ability to appropriately monitor mother and fetus during labor; availability of emergency obstetric services and  known medical history (especially of previous uterine surgery).  
Contraindications to induction or augmentation of labor are:  fetal malpresentation or anomaly (ie. conjoined twins or hydrocephaly); placenta or vasa previa; woman who cannot receive adequate monitoring by a health care professional (21); any contraindication for labor or vaginal delivery; previous Cesarean section precludes misoprostol use (20); history of multiple low segment Cesarean section (23) uterine scar from preterm Cesarean section, classical (vertical) incision or other hysterotomy; non-reassuring fetal heart rate pattern in labor or cord prolapse if fetal presenting part is not fully engaged.  If an obvious reproductive tract infection is present, mechanical methods of induction and augmentation should be avoided (21).
Risks associated with induction of labor include: maternal exhaustion; hyperstimulation of the uterus which could lead to uterine or placental abruption; fetal distress (21); more discomfort and inconvenience for the pregnant woman than spontaneous labor; higher rates of operative delivery; ARM may introduce risk of intra-uterine infection, and bleeding from cervix or placental site (if placenta or vessel is near cervix) or cord prolapse if fetal presenting part is not fully engaged (23).  Oxytocin has an anti-diuretic effect and high doses are associated with water-retention and hyponatremia which could lead to coma, seizures and death (22).  Long inductions with oxytocin in large amounts of IV fluid (ie., without a regulatory pump) may lead to water intoxication, edema or pulmonary embolism (22).    Induction after previous Cesarean section increases the risk of uterine rupture and should only be done in a facility with the capacity to provide emergency Cesarean section (19, 22).  There is a concern that oxytocin used for induction may also cause postpartum hemorrhage following a long labor or due to flooding of oxytocin receptors when oxytocin is infused at rates higher than 20 IU per minute (22). 
Oxytocin augmentation is a major obstetric intervention and should be performed only for a valid indication such as crossing the action line on a WHO-approved partogram and failure to progress in cervical dilation or fetal descent (21).   As a general rule, oxytocin should only be used to augment labor in facilities where there is immediate access to Cesarean section should the need arise.  Therefore, the need for augmentation is considered an indication for referral to obstetric services with surgical facilities if one is in a lower level facility.  Where available, subsequent fetal surveillance should be by electronic fetal monitoring (EFM) rather than by intermittent auscultation as intermittent auscultation is associated with an increased risk of neonatal seizures relative to electronic fetal monitoring (18-20).
3.3 Evidence-based recommendations for safe and effective methods of induction and augmentation with oxytocin and misoprostol
i. Oxytocin

Traditionally, oxytocin was the main drug recommended for induction and augmentation.  More recently, prostaglandin preparations (for example: dinoprostone, cervidil, prostin E2) have also been shown to be effective agents for cervical ripening, often leading to spontaneous labor, though they are expensive and not readily available in the LRS (31, 32).  As will be discussed further in this paper, misoprosotol is now rapidly winning favor as a low-cost, safe and effective prostaglandin method of cervical ripening leading to labor in LRS.
Use of any intramuscular oxytocic before the birth of the infant is regarded as dangerous because the dosage is too high and cannot be adapted to the level of uterine activity (21) Hyper-stimulation of the uterus may result and can lead to uterine rupture, fetal asphyxia or fetal demise (17, 33).  According to WHO, the use of intramuscular oxytocin before birth, a common practice in developing countries, often at the request of pregnant women, their families or untrained attendants, should be abandoned (21).
Most available evidence-based guidelines recommend a low dose oxytocin induction with the exception of ACOG, which leaves the choice of high or low dose regimen to the practitioner’s discretion as outlined in table 3.3a.  Augmentation of labor follows the same protocols and dosing but typically requires lower levels to create effective contractions.

Preparation of oxytocin for infusion is typically 10 or 20 IU (10 000 or 20 000mU) in 1000ml of IV fluid resulting in a concentration of 10 or 20 mU/mL (23).  This, when regulated through an electronic infusion pump, delivers a regular dose of oxytocin into the blood stream.  The increments are increased manually after assessments of maternal and fetal condition are shown to be satisfactory.  

Table 3.3a: Examples of high versus low dose regimens for oxytocin induction with electronic infusion pump (various dose schedules are in use).

	Regimen
	Starting dose
	Increase and interval
	Recommended maximum dose

	Time to reach maximum dose

	Low Dose 

(UK, Canada)
	1 mU/min
	1-4 mU q 30min 
	20 mU/min
	 3-5 hours

	High Dose 

(USA option)
	6mU/min
	6mU q 15 min
	40 mU/min
	2 hours


Source:  Williams obstetrics, 22ed.
It is recommended by all the aforementioned guidelines that external fetal monitoring (EFM) be employed during induction and augmentation.  If at any point maternal or fetal condition is not reassuring, the oxytocin pump should be turned off or down and the situation reassessed.  

For LRS, WHO currently provides brief evidence-based guidelines for induction and augmentation of labor in “Managing Pregnancy and Childbirth: a manual for doctors and midwives”.    The biggest difference between the HRS guidelines described above and the WHO guidelines is that in most LRS a regulatory infusion pump will not be available.  In this situation, the oxytocin should be mixed into IV fluid and gravity-fed following a schedule of counted drops per minute to gain the appropriate rate and dose.  Table 3.3b outlines this process and is taken directly from the WHO manual.  Table 3.3c outlines an alternate schedule for primarous women.  As EFM is generally not available, vigilant intermittent auscultation of the fetal heart and recording is important (21).  

Table 3.3b: WHO recommendations for induction by manual rate estimation (21)   
Oxytocin infusion rates for induction of labour (Note 1 mL~20 drops) 

	Time Since Induction (hours)
	Oxytocin Concentration
	Drops per Minute
	Approximate Dose (mIU/ minute)
	Volume Infused
	Total Volume Infused

	0.00
	2.5 units in 500 mL dextrose or normal saline 
(5 mIU/mL)
	10
	3
	0
	0

	0.50
	Same
	20
	5
	15
	15

	1.00
	Same
	30
	8
	30
	45

	1.50
	Same
	40
	10
	45
	90

	2.00
	Same
	50
	13
	60
	150

	2.50
	Same
	60
	15
	75
	225

	3.00
	5 units in 500 mL dextrose or normal saline (10 mIU/mL)
	30
	15
	90
	315

	3.50
	Same
	40
	20
	45
	360

	4.00
	Same
	50
	25
	60
	420

	4.50
	Same
	60
	30
	75
	495

	5.00
	10 units in 500 mL dextrose or normal saline (20 mIU/mL)
	30
	30
	90
	585

	5.50
	Same
	40
	40
	45
	630

	6.00
	Same
	50
	50
	60
	690

	6.50
	Same
	60
	60
	75
	765

	7.00
	Same
	60
	60
	90
	855


Table 3.3c WHO recommendations for induction by manual rate estimation for primiparous women(21)
 Rapid escalation for primigravida: Oxytocin infusion rates for induction of labor 
(Note 1 mL~20 drops) 
	Time Since Induction
(hours)
	Oxytocin Concentration
	Drops per Minute
	Approximate Dose (mIU/ minute)
	Volume Infused
	Total Volume Infused

	0.00
	2.5 units in 500 mL dextrose or normal saline (5 mIU/mL) 
	15
	4
	0
	0

	0.50
	Same
	30
	8
	23
	23

	1.00
	Same
	45
	11
	45
	68

	1.50
	Same
	60
	15
	68
	135

	2.00
	5 units in 500 mL dextrose or normal saline (10 mIU/mL)
	30
	15
	90
	225

	2.50
	Same
	45
	23
	45
	270

	3.00
	Same
	60
	30
	68
	338

	3.50
	10 units in 500 mL dextrose or normal saline (20 mIU/mL)
	30
	30
	90
	428

	4.00
	Same
	45
	45
	45
	473

	4.50
	Same
	60
	60
	68
	540

	5.00
	Same
	60
	60
	90
	630


Source:   http://www.reproline.jhu.edu/english/2mnh/2mcpc/section3_toc.htm 

ii. Misoprostol 

The efficacy and safety of misoprostol at low doses as an agent for cervical ripening often leading to spontaneous labor has been recently established in several studies (30, 34-39); however, most of these studies were conducted in developed countries in well-equipped hospitals. There is a need for more of these studies to be carried out in developing country health facilities. 
Evidence-based dosage guidelines for misoprostol based on Cochrane meta-analyses of vaginal and oral misoprostol use for induction of labor are as follows.  The indication for use of misoprostol is induction of labor after 24 weeks gestation for both live and dead fetuses.  The evidence-based recommended dose is 25ug vaginally every four hours until delivery or 50ug orally every four hours until delivery (35, 40).  It is alternatively recommended to use 25ug vaginally, then after four hours start 25ug solution orally every two hours (take 25mls of a solution made up of a 200ug tablet dissolved in 200mls water (41).   For IUFD, the dose may be doubled if two doses have no effect (41).   There is some evidence to support moistening misoprostol tablets with sterile water before vaginal insertion to aid absorption, as dehydration and vaginal mucosa dryness is common in labor (42).

Side effects of misoprostol include painful labor and uterine hyper-stimulation (2% rate).   The fetal heart rate should be monitored and IV oxytocin should not be started until at least six hours following the last dose of misoprostol to avoid uterine hyperstimulation (43-46).  Another warning about misoprostol is that it is generally contra-indicated after a previous Cesarean section because of the risk of uterine rupture (47)(31).  Uterine rupture has also been reported in women of high parity.  If used for IUFD, the risk of post partum hemorrhage is higher (47).     
3.4 Rates, Trends, Indications and Risks associated with Induction and Augmentation of Labor in High Resource Settings
Rates of Induction
Table 3.4a includes national level rates of induction in developed countries identified via the literature review or from routine health information systems.  Rates range from 15 percent in the Netherlands between 1993-2002 to 37 percent in Australia in 2006.  Sweden shows the second highest rate at 33 percent in 2005.  The average across these 11 countries is 20.2 percent. 
Table 3.4a National induction rates in developed countries
	Country
	Reference year
	Induction Rate

(in %)


	Sweden(48)
	2001-2002


	33.2

	Australia(49)
   
	2006
	36.7

	France (50)
	1981-1995


	25.0

	Scotland (51) 
	2003-2004


	24.0

	New Zealand(52)  
	2004


	20.4

	USA(53)
	2005


	22.3

	Canada (54) 
	2000-2001


	22.0

	UK (55)
	2005-2006

	20.2

	Wales (56)
	2004


	19.1

	The Netherlands (57)
	1993-2002


	15.0


Trends in Induction of Labor 

National level data on trends in induction are available for six HRS and are illustrated in Figure 3.4a.  In four of the six countries (the United Kingdom, Canada, France and the United States), rates have increased dramatically since the late 1980s, and in the case of the United States and France have more than doubled (58-63)(50). Only two of the six countries show stable rates of induction; between 1988-1998 New Zealand shows high but stable rates varying from only 23 to 24 percent (52); between 1990-2006 the Netherlands shows a relatively low and very stable rate of 15 percent (57).  
Figure 3.4a National level trends in induction in developed countries; 1988-2006 
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Most of the increases in induction rates over the last 20 years is believed to be from elective induction (non-medically indicated inductions which are done based on the woman’s or the caregiver’s choice) and not an increase in pregnancy complications requiring induction of labor (IOL) as an intervention (57, 58, 64).  Sub-national studies of inductions from developed countries show highly varied proportions of elective inductions (65-67).  Table 3.4b is a compilation of sub-national rates of elective induction in HRS identified in the literature review.  Rates range from nine percent in a sample of hospitals in the UK between 1995-1997 (64), to approximately half of all inductions in sampled hospitals in Australia, Finland and USA (28, 55, 68).  The data from the United States on elective induction vary substantially across the eight studies identified in the review, with rates ranging from ten to 55 percent.  In Finland, Jarvelin et al. found that when compared to referral hospitals, smaller community hospitals had higher rates of induction (69).  They attributed this to differences in the backgrounds and experience of the providers.  Similarly, in England rural rates are higher than urban rates, as reported in the national maternity statistics for 2005-2006 (55).  Lydon-Rochelle, in describing variable induction rates in Washington State, showed the lowest rates in public, federally owned hospitals and higher rates in private hospitals (OR 3.9; 1.8-8.6) and very high volume city hospitals (OR 4.2; 2.4-7.2) (70).   In New York State, the variation in induction rates was explained by differences in individual provider practice styles, a lack of standardization of methods and lack of evidence-based practice (66, 71).  Differences in rates of induction have also been attributed to maternal parity and age (72).
Table 3.4b Sub-national rates of elective induction in developed countries
	Author

	Reference year

	Country

	Rate of elective inductions*

 (in %)


	Pregnancy outcome unit, Epidemiological branch, Department of Human Services, S. Australia, 2006 (73)
	2005
	Australia
	47.4

	Jarvelin  M, 1993 (69)
	1985-6
	Finland
	51.0

	Buist R, 1999 (74)

	1997
	New Zealand
	13.9
 

	Prysak M, and Castronova F, 1998 (75)
	1997
	USA
	12.3

	Seyb S, Berka R et al., 1999 (76)
	1996-7
	USA
	12.8

	Glantz CJ, 2005 (71)
	1998-9
	USA
	10.4

	Glantz CJ, 2003 (66)
	1998-9
	USA
	25.0

	Lydon-Rochelle, 2007 (70)
	2000
	USA
	15.0

	Beebe, 2007 (77)
	2006
	USA
	54.9

	MacDorman MF, 2002 (60)
	1989-98
	USA
	45.0

	Mousa HA, 2000 (78)
	1995-7
	UK
	9.3

	Macer, 1992 (79)
	1990
	USA
	30.0


*Elective inductions are non-medically indicated inductions

Rates and trends in augmentation of labor in HRS
Only one reference citing a rate of augmentation from an HRS setting was identified in the literature review.  A large community hospital in Norway reported a 37 percent augmentation rate in 2002 (80).  No references were identified which documented trends of augmentation of labor in HRS settings. 
Medical indications for induction in HRS    
Data on indications for induction were identified in the literature or from routine health information sources from six developed countries.  The data are from 1995-2007 for five of the six countries.  The data from Finland dates back to 1985-86 (69).  See Table 3.4c.  Some of these references focus on only a few specific indications, while others present distributions that sum to greater than 100 percent, suggesting that multiple indications for induction were reported.  (Common multiple indications would include, for example, fetal concerns and pregnancy-induced hypertension, fetal concerns and post-dates and fetal and maternal concerns).  The specific conditions which are collapsed under maternal, fetal and hypertensive disorders also vary by study.  IUFD as an indication for induction was only reported in one study in New Zealand (74) and was either not mentioned or specifically excluded from study in the remaining studies.  Given these caveats, it is not possible to draw definitive conclusions from these data.  In general, elective induction appears to be very common in some studies, with rates around 50 percent in the sampled hospitals in Australia and Finland.  Three of the four US-based studies show rates ranging from 24 to 39 percent, with one study reporting only six percent.  Post-dates and hypertensive disorders are the two most commonly reported medical indications.
Table 3.4c:  The percent distribution (or percentage) of inductions by indication for the induction; 6 countries
	Author
	Reference year
	Country
	Elective
	Post-date
	Hyper-tensive disorders
	Mater-nal
	Fetal
	PROM
	IUFD

	Lydon-Rochelle, M; 2007 (70)
	2000
	USA
	6.4
	22.0
	24.5
	7.5
	24.5
	11.4
	

	Glantz, C, 2003 (66)
	1998-1999
	USA
	24.5
	
	
	
	
	
	

	Beebe L, Rayburn W, et al., 2000 (28)

	1997-1998
	USA
	38.8
	5.8
	24.4
	14.4
	11.0
	6.5
	

	Seyb S, Berka R, et al., 1998 (76) 
	1996-1997
	USA
	32.7
	27.7
	7.3
	1.4
	8.7
	20.1
	

	Information Center for Health and Social Care; 2005-2006 (55)
	2005-2006
	United Kingdom
	
	7.3
	6.4
	7.8
	5.8
	8.1
	

	Mousa H, et al., 2000 (78)
	1995-1997
	United Kingdom
	9.8
	52.3
	21.2
	4.4
	9.9
	
	

	Roberts C, Algert C, et al., 2002 (81)
	2002
	Australia
	47.4
	23.4
	15.9
	5.9
	7.1
	7.1
	

	Boulvain, M, Marcoux S, et al., 2001 (82) 
	1990-1995
	Canada
	28.6
	
	10.5
	
	15.5
	1.8
	

	Buist, R, 1999 (74)
	1997
	New Zealand
	4.6
	26.9
	26.5
	1.1
	15.5
	8.0
	1.6

	Jarvelin, M, 1993 (69)
	1985-1986
	Finland
	51.3
	12.0
	
	18.2
	5.9
	2.3
	


Maternal and perinatal outcomes associated with induction and augmentation in HRS
The specific maternal outcomes associated with induction and augmentation of labor covered in the electronic searches of the literature included: Cesarean section, hyper-stimulation of the uterus, uterine rupture and mortality.  Perinatal outcomes included: hypoxia, significant morbidity (as measured by NICU admission or five minute Apgar score less than seven) and mortality.  Of these various maternal and perinatal outcomes, Cesarean section following elective induction among low risk developed country women is the only outcome with consistently increased and statistically significant risks.  The odds ratios or relative risk and 95 percent confidence intervals from nine of these studies are presented in Table 3.4d.  Of the nine studies, eight documented statistically significant increased odds or relative risk of Cesarean section following elective induction of labor among low risk women relative to those with spontaneous onset of labor.  The odds of Cesarean section following elective induction in these studies ranged from 1.54 (1.26-1.84) to 3.30 (2.9-3.7).  The one study reporting relative risks showed a relative risk of Cesarean of 1.52 (1.37-1.70) (83) and others analyzed the association using different methods (84-87).  Where reported, the factors controlled for in these studies included: parity, gestational age, maternal age, cervical ripeness, birth weight, epidural use and qualification of provider.  Methods of induction included oxytocin or a combination of artificial rupture of membranes (ARM) and oxytocin.

Table 3.4d Odds ratios or relative risk and 95% confidence intervals for Cesarean section following elective induction of labor versus spontaneous onset in low risk women in developed countries
	Author, publication date
	Country 
	Study design
	Adjusted odds ratio, relative risk

	95% confidence interval

	Seyb S, Berka R et al , 1998 (76)
	USA
	Prospective, cohort study
	  OR = 1.89
	1.12-3.18

	Prysak M, and Castronova F, 1998 (75)  
	USA
	Retrospective, case/control study
	OR = 1.81
	1.07-3.08

	Maslow A. and Sweeny A, 2000 (88)  
	USA
	Retrospective, cohort study
	OR = 2.40
	1.20-4.90

	Boulvain M, Marcoux S, et al., 2001 (82)
	Canada
	Retrospective, descriptive study
	OR = 2.14
	1.6-3.6

	Sheiner E, Levy A, et al., 2002 (89)  
	 Israel
	Retrospective, descriptive study
	OR = 3.30
	2.9-3.7

	Cammu H, Martens G, et al., 2002 (83)
	Belgium
	Prospective, case/control study
	RR = 1.52
	1.37-1.70

	Johnson D, Davis N, et al., 2003 (90)  
	USA
	 Prospective,
case /control

study 
	OR = 1.77
	1.46-2.11

	Crane J, and Young D., 2003 (91)   
	Canada
	Retrospective, descriptive study
	OR = 1.04
	0.87-1.24

	Glantz CJ, 2005 (71)  
	USA
	Retrospective, descriptive
	OR = 1.52
	1.26-1.84


Rates and risks of various adverse neonatal outcomes associated with elective induction versus spontaneous labor from six studies in four developed countries (Japan, Belgium, US and Canada) are compiled and presented in Table 3.4e. There were no statistically significant differences in the rates or risks of an Apgar score less than seven at five minutes associated with elective induction relative to spontaneous labor in any of the four studies that assessed this outcome.  Only two of the six studies assessed rates or risks of a cord blood Ph of less than 7.1, with both reporting no significant differences between elective induction and spontaneous labor (82, 92).  Only one of five studies reported a significant increase in the risk of admission to the NICU associated with elective induction versus spontaneous labor; this study from Belgium reported a slightly increased but significant risk of 1.14 (1.03, 1.25) (83).  All three studies which assessed the rates or risk of meconium staining found elective induction to be protective relative to spontaneous labor (71, 92, 93).  Of the three studies which assessed the rates or risk of asphyxia, only one study reported a significantly increased risk of asphyxia associated with elective induction relative to spontaneous labor; in this US study, the risk of asphyxia was 1.52 (1.2,1.93)(71)  Thus, although a only small number of studies were identified, these results do not suggest elevated risks of adverse neonatal outcomes associated with elective induction relative to spontaneous labor in developed countries.  

Perinatal outcomes associated with induction with misoprostol
Two meta-analysis by Alfirevic and Weeks (35) of oral misoprostol and Hofmeyr and Gulmezoglu (94)include perinatal outcomes of misoprostol induction relative to other methods.  Each found that compared with vaginal or intra-cervical dinoprostone, oxytocin and higher dose misoprostol, low dose misoprostol (50 ug orally or 25ug vaginally every four hours) does not appear to increase adverse fetal outcomes.  Increase in the risk of uterine hyper-stimulation with oral misoprostol (RR = 1.63; 1.09-2.44) shown at higher doses, was not associated with any adverse fetal outcomes (35) and was reduced with lower doses, although available studies on lower doses were limited.  Both oral and vaginal misoprostol were associated with increased meconium staining relative to other methods of induction.  It was suggested by the authors that this may be an action of the misoprostol directly on the gut of the fetus as it is higher with ruptured membranes.  Nevertheless, this increased meconium is not associated with poor outcomes of the neonate (40).  The authors point out that many previous studies have used relatively high doses of misoprostol  with  more perinatal consequences compared to the latest studies using low dose misoprostol which show very similar outcomes to vaginal prostaglandin E2 (30).

Table 3.4e Rates, relative risks and odds ratios of neonatal outcomes associated with elective induction relative to spontaneous labor in 4 developed countries
	
	
	
	Rates  (in %) or Risks (Odds ratios or Relative risks) of Neonatal Outcomes 

for elective inductions relative to spontaneous labor
	

	Author, Year
	Country
	Study design
	Meconium staining

	Asphyxia
	NICU admission
	Apgar score <7 at 5 min
	Neonatal death
	Cord PH <7.1
	N of deliveries

	Amano K, Saito K, et al., 1999(92) 

Elective

Spontaneous
	Japan
	Prospective, randomized controlled trial; nulliparous women w/ uncomplicated pregnancies at 39 weeks 
	3.2

19.4†

	9.5

30.6 (NS)


	0

2.8 (NS)


	
	
	9.5

12.5 (NS)


	98 cases

96 controls

	Cammu H, Martens G, et al., 2002 (83)

Elective

Spontaneous

RR

[95%CI]
	Belgium
	Prospective, 

case/control;  nulliparous women
	
	
	10.7

9.4

1.14 

[1.03, 1.25]
	
	
	
	7,683 cases; 7,683 controls 

	Glantz C, 2005(71)

Elective

Spontaneous

OR

[95% CI]
	USA
	Retrospective, descriptive study; low risk women
	2.6

5.7†
0.45

[0.32,0.64]
	6.5

4.5†
1.52

[1.2,1.93]
	1.27 (NS)

[0.65,1.35]E
	0.85 (NS)

[0.65-1.0]E
	
	
	11,849

	Prysak M and Castronova F, 1998(75); 1998

Elective

Spontaneous
	USA
	Retrospective, case/control study;  low risk women
	
	
	4.6

3.9 (NS)


	0.4

0.2 (NS)


	
	0.0

0.0 (NS)


	461 cases

461 controls

	Boulvain M, Marcoux S, et al., 2001(82)

Elective

Spontaneous

RR

[95%CI]
	Canada
	Retrospective, descriptive study; uncomplicated term pregnancies
	
	16.2

13.7 (NS)


	4.1

2.8 

1.6 (NS)

[1.0,2.4]
	0.2

0.2 

1.2 (NS)

[0.1,9.6]
	
	8.6**

8.2**(NS)

1.1

[0.7,1.5]
	3,884


NS: not significantly different      **pH listed as <7.2 (not 7.1)     †statistically significant at p<0.05    E=adjusted OR

3.5 Rates, Trends, Indications and Outcomes associated with Induction and Augmentation of Labor in Low Resource Settings
Rates of induction 
Rates of induction and augmentation from developing countries are available from nationally representative samples of public, health facility-based deliveries in seven countries (shown in Table 3.5a and Figure 3.5a) and from the literature (shown in Tables 3.5b and 3.5c).  The data in Table 3.5a come primarily from hospital-based deliveries, though the three sub-Saharan African samples do include health center based deliveries.  A detailed description of sample plans for these countries is described elsewhere (95). 

There are few if any patterns in the use of induction and augmentation in these countries in sub-Saharan Africa, Southeast Asia and Latin America.  Augmentation rates tend to be higher than induction rates, though this is not the case in El Salvador or Indonesia, and in Tanzania rates of induction and augmentation are nearly equal.  Overall, rates of induction vary from 0.5 percent in Ethiopia to 26 percent in Indonesia. Rates of augmentation (without induction) vary from nine percent in Tanzania to 38 percent in Benin.  With the exception of Ethiopia and Tanzania, 40 to 50 percent of these facility-based deliveries were either induced or augmented.
Table 3.5a Percent distribution of public, health-facility based deliveries that were induced or augmented; 7 developing countries, 2005-2006
	Country, year

	Induced (%)

	Augmented only (%)

	Neither (%)

	Total

	n of observed deliveries

	Either induced or augmented (%)


	Benin, 2006

	3.2
	37.9
	58.9
	100.0
	250
	41.1

	Ethiopia, 2005

	0.5
	11.9
	87.6
	100.0
	310
	12.4

	Tanzania, 2005

	8.3
	8.7
	83.0
	100.0
	249
	17.0

	Indonesia, 2006

	25.5
	18.3
	56.2
	100.0
	408
	43.8

	El Salvador, 2006

	22.6
	18.8
	58.6
	100.0
	192
	41.4

	Honduras, 2006

	10.5
	32.3
	57.2
	100.0
	221
	42.8

	Nicaragua, 2006

	17.1
	32.1
	50.8
	100.0
	180
	49.2


Source: Stanton et al. 2008(95)
Figure 3.5a Percent distribution of public, health-facility based deliveries that were induced or augmented; 7 developing countries, 2005-2006
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Tables 3.5b presents rates of induction from developing country hospitals identified via the literature review.  Induction rates cited from two recent studies in Nigeria show rates (between 2002 and 2006) of 16 and 18 percent (13, 96).  The induction rates from dated studies in Fiji and Brazil documented induction rates of 14 percent (1986-1996) and 31 percent (1993), respectively (14, 15).  A review by Buekens of oxytocic use in the first and second stages of labor in ten sub-Saharan African, Caribbean and Asian countries in the early to mid 1990’s shows great variation in augmentation rates, with hospital-based rates ranging from 2 percent in Senegal to 31 percent in Nepal (97). See Table 3.5c.
Table 3.5b Hospital-specific rates of induction and augmentation in developing countries identified in the literature review 
	Author/year
	Country
	Data collection year
	Rate of induced labor

(in %)
	Denominator

	Loto O, Fadahunsi A, et al., 2004(96))
	Nigeria
	2002-3
	18
	All deliveries 

	Behague D, et al., 2002(14)
	Brazil
	1993

	31.2
	All deliveries

	Chigbu C, Exeome I, et al., 2007(13)
	Nigeria
	2003-06

	16.3
	All deliveries

	Saunders D and Makutu S, 2001(15)
	Fiji
	1986-96

	14 
	All deliveries


Table 3.5c Rates of augmentation (use of oxytocics during 1st and 2nd stages of labor) cited in developing country studies; 
	Country (city)
	Year 
	Reference
	Oxytocin during

1st and/ or

2nd stage of

labor (in %)

	Jamaica (Parish A) 


	1986-1987
	Escoffery et al. 1994  
	14.9

	Jamaica (Parish B1) 


	1986-1987
	Escoffery et al. 1994  
	11.4

	Jamaica (Parish B2) 

	1986-1987 
	Escoffery et al. 1994
	10.8

	Jamaica (Parish C) 

	1986-1987 
	Escoffery et al. 1994
	5.6

	Benin (Abomey) 


	1990-1991 
	Dujardin et al. 1995 
	16,1

	Benin (Porto Novo) 


	1990-
	Dujardin et al. 1995 
	24.2

	Congo (Loubomo)


	1990-1991
	Dujardin et al. 1995
	5.7

	Senegal (Pikine) 


	1990-1991
	 Dujardin et al. 1995 
	10.9

	Ivory Coast (Abidjan)


	1994-1996
	Bouvier-Colle et al. 1998
	13.4

	Mali (Bamako)  

	1994-1996
	Bouvier-Colle et al. 1998
	26.1

	Niger (Niamey)  

	1994-1996
	Bouvier-Colle et al. 1998
	5.7

	Maurittania

(Nouakchott)
	1994-1996
	Bouvier-Colle et al. 1998
	13.0

	Burkina Faso (Ouagodougou)
	1994-1996
	Bouvier-Colle et al. 1998
	10.5

	Senegal (St. Louis)
	1994-1996
	Bouvier-Colle et al. 1998
	32.9

	Senegal (Kaolack)
	1994-1996
	Bouvier-Colle et al. 1998
	2.5

	Nepal (Kathmandu)
	1995-1996
	Ellis et al, 2000
	31.1


              Source:  Buekens, P. 2001(97).   
Few citations with rates of elective induction in developing countries were identified.  See Table 3.5d.  Two recent studies from Nigeria show elective induction rates at seven and 13 percent (13, 44).  The dated reference from Fiji reported a 30 percent rate of elective inductions between 1986-1996 (15).  
Table 3.5d  Hospital-specific rates of elective induction in LRS  

	Author
	Date of data collection 
	Country
	Rate
(in %)


	Oboro V, Isawumi A, et al., 2007 (44)
	2001-2005
	Nigeria
	13.7


	Saunders D and Makutu S, 2001 (15)
	1986-96
	Fiji
	30.0


	Chigbu C, Ezeome I et al., 2007 (13)
	2003-2006
	Nigeria
	7.4



Trends in induction and augmentation in LRS
No data are available on trends in induction or augmentation from LRS settings.

Indications for induction
Data on indications for induction were identified only for Nigeria and Tanzania, and as with the data presented from HRS, some of the studies focused only on a few specific indications and do not present the full distribution of indications.  From these studies, it appears that post-dates and hypertensive disorders are the most common indications for induction.  However, this information is too limited to be able to draw general conclusions.
Table 3.5e Percent distribution (or percentage) of inductions by indication from hospital-based studies in developing countries
	Author, Date of  Publication
	Reference year
	Country
	Post-date
	Hyper-tensive Disorders

	Maternal
	Fetal
	PROM
	IUFD
	N of inductions

	Adeniji O, Oladokum A, et al., 2005 (98)
	2003
	Nigeria
	65.6
	16.7
	9.4
	8.3
	
	
	96

	Ekele B, Nnadi D, et al., 2007 (27)
	2005-2006
	Nigeria
	39.7
	37.7 
	
	
	9.9
	9.9
	151

	Kidanto H, Kaguta M, et al., 2007 (99)
Misoprostol group

Oxytocin group
	2004
	Tanzania
	28.0

25.0
	32.0

30.0
	
	
	
	
	71

71

	Loto O, Fadahunsi A et al., 2004 (96)
	2002-2003
	Nigeria
	50.0
	26.0 
	
	
	23.0
	
	152

	Oboro V, Isawumi A, et al., 2007 (44)
	2001-2005
	Nigeria
	44.7
	12.7
	2.5
	9.6
	10.2
	6.6
	197


Maternal and perinatal outcomes associated with induction in LRS

Few studies in LRS have assessed the risk of adverse maternal or perinatal outcomes associated with induction and augmentation.  Dujardin and colleagues reported the risk of stillbirth and neonatal resuscitation associated with the use of oxytocin during normal labor in two hospitals in Benin, one in Congo and one in Senegal (100).  When pooling results across all study sites, their results show an increased relative risk of 1.9 (1.1-3.4) for stillbirth. The relative risks of neonatal resuscitation in the four study sites ranged from 1.9 to 5.6, and all were statistically significant.  This type of inappropriate use of oxytocin is a perfect example of the concerns which motivated the request for this working paper.

No studies were identified which specifically assessed the risk of adverse maternal or perinatal outcomes associated with elective induction.  Some studies have documented Cesarean section rates following inductions which were done for various indications.  These studies report Cesarean section rates from two percent in Guinea to 37.6 percent in Nigeria (13, 14, 26, 32, 44, 96, 99, 101, 102).  However, these data are not illustrative of adverse outcomes of induction because the indication for Cesarean may well have been due to the pre-existing medical condition of the mother or fetus.  Therefore, we are unable to compare these results to those presented for HRS.  Two of the studies from Nigeria and Tanzania compare rates of Cesarean section following oxytocin or misoprostol induction and found that Cesarean section rates were lower among the group using misoprostol compared to oxytocin groups (96, 99) 
Ruptured uterus, a disastrously poor outcome of labor, is still all too common in developing countries, although virtually eliminated in developed countries and has been associated with use of induction and augmentation.  A group of studies reviewing cases of ruptured uterus for etiology found induction or augmentation associated with two to 44 percent of the cases of ruptured uterus (26, 27, 33, 103, 104).  Al-Jufairi cited an odds ratio of 2.7 if excessive oxytocin is used or if oxytocin is used with a previous Cesarean (8)  In a study of uterine rupture in Sudan, Ahmed found inappropriate use of oxytocin as the cause of 10.5 percent of uterine rupture cases (7).   

Oxytocin use before birth has also been documented at home-based deliveries that are not attended by a medically skilled provider.  For example, when interviewing 600 women in rural India who had delivered at home, Sharan and colleagues found that 22 percent of them reported an injection of oxytocin during labor (10).  They also found that when interviewing traditional birth attendants, several stated that they would recommend the injection to women to hasten labor.   In the Sudan, Ahmed reported that in six of 86 cases of uterine rupture, the woman had received oxytocin at home (7).  
Table 3.5f Percent of uterine rupture associated with induction of labor in LRS
	Author

	Reference year
	Country
	% of uterine ruptures associated with induction
	Notes from authors

	Aboyeji A, Ijaiya M et al., 2001(6)
	1992-1999
	Nigeria
	39
	Unskilled use of oxytocin


	Ahmed S,  2001 (7)
	1992-1997
	Sudan
	10.5
	Injudicious use of oxytocin outside of hospital


	Al-Jufairi A, 2001 (8)
	1990-1999
	Bahrain
	>50
	Oxytocin used excessively


	Chuni N, 2006 (104)
	1999-2004
	Nepal
	44
	 


	Ezechi O,  2004 (9)
	1991-2000
	Nigeria
	41
	61%of inductions in hospital had wrong dose, route and monitoring


	Konje J, Odukoya O, et al., 1990 (33)
	1975-1986
	Nigeria
	4.9
	Others suffered from no access to augmentation



Three studies, two from sub-Saharan Africa and one from India, documented the rates of various neonatal outcomes associated with induction using misoprostol and oxytocin. All three studies documented rates of NICU admission.  Two of these studies showed lower rates of NICU admission among misoprostol users relative to oxytocin, though neither reached statistical significance.  The third study reported no significant differences between the two (see table 3.5h).  Two studies documented meconium staining, both found higher rates among misoprostol users relative to oxytocin, though the result for only one study was statistically significant. The Tanzanian study documented a significantly lower rate of newborns with Apgar scores of less than seven at five minutes among misoprostol users relative to those using oxytocin.  The study from India documented no significant differences between rates of asphyxia for misoprostol and oxytocin users.  Thus, based on these few studies, results suggest that the rates of meconium staining may be higher among misoprostol users relative to oxytocin, though this is not associated with increased rates of NICU admission, asphyxia or low Apgar scores at five minutes.  
Table 3.5g  Rates of neonatal outcomes associated with induction using misoprostol relative to oxytocin in three developing countries
	Study
	Reference year
	Country


	Mecon-ium
	Asphyxia
	NICU admission
	Apgar score <7 at 5 min
	N (total number in study)


	Kidanto H, Kaguta M, et al., 200 7(99)
Misoprostol

Oxytocin
	2004
	Tanzania
	7.0

1.4†
	
	23.9

45.1 (sig unclear)

	2.8

5.6†
	142

	Loto O, Fadahunsi A et al., 2004 (96)Misoprostol

Oxytocin
	2002-2003
	Nigeria
	
	
	5.9

6.8(sig unclear)

	
	152

	Nigam A et al; 2004 (105)
Misoprostol

Oxytocin
	2004
	India
	5.6

0 (NS)
	0

0 (NS)
	0

0 (NS)

	
	70


†  statistically significant at p<0.05

NS not statistically significant at p=0.05

3.6   Issues that emerged during the review  
i.  Specific needs and conditions in different resource level settings

The results of this review suggest that induction and augmentation are being performed at all levels of the health system: national referral hospitals (often connected to university medical schools), district hospitals, private and religious hospitals, health centers, 
and at home-based births.  The care environment in these various settings cannot be generalized.  Although referral hospitals tend to have more equipment, funding, staffing and specialists, they are also often overcrowded.  Despite their resources, a woman may be faced with sub-standard quality of care in a referral hospital due to prolonged waiting times and overworked staff.  Conversely, the environment in some rural health centers may provide adequate staffing and attention, though staff may be poorly trained and drugs and equipment lacking.  
Consequently, guidelines for induction and augmentation are needed that acknowledge the reality of these various care environments, particularly given the likely expansion in the availability of both oxytocin and misoprostol.  The WHO manual Managing Complications of Pregnancy and Childbirth (21) takes a step in this direction by providing guidelines for manual rate estimation for oxytocin infusion, acknowledging the lack of regulatory pumps.  However, additional recommendations are needed which target each level of care-provider whether they are conducting the induction, assisting, counseling a woman and her family, providing information about induction and augmentation to facilitate a referral, or providing information during antenatal care to prevent the use of a uterotonic and a problem at an out-of hospital birth. 
ii Non-pharmacological methods of IOL and augmentation of labor
Non-pharmacological methods of induction and augmentation of labor encompass a variety of different methods, including: ambulation during first stage of labor (which reduces the need for oxytocin without an increase in prolonged labor (106); presence of a supportive companion, which is associated with a striking reduction in the duration of labor and a decrease in the use of oxytocics for augmentation (107); mechanical dilators (Foley catheter, laminaria tents, etc), sweeping of the membranes and artificial rupture of membranes.  As with any method of encouraging labor contractions, careful consideration of contraindications to induction and augmentation must apply (for example, ruling out placenta and vasa previa, proper fetal position, etc.). The goal of these procedures, however, is not the immediate onset of labor as is the case with the formal or pharmacological methods discussed thus far.  Use of these non-pharmacological methods are often recommended in international obstetric practice guidelines as potential means of avoiding formal induction of labor. 
Non-pharmacological methods of induction and augmentation were excluded from the literature review for this working paper due to its focus on uterotonic drugs.  However, non-pharmacological methods are simple and low-cost and may warrant discussion for use in LRS, particularly given the increasing use of elective induction.  For this reason, the effectiveness of non-pharmacological methods are summarized here.
Alternative methods of encouraging the ripening of the cervix or the onset of labor have been examined through three Cochrane systematic reviews (108-110).  The methods investigated include:  mechanical methods (including a balloon catheter (See Figure 3.6a), laminaria tents and extra-amniotic infusion), sweeping the membranes, and ARM.  The outcome indicators vary across studies but often include:  vaginal delivery not within 24 hours, Cesarean delivery, hyper-stimulation of the uterus with fetal heart changes, severe neonatal or maternal morbidity and woman’s satisfaction with the birth experience.  The comparison groups also vary; examples include: placebo or no treatment, prostaglandins and oxytocin.  
Figure 3.6a Balloon catheter and saline infusion for cervical ripening.
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Source:  Williams Obstetrics 22nd Ed. 2005(23).

In summary, only one small study compared mechanical methods against placebo or no treatment and reported on vaginal delivery not within 24 hours; the relative risk of vaginal delivery not within 24 hours was 0.90 for mechanical methods versus placebo/no treatment and was not statistically significant (0.64-1.26)(109).  However, given that mechanical methods do not bring about immediate onset of labor, one could argue that vaginal delivery within 24 hours may not be the most appropriate outcome indicator.  Six studies found no significant differences in the risk of Cesarean (relative risk: 1.00; 0.76-1.30).  No cases of severe neonatal or maternal morbidity were reported. 
Mechanical methods compared against three different prostaglandins showed either increased risks of vaginal delivery not within 24 hours or no significant difference in risk; no significant differences in the risk of Cesarean; and substantially decreased risks of hyper-stimulation of the uterus with fetal heart changes  (for example: the relative risk for mechanical methods compared against PGE 2 was 0.14 (0.04-0.53); against intracervical PGE 2:  0.21 (0.04-1.20);and  against misprostol: 0.41 (0.20-0.87).  Vaginal delivery not within 24 hours and hyper-stimulation of the uterus with fetal heart changes were not assessed for mechanical methods compared against oxytocin.  Mechanical methods were shown to reduce the risk of Cesarean section relative to oxytocin (relative risk: 0.55; 0.33-0.91).  Use of extra-amniotic infusion was not found to be beneficial for any of the outcomes studied.  The author concludes that evidence is insufficient to determine the effectiveness of mechanical methods for achieving vaginal delivery within 24 hours but that the risk to mother and baby is low. They recommend larger studies which assess a broader set of outcomes, including maternal satisfaction and economic outcomes.
Sweeping of the membranes was examined in a 2005 Cochrane review by Boulvain as well (108).  Sweeping of the membranes, also commonly referred to as stripping of the membranes, is done to decrease the duration of pregnancy or to avoid formal induction of labor with oxytocin, prostaglandins or ARM.  Sweeping of the membranes is a simple technique that can be done on an out-patient basis. It involves inserting the examiner’s finger into the cervical os during a vaginal exam and detaching the membranes from the lower segment of the uterus with a circular movement of the finger. This separation of tissues results in the production of natural prostaglandins which may lead to cervical ripening or the initiation of labor.  The cervix may also be massaged to encourage softening during the procedure.   
Sweeping of the membranes was compared to cervical ripening by prostaglandins, oxytocin and no treatment in the review.  The risk of Cesarean section is similar between the groups with a RR of 0.90 (0.70 – 1.15).  For women who received routine sweeping of the membranes at term, there was a shorter duration of pregnancy and reduced frequency of post dates, a common indication for medical induction (to 41 weeks RR 0.59; 0.46 – 0.74) (to 42 weeks RR = 0.28; 0.15 – 0.5).  The risk of requiring a formal method of labor induction was reduced by 14 percent across all available studies among women with sweeping of the membranes.  Thus, in women who are in the early stages of developing an indication for IOL, sweeping of the membranes is likely to reduce the need for formal methods of induction.  Importantly, this review showed no evidence of a difference in risk of maternal or neonatal infection rates although the procedure is uncomfortable, causes normal blood stained mucous and irregular contractions or irritable uterus for the time immediately following the procedure.   Following an informed choice discussion, some women may prefer to endure this discomfort to avoid medical induction (108).

Artificial rupture of the membranes (ARM) is a method of induction or augmentation only possible with a ripe cervix already partially dilated, ie. a primiparous woman already in labor needing augmentation or a multiparous woman with a very ready cervix for induction or augmentation (23).  The effectiveness of ARM was evaluated in a Cochrane review based on 14 studies which compared labors with ARM to those without (110).  The results showed no statistically significant differences in the mean length of first stage of labor, in maternal satisfaction, in the risk of a low Apgar score at five minutes or in the risk of Cesarean section.  The authors conclude that ARM can not be recommended routinely to hasten labor or improve outcomes but could be offered on an informed choice basis (110).  This is of particular importance to LRS where HIV/AIDS is highly prevalent, as the membranes should remain intact as long as possible in order to reduce maternal to fetal transmission of the virus (111). 

Thus, excluding extra-amniotic infusion, the non-pharmacological methods discussed here in general were not associated with adverse maternal or perinatal outcomes and reduced or showed not difference in the risk of Cesarean section.  It is unfortunate that the only studies which used duration of pregnancy and post-dates as outcome indicators were the studies assessing sweeping of the membranes, as these two indicators appear to be more appropriate for non-pharmacological methods than is no vaginal delivery within 24 hours.
iii.  Availability and packaging of oxytocin and misoprostol
Oxytocin is widely available throughout the world.  It is inexpensive and is available in the following liquid preparations: 10IU / 1ml ampoule, 10IU 1ml uniject, 10IU / 10ml, and 50IU / 50ml in a multiuse vial as illustrated below in Figure 3.6b (3).  Oxytocin can require refrigeration, though some formulations can be kept at 15-25 degrees F, it is not sensitive to light and it is the drug of choice for AMSTL (3).  Oxytocin is also the drug of choice for augmentation of labor and IOL if proper monitoring is available as per three national guidelines. 
Figure 3.6b Oxytocin vials and uniject.
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Source: www.appdrugs.com/ProdJPGs/OxytocinLg.jpg
Misoprostol:
Misoprostol is an inexpensive and temperature stable drug, making it well suited to LRS. The inclusion of misoprostol for obstetric purposes in developing country Ministries of Health (MOH) essential drug lists has been slow to be accepted in many countries due to concern regarding its use for early pregnancy termination.  These concerns appear to be diminishing and momentum picking up for the acceptability of the drug.  Misoprostol is now a) on the WHO essential drug list for obstetric purposes, specifically for induction of labor;  moreover, WHO has made major changes to the labeling requirements for misoprostol, including removing the statement that misoprostol is contraindicated for pregnant women (see full text of labeling changes in Table 3.6a)(112) and b) has now also been approved by the US Federal Drug Administration (FDA) for induction of labor (see Table 3.6b for the new labeling information regarding misoprostol use during labor and delivery).   Both the WHO essential drug list and the FDA list of approved drugs are often used as references in developing countries.

Table 3.6a Summary of WHO changes to the labeling of misoprostol, 2002

	• The statement that misoprostol (Cytotec) is contraindicated in pregnant women has been removed from the product label. This change is based on the fact that the drug is frequently used to induce labor and delivery and the fact that it is part of the FDA approved regimen for use with mifepristone to induce abortion in pregnancies of 49 days or less. 

• The label clarifies that the contraindication in pregnant women concerns those who are using misoprostol to reduce the risk of non-steroidal anti-inflammatory drug-induced stomach ulcers. This does not contraindicate off-label use of misoprostol. 

• A Labour and Delivery section has been added that contains safety information regarding the use of misoprostol in these areas. 

• The label provides new information that uterine rupture, an adverse event reported with misoprostol (Cytotec) is associated with risk factors such as later trimester pregnancies, higher doses of the drug, prior Caesarean delivery or uterine surgery and having had five or more previous pregnancies. 


Table 3.6b New labeling information on use of misoprostol during labor and delivery provided by the US FDA

	Cytotec can induce or augment uterine contractions. Vaginal administration of Cytotec, outside of its approved indication, has been used as a cervical ripening agent, for the induction of labor and for treatment of serious postpartum hemorrhage in the presence of uterine atony. A major adverse effect of the obstetrical use of Cytotec is hyperstimulation of the uterus which may progress to uterine tetany with marked impairment of uteroplacental blood flow, uterine rupture (requiring surgical repair, hysterectomy,

and/or salpingo-oophorectomy), or amniotic fluid embolism. Pelvic pain, retained placenta, severe genital bleeding, shock, fetal bradycardia, and fetal and maternal death have been reported. There may be an increased risk of uterine tachysystole, uterine rupture, meconium passage, meconium staining of amniotic fluid, and Cesarean delivery due to uterine hyperstimulation with the use of higher doses of Cytotec; including the manufactured 100 mcg tablet. The risk of uterine rupture increases with advancing gestational ages and with prior uterine surgery, including Cesarean delivery. Grand multiparity also appears to be a risk factor for uterine rupture. The effect of Cytotec on the later growth, development, and functional maturation of the child when Cytotec is used for cervical ripening or induction of labor have not been established. Information on

Cytotec’s effect on the need for forceps delivery or other intervention is unknown.




Source:  American College of Obstetricians and Gynecologists.(2003). New US Food and Drug Administration labeling on cytotec (misoprostol) use and pregnancy (Committee

Opinion No. 283). Washington, DC. 

Misoprostol is now available in some Ministry of Health pharmacies, and availability is very rapidly increasing in private pharmacies in LRS (113)(114).   It is manufactured by several pharmaceutical companies; for example, Pfizer, Zydus-Alidac in India, as well as generic companies.  Web-based searches on misoprostol and on alternative names for misoprostol suggest that it is packaged in three different doses under at least 17 names across different countries, as listed in Table 3.6c.   Of note, there are currently four options for low-dose misoprostol specifically packaged for obstetric use under the following brand names: Gymiso from France, Vagiprost from Egypt, Prostokos from Brazil and soon to be available from the UK, Isprelor.  Figure 3.6c shows countries where registration of misoprostol has been approved by indication. Other sources suggest a slightly different set of countries with approved use of misoprostol which reflects how rapidly policies regarding misoprostol are changing.
Table 3.6c Various brand names and dosages for misoprostol available in different countries
	Brand name
	Country
	Manufacturer
	Doses Available


	Source

	Gymiso
	France
	
	25 ug
	www.misoprostol.org

	Vagiprost
	Egypt
	
	25ug
	“

	Isprelor
	UK (2008)
	
	25ug
	“

	Prostokos
	Brazil
	
	25 ug
	.”

	Cytotec
	USA and most in Africa
	Pfizer
	100ug 200ug
	www.merk.com/mmpe/lexicomp.misoprostol

	Apo-misoprostol
	Canada
	Pfizer
	100ug 200ug
	“

	Novo-misoprostol
	Canada
	Pfizer
	100ug
	“

	Cityl
	Columbia
	
	
	“

	Cyprostol
	Austria
	
	200ug
	“

	Cytolog
	India
	Zydus
	100ug

200ug
	www.merk.com/mmpe/lexicomp.misoprostol

	Gastrotec
	Korea
	
	
	“

	Gastrul
	Indonesia
	
	
	“

	Misel
	Korea
	
	
	“

	Misotrol
	Chile
	
	200ug
	“

	U-Miso
	Taiwan
	
	200ug
	“

	Zitotec
	India
	
	100ug 200ug
	www.medlineindia.com

	Mesopil
	“
	Nicholas
	“
	“

	Misoprost
	India
	Cipla
	100ug 200ug
	“

	Mesowis
	“
	Wisdom
	 “
	“

	Miso
	“
	Bestochem
	 “
	“

	Misotol
	“
	Resmed
	“
	“

	Prestakind
	“
	Mankind
	“
	“

	Tector
	“
	Zeelab
	“
	“

	Misodex
	Italy
	Italian Biotech
	“
	www.italianbiotech.com

	Oxaprost
	Argentina
	Beta
	Mixed with analgesia
	www.betalab.com

	Mibetec
	Mexico
	Micro-Berneso
	200
	www.merk.com/mmpc

	Generics
	Many options and available on-line ordering
	
	25ug, 100ug, 200 ug
	Various generic websites.


Figure 3.6 c World map showing global misoprostol registration by indication
[image: image8.emf]Source :  http://www.venturestrategies.org/index.php
iv. Cost factors related to induction of labor.  
Two issues relating to the cost of induction and augmentation of labor in LRS merit discussion; the costs of medically indicated induction using misoprostol versus oxytocin and the costs to the health care system of elective induction and augmentation.  Only one study was identified which compared the costs as well as efficacy of induction by use of vaginal misoprostol (25mcg) and IV oxytocin.  Results from this study from Tanzania are presented in Table 3.6c and show substantial cost savings associated with misoprostol use (99); the cost of induction with misoprostol was less than US$0.20 for 70 percent of the cases, the cost of induction with oxytocin was greater than US$2.10 for 77 percent of the cases.  Although oxytocin is cheaper than misoprostol, the additional costs of the IV line, canula and fluid, syringes and additional staff required to provide one-on-one care to the woman during induction lead to the substantially increased costs relative to the low dose misosprostol method. 
Table 3.6d Comparison of cost of induction between misoprostol and oxytocin in Tanzania
	Cost in US $
	Misoprostol

(%)
	Oxytocin

(%)

	p-value

	<0.20
	70
	0

	<0.001

	0.20-0.70
	20
	2

	<0.001

	1.50-2.10
	7
	21

	<0.001

	>2.10
	3
	77

	<0.001

	Total
	100
	100

	

	N
	71
	71

	


Source:  Kidanto, 2007(99)
No studies were identified which quantify the costs to the health care system of elective induction and augmentation in LRS.  A study in the USA estimated that elective induction as compared to expectant management of labor would: cost the health care system an additional 91 million dollars per 100,000 deliveries to nulliparous women with an unfavorable cervix at 39 weeks gestation, would lead to an excess of 12,000 Cesarean sections but would notably prevent 133 fetal deaths (115).  Other authors have called for studies in other areas of the world assessing the cost to health care systems of non-medically indicated inductions (63).  
3.7 Research gaps

A number of research gaps in LRS were identified through the course of this review.  These are summarized below:

· Currently, there are not any developing countries for which there are data on levels or trends of induction and augmentation rates from all levels of the health care system, public and private.  A very small number of studies specifically documented rates of elective induction, yet rates from a number of studies which show 40 to 50 percent of deliveries having been induced or augmented imply non-medically indicated procedures.  

· There were no rigorous studies identified which assessed the risk of adverse maternal or perinatal outcomes associated with elective induction versus spontaneous labor.
· Larger and more rigorous studies are needed to assess the use of low-dose misoprostol relative to oxytocin in settings with limited resources and monitoring capabilities.  

· Additionally, although there is a recent consensus on recommendations for oral or vaginal low-dose administration of misoprostol for IOL in LRS(30, 116), there are still concerns about the non-dose-specific packaging that is readily available(113).  There are also questions about the importance of moistening the tablets with water before vaginal insertion to aid in absorption (42).  

· As mentioned in Section 3.6, research into the costs of elective induction as well as the comparative costs between induction with misoprostol and oxytocin are needed in LRS. 

· Research is needed into the safety and effectiveness of non-pharmacological methods of induction and augmentation in low resource settings.

· Lastly, as high and low dose misoprostol become more widely available over-the-counter, operational research will be needed into the most effective packaging and educational materials needed to assure that the appropriate doses are put to their intended uses.

4.   Summary and recommendations

The aim of this working paper was to compile in one place; definitions, recommended methods, rates, trends, indications and maternal and perinatal risks associated with induction and augmentation.  The focus of this working paper is on induction and augmentation in the developing world, and the inclusion of data from developed countries was intended only for comparative purposes.  The impetus for this working paper is the recent call for expanded availability of oxytocin and misoprostol to all maternity settings in developing countries for the purposes of AMTSL to reduce postpartum hemorrhage (3), coupled with concerns that these drugs would then be widely available for induction and augmentation.  

The information presented in this working paper comes from three sources:  a compilation of international obstetric practice guidelines, analysis of induction and augmentation rates from a seven country study on AMTSL, and a structured literature review which searched five electronic databases using broad search terms related to induction and augmentation.  To note, a limitation of the literature review is that the Spanish-language literature was not specifically searched (for example, using the Latin American and Caribbean Health Sciences Information System - LILACS). Nonetheless, the working paper compiled data from 42 countries, representing all MDG regions, except for North Africa.  Not surprisingly, the data from the literature review come primarily from district or higher level hospitals, with very little representation from the private sector or smaller health centers.  The samples from three of the seven countries in the AMTSL study (all sub-Saharan African countries) did include health center data and suggest that induction and augmentation are being performed in those facilities.  Authors’ comments and references from some studies also suggest that induction and augmentation are being performed at lower levels of the health system (without surgical capacity) and outside of the health system often putting maternal and perinatal health at risk (5, 7, 10, 11, 17). 

In general, definitions, descriptions of the methods and indications for cervical ripening, induction and augmentation are consistent across obstetric practice guidelines from several countries and from guidelines and position papers from international agencies.  Only two differences were noted: 1) AGOC gives the option of high-dose regimen for oxytocin for the purposes of induction(20) whereas all other guidelines reviewed for this paper recommend a low dose regimen only(18, 19); and 2) the WHO manual “Managing Complications of Pregnancy and Childbirth” outlines recommendations for manual rate estimation for oxytocin infusion given the likelihood that regulatory infusion pumps will be lacking in low resource settings (21).  

Overall, data on induction and augmentation from developing countries are sparse and there is a need for more research.  National rates of induction and augmentation for health facility-based births are not known for any developing country due to the lack of data from lower level and private facilities.    Where data are available, induction rates were documented in individual hospitals or samples of hospitals and ranged from 0.5 percent (in Ethiopia)(95) to 31 percent in Brazil (14).  Augmentation rates ranged from two percent (in Senegal) (97) to 38 percent (in Benin) (95).  Only a small number of papers specifically documented the rate of elective induction or augmentation in developing countries (13, 15, 44).  However, combined rates of induction and augmentation which reach 40 to 50 percent of deliveries clearly imply some use of elective procedures.  
In developed countries, recent national rates of induction (from 2000 or later) were available from ten countries and ranged from 15 to 37 percent (50)(48, 49, 51-57).  Elective induction is reported to be responsible for much of the increasing trends in these countries (58-64, 86).  Developing and developed country data, however, are not comparable due to substantially lower rates of institutional delivery and a lack of comprehensive perinatal data collection in most developing countries.
Data from clinical trials suggest that induction and augmentation in developed countries are generally safe.  Elective induction as compared to spontaneous labor was significantly associated with increased risks of Cesarean section, but not of other adverse maternal or perinatal outcomes.  This is likely due to the fact that these procedures are carried out following guidelines, with appropriate equipment and with an appropriate one-to-one staff to patient ratio with ready surgical facilities. 
In contrast, little is known about the safety of elective or medically indicated induction and augmentation in developing countries.  Seven descriptive studies from sub-Saharan Africa, China and Nepal documented between ten to greater than 50 percent of uterine ruptures associated with induction, and the authors commented that these oxytocin-related ruptures were due to injudicious, unskilled, unmonitored or excessive use of oxytocin both in and out of the health system (17)(6-9, 33, 104).    The results of three small studies (two in sub-Saharan Africa one and one in India) suggest that induction with misoprostol relative to oxytocin may be associated with an increased risk of meconium staining, but this did not translate to neonatal asphyxia or NICU admissions (96, 99, 105).  

Non-pharmacological methods, which are used to encourage the initiation of labor but are not expected to result in the immediate onset of labor, are often used internationally in obstetric care as complementary practices which may avoid formal induction of labor.  Meta-analyses of the effectiveness of non-pharmacological methods have reported:  no differences in the risk of Cesarean section associated with mechanical dilators such as laminaria tents and balloon catheters relative to no treatment/placebo, to prostaglandins or to sweeping of the membranes (109);  decreased risk of Cesarean section associated with these mechanical methods relative to oxytocin; decreased risk of hyper-stimulation of the uterus with fetal heart changes associated with mechanical methods relative to prostaglandins; and importantly, decrease in the risk of post-date pregnancies and shorter duration of pregnancy associated with sweeping of the membranes(108). Given their low cost and concerns regarding the use of elective induction in developing countries, use of selected non-pharmacological methods to avoid formal induction in low resource settings warrants further discussion.  

An evidence-based safe and effective dose of misoprostol has now been established for induction of labor (4, 29, 35, 41).  Use of low-dose misoprostol for induction has now been approved by the US Federal Drug Administration and is included in the WHO essential drug list, both of which are often consulted by Ministries of Health and practitioners in developing countries.  Currently there are four options for low-dose misoprostol specifically packaged for obstetric use (Gymiso from France, Vagiprost from Egypt, Prostokos from Brazil and soon to be available from the UK, Isprelor). This method of induction is particularly well suited to low resource settings as the drug is inexpensive, temperature stable and requires less material, equipment and staffing for monitoring purposes (30).  The availability of misoprostol, particularly in the private sector in developing countries, is increasing rapidly.  

In summary, although sparse data on induction and augmentation from developing countries leave many unanswered questions, the information compiled in this working paper is sufficient to justify concern and responsive action to the issue of the appropriate use of uterotonics within and outside of developing country health facilities.  Data from developed countries convincingly show that induction and augmentation can be safe and effective when used appropriately and that it is possible to adapt evidence-based methods to low resource settings.  The data presented here on health facility-based rates of induction and augmentation are high enough to imply questionable use of these procedures even though the literature provides us with very few studies specifically documenting elective induction and augmentation.  Studies suggesting that a substantial percentage of cases of ruptured uterus caused by inappropriate use of oxytocin clearly illustrate the issue, as do studies documenting increased risks of need of neonatal resuscitation and stillbirth due to oxytocic use during normal labor.  

Below is a list of preliminary recommendations proposed in response to the data presented in this working paper and provided for the purposes of further discussion.
Recommendations 
1. The collection, compilation and review of data on induction and augmentation should be added to routine health information systems to address the current paucity of data on levels and trends.  These data are necessary for the development of effective and context-specific programmatic responses to the expanded availability of uterotonics, particularly in peripheral health facilities.
2. Evidence-based guidelines should be developed and implemented to address the appropriate use of uterotonic drugs specifically in low resource settings where staffing, monitoring and equipment are not conducive to following existing guidelines as described for high resource settings.  These guidelines should include universally agreed-upon indications for induction and be useful to various levels of health facilities.
3. Educational materials addressing the use of oxytocin and misoprostol for obstetric purposes should be specifically designed and disseminated to health care providers and pharmacists. Such guidelines will likely require a variety of different formats and means of dissemination; for example, materials addressing the dangers associated with home-based use of uterotonics for induction and augmentation which could be used during antenatal care or with traditional birth attendants, and materials for health care providers, government pharmacists and private drug sellers regarding the various available uterotonics, their dosages and appropriate uses.

4. Research is needed into the most effective means of ensuring implementation and evaluation of these evidence-based guidelines and educational materials. 

5. Research is needed on the frequency, methods and outcomes associated with use of uterotonics and traditional medicines outside of the health care system.

6. The use of misoprostol in low doses for induction has been found to be effective, safe and practical for use in LDC settings due to its ease of use.  Packaging of misoprostol for obstetric doses of 25mcg for induction, as well as 400-600mcg for AMTSL should be made available in all LRS settings. 
7. Non-pharmacological methods of induction should be explored for use at health center level for non-urgent and elective inductions as they are inexpensive, require littlle monitoring and have been shown through systematic reviews to pose little risk to mother and baby.
Appendix A: Glossary of common terms associated with IOL and augmentation of labor
	Term
	Definition

	Favorable or ripe cervix
	The readiness of the cervix is predictive of induction outcome because it has to be pliable for contractions to cause dilation.  Assessment of the cervix is subjective and varies between practitioners(22).  The Bishop score (see Table 3.1b) is used to quantify the readiness of the cervix by assigning a number to dilation, effacement, descent, consistency and position.  A score of six or above indicates that it is possible to induce safely, a score of 8 or above indicates that the cervix is favorable and that induction will likely be successful(18-20, 22, 23).



	Artificial rupture of the membranes (ARM)
	Also called amniotomy is commonly used in both induction and augmentation; however, the goal of ARM is not an immediate onset of labor.  In some cases ARM alone is sufficient to induce labor by setting off the following chain of events: expulsion of fluid, uterine volume decreased, prostaglandin production and uterine contractions(21). ARM should be done using sterile technique and only if the fetal head is engaged in the maternal pelvis and pre and post fetal heart rate (FHR) monitoring is possible(22).  It is important to note, however, that leaving the membranes intact for as long as possible will reduce vertical transmission of HIV(21).   



	Oxytocin
	A synthetic form of a naturally occurring hormone in the body which is released from the pituitary gland and taken up by specific receptors on the uterine muscle to cause contraction(23).  These receptors mature as pregnancy progresses; therefore less oxytocin is needed to cause contractions later in pregnancy vs earlier(18, 23). 

Infusion of 6mU/min gives the same oxytocin levels that are found in spontaneous labor and most women will have a clinical response at 8-10 mU/min at term(18). 
Oxytocics are available in the following preparations: oxytocin in 10 IU ampoules of clear glass, or 10 IU in uniject  dispensers.

	Prostaglandins
	Effective for ripening the cervix but carry the risk of causing uterine hyperstimulation (21). Prostaglandins act to soften the cervical connective tissue to ripen the cervix in preparation for induction(22).   Prostaglandin E2 (PGE2) is available in 3mg pessary or 2-3mg gel to be administered vaginally up to two doses at least six hours apart(21).  0.5mcg of PGE2 can be used endocervically with similar effect(22).  Guidelines for dosage and indication for prostaglandin administration are consistent.  



	Misoprostol  
	 (Cytotec) is an inexpensive synthetic prostaglandin E1 analog marketed for prevention and treatment of NSAID gastric and duodenal ulcers (19).  It is temperature-stable, available in tablet form and has few side-effects.  The medication is rapidly absorbed when administered orally, vaginally or rectally.  Misoprostol is widely used for obstetric and gynecological indications internationally, including postpartum hemorrhage (PPH) prevention and treatment and induction.  When used for cervical ripening, it may decrease the need for oxytocin induction after and achieve higher rates of vaginal delivery (18).  Clinical practice guidelines as of 2004 identify risks of misoprostol induction as a research priority, but suggest it may become very useful in low-resource settings (114). Meta-analysis more recently proves it safety and recommends it in low doses 25ug q4 hours pv(41).  



	Dosage regimens
	Oxytocin regimens vary widely in practice and between national guidelines.  See table 2 for WHO recommended protocol for manual adjustment of rate and other standards for electronic infusion pump rates.  SOGC and RCOG suggest a low dose regimen starting at 1-2 mU/min with at least a 30 min time interval between increases  of 1-2mU/min and a maximum infusion of 20 mu/min.  As of 2004 ACOG states that either low or high-dose oxytocin regimens may be appropriately used with intervals between 15-40 minutes.  See table 3.3a for doses and for comparison of high and low dose regimens.  There seems to be consensus that there be at least six hours interval between last prostaglandin dose and first oxytocin dose(18-21).  Preparations of oxytocin for electronic infusion vary as well, but consensus is to have a standard practice in each protocol to avoid confusion.  To reduce the risks associated with excess IV fluid it is suggested by RCOG to mix 10 IU in 500ml of IV fluid for a concentration of 20,000mU/L.



	Preterm
	Generally defined between 24 and 37 weeks gestation.  Term is between 37 and 42 weeks gestation.  Postdates pregnancy is one that is one or two or more weeks past 40 weeks and is sometimes called prolonged pregnancy(18).  



	Monitoring during induction of labor

	Any labor including an induced one should be monitored using a WHO approved partograph including pulse, blood pressure, contraction frequency, strength and length, pv. Blood loss and fetal heart rate(23).  Fetal heart rate (FHR) should be monitored during an induction by external fetal monitor (EFM) or intermittent auscultation (IA) (22). Some guidelines suggest constant external fetal monitoring in places where such facilities exist (19, 20).



	 Fetal distress
	Signified by FHR abnormalities is ill defined (22) especially in low resource settings where electronic fetal monitoring (EFM) may not be available.  FHR outside the range of normal 110-160 beats per minute is either prolonged or in decelerations.  Fetal condition may also be assessed by measuring fetal blood gasses via a scalp sample.  Fetal distress is more common with induced labors and may be the deciding factor for operative delivery (22).  



	Labor
	The process of uterine contractions leading to progressive effacement and dilation of the cervix and birth of the baby.  A good labor pattern indicates successful induction or augmentation.  A good labor pattern is described as three contractions in 10 minutes each lasting more than 40 seconds. The uterus should relax between contractions (21).  Oxytocic dose should be maintained but not increased once this stage is achieved (18, 23).



	Other methods
	Alternative methods of cervical ripening and labor induction include:  nipple stimulation to elicit natural oxytocin release in the pituitary to cause contractions, castor oil which works as a stimulant laxative to encourage descent of the fetal head by evacuation of the colon and may also stimulate uterine contractions(18, 19, 22, 23).  


	Hypertonus or hyperstimulation of the uterus
	Contractions more frequent than 3 in 10 minutes and/or lasting longer than 60 seconds in duration, with the uterus not relaxing between contractions.  This protracted contraction of the myometrial muscle causes constriction of the vessels supplying blood to the uterus and to the placenta which can cause a separation of the placenta from the uterus (placental abruption), or a lack of oxygen to the fetus resulting in fetal compromise through asphyxia.  Intrauterine pressure catheterization can be used to measure the pressure of the contraction for accurate diagnosis.  Any oxytocin infused should be turned off immediately, and tocolytics considered in the case of hyperstimulation(23).  
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