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ABSTRACT

Objective: To test the null hypothesis that administering misoprostol orally or vaginally will
result in no difference in time to vaginal birth, and to determine whether different frequencies
of tachysystole and hyperstimulation are associated with route of administration.
Methods: Two hundred six women after 37 completed weeks’ gestation who presented with an
indication for induction were randomly assigned to receive misoprostol (50 pg) orally or
vaginally every 4 hours as needed to induce labour. Placebo use and allocation concealment
accomplished blinding until data analysis was completed. Sample size was calculated to allow a
two-tailed a of .05 and power (1-B) of 80%. All fetal heart rate and uterine activity graphs
were classified according to Curtis’ criteria before the induction groups were unmasked.
Results: Analysis involved 104 women in the oral group and 102 in the vaginal group. The

mean time ( standard deviation) to vaginal birth with oral misoprostol was 1072 (+ 593)

minutes compared with 846 (+ 385) minutes with the vaginal protocol (P = .004). There were
no significant differences in cesarean rate, epidural use or neonatal outcomes. More frequent
tachysystole for 20 minutes (P < .01) and hyperstimulation (P < .04) were observed with
vaginal misoprostol. No neonatal asphyxia occurred in either group.

Conclusion: Misoprostol effectively induces labour, given orally or vaginally. There is a shorter
interval to vaginal birth with vaginal application; however, the more frequent occurrence of
fetal heart graph abnormalities in this group suggests that, until the optimal dosing interval for

vaginal use is determined, the preferred route of misoprostol admunistration might be oral.
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Chapter 1

INTRODUCTION

Induction of Labour

Induction of labour is the initiation of cervical ripening and uterine contractions
before their spontaneous onset. Induction is often indicated for a variety of obstetrical,
medical or fetal complications of pregnancy. Various mechanical and pharmacological
methods are currently used to induce labour; however, no single method or agent has been
suitable for all clinical situations. All available methods of induction of labour have associated
medical risks; therefore, the decision to induce labour should only be made when the risk of

continuing a pregnancy outweighs the risk of induction.

For certain clinical conditions such as severe preeclampsia, the decision to induce
labour is straightforward. For other conditions, the point at which the risk of continuing
pregnancy outweighs the risks associated with induction is not clear. Furthermore, the risk-to-
benefit ratio may be influenced by the methods used to induce labour, and by the methods
used to assess fetal well-being when expectant management is chosen. Induction requires
continuous electronic fetal and uterine contraction monitoring, which often reduces a woman'’s

mobility and comfort.

Ideally, induction agents should mimic spontaneous labour while avoiding excessive

uterine acuvity. However, because the mechanisms that control the initiation of parturition are
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not well understood, such goals are difficult to achieve. The major concerns associated with
induction are ineffective labour and excessive uterine activity. Both problems may lead to an
increased risk of cesarean delivery. Excessive uterine activity is defined as contractions of
abnormally high intensity or frequency that lead to impaired uteroplacental circulation and
consequently, decreased fetal oxygenation. When contractions of abnormally high intensity or
frequency occur, insufficient recovery time resulting in fetal heart rate abnormalities could

necessitate operative delivery or lead to fetal asphyxia.

Cervical Ripening for Labour Induction

In 1964, Bishop'described a pelvic scoring system that predicted vaginal delivery in
multiparous women. The five components of the score were: position, consistency,
effacement and dilatation of the cervix and station of the fetal vertex. A maximum score of
thirteen described a ripe cervix. Bishop noted that with a score of nine or more the risk of
failed induction was minimal. Bishop scores of 0-3 indicated a high likelihood of failed
induction. This served as the basis for the concept of ripening the cervix for women whose

score is unfavourable, before attempting induction with oxytocin.

Since the discovery of prostaglandins and their use as agents for induction of labour,
a wide variety of different formulations, routes of administration and dosage regimens have
been investigated. Currently, prostaglandin PGE, (dinoprostone) is the most widely used for
the purpose of induction, with the preferred route of administration per vagina. A variety of
vehicles have been developed for the delivery of this agent, including lactic acid-based

pessaries, water-soluble gels and most recently, a slow -release hydrogel polymer.
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Chapter 2

THE ROLE OF PROSTAGLANDINS IN LABOUR

Prostaglandins are lipid molecules that act as intermediaries in several physiologic and
pathologic processes. Prostaglandins of the E (PGE,PGE.) and F (PGF,,) series have potent
uterotonic effects and are commonly used as labour induction and cervical ripening agents.

Recent advances in molecular biology and biochemical techniques have allowed deeper

understanding of the role prostaglandins play in the process of parturition.

Prostaglandin Synthesis

Biologically active eicosanoids are formed from polyunsaturated fatty acids.
Arachidonic acid is the most common naturally occurring precursor and must be released
from cell membrane stores, where it exists 1n an esterified form. The liberation of arachidonic
acid from membrane phospholipids is generally considered the initial step in the synthesis of
prostaglandins.’ This release from the esterified position is accomplished by the action of
phospholipases, primarily phospholipase A, (PLA,). PLA, catalyzes the liberation of
arachidonic acid from phosphatidylethanolamine, phosphatidylserine and phosphatidylysine.”
PLA ,type II is the most abundant of four subtypes of the enzyme in the placenta, fetal
membranes and decidua. The activity of PLA, is increased in the amnion and placenta during

labour.” The action of phospholipase C (PLC) is indirect, catalyzing the hydrolysis of
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Oral administration of prostaglandins in obstetrics has virtually been abandoned
because of the severe gastrointestinal side effects associated with existing preparations.
Administration of prostaglandins for induction of labour has been limited to intracervical and
intravaginal routes. An oral induction agent that is safe, effective, inexpensive and well-
tolerated by patients would likely be attractive to patients and health care providers. Several
researchers have conducted randomized trials comparing vaginal misoprostol to standard
therapy and have found it to be a safe and effective prostaglandin for induction of labour. No
previous masked randomized comparisons of oral and vaginal misoprostol (50ug every four

hours) for labour induction have been published in the English language literature.
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phosphatidylinositol into diacylglycerol and inositoltriphosphate. Diacylglycerol is then
metabolized by diacyl- and monoacylglycerol lipases into glycerol and free fatty acids, including

arachidonic acid.’> At least ten distinct PLC isoforms have been cloned and sequenced.’

The second step in prostaglandin synthesis is the oxygenation and reduction of
arachidonic acid to form an unstable intermediate, endoperoxide (PGH.).” This step is
catalyzed by prostaglandin endoperoxide H synthase (PGHS). Two forms of PGHS have
been identified: PGHS-1 and PGHS-2, each having cyclooxygenase and peroxidase activities.”
The principal feature distinguishing PGHS-1 and PGHS-2 is the regulation of their expression.
PGHS-1 is a gene product constitutively expressed under normal physiological conditions.
Levels of PGHS-1 increase late in gestation and peak at term, but do not rise in response to
labour.” PGHS-2 is an inducible enzyme that is expressed after stimulation of the amnion and
chorion by cytokines, growth factors or tumour promoters.”* Recent studies suggest that the
increased production of prostaglandins by intrauterine tissues during labour results from an

increase in the expression of the PGHS-2 isoform.™"

The third enzymatic step in prostaglandin synthesis is the conversion of the
endoperoxide intermediate to one of the biologically active prostaglandins (D, E, F,, I,) or
thromboxane A,. Individual cell types contain one primary isomerase, reductase or synthase
that converts the endoperoxide to a specific prostaglandin characteristic of that cell. An
additional factor involved in modulating levels of active prostaglandins is the regulation of the
rate at which these compounds are metabolized. Chorionic cytotrophoblasts contain abundant
levels of the prostaglandin-metabolizing enzyme prostaglandin 15-hydroxydehydrogenase

(PGDH), which catalyses oxidative inactivation of E and F series prostaglandins.
16



Prostaglandin Receptors

Prostaglandins exert their action through specific membrane receptors. The
regulation of uterine smooth muscle contraction is controlled by the quantity and distribution
of prostaglandin receptors as much as by the tissue concentration of biologically active
prostaglandins. The prostaglandin E receptor has four subtypes: EP,, EP,, EP, and EP,.
These couple to two major effector pathways.” EP, and EP, receptors promote muscle
contraction through mechanisms that include increased calcium utilization and inhibition of
intracellular cyclic adenosine monophosphate (c(AMP). EP, and EP, act through increased
cAMP formation to cause a relaxation of smooth muscle ."* Prior to term, the action of EP,

receptor is a factor in maintaining myometrial quiescence.

The expression of myometrial prostaglandin receptors increases during late

gestation."”

At term, EP, and EP, receptors in the uterine fundus act to promote uterine
contractions. EP, and EP, receptors are concentrated in the lower uterine segment and
cervix and may facilitate cervical effacement and dilation. Misoprostol is a synthetic
prostaglandin E, analogue that is rapidly absorbed following oral administration. It is de-
esterified to the active metabolite misoprostol acid. Misoprostol acid binds to EP; and EP,

receptors.'® When used as a labour induction agent, it can effect contraction of the uterine

fundus and relaxation of the lower uterine segment and cervix.

Challis et al.” described compartmentalization of prostaglandin synthesis and
metabolism within the human fetal membranes, decidua and myometrium in late gestation. In
the amnion, prostaglandin H,synthase (PGHS) activity predominates, with an increase in the

expression of the PGHS-2 isoform at the time of labour. Prostaglandin E, is the principal
17



prostaglandin formed in the amnion. The chorion contains high concentrations of PGHS and
the prostaglandin-catabolizing enzyme 15-hydroxyprostaglandin dehydrogenase PGDH). A
reduced activity of PGDH has been shown to be associated with preterm labour. **

During labour, PGDH undergoes a reduction in activity in the portion of fetal
membranes overlying the cervical os.” The reduced activity of this enzyme in the region of
the cervix is believed to potentially facilitate passage of active PGE, from the amnion across
the chorion, thereby facilitating cervical ripening. Furthermore, abnormal persistence of this
enzyme might hinder the ripening process by diminishing the concentration of prostaglandins
within the cervix.* The maternal decidua is a source of significant prostaglandin synthesis;
however, the levels of PGHS-1 and PGHS-2 do not change during gestation or with labour
onset. It has therefore been postulated that one of the phospholipases may be the primary

rate-determining factor in decidual prostaglandin synthesis."

Prostaglandins and Parturition

Our knowledge of the mechanism of parturition in humans is increasing but not all
relevant pathways have been completely elucidated. Prostaglandins clearly play an important
role in the human labour process; however, a precise and complete description of their
mechanism continues to be sought. They appear to be active in the triggering or facilitation of

a complex sequence of events involving the fetus, fetal membranes and maternal tissues.'"*

The role of the human fetus in initiating labour is not well defined. In animal studies,
it has conclusively been shown that the fetal sheep triggers the onset of labour through

activation of the fetal hypothalamic-pituitary-adrenal axis (HPA), resulting in increased
18



secretion of cortisol from its adrenal gland.”* Fetal cortisol acts on the placenta to upregulate
prostaglandin synthesis, and to change the pattern of steroidogenesis, such that progesterone
levels fall and estrogen levels rise. Once activated, the ovine myometrium is able to respond
effectively to stimulation provided by the increased production of uterotonic agents such as
oxytocin and prostaglandins. While a similar mechanism has not conclusively been

demonstrated in humans, homology to the human parturition process is hypothesized.

In humans, the bioactivity of circulating corticotropin-releasing hormone (CRH) is
diminished during pregnancy by the presence of a high-affinity CRH-binding protein (CRH-
BP) in maternal blood.” This blocks the action of CRH in promoting ACTH release from
pituitary cells and inhibits the stimulatory effect of CRH on prostaglandin production by
intrauterine tissues. CRH-BP levels fall near term, with a corresponding increase in the activity
of CRH. Studies in primates™” have suggested that cortisol of fetal origin acts to promote
delivery. Cortisol activates amniocytes, cytotrophoblasts and decidual cells to express CRH,
further enhancing prostaglandin production by these cells. In addition, elevations in CRH may
act synergistically with oxytocin or prostaglandins to stimulate myometrial contraction.™
Recent studies have demonstrated that exogenous glucocorticoid administration stimulates
expression of CRH by placenta, decidua and fetal membranes, which in turn enhances
prostaglandin synthesis and impairs prostaglandin metabolism in these tissues, promoting

parturition.”
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Prostaglandins and Cervical Ripening

In 1947 Danforth™ characterized the connective tissue component of the cervix and
recognized that changes in its structure and biochemistry were key elements of cervical
ripening. The mechanism of cervical ripening involves a series of biochemical events distinct
from those responsible for myometrial activation and similar to those observed in tissue
inflammation.”® The trigger responsible for initiating the biochemical events that lead to
cervical ripening has not yet been identified. Prostaglandins play an important role in cervical

ripening; however, the molecular actions of prostaglandins to effect cervical ripening has not

been fully defined.

Smooth muscle and fibroblasts make up the cellular component of the human cervix.
The extracellular matrix is composed of substances secreted by fibroblasts, such as collagen,
glycosaminoglycan and glycoproteins. The glycosaminoglycans are comprised of repeating
units of hexosamines or uronic acid linked as polymer chains. Chondroitin sulfate and
dermatan sulfate are sulphated glycosaminoglycans while hyaluronate and chondroitin are
unsulfated glycosaminoglycans. The glycosaminoglycans attach in branched patterns to
glycoproteins to form very large molecules known as proteogylcans.” Elastin is another
important component of the extracellular matrix of the human cervix. Elastin fibers are
organized parallel to and between collagen fibers and are capable of being stretched in any
direction. During pregnancy and particularly labour the uterine cervix undergoes dramatic

changes in histological characteristics and biochemical composition.

Early in gestation, cervical hyperplasia results from turnover of both smooth muscle

cells and fibroblasts. As pregnancy advances, physiological cell death occurs, inducing
20



migration of neutrophils, macrophages and mast cells into cervical tissue.”® These cells
produce inflammatory cytokines that are responsible for stimulating the production of
metalloproteinases that cause collagen degradation at term. Nitric oxide may induce

prostaglandin production by stimulating cyclooxygenase activity .

Ellwood et al.” described the production of prostanoids by the human cervix in
pregnancy, demonstrating that the cervix produces E,, I,, and F prostaglandins. The
production of these compounds was furthermore shown to increase at term. Norstomet al.”
postulated that prostaglandins might exert their effects on the cervix by modulating fibroblast
activity, thereby controlling the biophysical and biochemical properties of the extracellular
matrix. They observed that cervical fibroblasts from women treated with prostaglandins
undergo the same morphologic changes observed in women at the time of spontaneous

labour.

Murota et al.” demonstrated that prostaglandins are capable of stimulating the
production of hyaluronic acid by cervical fibroblasts. The resulting tissue hydration alters the
glycosaminoglycan/proteoglycan composition in favour of cervical ripening. As pregnancy
advances closer to term, multiple factors work together in complex interactions that cause
collagen dispersion and ripening of the cervix. At the onset of labour, these substantial
changes in hyaluronic acid, cytokines and collagenases, combined with the mechanical force of
uterine contractions extend cervical elastin and allow dilation of the cervix required for

parturition.
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Chapter 3

MECHANICAL METHODS OF LABOUR INDUCTION

Sweeping Membranes

Stripping or sweeping of the fetal membranes was first described by James Hamilton
in 1810.” The technique involves mechanically separating the membranes from the lower
uterus by sweeping a finger circumferentially around the interface of the fetal membranes with
the lower uterine segment at the time of pelvic examination. Sweeping of the membranes aims
to initiate labour through a cascade of physiological events, the exact mechanism of which is
unknown. McColgin et al.” concluded that membrane stripping causes acute elevation in
plasma prostaglandin F.a and endocervical phospholipase A, activity. This release of local

prostaglandins is believed to initiate cervical ripening and the onset of active labour.

The Cochrane Library systematic review of stripping or sweeping of membranes for
inducing labour or preventing post-term pregnancy assessed the effects of membrane
sweeping to promote or induce labour on maternal and perinatal outcomes.” Sweeping of
membranes, performed in low-risk women at term, was associated with a decreased incidence
of pregnancy continuing beyond 41 or 42 weeks’ gestation (relative risk (RR) 0.42, 95%
confidence interval (CI) 0.19-0.93) but was not an effective induction method. The reviewers
concluded that the routine use of sweeping the membranes at term did not seem to produce

clinically important benefits.



Studies of sweeping membranes*®* suffer from heterogeneity in study design and
selection bias. Some of these studies have flaws in their design or analysis, as well as
deficiencies in reporting of results. The frequency with which sweeping was performed
varied from study to study. The first study by Swann et al.* described sweeping membranes
daily for three days. The authors reported an increase in the spontaneous delivery rate from
26% to 69%. This study was not formally randomized and did not stratify based on parity
or Bishop score. McColgin et al." examined membrane stripping performed weekly
beginning at 38 weeks’ gestation and found a significant decrease in the number of post-
dates pregnancies. Patient demographics were not described, making it impossible to assess
comparability of the two groups.

The study by Weissberg and Spellacy* suffered from selection bias with an excess
number of study group participants having documented Bishop scores greater than six.
Several of the studies** enrolled only post-dates patients defined as beyond 40 completed
weeks’ gestation. Crane et al.* studied the effectiveness of sweeping membranes at 38-40
weeks’ gestation based on the ability to pass a finger through the internal os and strip the
membrane by sweeping the examiner’s index finger twice in a circumferential manner. No
significant difference in the median number of days to delivery was detected between the
groups (33% sweeping, 38% control, P = .39).

Concerns may arise that membrane sweeping may not have been conducted
properly in a number of these studies. As well, multiple episodes of sweeping potentially
may be more effective than a single sweep. It is possible that sweeping membranes is more
effective in post-dates than term patients or more effective in multiparous than nulliparous

patients. The heterogeneity of results in published studies comparing sweeping membranes
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to no intervention does not allow firm conclusions to be drawn about the relative merits of

sweeping membranes for the purpose of labour induction with any degree of confidence.

Balloon Catheters

Obstetricians have used balloon catheters for more than 100 years to induce labour.
Recently, Foley catheters have been used for this purpose.® After thorough cleansing of the
vagina and cervix, the catheter is inserted into the endocervix and passed above the level of
the internal cervical os. The balloon is then inflated with 30-50 ml of sterile saline and left in
552

place for 24 hours or until spontaneous expulsion.”™ Some authors suggest the application

of traction to the catheter or the infusion of saline through the catheter to accelerate the
ripening process.”>

The mechanism believed to be responsible for cervical ripening is direct pressure
and overstretching of the lower uterine segment, causing local secretion of prostaglandin.
This mechanism is attested to by an increase in prostaglandin levels in maternal blood.”
Balloon catheters are absolutely contraindicated in patients with a low-lying placenta or
antepartum hemorrhage. Other relative contraindications include cervicitis and ruptured
membranes. No randomized trials assessing the Foley catheter for cervical ripening have
included patients with a history of previous cesarean delivery.

Several investigators compared the balloon catheter to intravaginal prostaglandin
gel, finding the catheter to be significantly more effective than placebo, and as effective as
prostaglandin in ripening an unfavourable cervix, as measured by the Bishop Score and

duration of labour.’®** No significant difference was found in the cesarean delivery rate.

Spontaneous labour; however, occurred significantly more frequently in the prostaglandin
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group. Atad et al.” reported their experience with a special double balloon catheter and
concluded that it was as good as prostaglandin E, (dinoprostone) vaginal tablets and better
than oxytocin in terms of change in Bishop score, interval to delivery and cervical ripening
failure rates.

St. Onge et al.* compared 0.5 mg intracervical prostaglandin E, gel (n = 30) with
Foley catheter (n = 36) in a small randomized clinical trial. The authors concluded that there
was no difference in efficacy between intracervical prostaglandin (n = 28) and intracervical
Foley catheter (n = 34) as measured by the mean change in the Bishop score. The induction
to delivery interval was significantly shorter in the Foley catheter group (P = .01).

Chamberlain et al.*’ compared outpatient intracervical prostaglandin E,gel (n =
67) with intracervical Foley catheter insertion overnight (n = 62). Both the intracervical
Foley catheter and the intracervical prostaglandin E, gel led to similar changes in Bishop
score. The Foley catheter was more commonly associated with cervical dilatation of three to
four centimetres despite the requirement for significantly more oxytocin to induce labour (P
= .003). There was no difference in route of delivery or adverse maternal events.

A few randomized trials have compared intracervical Foley catheter plus extra-
amniotic saline infusion to intravaginal or intracervical prostaglandin E, for cervical ripening
in women with an unfavourable cervix.”** The results of these studies were contradictory
and inconclusive. In two studies, fewer ripening failures occurred in the Foley catheter
group.” Lyndrup et al.* reported that prostaglandin E, was more efficient in inducing
regular uterine contractions in nulliparous women; furthermore, Foley balloon catheter

ripening was associated with a longer latent phase of labour. Two of these trials ¥ found



no difference in cesarean delivery rates and two reported an increased cesarean delivery rate
in those patients randomized to the balloon catheter group.”™*

The advantages of cervical ripening with extra-amniotic balloon catheters include:
simplicity, low cost, reversibility and lack of severe maternal or fetal side effects when
compared with intravaginal prostaglandin E, The disadvantages include pain and
discomfort, decreased maternal mobility and a greater need for oxytocin augmentation. The
data further indicates that prostaglandin use is more likely to result in spontaneous labour
and less likely to result in failed induction. The heterogeneity of results in published studies
comparing prostaglandin E, with Foley catheter does not allow firm conclusions about their

relative merits to be drawn with any confidence.

Synthetic Hygroscopic Dilators

Hygroscopic dilators made from either natural or synthetic materials are inserted
into the cervical canal under direct visualization using an aseptic technique. The dilators are
placed in the endocervix and kept in place by sterile gauze placed in the vagina. These
devices take up fluid from the surrounding tissue, gradually swell and ultimately cause
dilation of the cervical canal. The stretching of the cervix causes local prostaglandin release.
These devices are usually contraindicated in cases of ruptured membranes, cervicitis and
vaginal bleeding. Their use in patients with a history of previous cesarean has not been
studied.

Research groups*™ have investigated synthetic hygroscopic dilators such as
Dilapan® (Gynotech, Middlesex, NJ) and Lamicel® (Cabot Medical Group, Langhorn, PA)

to assess their effectiveness as cervical ripening agents. Dilapan® was shown to cause a
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significant change in Bishop score within six to twelve hours of insertion. This change was
comparable to prostaglandin and better than placebo. In a large randomized clinical trial of
444 women at term, the use of prostaglandin was associated with a higher rate of successful
induction, shorter labour, less use of oxytocin and fewer infections in the mother and

newborn when compared to Dilapan®®.

Natural Hygroscopic Dilators

Natural laminaria are made from dried seaweed. In controlled studies, the
overnight insertion of laminaria was found to cause significant change in the Bishop score in
patients with unfavourable cervixes.*** In two of these studies, patients with preinduction
ripening with laminaria had higher rates of successful induction and shorter induction-to-
delivery intervals compared with controls receiving only oxytocin.*>* These findings were
contrary to findings of two other groups.”-* A recent randomized clinical trial comparing
laminaria to extra-amniotic saline infusion reported that laminaria shortened the interval to
delivery by eliminating the need for a preinduction ripening interval.” No significant
difference was noted in rates of cesarean delivery or adverse maternal or neonatal outcomes.

Induction of labour is often indicated when the benefits to either the mother or the
fetus outweigh the benefit of continuing the pregnancy. Obstetricians routinely use various
mechanical methods to ripen the cervix; however, no single mechanical approach has
enjoyed universally superior success or acceptance. The consistency of the cervix is clearly
related to the rate of success of labour induction and to the duration of the induction-to-
delivery interval. Women with the most unfavourable cervixes still face high rates of

induction failure and cesarean delivery. The safety of mechanical methods for induction of
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labour has not been established. There is a need for properly designed and conducted
randomized clinical trials to evaluate the efficacy and safety of many of the mechanical

methods of labour induction reviewed here.
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Chapter 4

PHARMACOLOGIC INDUCTION AGENTS

Pharmacological Induction Agents

Pharmacological techniques for induction of labour were first described over 400
years ago.” One of the first recorded references described the use of juniper berries, cinnamon
and castor oil to hasten birth. In 1906, Sir Henry Dale discovered uterotonic bioactivity in
extracts of the posterior pituitary gland. William Blair Bell administered a crude preparation of
these extracts to pregnant women and reported the first clinical studies on oxytocin use for
induction of labour in 1909.” Pierce and Du Vigneaud determined the structure of oxytocin
in 1950, for which Du Vigneaud was later awarded a Nobel Prize in chemistry. Charles Lieb™
first discovered prostaglandins in 1930 but it was not until the late 1960s and early 1970s that

prostaglandins E, and E, were first used clinically for induction of labour.

Since the discovery of prostaglandins and their use as agents for induction of labour,
a wide variety of different formulations, routes of administration and dosage regimens have
been investigated. Currently, prostaglandin PGE, (dinoprostone) is the most widely used for
the purpose of induction, with the preferred route of administration per vagina. A variety of
vehicles have been developed for the delivery of this agent, including lactic acid-based

pessaries, water-soluble gels and most recently, a slow -release hydrogel polymer.
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Dinoprostone

Dinoprostone (PGE,) intracervical and intravaginal gel has been the prostaglandin
agent of choice for several decades and is currently the only pharmacological agent approved
by the U.S. Food and Drug administration and the Therapeutic Products Program of Health
Canada. It is available in three forms: a 0.5 mg endocervical gel (Prepidil® Upjohn
Pharmaceuticals, Kalamazoo, MI), a 1.0 mg or 2.0 mg vaginal gel (Prostin® Upjohn
Pharmaceuticals, Kalamazoo, MI) and a controlled-release prostaglandin vaginal insert
available tn the United States (Cervidil®; Forest Pharmaceuticals, St. Louis, MO), Canada and

Europe (Propess®, Ferring Pharmaceuticals AB, Malamo, Sweden).”*”*

A meta-analysis of selected randomized trials comparing dinoprostone with placebo
or with no treatment has concluded that the use of prostaglandins for cervical ripening is
effective and reduces the induction-to-delivery interval as well as the operative vaginal delivery
rate.”” There was a higher rate of uterine hypertonus and uterine tachysystole in those patients
who recetved prostaglandin (PGE,) compared to oxytocin and a trend toward higher rates of
abnormal fetal heart rate patterns. There are no randomized trials evaluating the required
duration of fetal heart rate (FHR) and uterine contraction monitoring after prostaglandin gel

dosing.

Recent studies have noted a higher rate of successful induction, greater change in
Bishop score and shorter induction-to-delivery interval with the use of vaginal gel (Prostin®)
compared to intracervical gel (Prepidil®).”® There is insufficient evidence to make firm

conclusions about the relative effects of prostaglandins and oxytocin on substantive maternal

and neonatal adverse outcomes.

30



Controlled-Release Insert

The controlled-release insert consists of a polymer base containing 10 mg of
dinoprostone with a polyester retrieval system. The insert is placed in the posterior fornix of
the vagina and releases 0.3 mg per hour of prostaglandin E, over a twelve-hour period. It is
removed with the onset of labour, at spontaneous rupture of membranes, with excessive
uterine activity or after twelve hours. Theoretical advantages include ease of administration

and the ability to remove the medication if excessive uterine activity occurs.

Although widely used, these preparations may cause excessive uterine activity leading
to placental insufficiency and abnormal fetal heart rate changes, and are associated with greater
cost and more elaborate storage requirements. Dinoprostone must be refrigerated until shortly
before administration. The average wholesale price of Prepidil® is $48.98 per 0.5 mg dose,

Prostin® $54.00 per 2.0 mg dose and $84.00 for the 10 mg vaginal insert.

Several authors”” have compared Cervidil® to placebo and demonstrated that it is
effective in cervical ripening but is associated with a higher incidence of excessive uterine
activity and hyperstimulation when compared to prostaglandin E, intracervical gel. In a recent
meta-analysis performed by our research group,* we examined the effectiveness and safety of
controlled-release prostaglandin for cervical ripening in nine randomized trials that compared
controlled-release vaginal prostaglandin (with a retrieval string) with any other cervical
ripening agent or with placebo. After assessing the homogeneity of results, the summary odds

ratio and confidence intervals were determined.

31



Compared with placebo, controlled-release prostaglandin resulted in cervical change
(summary odds ratio (OR) = 3.99, 95% (CI) = 2.71, 5.86), a higher rate of vaginal delivery in
12 hours (OR = 29.01,95% CI = 7.08, 118.87) and less need for oxytocin (OR = 0.14, 95%
CI 0.06, 0.32) but a higher incidence of excessive uterine activity (P < .001) and
hyperstimulation (P = .004). When compared with Prepidil®, there was a higher rate of
excessive uterine activity with controlled-release prostaglandin (P = .03), but less need for
oxytocin (OR = 0.09,95% CI = 0.01, 0.53). With Prepidil® plus immediate oxytocin, there
was a lower rate of active labour in twelve hours compared with controlled-release

prostaglandin (OR = 0.27, 95% ClI= 0.10,0.72).

There was a lower rate of vaginal delivery in 12 hours and a higher incidence of
oxytocin use with controlled-release prostaglandin as compared with misoprostol (OR = 0.53,
95% CI = 0.34, 0.83 and OR = 1.58,95% CI 1.08, 2.32, respectively). The induction-to-
delivery interval was shorter with controlled-release prostaglandin than with placebo or
Prepidil® but longer than with Prepidil® plus augmentation with immediate oxytocin or
misoprostol. Although no differences in maternal or fetal morbidity were noted, the sample
size was not adequate to evaluate these outcomes. Controlled-release prostaglandin is an
effective cervical ripening agent as compared with Prepidil® but may result in an increased
incidence of excessive uterine activity. Controlled-release prostaglandin may not be as
effective as misoprostol or Prepidil® plus immediate oxytocin. The American College of
Obstetricians and Gynecologists recommends that the fetal heart rate and uterine activity be

continuously monitored electronically for the duration of insert placement.*'



Misoprostol

Misoprostol (Cytotec®; Searle, Oakville, ON), a synthetic prostaglandin (PGE))
analogue, is marketed in an oral formulation of 100 ug or 200 ug tablets.*’ It is currently
approved by the U.S. Food and Drug Administration for use in the treatment and prevention
of gastrointestinal ulcer disease resulting from non-steroidal anti-inflammatory use.
Misoprostol is an inexpensive prostaglandin capable of initiating uterine contractions;
therefore, it has been extensivelv investigated for use as an induction agent in pregnancy. A
single 100 ug tablet costs $ 0.30; therefore, a single 50 pg dose may cost as little as $0.15.
Misoprostol is also temperature-stable and does not have special storage requirements.
Vaginal misoprostol is currently widely used in the United States for cervical ripening and
labour induction; however, investigations continue regarding the optimal dose, dosing regimen

and route of administration.

Review of Vaginal Misoprostol Literature

Since the first clinical trial of vaginal misoprostol for labour induction reported by
Margulies et al. in a letter to the Lancet in 1992, there has been growing interest in misoprostol
for use as a labour induction agent.*’ In this randomized trial, 64 women beyond 28 weeks’
gestation undergoing induction of labour were given 50 pug doses of intravaginal misoprostol
or intravenous oxytocin. Successful induction was defined as vaginal delivery within 24 hours
of the start of induction. More women in the misoprostol group achieved successful vaginal
delivery within 24 hours than in the oxytocin group (79% compared with 62%). The mean

time (+ standard deviation) to vaginal birth delivery 407 (+ 265) minutes in the misoprostol
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group and 577 (+ 605) minutes in the oxytocin group P = 0.02. There were no differences in
mean birth weight or Apgar scores. No adverse fetal or neonatal outcomes were reported;
however, this small study did not have sufficient power to form conclusions about maternal or
fetal risks. The authors concluded that intravaginal misoprostol was more effective than

oxytocin for labour induction in the third trimester of pregnancy.

8397

Several randomized trials **” comparing vaginal misoprostol to standard therapy

(dinoprostone) found misoprostol to be safe and effective for induction of labour. In 1993
Sanchez-Ramos and colleagues™ compared 50 ug of intravaginal misoprostol administered
every four hours to intravenous oxytocin in 129 women with uneffaced and undilated cervixes.
The interval from the start of induction to delivery was significantly shorter in the misoprostol
-treated group (11 versus 18 hours, P = .004); however, the frequency of uterine tachysystole
(defined as six contractions in a 10 minute period, repeated over two consecutive 10 minute
periods) in the misoprostol group was approximately three times that found in the oxytocin
treatment group (34.4% versus 13.8%, P < .05). No differences were found in delivery route,

neonatal or maternal morbidity.

The authors concluded that vaginal misoprostol was safe and effective for labour
induction and recommended further investigation to detail the optimal route, dose and dosing
regimen. The frequency of excessive uterine activity was evaluated as a secondary outcome in
the study, and did not form a basis for calculation of sample size. Investigators who reviewed
fetal tracings were not blinded to group assignment. The non-blinded study design and the

subjective nature of the evaluation and classification fetal heart rate tracings introduces bias
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and raises concerns about inter-observer and intra-observer variation. This study did not have

sufficient power to draw firm conclusions about the safety of misoprostol.

In 1995, Wing et al.* compared the administration of intravaginal misoprostol 50 g
every three hours with intracervical dinoprostone 0.5 mg every six hours in 135 women with
unfavourable cervixes (Bishop score less than 4). Misoprostol was found to be more effective
for labour induction. The mean time (+ standard deviation) to vaginal birth was 903 (+ 482)
minutes in the misoprostol-treated subjects and 1410 (+ 482) minutes in the control group (P
< .001). The misoprostol-treated subjects required oxytocin augmentation much less
frequently than those treated with dinoprostone 33.8% versus 65.7%, (P <.001). More than
70% of women in the vaginal misoprostol group delivered vaginally within 24 hours compared

with 47% of dinoprostone-treated women (P < .01).

Misoprostol was associated with a 36% incidence of tachysystole (defined as greater
than six or more uterine contractions occurring in 10 minute window for two consecutive 10-
minute periods) compared with a 12% incidence of tachysystole in the dinoprostone treated
group (P <.001). A 30% incidence of passage of meconium in utero was noted in the
misoprostol group compared with a 10% passage of meconium in the dinoprostone-treated

group (P < .05). No significant difference in maternal or neonatal outcomes was found

between the two groups.

The limitations of this study include, lack of blinding, an empiric dosing regimen and

lack of rigor in defining the treatment of study group and controls. The 50 pg dose of
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musoprostol every three hours was extrapolated from a previously published study of
misoprostol.” There was a difference in the time intervals from last dose of medication to
allowable administration of oxytocin which could have potentially biased the primary outcome.
Oxytocin administration was permitted three hours after the last dose of misoprostol and six
hours after the last dose of dinoprostone. The frequency of excessive uterine activity and
meconium staining were evaluated as secondary outcomes in this study. Investigators who
reviewed fetal tracings were not blinded to group assignment. The non-blinded study design
and the subjective nature of the evaluation and classification fetal heart rate tracings introduces
bias and raises concerns about inter-observer and intra-observer variation. This study did not

have sufficient power to draw firm conclusions about the safety of misoprostol.

In 1996, Mundle et al.* compared 50 pg vaginal misoprostol administered every
four hours to standard labour induction methods (dinoprostone and or oxytocin) in 222 low-
risk women undergoing cervical ripening and labour induction at term. The mean time to
vaginal delivery (£ standard deviation) was 753 (+ 588) minutes for vaginal misoprostol versus
941 (+ 506) minutes for intracervical or intravaginal dinoprostone. Oxytocin augmentation

was used less frequently in the misoprostol group (RR = 0.48,95% CI0.31,3.74). There were

no significant differences in cesarean rate. Maternal and neonatal outcomes were not

significantly different.

The major weaknesses of this study were lack of blinding and rigor in defining the
standard protocol. The control group could receive one of several options: Prepidil® 0.5 mg

intracervically every six hours, Prostin® 1 or 2 mg intravaginally every six hours or a dilute
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solution of oxytocin administered intravenously. The choice of the agent to be used in the
control group was to be chosen by the individual attending physician caring for that patient
based on whichever option the physician felt was optimal for the care of that particular patient.
This study did not have sufficient power to draw firm conclusions about the safety of

misoprostol.

In a subsequent clinical trial involving 276 women, Wing et al.” used a lower dose of
misoprostol, comparing 25ug of intravaginal misoprostol every three hours with 0.5 mg of
dinoprostone admunistered intracervically every six hours in an attempt to reduce the
occurrence of tachysystole and meconium passage noted in the misoprostol group in their

earlier trial.*” Misoprostol was found to be effective for labour induction in women with
unfavourable cervixes (Bishop score less than 4). The mean time (% standard deviation) to
vaginal birth was 1323 (+ 844) minutes in the misoprostol-treated subjects and 1532 (+ 706)
minutes in the control group (P <.05). The misoprostol-treated subjects required oxytocin

augmentation much less frequently than those treated with dinoprostone 46% versus 73%, (P

<.001).

The dosing regimen of misoprostol 25 ug every three hours was associated with a
17% incidence of tachysystole (defined as greater than six or more uterine contractions
occurring in 10 minute window for two consecutive 10-munute periods) compared with 14%
incidence of tachysystole in the dinoprostone treated group (P =0.08). A 17% incidence of

passage of meconium in utero was noted in the misoprostol group compared with a 14%
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passage of meconium in the dinoprostone-treated group (P > .05). No significant difference in

maternal or neonatal outcomes was found between the two groups.

Limitations of this study include lack of blinding and a discrepancy in treatment
betveen the study and control groups. Allowable dosing intervals from last dose to start of
oxytocin differed in the investigational protocol, 6 hours for dinoprostone and three hours for
musoprostol. Pharmacokinetic studies would have strengthened this study considerably. The
primary outcome was the achievement of successful induction. All other outcomes were
secondary. This study did not have sufficient power to draw firm conclusions about the safety

of misoprostol.

Sanchez-Ramos et al.” studied the safety and efficacy of vaginal misoprostol for
cervical ripening and labour induction in a meta-analysis of trials published up to 1997. Of 16
trials identified, eight ***¥-*** met their criteria and included 966 patients, 488 of whom
received vaginal misoprostol for labour induction. Controls received oxytocin or vaginal
dinoprostone. Those who received vaginal misoprostol had a higher incidence of vaginal
delivery within 24 hours of application (OR 2.64, 95% CI 1.87, 3.71) and a lower cesarean rate
(OR 0.67, 95% CI 0.48,0.93). Use of vaginal misoprostol was associated with a higher
incidence of tachysystole (OR 2.70, 95% CI 1.80, 4.04) but not of hyperstimulation (OR 1.91,

95% CI0.98, 3.73).

The number of subjects allocated to the misoprostol group ranged from 24-138 with
control groups of similar size. Five of the eight trials included were conducted in the United

States™*¥2% while the other three were conducted in South America.**”' The proportion of

38



nulliparous patients were similar and all patients enrolled in the control group received
dinoprostone or oxytocin with the exception of one small trial where control patients received

placebo.

The primary problem with this meta-analysis was the heterogeneity in study design.
The dose of misoprostol varied from 25 pg every two hours™ to 100 ug*” ™ as a single dose.
There was no one standard treatment for the control groups. In one study, placebo was used
in the control group.” In two studies,*”' dinoprostone 0.5 mg intracervically could be used
with or without oxytocin. In the remaining four studies controls received dinoprostone 0.5

mg intracervically.” ¥ **” In one study the dose of intravaginal dinoprostone was 3 mg.™

Continuous electronic fetal monitoring was performed on all patients in six studies
while the other two studies used fetal monitoring intermittently.”™* None of the individual
trials had sufficient power to detect a reduction in cesarean delivery rate; however, a reduction
in overall cesarean rate was observed when the studies were considered together. The
reduction in cesarean rate in this meta-analysis depended heavily on one study.” When the
analysis was repeated after excluding each trial, it appeared that the Campos study was an
important contributor to the overall heterogeneity due to its large discrepancy in cesarean rates

between the misoprostol (3.8%) and control groups (25.3%).

In an attempt to define the optimal dosing regimen of vaginal misoprostol, Wing et
al.” compared 25 pg of intravaginal misoprostol every three hours with 25 pg of intravaginal
misoprostol administered every six hours in 522 women with unfavourable cervixes (Bishop

score < 4). In this trial, the six-hour regimen was found to be less efficacious than the three-
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hour regimen. The mean time (+ standard deviation) to vaginal birth was 903 (+ 482) minutes
in the three-hour dosing group and 1410 (+ 869) minutes in the six-hour dosing group (P <
.001). The overall frequencies of uterine contraction abnormalities were 14.6% with the three-
hour dosing interval and 11.2% with the six-hour dosing interval (P <.05). A low incidence of
uterine hypertonus and hyperstimulation was observed with both regimens (4.2% with the
three-hour dosing and 4.6 with the six-hour dosing regime). The frequency of meconium
passage was lower with the longer dosing interval than that observed in earlier studies (10%).
No adverse fetal outcomes were reported; however, there was one maternal death from
amniotic fluid embolus and two cesarean hysterectomies for uterine atony. This study did not

have sufficient power to draw conclusions about maternal or fetal safety.

Sanchez-Ramos et al.” compared 50 ug of vaginal misoprostol with the slow-release
dinoprostone vaginal insert. The vaginal insert was administered as a single application for a
maximum of 12 hours. Misoprostol-treated women delivered in a shorter time interval than
the dinoprostone treated women (P <.001) but experienced more tachysystole (21.3% versus
7.0%, P = .004). No differences in route of delivery, intrapartum complications or adverse
neonatal outcomes occurred between the two groups. The authors concluded that both agents

were effective and safe but that misoprostol appeared more effective and offered substantial

cost savings.

Wing et al.”* compared the efficacy of 25 pg of misoprostol administered every four
hours to a 24-hour exposure of the dinoprostone vaginal insert. Two hundred women were

enrolled. There were no significant differences in the interval from start of induction to
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delivery. There were no significant differences in delivery route or use of oxytocin between
the two groups. Approximately 50% of women in both treatment arms delivered vaginally
within 24 hours. Uterine tachysystole and hyperstimulation occurred more often in the

dinoprostone-treated subjects (18.4% versus 7.1%, P = .02).

The Cochrane Pregnancy and Childbirth Group” reviewed twenty-six selected
randomized trials of vaginal misoprostol. They studied the effectiveness and safety of
vaginal misoprostol compared with placebo, oxytocin or prostaglandin E, for cervical
ripening or induction of labour at term. The primary outcomes were the rate of vaginal
delivery within 24 hours, the incidence of uterine hyperstimulation with associated changes
in the fetal heart rate, the rate of cesarean delivery and the incidence of serious adverse

effects in the fetus or the mother.

When compared to dinoprostone, failure to achieve vaginal delivery within 24
hours was reduced in four of five trials (RR 0.70,95% CI 1.17-1.99). The reported incidence
of uterine hyperstimulation was increased with misoprostol (RR 1.59, 95% CI 1.02-2.48) as
was mecontum staining of the amniotic fluid (RR 1.38,95% CI 1.06-1.79). Rates of vaginal
instrumental delivery and cesarean delivery were inconsistent between trials. Overall, there
was a reduction of instrumental deliveries with misoprostol (RR 0.75, 95% CI .58-.97).

There were no significant differences in perinatal or maternal outcomes.

When comparing low dose regimens of misoprostol to higher doses regimens (25
ug every six hours compared to every three hours or 25ug compared to 50ug every three

hours) neither group showed significantly more failures to achieve delivery within 24 hours
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(RR 1.08, 95% CI .93-1.25). There was significantly more use of oxytocin for labour
augmentation in the low dose group (RR 1.32,95% CI 1.11-1.56). There was a trend toward
less uterine hyperstimulation, fewer low Apgar scores at five minutes and fewer admissions
to neonatal intensive care units. There were no differences in mode of delivery, meconium

stained amniotic fluid or maternal side effects.

The Cochrane collaborative group concluded that in dosages of 25 ug every three
hours or greater, misoprostol is more effective than dinoprostone and oxytocin for the
induction of labour at term. No differences in perinatal outcomes were shown; however, the
studies were not sufficiently large to exclude the possibility of uncommon serious adverse
effects. Although vaginal misoprostol showed promise as a highly effective, inexpensive

and convenient agent for labour induction, it could not be recommended for routine use at

this time.””



Table 1: Summary of Randomized Trials of Vaginal
Misoprostol for Labour Induction

No. | Misoprostol

Author

Year

Pts.

Dose

Control group

Results

Margulies®

1992

64

50 ug q2h

Oxytocin

Induc-delivery time
shorter (miso.)

P = .02)

Sanchez*

1993

129

50 ug q4h

Oxytocin
+PGE,

Induc-delivery time
shorter (miso.)

(P = .004)

Fletcher®

1993

45

100 ug

Placebo

Induc-delivery time
shorter (miso.)

(P <.001)

Fletcher™

1994

63

100 ug

PGE, (3 mg)

Induc-delivery time not
different (P = n.s.)

Wing *

1995

135

50 ug q3h

Prepidil ®

Induc-delivery time
shorter (miso.)

(P <.001)

94

Wing

1995

25 ug q3h

Prepidil ®

Induc-delivery time
shorter (miso.)
(P <.001)

Varaklis™

1995

68

25 ng q2h

Prepidil ®

Induc-delivery time
shorter (miso.)
(P = .006)

Chuck”

1995

103

50 ug q4h

Prepidil ®

Induc-delivery time
shorter (miso.)

(P <.001)

Mundle®

1996

50 ug q4h

PGE,

Induc-delivery tume
shorter (miso.)

P = .04)

1996

522

25 ug q3h

25ug q6h

Induc-delivery time
shorter (miso. q3h)

(P <.001)

1997

200

25 pg q4h

Cervidil®

Induc-delivery time not
different (P = n.s.)

1998

223

50 pg q3h

Cervidil®

Induc-delivery time
shorter (miso.)

(P <.001)

43




Review of Oral Misoprostol Literature

Only a few randomized trials assessing oral misoprostol for induction of labour at
term have been published.' ™' Ngai et al."® compared 200 pg oral misoprostol to 50 mg oral
vitamin B,, placebo for cervical ripening in 80 women with prelabour rupture of membranes at
term. Twelve hours after receiving the assigned treatment, oxytocin was administered as
necessary. There was a significant difference in Bishop score 5.7 (* 1.8 SD) in the misoprostol
group and 6.1 (+ 1.9 SD) in the placebo group P< .05. The sample size was calculated to
detect a difference in Bishop score 12 hours after administration of medication. The
assumptions were o of .05 and 1-B = 95. The sample size was iniuially calculated to be 100;
however, an interim analysis was conducted after 80 patients were enrolled and the difference
in Bishop score was found to be highly significant in both nulliparous and multiparous
participants.

The strength of this study is its design as a double blind placebo controlled trial. The
weaknesses include the choice of primary outcome. More clinically important and objective
outcomes such as time to delivery would have been more relevant in this population of
women with prelabour-ruptured membranes. The authors do not explain their decision to do
an interim analysis after eighty patients were enrolled. An additional twenty patients would
have met their sample size requirement. All patients in the study received oxytocin twelve
hours after enrolment. This is a more aggressive approach than the current standard of care,

which involves administration of oxytocin within 24 hours of membrane rupture.

Windrim et al.' studied the effectiveness, safety and gastrointestinal tolerance of
misoprostol used orally for induction of labour and compared its use to established induction
protocols. The primary outcome measure was time to delivery. Two hundred seventy-five

women who presented for induction of labour were randomly assigned to receive either 50 ug
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of misoprostol orally every four hours or treatment with physician-chosen combinations of
either intracervical or vaginal prostaglandins every 4 to 6 hours or artificial rupture of
membranes followed by oxytocin infusion. The mean time (t standard deviation) to vaginal
birth was 926 + (521) minutes compared to 909 + (585) minutes with the established protocol
P = 0.81, a non-significant difference. There were no clinically or statistically significant
differences in maternal secondary outcome measures (cesarean rate, frequency of epidural use,
perineal trauma or manual removal of the placenta). There was no difference in maternal
gastrointestinal side effects. Neonatal outcomes including cord blood acid-base analysis were
not different. This study identified oral misoprostol as a new option for labour induction and
recommended further studies to confirm the safety and efficacy and to determine optimal dose

and frequency of administration.

The sample size was calculated using a two-tailed a of 0.05 and a 1-f of 95. Thisisa
smaller type two error than the B 0.20 usually chosen in similar trials. These authors chose this
B of 5 to reduce the chance of missing a true difference between the two groups if a difference
actually did exist. The major clinical consequence of conducting a trial with insufficient power
to detect a difference in the time to delivery interval might be that patients could be offered a
new induction agent that performed less well than the standard induction agent dinoprostone.
The primary outcome was time to delivery, which is less substantive than more important
clinical outcomes such as cesarean delivery rates and fetal asphyxia. To test such outcomes

using misoprostol would require large sample sizes. A study of this nature would need to be

multi-centred and would be prohibitively expensive.
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The major weaknesses of this study were lack of blinding and lack of rigor in defining
the standard protocol. The control group could receive one of several options: Prepidil®0.5
mgs intracervically every six hours, Prostin® 1 or 2 mgs intravaginally every six hours or a
dilute solution of oxytocin administered intravenously. The choice of the agent to be used in
the control group was to be chosen by the individual attending physician caring for that patient

based on whichever option the physician felt was optimal for the care of that particular patient.

Toppozada et al.'” compared vaginal and oral misoprostol for induction of labour in
a small-randomized trial. Twenty patients assigned to receive 100ug of vaginal misoprostol
were compared to twenty assigned to 100ug oral misoprostol. When no response was noted
three hours following the first 100pg dose, 200ug was then administered every 3 hours until a

maximum dose of 1000ug was reached. Doubling the dose via the vaginal route was only
needed in one instance. One subject in the vaginal group and three in the oral group had
cesarean delivery because of failed induction. The authors concluded that vaginal misoprostol
resulted in a shorter time to delivery (P < .005). However, more abnormal fetal heart rate
patterns and uterine hyperstimulation occurred (P < .05). The validity of the results of this
study is limited by its small sample size and the heterogeneity in misoprostol dosing regimens.

The study does not have sufficient power to draw conclusions about maternal or fetal safety.
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Table 2: Summary of Randomized Trials of Oral Misoprostol

for Labour Induction

Author

Year

No.
Pts.

Misoprostol
Vaginal
Dose

Misoprostol
Oral Dose

Comparison
Group

Results

100

Ngai

1996

80

200 g once

Placebo

Change in Bishop
score greater
(muso.)

(P <.05)

Windrnm'

1997

275

50 ug q4h

PGE, gel
qé6h

Time to delivery
not different

P = 81)

Toppozada'®

1997

40

100 ug q3h

100 ng q3h

Time to delivery
longer in oral
(P <.005)

Bennett'®

1998

50 ug q4h

50 ug q4h

Time to delivery
longer (oral)
(P = .004)
Hyperstimulation
lower in oral

(P = .04)

Adair™

1998

178

50 ug qé6h

200 pug q6h

Time to delivery
not different
P =.12)
Tachysystole
greater (oral)

P < .01)

Win g IG5

1999

25 pg q4h

50 ng q4h

Time to delivery
longer (oral)
(P = .005)
Tachysystole not
different

P = .39)

Butt

1999

108

50 ug q4h

Time to delivery
longer (miso.)
(P = .007)
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Chapter 5

RESEARCH QUESTION AND METHODS

Research Question

The primary research question in this study was whether there existed a four-hour
difference in the interval to vagtnal birth with oral misoprostol (50 ug) compared with vaginal
misoprostol (50 ug) administered every four hours for induction of labour in women at term
with intact membranes. As a secondary outcome, we also studied whether the route of
administration influences the frequency of excessive uterine activity resulting in abnormal fetal
heart rate tracings. Other secondary outcomes included neonatal morbidity (as determined by
cord blood acid-base disturbances and American College of Obstetricians and Gynecologists
criteria for birth asphyxia.), cesarean birth, maternal gastrointestinal side effects and patient

satisfaction.

Scientific Rationale and Originality

Prostaglandins are known to be effective induction agents when administered
vaginally. A meta-analysis of randomized clinical trials found vaginal misoprostol to be safe
and effective in cervical ripening and labour induction in women at term with intact
membranes.® No masked randomized clinical trials comparing oral misoprostol 50 ug every
four hours to vaginal misoprostol 50 ug every four hours were found in a Medline search of

the English language literature.
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Research Design

This study was a masked randomized placebo-controlled trial.

Sample Size Calculation

For the primary outcome, time to vaginal birth, a sample size of 172 was calculated
using a two-tailed @ = .05, B = .20, A = 240 minutes, and & derived from pooling of results
from a cohort of women who received vaginal misoprostol * (588 minutes) and the oral
misoprostol intact membrane stratum ' (521 minutes) in previous studies by our group
(PEPI, Version 2,1995; Computer Programs for Epidemiologic Analysis, Stone Mountain,
Georgia). Since our previous studies had consistent cesarean rates of 12.2% with 99%
confidence interval (CI) (8.8, 16.5%), we added 20% (34 patients) to allow for anticipated
cesarean births in our sample. A sample size of 206 was deemed appropriate to detect the
clinically important difference (240 munutes), determined by a survey questionnaire of patients

and medical personnel.

Setting

The study was conducted at the Grace General Hospital, St. John’s, Newfoundland,
Canada, from March 3, 1997 to October 8, 1997. This referral centre for perinatal care serves
an almost entirely white population of 500,000 and is the site of 2500 of the province’s 6000
annual births. Our induction rate is just over 20%, with approximately 520 inductions per

year.

49



Inclusion and Exclusion Criteria

Patient inclusion criteria were: an indication for induction, single live fetus, gestation
longer than 37 completed weeks, intact membranes and cephalic presentation. Patients who
presented with any one of the following were ineligible: non-reassuring fetal heart rate tracing

(FHR), previous uterine surgery, known hypersensitivity to prostaglandins, age less than 18

years, contraindication to vaginal birth or unwilling to consent.
Recruitment

Before starting the trial, the research protocol and study design was presented to
obstetricians, residents and labour and delivery nurses at the annual Obstetrical Resident
Research Day. The research nurse provided in-service education to the labour and delivery
staff and prenatal educators who were involved in the study. All pregnant women who
attended prenatal classes were informed of the study and given written information about the
protocol. Eligible patients were informed when induction of labour was indicated. At
presentation for induction, patients were enrolled in the study by the attending physician, who

explained the protocol and potenuial risks and benefits before obtaining written consent.

Randomization

Opaque envelopes containing a card indicating group allocation were prepared by an
administrative staff member using computer-generated random number tables with
randomization in blocks of four. Stratification was based on parity and Bishop score.
Allocation of each consenting patient to the induction method was determined at the time of

induction by opening the next sequentially numbered envelope. A pharmacy technician
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prepared study medications and placebos. For each patient, eight powdered 50 ug doses of
misoprostol were placed individually in paper packets and stored in an airtight plastic
container. Eight doses of an indistinguishable powdered cellulose placebo were similarly

prepared and separately packaged for each patient. Oral or vaginal use was specified on the
label.

Allocation Concealment

To conceal appearance and taste, all oral powders were mixed with 30 ml of apple or
orange juice according to patient preference. Vaginal powders were suspended in
hydroxyethyl gel just before use and delivered to the posterior fornix using a vaginal applicator.
When a subject required more than eight doses, another identically prepared medication and
placebo package was provided. To maintain allocation concealment, research personnel who
prepared the envelopes and medications were not involved in any other aspect of the study.
The induction method was concealed from all caregivers, participants and investigators until

data analysis was completed. The code for group assignment was not broken until data

analysis was complete.

Intervention
After enrolment, subjects were examined to determine Bishop score and stratified to
either the low (less than 7) or high (7 or more) Bishop score group, and according to

nulliparity or multiparity. Each patient was then randomly assigned to receive either oral

misoprostol (50 ug) and vaginal placebo or vaginal misoprostol (50 pg) and oral placebo every
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four hours until the occurrence of one of the following: a contraction frequency of three per
10 minutes, a non-reassuring FHR tracing, spontaneous rupture of membranes or delivery. All
study inductions were conducted immediately after randomization on an inpatient basis, to
allow continuous electronic FHR and uterine contraction monitoring for at least one hour
after each dose. Decisions regarding amniotomy, analgesia, epidural anesthesia and oxytocin

augmentation were made by the attending physician.

Compliance
All participants enrolled in the study were accounted for, with none lost to follow-up.
After each delivery, the study package was returned to the pharmacy technician to ensure each

participant had received the assigned treatment.

Primary Outcome

Substantive maternal and neonatal primary outcomes, such as rates of cesarean birth
and birth asphyxia, are relevant when evaluating any induction agent. To test such outcomes
using misoprostol would require sample sizes of 3400 and 5300, respectively because of the
infrequency of these events. A study of this nature would need to be multi-centred and would
be prohibitively expensive. For this study, the primary outcome measure was chosen to
address clinical effectiveness. The primary objective was to compare the efficacy of
misoprostol administered orally to misoprostol administered vaginally in patients requiring
cervical ripening for the induction of labour at term. The purpose was to determine if route of

administration impacts upon the induction-to-delivery interval.



Secondary Outcomes

To determine whether hypertonus, tachysystole or hyperstimulation were asscciated
with route of administration of misoprostol, all FHR graphs were reviewed before study
induction groups were unmasked. Each of the physician authors (two maternal fetal medicine
attending physicians and two senior obstetrical residents) independently classified monitoring
strips using terminology defined by Curtis et al.'” as follows: hypertonus, a contraction lasting
more than 90 seconds; tachysystole, a contraction frequency of more than five in a ten-minute
period; hyperstimulation, exaggerated uterine response with late FHR decelerations or
tachycardia greater than 160 beats per minute. Planned treatment of tachysystole and
hyperstimulation included change in maternal position to the left lateral decubitus position,
oxygen administration by nasal prongs and intravenous ritodrine as needed. Fetal scalp blood
sampling was performed when indicated by non-reassuring FHR graphs, at the discretion of

the attending physician.

To assess fetal safety issues, cord blood samples for arterial and venous acid-base
analysis were taken after each delivery. Neonatal outcomes such as Apgar score at one and
five minutes were recorded. All neonates were evaluated to assess if they met the American
College of Obstetricians and Gynecologists (ACOG) criteria for birth asphyxia.™® To assess
patient satisfaction, all patients enrolled in the study were asked to complete a modified labour

agentry scale questionnaire.'”
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Data Analysis

Data were analyzed on an intent-to-treat basis by parametric and nonparametric
statistics, using Statistix 4.1 (Analytic Software, Tallahassee, Florida). Decision levels and
hypotheses to be tested were preset to minimize bias. Hypothesis testing was performed on
the primary outcome. Other comparisons were considered hypothesis-generating. Statistical
significance of the primary outcome measure was assessed using Student’s t-test and was
considered significant at P <.05. Rank order nonparametric statistics using the Mann-Whitney
U test, where cesarean birth is a failure to deliver vaginally and ranked longer than any vaginal
birth, allowed inclusion of all births in a secondary analysis with median time to vaginal birth as

the measure of central tendency.

Secondary outcomes were analyzed by parametric and nonparametric statistics as
appropriate. Descriptive statistics were used for demographic baseline data. The significance
level for all secondary and hypothesis-generating analyses was set at P <.001 to account for

multiple testing, a conservative approach.

Confidentiality and Ethical Issues

Specific steps were taken to protect the rights of participants in the clinical trial. All
pregnant women who attended prenatal classes were given written information early in their
pregnancy. All participants who presented at the time of induction were given written
information sheets explaining their participation in the clinical trial. The physician responsible
for initiating the induction obtained written informed consent. Members of the research team

reviewed records concerning labour, delivery and hospital stay. No records bearing the came
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of any research participant was provided to anyone other than the research team involved in

the study. No participant was identified in publication.

The risks associated with the study were carefully explained at the time of obtaining
written consent. All patients were informed of the potential risk of excessive uterine activity
associated with the use of prostaglandins. The planned medical treatment available and the
possibility of cesarean delivery were explained in detail. Participants were also informed of the
potential gastrointestinal side effects associated with administration of oral prostaglandins.
The Human Investigation Committee of the Faculty of Medicine, Memorial University of

Newfoundland, and the Grace General Hospital approved the research proposal.

Study Protocol for Misoprostol Induction
The study protocol for this randomized controlled trial was posted in the labour and
delivery area and served to guide medical and nursing personnel involved in recruitment of

patients and administration of study medications.

Misoprostol (Cytotec®) is a prostaglandin E; methyl analogue with potent cervical
ripening and uterotonic effects. Randomized clinical trials in our centre have found
misoprostol to be more effective than standard induction regimes. Patients being delivered by

a family physician require consultation with an obstetrician before recruitment.

Contraindications

» Major uterine surgery

* Cephalopelvic disproportion
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Note

Non-reassuring fetal heart rate tracing

Fetal malpresentation

Known hypersensitivity to misoprostol or prostaglandins
Any contraindication to vaginal delivery

Age less than 18 years.

The use of prostaglandins for cervical ripening or induction in a patient with a history

of a previous cesarean delivery has not been approved by the Society of Obstetricians and

Gynecologists of Canada (SOGC) or by the American College of Obstetricians and

Gynecologists. (ACOG).

Procedure

1.

2.

3.

The patient should be fully informed of the indication for induction.

The proposed use of misoprostol should be explained.

Written informed consent should be obtained.

All misoprostol inductions will be done as in-patients.

A written order is necessary for the initiation of the induction by misoprostol.

A specific order is necessary for each additional dosage of misoprostol, after physician
evaluation of the appropriateness of this dosage.

Vital signs are to be checked prior to administration of medication.

Fetal heart rate tracing (FHR) prior to misoprostol should be obtained.

All patients should have a Bishop Score determined and recorded prior to the start of

the induction.



1C.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The data sheet should also be stamped with the patient's admission card.

Fetal heart rate tracings should be done continuously for two hours after each dose of
misoprostol.

Repeat misoprostol dosage may be continued until one of the following occurs: labour
is established, a contraction frequency of 3 per 10 minutes.

Amniotomy (ARM) can be performed in either group at the discretion of the attending
physician.

Following ARM, misoprostol can no longer be used.

Augmentation with oxytocin is permitted following the use of misoprostol.
Oxytocin should not be started within four hours of misoprostol administration.
Misoprostol may be ordered in a dose of 50 micrograms up to every four hours as
needed.

All newborns should have cord blood gases obtained (venous and arterial).

The misoprostol induction data sheet should be completed for ongoing monitoring

and quality assurance of our misoprostol protocol.

Budget and Grant Applications

In an attempt to procure funding for this study, our research group submitted a

proposal to the Medical Research Council of Canada (see appendix F). Unfortunately, this

application was unsuccessful. A subsequent research proposal submitted for the Memorial

University and Health Care Corporation research award was successful and resulted in a
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research grant of $25,000. The Health Care Corporation hired a departmental part-time

research nurse to assist with the study. The Budget is attached as appendix G.
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Chapter 6

RESULTS

Study Population

During the study period, 393 patients presented for induction of labour, of whom
308 were eligible. Seventeen patients refused enrolment because they did not want to be
involved in a research protocol and the remaining 85 were not invited to participate because
alternate methods of induction including amniotomy, oxytocin or dinoprostone were preferred
by their attending physicians. Among 206 women enrolled, there were 104 in the oral group

and 102 in the vaginal group (Figure 1). No participant or neonate was lost to follow-up.
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Figure 1: Study population

308
Eligible
i 17
Patient refused
B 85
Not invited to participate
|| 206
Enrolled
I
[ I
104 102
Oral misoprostol Vaginal misoprostol

Primary Outcome
The mean time (+ standard deviation) to vaginal birth with oral misoprostol was 1072
(£ 593) minutes compared with 846 (+ 385) minutes with the vaginal protocol, a statistically
significant difference (P = .004). The median time to vaginal birth in the oral misoprostol
group was 1125 minutes compared with 926 minutes in the vaginal misoprostol group (P =
.38, Mann Whitney U test). When given orally, a median of two and a maximum of nine doses
were used. Only seven subjects took more than five oral doses. When misoprostol was placed

vaginally, a median of two and a maximum of five doses were used. Maternal preinduction and



neonatal demographic data are given in Table 3. There were no significant differences in

demographic characteristics between the two groups.

Table 3: Demographic characteristics

Vaginal Misoprostol Oral Misoprostol

n =102 n = 104
Nulliparous 74 69
Maternal age (years) 28.7 (4.9) 27.5 (5.0)
Gestation (days) 284.2 (8.3) 285.4 (7.6)
Gravidity 1.6 (0.8) 1.7 (1.0)
Parity 0.3 (0.6) 0.5 (0.8)
Bishop score < 7 81 79
Postterm 65 69
Hypertension 18 12
Oligohydramnios 8 13
Other 11 10
Birth weight (grams) 3645 (566) 3585 (612)

Data given as number or mean (standard deviation)

Peripartum data are given in Table 4, with relative risk (RR) and 95% CI. There were

no significant differences in oxytocin (RR 0.67, CI 0.38, 1.18), epidural (RR 0.89, CI .51, 1.56)

or other analgesia use (RR 0.59, CI 0.21, 1.64). No significant differences were observed in

meconium staining of amniotic fluid (RR 0.78, CI 0.41, 1.47), frequency of need for

episiotomies (RR 1.23, CI 0.62, 2.42) or tearing of the perineum (RR 0.98, CI 0.72, 2.33).
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Table 4: Peripartum data

. . %
Vaginal Oral | Relative Co:g dence
(n=102) | (n = 104)| Risk Interval
Intrapartum frequency
Oxytocin use 59 70 0.67 0.38, 1.18
Epidural use 61 65 0.89 0.51, 1.56
No analgesia use 6 10 0.59 0.21, 1.64
Meconium 21 29 0.78 0.41,1.47
Episiotomy 22 19 1.23 0.62, 2.42
Laceration 54 59 0.98 0.56, 1.69
Third or fourth degree ) 0
Laceration
Intact perineum 34 29 1.29 0.72,2.33

Data for mean vaginal birth intervals are given in Table 5. There was a significant
difference in time to vaginal birth depending on route of administration. Those subjects
randomized to the vaginal misoprostol route had a significantly shorter time to delivery (846 +
385 minutes versus 1072 + 593 minutes in the oral misoprostol group, P = .004).
Furthermore, the induction-to-full dilatation interval was also significantly shorter in the
vaginal misoprostol group (763 + 361 minutes versus 1003 + 578 minutes in the oral
misoprostol group, P = .002). There were no statistically significant differences in the time of
first, second and third stages of labour between the two groups. This indicates that the

observed difference in time to delivery was not simply due to an increased time pushing during

the second stage of labour.



Table 5: Labour interval to vaginal birth

Vaginal Oral p*

Misoprostol | Misoprostol
Induction to vaginal birth 846 (385) 1072 (593) | .004
{d‘:l‘;‘t‘:t‘:(‘)’: to full 763 (361) 1003 (578) | .002
1* stage of labour 342 (204) 365 (223) 48
2™ stage of labour 83 (89) 69 (76) 26
3" stage of labour 12 (14) 9.9 (8.4) 21

Data given in minutes as mean (standard deviation)

* Student’s t-test

Secondary Outcomes

Birth Route

There was no significant difference in birth route between the two groups (y,* =
2.53, P = .47). With oral misoprostol, there were 58 spontaneous vaginal deliveries, 21
vacuum deliveries, 9 forceps-assisted deliveries and 16 cesarean births (15.3%). With vaginal
misoprostol, there were 56 spontaneous vaginal deliveries, 15 vacuum deliveries, 8 forceps-
assisted deliveries and 23 cesarean births (22.5%). Non-reassuring FHR tracing was the
indication for two cesareans in the oral misoprostol group and six cesareans in the vaginal

misoprostol group (RR 2.47, CI 0.49, 12.49).

Excessive Uterine Activity

Fetal heart rate and uterine activity tracing data were analyzed using nonparametric

statistics based on number of masked physician reviewers making that classification of a given
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tracing (Table 6). The inherent subjectivity involved in analyzing fetal heart graph and uterine

contraction monitoring strips led us to analyze the data based on agreement berween

physicians. All four physician-reviewers blinded to group assignment agreed that 25 women in

the vaginal misoprostol group and 5 women in the oral misoprostol group experienced

tachysystole (P = .01), and four women in the vaginal misoprostol group and no women in the

oral misoprostol group experienced hyperstimulation (P = .04).

Table 6: Classification of excessive uterine activity

0 I 2 3 4
Reviewers | Reviewer | Reviewers | Reviewers | Reviewers
classified | classified | classified | classified | classified p*
graph as: | graphas: | graphas: | graphas: | graph as:
Tracing classtfication
Hypertonic > 90 sec
Oral misoprostol 1 8 15 26 54 0.68
Vaginal misoprostol 0 12 11 29 49
Hypertonic > 120 sec
Oral misoprostol 7 22 24 20 31 0.57
Vaginal misoprostol 8 21 22 28 22
Tachysystole > 10 min
Oral misoprostol 23 14 18 25 23 0.21
Vaginal misoprostol 16 15 18 21 31
Tachysystole > 20 min
Oral misoprostol 52 21 16 10 5 0.01
Vaginal misoprostol 41 17 7 11 25
Hyperstimulation
Oral misoprostol 84 14 5 1 0 0.04
Vaginal misoprostol 70 17 6 4 4

* Mann-Whitney U test.




Although there was more frequent 20-minute tachysystole (P <.04) in the vaginal

misoprostol group, these results were not statistically significant by our preset level for

secondary analyses, but the trend warrants attention.

Neonatal Outcomes

Neonatal outcomes in both groups were similar (Table 7). Umbsilical cord arterial
and venous blood acid-base analysis was performed on 89 of the 104 participants in the oral
misoprostol group and 92 of the 102 participants in the vaginal misoprostol group (90% of
neonates). Two neonates from the vaginal misoprostol group had cord pH less than 7.00;
however, no neonate met the American College of Obstetricians and Gynecologists (ACOG)
criteria for birth asphyxia.'® While it is reassuring that no neonate experienced an adverse
outcome, this study did not have sufficient power to draw conclusions about fetal safety. The
significance level for all secondary and hypothesis-generating analyses was set at P <.001 to

account for multiple testing.
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Table 7: Neonatal outcome

Vaginal Oral p
Misoprostol Misoprostol

ACOG criteria for birth N N
asphyxia:

Apgar 5 min < 3 0 0

CordpH < 7 2 0 16%

Base deficit > 16 2 0 16*
Cord blood: Mean Mean
Cord pH 7.28 (C.10) 7.30 (0.09) | .08t
Base deficit 5.28 (4.14) 4.44 (3.32) | 13F
Apgar scores: Median Median
Apgar 1 minute 9 (8,9) 9(8,9) 59%
Apgar 5 minute 9 (9,10) 99,100 | .23%

N N

Apgar 1 minute < 7 17 7 .03
Apgar 5 minute < 7 0 1 32%

* Fishers’ exact test
+ Student’s t test: mean (standard deviation)

1 Mann-Whitney U test: median (1st and 3rd quartile)

* Chi square test
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Labour Satisfaction
Ninety women in the oral group and 83 in the vaginal group completed a labour

satisfaction questionnaire administered 24 hours postpartum (84% response rate). Analysis of
the responses to all questions failed to detect any statistically significant difference in patient
satisfaction or overall score. All participants in the study reported positive labour and delivery
experiences. None of the participants reported adverse gastrointestinal effects. There was no
reported diarrhea in either group and no difference in occurrence of vomiting (18 in the oral

and 19 in the vaginal group, P = .81).
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Chapter 7

METHODOLOGICAL ISSUES AND DISCUSSION

Design Problems

The results of this study are convincing because of the strength of its masked
randomized design and the lack of protocol violations. The problems encountered in
conducting the trial stemmed from two major sources: financing the trial and accomplishing
blinding. From the point of view of financial supporr, it became apparent very early that the
Canadian manufacturer of misoprostol (Searle Canada, Oakville Ontario) was not interested in
supporting research on induction of labour. This related to medicolegal liability inherent to
research in pregnancy and a potential adverse effect on pharmaceutical marketing in the event
of publicized complications or lawsuits. Because of its reticence to be involved in pregnancy-
related research, the manufacturer declined to provide a placebo. Estimates obtained from the

manufacturer placed the cost of placebo production at more than $200,000.

Even if misoprostol was identified to be an ideal pharmacological induction agent,
the market size and additional generated revenue would be small, as each potential patient
would require only small doses briefly, during an infrequent event in her lifetime. For these
reasons, the manufacturer is unlikely to ever be proactive in this area of research or to seek
Canadian Health Protection Branch approval of misoprostol for induction of labour. This

approval will have to be sought by investigators once more evidence is obtained
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Since a major expected benefit of using misoprostol for labour induction is cost
savings, it was decided to pursue the possibility of realizing such a cost savings to obtain
financing for this trial from the Health Care Corporation of St. John'’s. A review of pharmacy
records from previous misoprostol studies conducted at the Grace General Hospital provided
data to support an expected savings by using misoprostol instead of dinoprostone for labour

induction, justifying financial support of this trial by the Health Care Corporation.

The Corporation approved the hiring of a part-time pharmacy technician to work
exclusively on the trial to provide a placebo for the study and to maintain records, ensuring
that each participant received the appropriate treatment. This technician was responsible for
the preparation of code-labelled indistinguishable drug-placebo packages according to the
specifications of the study protocol. Study drug packages contained eight doses of the
designated treatment, as the maximum number of doses required by any subject in our prior
research studies was seven. The induction method was concealed from all caregivers and

investigators until data analysis was completed.

The Health Care Corporation also approved the hiring of a part-time research nurse
to provide support to the Department of Obstetrics and Gynecology for the duration of the
trial. The research nurse reviewed all aspects of the study protocol and acted as a liaison with
the pharmacy department. Educational sessions were arranged for prenatal instructors,
residents and attending physicians to familiarize all participating caregivers with the study
protocol. Data collection, including the administration of a postpartum labour satisfaction

questionnaire to all participants, was the primary responsibility of the research nurse.
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In addition to financial support from the Health Care Corporation, funding was
sought from the Medical Research Council of Canada. Two separate grant applications were
submitted; unfortunately, neither application was successful. An application to the Memorial
University of Newfoundland Faculty of Medicine was successful in securing a $25,000 research
grant, and was awarded the Cox Research Award. These additional funds were instrumental in
financing the remainder of the projected costs of the trial. Efforts to secure financing for this

trial delayed its start date by approximately one year.

Recruitment

During the study period, 393 women presented for induction of labour. Of this
group, 85 were ineligible according to the study protocol, 17 did not wish to participate in a
study and 85 were not invited because the attending physician chose alternate methods of
induction. Two hundred and six of the 223 women (> 90%) invited to participate agreed to
participate in the study. Since only 206 of a potential 308 were recruited, a possible selection
bias is introduced into the study. Non-participants were documented but their demographic
characteristics were not. This is because physicians other than the investigators were

providing primary medical care. We did not have permission from non-participants to review

their medical records.

Differences are widely acknowledged to exist between patients who agree to
participate as subjects in research studies and those who do not. Significantly different
outcomes have frequently been documented even between non-participants in studies and

participants randomized to an equivalent control arm. Therefore, one must interpret these
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results (and those of most trials) bearing in mind that generalizability to the clinical population
may not be complete. In this case, 85 patients were not invited to participate in the study
because their attending physician preferred alternate methods of induction including
amniotomy, oxytocin or dinoprostone. It is likely that several of these women had a
favourable cervix (high Bishop score) at presentation, leading the attending physician to
believe that an amniotomy followed by oxytocin was a more appropriate treatment than
randomization to either form of misoprostol induction. Thus, any conclusions reached
concerning the relative merits of the forms of misoprostol induction studied here must be

understood to apply to a relatively similar population to that randomized.

Classification of Excessive Uterine Activity

Although there is no direct relationship between continuous electronic fetal
monitoring and fetal well-being, non-reassuring fetal heart rate changes associated with
excessive uterine activity warrant intervention either to reduce uterine activity or to deliver the
fetus. Because of confusion stemming from inconsistent definitions of excessive uterine
activity, Curtis recommended a standard terminology. While it allows for classification of
labour graphs, the terminology is nevertheless arbitrary, particularly with respect to

tachysystole and hypertonic contractions.

Despite concerns of possible uterine hyperstimulation, substantive adverse newborn
outcomes such as neonatal acidosis, meconium aspiration, and birth asphyxia have been rare
and have not differed between misoprostol and control groups in previous published studies.

In our study, two neonates in the vaginal misoprostol group had cord blood pH less than 7.00

71



but no asphyxia occurred. Among the 39 cesarean births, six of the eight done for fetal safety
reasons were in the vaginal misoprostol group. While these differences are not statistically
significant, the question is clinically relevant, making it a worthwhile primary goal in the design
of a future clinical trial. The frequency of excessive uterine activity associated with route of
administration was evaluated as a secondary outcome in the present study, and did not forma

basis for calculation of sample size.

Inherent in the evaluation of excessive uterine activity is the concern about inter-
observer and intra-observer variation. We believe that agreement about the occurrence of
hyperstimulation among all four reviewers blinded to each others’ resuits and to group
assignment provides strong evidence for the existence of four cases of hyperstimulation in the
vaginal misoprostol group and no cases of hyperstimulation in the oral group. The finding
that two neonates in the vaginal misoprostol group that had a cord pH less than 7.00 further
supports the conclusion that vaginal misoprostol has a greater propensity to cause excessive

stimulation of uterine contractility.

Pharmacokinetics of Crushed Misoprostol

The pharmacokinetics of misoprostol suspended in gel and given vaginally has not
been directly evaluated. No study has evaluated the pharmacokinetics of crushed misoprostol
given orally. In our study, this group had the lowest incidence of tachysystole and
hyperstimulation. Understanding the timing of excessive uterine activity is important because

it addresses concerns about fetal safety. Appropriate and timely intervention can then be



initiated. Such information is also essential for the rational design of further trials to determine

the safest dose, form, and route of misoprostol administration.

A Future Study of Excessive Uterine Activity

To further study the relationship between misoprostol and excessive uterine activity,
our research group has planned a cohort study. The primary objective is to determine the
incidence and timing of excessive uterine activity with induction of labour with misoprostol.
Different routes and formulations of misoprostol will be compared to prostaglandin E,

intracervical or intravaginal gel, oxytocin, and spontaneous labour.

Study Design

The study will include women enrolled in each of three randomized trials evaluating
misoprostol for labour induction.“*'®' The studies were conducted from March 30, 1994 to
September 22, 1994 and October 25, 1996 to December 19, 1997 at the Grace General
Hospital in St. John'’s, Newfoundland. A cohort of women who presented in spontaneous

labour during the same period will also be evaluated.

Inclusion criteria are: a single live fetus in cephalic presentation, gestation longer than
37 weeks and fetal heart rate and uterine activity graphs available for review. Exclusion criteria
include: non-reassuring fetal heart rate tracing prior to induction (or on admission in the
spontaneous labour cohort), prior uterine surgery, contraindication to vaginal birth, age less

than 19 years and known hypersensitivity to misoprostol or other prostaglandins.
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One of these trials enrolled only women with term premature rupture of
membranes'®, while the other two trials included only those women with intact
membranes.”®"'® The details of the three trials are previously published. For those women
undergoing induction of labour, the cohorts will be as follows: misoprostol 50 ug crushed and
suspended in hydroxyethyl gel given vaginally every four hours, misoprostol 50 ug crushed and
mixed with juice given orally every four hours, misoprostol 50 ug tablet given orally every four
hours for premature rupture of membranes [PROM]), intravenous oxytocin beginning at 2
milliunits (mu) /min and increasing by 2 mu/min every 15 to 30 minutes for PROM,
misoprostol tablet 50 ug vaginally every four hours, prostaglandin E, intracervical gel 0.5 mg
every six hours or prostaglandin E, intravaginal gel 1 mg or 2 mg every 6 hours. The cohort of
women in spontaneous labour in the study will include a group of women who had at least six
hours of fetal heart rate and uterine activity monitoring and who would have otherwise met

the criteria for induction of labour.

Methods
The fetal heart rate and uterine activity graphs will be independently and individually

analyzed by three maternal fetal medicine specialists and one physician enrolled in a Maternal
Fetal Medicine Fellowship. Tachysystole will be defined as a contraction frequency of more
than five in a ten-minute period for two consecutive ten-minute periods. Hyperstimulation
will be defined as tachysystole with late fetal heart rate decelerations or fetal tachycardia greater
than 160 beats per minute. Tachysystole or hyperstimulation will be noted if at least two of

those reviewing the graph agree with the diagnosts.
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For those women receiving the crushed forms of misoprostol, reviewers were
blinded to group assignment and the code was not broken until completion of analysis of
graphs. For the other cohorts, although the reviewers were not blinded, they will not actively
seek to reveal the cohort allocation until analysis of graphs is completed. The timing of the
excessive uterine activity will be determined relative to the misoprostol dosing schedule. If
tachysystole or hyperstimulation occurred after subsequent doses of misoprostol, the timing of
each episode will be determined relative to the number of doses given. Those women who
experience tachysystole or hyperstimulation only after oxytocin augmentation is initiated, or
during the second stage of labour with pushing, will not be included in the determination of

timing of excessive uterine activity, as this may lead to confounding.

Sample Size Calculation

The sample size required is based on the estimated incidence of tachysystole in the
misoprostol and oxytocin cohorts.”®'®'® Using a two-tailed a = .05 and g = .20, fifty-one
women in each cohort will be needed to detect a significant difference between 35% incidence
in one cohort and a 10% incidence in another cohort. Data will be analyzed using Statistix 4.1
(Analytical Software, Tallahassee, FL). Continuous variables will be assessed using Student’st
test and analysis of variance, while categorical variables will be analyzed by %’ and Fisher exact
test where appropriate. Statistical significance will be set at P < .05. Because of multiple

testing, all comparisons other than the primary outcomes will be considered only as hypothesis

generating.
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Chapter 8

IS ORAL MISOPROSTOL THE IDEAL INDUCTION AGENT?

Obstetricians routinely use various mechanical methods and pharmacological agents
to induce labour; however, no single approach has been universally successful. Oxytocinisan
effective induction agent; nonetheless, it is not optimal therapy for a patient with an unripe
cervix. Administration requires an intravenous infusion with continuous monitoring of fetal
heart rate and uterine contractions. Prostaglandins are effective cervical ripening agents,
achieving a shorter induction-to-delivery interval and a lower rate of operative intervention

when compared to oxytocin.

Oral administration of prostaglandins has essentially been abandoned because of
undesirable gastrointestinal effects, which have limited their use to vaginal and intracervical
routes. Termination of prostaglandin-related excessive uterine activity remains problematic.
An oral induction agent that is safe, effective, inexpensive and well tolerated by patients would
likely be attractive to patients and health care providers. Anticipated benefits include
avoidance of intravenous lines in some parturients, less frequent need for vaginal examination

and greater freedom for upright positioning. Ambulation might even facilitate labour progress.

Misoprostol
Misoprostol (Cytotec®; Searle, Oakville, ON), a synthetic prostaglandin (PGE))

analogue, is marketed in an oral formulation of 100 ug or 200 pg tablets.** It is currently
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approved by the U.S. Food and Drug Administration for use in the treatment and prevention
of gastrointestinal ulcer disease resulting from non-steroidal anti-inflammatory use.
Misoprostol is an inexpensive prostaglandin capable of initiating uterine contractions;
therefore, it has been extensively investigated for use as an induction agent in pregnancy. A
single 100 pg tablet costs $ 0.30; therefore, a single 50 ug dose may cost as little as $0.15.

Misoprostol is also temperature-stable and does not have special storage requirements.

Pharmacokinetics of Oral and Vaginal Misoprostol

Misoprostol is primarily metabolized in the liver, with less than one percent of its
active metabolite excreted in urine. Misoprostol has no known drug interactions and does not
induce the hepatic cytochrome P-450 enzyme system. The most common adverse effects of
misoprostol are nausea, vomiting, diarrhea, abdominal pain, chills, shivering and fever, all of
which are dose dependent. Although other prostaglandins (prostaglandin E, and
prostaglandin F,a) can cause myocardial infarction and bronchospasm, misoprostol does not.

Toxic doses of misoprostol have not been determined.

Zieman et al.'® compared the pharmacokinetics of misoprostol (400 pg)
administered by vaginal and oral routes to 10 non-pregnant and 10 pregnant first trimester
volunteers, concluding that significant differences exist. Among women who were 9 to 11
weeks pregnant and given misoprostol before a surgical abortion, intrauterine pressure began
to increase an average of 8 minutes after oral administration and 21 minutes after vaginal
administration and was maximal 25 minutes after oral administration and 46 minutes after
vaginal administration. Uterine contractility initially increased and reached a plateau one hour
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after oral administration whereas uterine contractility increased continuously for four hours
after vaginal administration. Maximal uterine contractility was significantly higher after vaginal
administration. Systemic bioavailability of vaginally administered misoprostol was found to be
three times that of misoprostol administered orally. With vaginal administration, peak plasma

levels were reached more slowly but were sustained in excess of four hours.

In a confirmatory study, Danielsson et al.""! reported that uterine activity increased
continuously for four hours after vaginal administration of misoprostol, and warned that this
could lead to a cumulative effect with subsequent dosing. When contractions of abnormally
high intensity or frequency occur, insufficient recovery resulting in FHR abnormalities could
necessitate operative delivery or lead to fetal asphyxia. It could reasonably be argued that the
greater frequency of abnormal fetal heart rate patterns observed in patients who receive vaginal

misoprostol are a result of excessive uterine activity, reflective of this greater bioavailability.

Induction agents, ideally, should mimic spontaneous labour while avoiding excessive
uterine activity. Inherent in the evaluation of excessive uterine activity is the concern about
inter-observer and intra-observer variation. We believe that agreement about the occurrence
of hyperstimulation among all four reviewers blinded to each others’ results and to group
assignment provides strong evidence for the existence in this study of four cases of
hyperstimulation in the vaginal misoprostol group and no cases of hyperstimulation in the oral
group. The finding that two neonates in the vaginal misoprostol group that had a cord pH less
than 7.00 further supports the conclusion that vaginal misoprostol has a greater propensity to
cause excessive stimulation of uterine contractility. Uterine hyperstimulation was a secondary

outcome and was not considered in calculation of sample size. The significance level for all

78



secondary and hypothesis-generating analyses was set at P < .001 to account for multiple

testing.

Misoprostol-Current and Future Use

Despite accumulating evidence of effectiveness and obvious cost advantage in over
44 randomized clinical trials, the U.S. Food and Drug Administration and the Therapeutic
Products Program of Health Canada have not yet approved misoprostol for induction of
labour. However, they do recognize that in certain circumstances, off-label uses of approved
products are appropriate, rational and accepted medical practice. Misoprostol administered
vaginally for labour induction is currently in widespread use in the United States. Its use in

'
most Canadian tertiary care centres is limited to research protocols.

The American College of Obstetricians and Gynecologists (ACOG) Committee on
Obstetric Practice recently concluded that vaginal misoprostol administered appears to be
effective in inducing labour in pregnant women who have unfavourable cervixes; however, the
initial dose should be limited to 25 pg every three to fours hours because of concerns of the
greater incidence of tachysystole observed with the use of higher doses. It further concluded
that prospective studies are necessary to define optimal dosing regimens.'” The Society of

Obstetricians and Gynecologists of Canada (SOGC) has not published a recommendation on

the use of misoprostol as an induction agent.

Misoprostol is an effective induction agent whether it is given orally or vaginally.

Misoprostol is much less expensive than dinoprostone and, unlike dinoprostone, which
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requires refrigeration until just before use, it is stable at room temperature. Oral
administration of misoprostol is appealing for several reasons, including convenience and a
non-invasive mode of delivery. Fewer cervical exams could also potentially result in lower
peripartum infection rates, particularly in women with prelabour-ruptured membranes. Oral
administration of misoprostol, if proved safe and effective, could potentially reduce overall
hospitalization time by permitting administration of the medication in an outpatient setting.
No studies using misoprostol as an outpatient preinduction cervical ripening agent have been
published. Use for this indication is not currently recommended because of the need for close
surveillance of uterine activity after administration of misoprostol. In addition to these
potential benefits, oral misoprostol shares with vaginal misoprostol the advantages of cost-

effectiveness and efficacy in labour induction.

The oral route of misoprostol administration is an important one that has not been
fully investigated, and the question of whether oral may be the preferred route of misoprostol
administration remains to be answered. Sanchez-Ramos et al.” conducted a systematic review
of published randomized trials comparing oral and vaginal misoprostol administration for
cervical ripening and labour induction. In total, 1,191 patients were randomized to receive
musoprostol orally (n = 602) or by the vaginal route (n = 589). The oral doses ranged from 50

ug to 200 ug every four to six hours. Vaginal misoprostol was administered in doses ranging

from 25 ug every four hours to 100 ug every three hours.

No significant difference was noted in the proportion of patients who delivered

within 12 and 24 hours. Similarly, the intervals from start of induction to vaginal delivery were
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not different. No difference was noted in the incidence of abnormal Apgar scores or rates of
admission to neonatal intensive care units. Interestingly, the rate of cesarean delivery was
significantly lower in the oral misoprostol group (15% versus 22%, Mantel-Haenszel pooled

odds ratio 0.64).

Although meta-analysis provides a systematic and explicit method for demonstrating
early evidence with regard to the effectiveness of treatments, it is not as valuable as a large
randomized trial. Three principal concerns must be addressed when assessing the validity of a
meta-analysis: publication bias, quality assessment of the randomized clinical trials included
and study heterogeneity. Several sources of inter-study heterogeneity can be identified in the
Sanchez-Ramos review. There were variations in treatment protocols, small sample size in two

of the seven studies'“*®!

and a lack of uniform stratification according to Bishop score and
parity. Itisimportant that the results of a meta-analysis not depend excessively on the results
of asingle study. To assess inter-study heterogeneity, the analysis should be repeated after

sequentially excluding each trial, seeking to determine whether any one trial contributed

excessively to the overall reduction in cesarean delivery rate.

The enormous economic and clinical advantages of misoprostol for cervical ripening
and labour induction suggest that the unanswered questions about the impact of oral
misoprostol on cesarean delivery rates and fetal safety should be addressed in a properly
designed, well-conducted multi-centre trial. Our research group has planned such a trial, and is
currently seeking funding to allow it to proceed.
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Objective: To test the null hypothesis that administering
misoprostol arally or vaginally will result in no difference in
time to vaginal birth, and to determine whether different
frequencies of tachysystole and hyperstimulation are asso-
ciated with route of administration.

Methods: Two huadred six women after 37 completed
weeks’ gestation who presented with an indication for
induction were randomly assigned to receive misoprostol
(50 mg) either crally or vaginally every 4 hours as needed to
induce labor. Placebo use and allocation concealment accom-
plished blinding until data analysis was completed. Sample
size was calculated to allow a two-tailed a of .05 and power
(1 — §) of 30%. All fetal heart rate and uterine activity graphs
were classified according to Curtis’ criteria before induction
groups were unmasked.

Results: Analysis involved 104 women in the oral group
and 102 in the vaginal group. The mean time (+ standard
deviation) to vaginal birth with oral misoprostol was 1072
(£593) niinutes compared with 846 (£385) minutes with the
vaginal protocol (P = .004). There were no significant differ-
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ences in cesarean rate, epidural use, or neonatal outcomes.
Mare frequent tachysystole for 20 minutes (P < .01) and
hyperstimulation (P < .04) were observed with vaginal
misopsostol. No neonatal asphyxia occurred in either group.

Conclusion: Misoprostol effectively induces labor, given
anally ov vaginally. There is a shorter interval to vaginal
birth with vaginal application; however, the more (requent
occurrence of fetal heart rate graph abnormalities in this
group suggests that, until the optimal dosing interval for
vaginal use is determined, the preferred route of misoprostol
administration might be oral. (Obstet Gyaecol 1996;92:
481-6. © 1998 by The American College of Obatetricians
and Gynecologists.)

Misoprostol (Cytotec; Searle, Oakville, Ontario, Cana-
da), a synthetic prostaglandin (PG) E; analogue cur-
rently used for treatment of gastric and duodenal
ulcers, can initiate uterine contractions. It is marketed in
an oral formulation of 100~ or 200-ug tablets with a
maximum recommended dose of 1600 ug per day.'
Induction of labor by placing a portion of such a tablet
in the vagina has been studied extensively”*; however,
few randomized trials™'? assessing oral misoprostol for

0029-7844/98/8$19.00 481
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induction of labor at termn have been published. Our
research group compared oral misoprostol to vaginal
dinoprostone (PGE») and found oral misoprostol to be
an effective induction agent with no important adverse
maternal or neonatal outcomes.” The median medica-
tion cost per patient receiving misoprostol was at least
100 times lower than the median medication cost per
patient in controls receiving dinoprostone.*®

Despite accumulating evidence of effectiveness and
obvious cost advantage, misoprostol is not yet ap-
proved for induction of labor at term in most North
American health care centers or by a national agency.
Some authors have reported that tachysytole'' might be
a frequent occurrence when vaginal misoprostol is used
to initiate uterine activity,>*'*'> which has led to con-
cerns about potential increased rates of operative deliv-
ery and neonatal asphyxia. Any new induction tech-
nique must address these safety concerns.

Substantive matermal and neonatal primary out-
comes, such as rates of cesarean birth and birth as-
phyxia, are relevant when evaluating any induction
agent. To test such outcomes using misoprostol would
require sample sizes of 3400 and 5030, respectively,
because of the infrequency of these events. Before
conducting such a large and costly project, it is neces-
sary to determine the most appropriate route of miso-
prostol administration. For this purpose, we designed a
masked randomized trial with time to vaginal birth as
the primary outcome measure.

Our primary research question was whether there is
a +-hour difference in the interval to vaginal birth with
oral compared with vaginal use of 50 ug of misoprostoi
administered every 4 hours for induction of labor in
woimen at term with intact membranes. We also deter-
mined whether the frequency of excessive uterine ac-
tvity resulting in abnormal fetal heart rate (FHR)
tracings is influenced by route of administration. Other
secondary outcomes included neonatal morbidity (as
measured by cord blood acid-base analysis and ACOG
criteria for birth asphyxia'?), cesarean birth, maternal
gastrointestinal side effects, and patient satisfaction.

Methods

The study was conducted at the Grace General Hospi-
tal, St. John's, Newfoundland, Canada, from March 3,
1997 to October 8, 1997. This referral center for perinatal
care serves an almost entirely white population of
500,000 and is the site of 2500 of the province’s 6000
annual births. Our induction rate is just over 20%, with
approximately 520 inductions per year. The research
proposal was approved by the Human Investigation
Committee of the Faculty of Medicine, Memorial Uni-
versity of Newfoundland, and the hospital.

482 Bennett et al  Misoprostol for Labor Induction

Patient inclusion criteria were indication for induc-
tion, single live fetus, gestation longer than 37 com-
pleted weeks, intact membranes, and cephalic presen-
tation. Patients who presented with any one of the
following were ineligible: nonreassuring FHR tracing,
previous uterine surgery, known hypersensitivity to
prostaglandins, age less than 18 years, or contraindica-
tion to vaginal birth. Ail pregnant women who attended
prenatal classes were informed of the study and given
written information about the protocol. Eligible patients
were informed when induction of labor was indicated.
At presentation for induction, patients were enrolled in
the study by the attending physician, who explained the
protocol and potential risks and benefits before obtain-
ing written consent.

Opaque envelopes containing a card indicating group
allocation were prepared by an administrative staff
member using computer-generated random number
tables with randomization in blocks of four. Allocation
of each consenting patient to induction method was
determined at the time of induction by opening the next
sequentially numbered envelope. Study medications
and placebos were prepared by a pharmacy technician.
For each patient, cight powdered 50-ug doses of miso-
prostoi were placed individually in paper packets and
stored in an airtight plastic container. Eight doses of an
indistinguishable powdered cellulose placebo were
similarly prepared and separately packaged for each
patient. Oral or vaginal use was specified on the label.

To conceal appearance and taste, all oral powders
were mixed with 30 mL of apple or orange juice
according to patient preference. Vaginal powders were
suspended in hydroxyethyl gel just before use and
delivered to the posterior fornix using a vaginal appli-
cator. After each delivery, the study package was re-
turned to the pharmacy technician to ensure each
participant had received the assigned treatment. When
a subject required more than eight doses, another
identically prepared medication and placebo package
was provided. To maintain allocation concealment,
research personnel who prepared the envelopes and
medications were not involved in any other aspect of
the study. The induction method was concealed from
all caregivers, participants, and investigators until data
analysis was completed.

After enrollment, subjects were examined to deter-
mine Bishop score'* and stuatified to either the low (less
than 7) or high (7 or more) Bishop score group. Each
patient was then randomly assigned to receive either
oral misoprostol (50 ug) and vaginal placebo or vaginal
misoprostol (50 ug) and oral placebo every 4 hours until
the occurrence of one of the following: a contraction
frequency of three per 10 minutes, a nonreassuring FHR
tracing, spontaneaus rupture of membranes, or deliv-
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ery. All study inductions were conducted immediately
after randomization, on an inpatient basis, to allow
continuous electronic FHR and uterine contraction
monitoring for at least 1 hour after each dose.

Decisions regarding amniotomy, analgesia, epidural
anesthesia, and oxytocin augmentation were made by
the attending physician. To assess patient satisfaction,
all patients enrolled in the study were asked to com-
plete a modified labor agentry scale questionnaire.’®
Planned treatment of tachysystole and hyperstimula-
tion included change in maternal position to the left
lateral decubitus, oxygen administration by nasal
prongs, and intravenous ritodrine, as neceded. Fetal
scalp blood sampling was performed when indicated
by nonreassuring FHR graphs. Cord blood samples for
arterial and venous acid-base analysis were taken after
each delivery.

To determine whether hypertonus, tachysystole, or
hyperstimulation were associated with the route of
administration of misoprostol, all FHR graphs were
reviewed before study induction groups were un-
masked. Each of the physician authors (two maternal
fetal medicine attending physicians and two senior
residents) independently classified monitoring strips
using terminology defined by Curtis et al'! and Wing et
al® as follows: hypertonus, a contraction lasting more
than 90 seconds or more than 120 seconds; tachysystole,
a contraction frequency of more than five in a 10-minute
period or two consecutive 10-minute periods; hyper-
stimulation, exaggerated uterine responsc with late
FHR decelerations or fetal tachycardia greater than 160
beats per minute. The code for group assignment was
not broken until completion of data analysis.

For the primary outcome, time to vaginal birth, a
sample size of 172 was calculated using a two-tailed a =
.05, 8 = .20, A = 240 minutes, and o derived from
pooling of results from our® vaginal misoprostol cohort
(588 minules) and our previous oral misoprostol” intact
membrane stratum (524 minutes) (PEPl, Version 2,
1995; Computer Programs for Epidemiologic Analysis,
Stone Mountain, GA). Since our previous studies®® had
consistent cesarean rates of 12.2% with 99% confidence
interval (CI) 8.8, 16.5% we added 20% (34 patients) to
allow for anticipated cesarean births in our sample. A
sample size of 206 was deemed appropriate to detect
the clinically important difference (240 minutes) deter-
mined by a survey questionnaire of patients and med-
ical and nursing personnel.

Data were analyzed on an intent-to-treat basis by para-
metric and nonparametric statistics, using Statistix 4.1
(Analytical Software, Tallahassee, FL.). Decision levels and
hypotheses to be tested were preset to minimize bias.
Hypothesis testing was performed on the primary out-
come. Other comparisons were considered hypothesis
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Table 1. Demographic Characteristics

Vaginal Onal
misoprostol misoprostol
Characteristic (r = 102) (n = 104)

Nulliparous 74 9
Matermai age (y) 28.7(4.9) 275(5.0)
Gestation (d) 284.2(8.3) 285.4(7.6)
Gravidity 1.6(0.8) 1.7(1.0)
Panty 03(D.6) 05(0.8)
Bishap score less than 7 81 ]
Indicanon for induction

Post-term 65 &

Hypertensian 18 12

Oligohydrammios 8 13

Other 1§ 10
Birth weight (g) 3645 (566) 3585 (612)

Dam given as ber or mean dard d ion)

generating. Statistical significance of the primary outcome
measure was assessed using Student’s !-test and was
considered significant at P < .05. Rank order nonparamet-
ric statistics using the Mann-Whitney U test, when a
cesarean birth is a failure to deliver vaginally and ranked
longer than any vaginal birth, allowed inclusion of all
births in a sccondary analysis with median time to vaginal
birth as the measure of central tendency. Secondary out-
comes were analyzed by parametric and nonparametric
statistics, as appropriate.

Continuous variables were examined for normal dis-
tribution (Wilk-Shapiro/Rankit Plot) before using para-
metric statistics.'” Descriptive statistics were used for
demographic baseline data. Baseline data from non-
volunteers were analyzed to assess generalizability.
The significance for all secondary and hypothesis-
generating analyses was P < .001 to account for multi-
ple testing, a conservative approach.

Table 2. Peripartum Data

95%
Vaginal Omnl Relative confidence
Vanable (n = 1@2) (r = (04) nsk interval
Intrapartum frequency
Oxytocin use 59 70 0.67 038, 1.18
Epidural use 61 65 039 058, 1.56
No analgesia used ] 10 059 021, 1.64
Meconium n 2 08 041,147
Penunwal trauma
Episictomy -3 19 13 062, 242
Laceration 54 » 098 056. 1.69
Third- or fourth- 2 ¢
degree laceration
Intact perineumn M 3 1.9 072233
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Table 3. Labor [ntervals to Vaginal Birth

Table $5. Neonatal Qutcome

Vagwal Oral Vaginal Oral
Interval isoprostol proswml P o isoprostol isaprostol P
Induction to vaginal birth 846 (385) 1072 (593) 004 ACOG criteria far birth
Induction to full dilation 763 (361) 1003 (578) 002 asphyxia
First stage of labor 32(204) 365 (229 A8 Apgar at 5 min =3 0 0
Second stage of labor 83 (89) 63 (76) .26 Cord pH <7 2 ¢ -16°
Third stage of laboe 12019) 99 (8.4) 21 Base deficit >16 2 0 .16
N - N Mean curd pH 7.28 (010} 730 (0.09) .08"
Data tes tandard devia
it et e ok o). Mean base deficit 528 (4.19) 144632) a3’
Median Apgar at ! 3.9 9(8,9) 59°
minute
Results Median Apgar at 5 99, 10) 909,100 23
minute
During the study period, 393 patients presented for ~ Apgar atlmun <7 7 7 o
8 y pa P Apgar at 5 min <7 0 ! 320

induction of labor, of whom 308 were eligible. Seven-
teen patients refused enrollment because they did not
want to be involved in a research protocol and the
remaining 85 were not invited to participate because
alternate methods of induction, including amniotomy,
oxytocin, or dinoprostone, were preferred by their
attending physicians.

Of 206 women, there were 104 in the oral group and
102 in the vaginal group. No participant or neonate was
lost to follow-up. The mean time ( =standard deviation)
to vaginal birth with oral misoprostol was 1072 (=593)
minutes compared with 846 (=385) minutes with the
vaginal protocol, a statistically significant difference
(P = .004). (The median time to vaginal birth in the oral
misoprostol group was 1125 minutes compared with
962 minutes in the vaginal misoprostol group [P = .38,
Mann-Whitney U test|.) Maternal preinduction and
neonatal demographic data are given in Table 1. Peri-
partum data are given in Table 2, with relative risk (RR)
and 95% CI. There were no significant differences in

* Fisher exact test.

" Student ¢ test: mean (standard deviation).

* Mann-Whithey U test: median (first and third quartile).
S test.

oxytocin, epidural, or other analgesia use. Data for
mean vaginal birth intervals are given in Table 3.

There was no significant difference in birth route
between the two groups (x3° = 2.53, P = .47). With oral
misoprostol there were 58 spontaneous vaginal deliv-
eries, 21 vacuum deliveries, nine forceps-assisted deliv-
eries, and 16 cesarean births. With vaginal misoprostol
there were 56 spontaneous vaginal deliveries, 15 vac-
uum deliveries, eight forceps-assisted deliveries, and 23
cesarean births. Nonreassuring FHR tracing was the
indication for two cesareans in the oral misoprostol
group and six cesareans in the vaginal misoprostol
group (RR 2.47, 95% C1 0.49, 12.49).

Fetal heart rate and uterine activity tracing data were

Table 4. Classification of Excessive Uterine Activity
9 1 2 3 4
fassified classified classified classified clasaified
Tracing classificaitun praph as sraph as graph as graph as graph as o
Hypertanic >90 sec
Oral misuprostol 1 3 15 6 54 68
Vaginal musoprastol u 12 1 3 49
Hypertonic >120 sec
Oral misoprostol 7 o 23 20 3 57
Vagnal misusprostol 8 21 8 n
Tachysystole >10 min
Oral misoprostol pa] " 18 B pal P4
Vaginal rusoprostot 16 15 18 A 3
Tachysystole >20 min
Oral misoprostol 52 21 16 10 5 .01
Vaginal misoprostol 4l 17 7 n P
Hyperstimulation
Oral qusuprostol 84 4 H 1 0 04
Vaginal misoprostol n 17 6 4
* Mann-Whitney U test.
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analyzed using nonparametric statistics based on num-
ber of masked physician reviewers making that classi-
fication of a given tracing (Table 4). Although there was
more frequent 20-minute tachysystole (P < .01) and
hyperstimulation (P < .04) in the vaginal misoprostol
group, these results were not statistically significant by
our preset level for secondary analyses, but the trend
warrants attention. Neonatal outcomes in both groups
were similar (Table 5). Umbilical cord arterial and
venous blood acid-base analysis was performed on 89
of the 104 participants in the oral misoprostol group
(86% of neonates) and 92 of the 102 participants in the
vaginal misoprostol group (90% of neonates). Two
neonates from the vaginal misoprostol group had cord
pH less than 7.00; however, no necnate met the ACOG
criteria for birth asphyxia.'*

A postpartum questionnaire was completed by 90
women in the oral group and 83 in the vaginal group (84%
response rate). Analysis of the responses to the 49 ques-
tions failed to detect any statistically significant difference
in patient satisfaction or overall score. All participants in
the study reported positive labor and delivery experi-
ences. None of the participants self-reported adverse gas-
trointestinal effects on the questionnaire. There was no
diarrhea noted in either group, and no difference in
occurrence of vamiting (18 in the oral and 19 in the vaginal
group, P = 81). When given orally, a median of two and
a maximum of nine doses were used. Only seven subjects
took more than five oral doses. When misoprostol was
placed vaginally, a median of two and a maximum of five
doses were used. Baseline data from nonvolunteers did
not differ significantly from volunteers.

Discussion
Obstetricians routinely use various mechanical methods
and pharmacologic agents to induce labor; however, no
single approach has been universally successful. Oxytocin
is an effective induction agent but it is not optimal for
patients with an unripe cervix.'*!* Administration re-
quires intravenous infusion with continuous monitoring
of FHR and uterine contractions. When compared to
oxytodn, prostaglandins (dinoprostone) are effective ces-
vical ripening agents, achieving a shorter induction-
delivery interval and a lower rate of operative interven-
tion.™ Oral administration of prostaglandins cssentially
has been abandoned because of undesirable gastrointesti-
nal effects, which have limited their use to vaginal and
intracervical routes.!® Termination of prostaglandin-
related excessive uterine activity remains problematic.™
An oral induction agent that is safe, effective, inex-
pensive, and well-tolerated by patients would be attrac-
tive to patients and health care providers. Anticipated
benefits include avoidance of intravenous lines in some
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parturients, less frequent need for vaginal examination,
and greater freedom for upright positioning. Ambula-
tion might even facilitate labor progress.” Induction
agents should mimic spontaneous labor while avoiding
excessive uterine activity. When contractions of abnor-
mally high intensity or frequency occur, insufficient
recovery resulting in FHR abnormalities could necessi-
tate operative delivery or lead to fetal asphyxia.'!

Several rundomized trials?>*® comparing vaginal mi-
soprostol to standard therapy found misoprostol to be
safe and cffective for induction of labor. Sanche2-Ramos
and colleagues' studied the safety and efficacy of
vaginal misoprostol for cervical ripening and labor
induction in a meta-analysis of published trials to 1997.
Of 16 trials identified, eight met their criteria for inclu-
sion and included a total of 966 patients, 488 of whom
received vaginal misoprostol for labor induction. Con-
trols received oxytocin or vaginal dinoprostone. Those
who received vaginal misoprostol had a higher inci-
dence of vaginal delivery within 24 hours of application
OR 264, 95% CI 1.87, 3.71) and a lower cesarean rate
(OR 0.67, 95% CI 0.48, 0.93). Use of vaginal misoprostol
was associated with a higher incidence of tachysystole
(OR 2.70, 95% CI 1.80, 1.04) but not of hyperstimulation
(OR 191, 95% CI 0.98, 3.73).

Only a few randomized trials assessing oral miso-
prostol for induction of labor at term have been pub-
lished.™'® Toppozada et al'? compared vaginal and oral
misoprostol for induction of labor in a small random-
ized trial. Twenty patients assigned to receive 100 ug of
vaginal misoprostol were compared to 20 assigned to
oral misoprostol. When no response was noted 3 hours
after the first 100-ug dose, 200 ug was administered
every 3 hours until a maximum dose of 1000 ug was
reached. Doubling the dose administered vaginally
only occurred once. One subject in the vaginal group
and three in the oral group had cesarean deliveries
because of failed induction. The authors concluded that
vaginal misoprostol resulted in a shorter time to deliv-
ery (P < .005), but more abnormal FHR patterns and
uterine hyperstimulation occurred (P < .05).

Zieman et al® compared pharmacokinetics of miso-
prostol (400 ug) administered by vaginal and oral
routes to ten nonpregnant and ten pregnant first-
trimester volunteers and concluded that significant dif-
ferences exist. Systemic bioavailability of vaginally ad-
ministered misoprostol is three times that of
misoprostol administered orally. The greater bioavail-
ability of vaginal misoprostol might explain why we
observed a shorter time to vaginal birth in the vaginal
group. The greater frequency of abnormal FHR patterns
observed in this group might be the result of excessive
uterine activity because of this greater bioavailability.

Although there is no direct one-to-one relationship
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between continuous electronic fetal monitoring and fetal
well being, nonreassuring FHR changes associated with
excessive uterine activity warrant intervention, either to
reduce uterine activity or to deliver the fetus. Because of
confusion from varied definitions of excessive uterine
activity, Curtis et al'! recommended a standard terminol-
ogy. Although it allows for classification of labor graphs,
the terminology is arbitrary, particularly with respect to

Despite concerns of possible uterine hyperstimulation,
substantive adverse newbom outcomes such as neonatal
acidosis, meconium aspiration, and birth asphyxia have
been rare and have not differed between misoprostol and
control gropps.''*'%" In our study, two neonates in the
vaginal misoprostol group had cord blood pH less than
7.00, but no neonatal asphyxia occurred. Among the 39
cesarean births, six of eight done for FHR abnormalities
were in the vaginal group. Although these differences are
not statistically significant, the question is clinically rele-
vant, making it worthwhile to design a clinical trial to
answer this question. The frequency of excessive uterine
activity associated with route of administration is a sec-
ondary outcome in the present study and did not form a
basis for calculation of sample size.

Misoprostol is effective in inducing labor whether it is
given orally or vaginally. Thete is a shorter interval to
vaginal birth with vaginal application; however, the
more frequent FHR graph abnormalities in this group
might be attributable to excessive uterine activity. Oral
administration is an appropriate altemative for labor
induction with misoprostol, considering fetal safety and
the ongoing study of optimal vaginal dosing interval.

References

1. Garnis RE, Kish d CF. Misop L Ap glandin E, ana-
logue. Clin Pharm 1989.8:627-44.

2 Sanchez-Ramos L. Kaunitz AM, Del Valle GO, Delke 1. Schroeder
PA, Briones DK. Labor induction with the prostaglandin E, methy!
analogue misoprostol versus oxytocin: A randomized trial. Obstet
Gynecol 1993;81:332-6.

3. Fletcher HM. Mitchell 5. Siowon D. Frederick ], Brown D. Intra-
vaginal misoprostol as a cervical riperung agent. Br j Obatet
Gynaecol 1993;100:641-4.

L8 thdwr H. Mitchell 5, Frederick J, Simeon O, Brown D. Intravag-
inal P 1 versus dinop as cervical ripening and

laborinducing agents. Obstet Gynecol 1994:83:244~7.

. Wing DA. Jones MM. Rahafl A, Goodwin T™, Paul RH. A
panson of misoprostol and prostaglandin E, gel for preind
tion cervical ripening and labar induction. Am ] Obstet Cynecol

1995:172:1804 -10.

6. Wing DA, Rahall A, Jones MM, Goodwin TM, Paul RH. Misopros-
tol: An effective agent for oervical ripening and labor induction.
Am | Obstet Gynecol 1995;172:1811-6.

7. Varaklis K. Gumina R, Stubbleficld PC. Randomized
trial of vaginal 1 and § vical p landi
for induction of hbur at term. Qbstet Gvneml 1995.36_:01-4

w

486 Benmett et al  Misoprostol for Labor Induction

8. Mundle WR, Yeung DC. Vaginal misoprostol for induction of labor:

9.

A randomized controlled tial. Obstet Gyneco! 1996.88.521-5.
Windrim R, Bennett K, Mundle W, YmngC.Onladuunumuon
of misop | for labar induction: A < lled trial
Obstut Gynecol 1997,89:392-7.

. Ngai SW, Ta WK, Lao T, Ho PK Cervical pnming with oral

misoprastol in pre-labor rupture of membranes at term. Obstet
Gynecol 1996.87:923-6.

. Curtis P, Evans S, Resnuck J. Uterine hyp lation: The need

for dard tor gy. | R d Med 1987:32:91-5.

14

12 Sanchez-Ramus L. Kaunitz A. Wesrs R, Delke L Gaudier F.

.

. Keirse MINC. l’mlugund.uu in preinduction cervical

Misoprostol for cervical ripening and labor induction: A meta-
analysis. Obstet Gynecol 1997,89:633-41.

. Toppazada MK, Anwar MY, Hassan HA, El-Gazaerly WS. Oral or

vaginal misoprostol for induction of labor. [nt | Gynaecol Obstet
1997.56:135-9.

3 Amm&ﬂqeol@swmmmmcmmbﬁddnm

and buth asphyxia. ACOG pinion no. 137. Washi
DC: American College of Obstetriciany and Gy logises, 1994

. Bishop EH. Pelvis scoring for elective induction. Obstet Gynecol

1964.24:266-8.

. Hodnett ED Stmnwm-‘l’rope: DA. The labour agentry scale:

Pyych ic properties of an | R ! dur-
ing childbirth. Res Nurs Health 19!7 10:301-10

. Saunders BD, Trapp RG. P: and

In: Dolan J, Langan C. vds. Basic and Clinical Bmmucs. 2nd ed.
Norwalk, Connecticut: Appleton & Lange, 1994:99-124.

. Keirse MINC, Chalmers L Methods of inducing labour. In: Chatm-

ers I, Enkin M. Keirse MJNC, eds. Effective care in pregnancy and
childirth. Oxford, United Kingdom: Oxford University Press,
1989:1057-79.

. Keirse MJNC, van Oppen ACC. Preparing the cervix for induction

of labour. In: Chalmers [ Enkin M, Keirse MINC. «ds. Effective
care in pregnancy and childbirth. Oxford, United Kingdom: Ox-
ford University Press, 1989:988 -1056.

Meta-analysis of de clinical expenence. ) Rrprord Mcd
1993.38 Suppl:89-98.

Egarter CH. Humelein PW, Rayburn WF. Utenine hypersiimula-
tion after low dose p landin E; therapy: Tocolytic

in 18] cases. AmlObsmCyntcol 1990;163:794 -6.

2. Spiby H. Upright versus recumbent pusition during the first stage

of laboe. In: Enkin MW, Keirse M|, Renfrew MJ, Neilson [P, eds.
Pregnancy and childbirth module. Oxford, United Kingdom:
Cochrane Database uf Systematic Reviews: review no. 03334, 1994,

. Zieman M, Fong SK. Benowitz NL, Banskter D, Damey PD.

Absarption kinetics of misuprostol with cral or vaginal admims-
tranon. Obstet Gynecul 1997.90:88-92,

Address reprint requests to:

Kelly A. Bennett, MD

Department of Obstetrics and Gynecolvgy
Yale University School of Medicine

333 Cedar St., PO Box 208063

New Haven, CT 06520-8063

Recerved March 10, 1998.
Received in revised form May 4. 1998.
Accepted May 22, 1998.

Cupyright © 1998 by The American College of Obstetricians and
Gyrnwcologists. Published by Elsevier Science Inc.

Obstetrics & Gynecology

100



APPENDIX B: HUMAN INVESTIGATION COMMITTEE APPLICATION FORM

HUMAN INVESTIGATION COMMITTEE - APPLICATION FORM

This form is designed to cover as large a variety of proposals as possible: not all questions
however, please consider each question carefully before writing it off as "Not Applicable”

Plesss type your snswars. If the space provided is not adequate and it is necessary to ad
submit this in gingle spacad typing. indicating clearly to which question the addition

1. Name of Principal Investigasor: _____________ Kelly 4 Beanett
Mailing Address/Telephone No.: 73 Logy Bay Road, St. John's, NF (7390320)
2. Name(s) of Co-lnvestigator(s): Dr. David Young

3. Name of supervisor, if Principal Investigator is a studem: DrDavidYoung

4. Title of investigation: (PLEASE HI-LIGHT KEY WORDS)

s. Whainheproposedsmtin;dae? (Must be at least 4 weeks later than date of receipt of this
application by the H.I.C. Office.)

.

Jenuary 1996

6. What is the anticipated date of completion of the study? January 1997
7. Please fill in the sppropriate information:

Hespital/Community | Involves Involves | Invelves Submitted to Participating
Setting Involved Patients/ | Records | Facilities | Flospital Ethics Committees
Residents
Grace General Hosp. Yes Yes Yes Yes
Labour & Delivery
Unit
P

This application may be forwarded (o participating institutions if requested.
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Page 2

Stats, briefly, the objectives of the investigation:

The primary objective of this study is to compare the efficacy of misoprostol (@ prostaglandin) adminstered
orally to misoprostol administered vaginally in patienss requiring cervical ripening for the induction of labor.
The purpose is to determine if route of administration impacts upon the time of induction to delivery. It is
our contention that an oral medication would be desirable to women as it could decrease the mmber of
vaginal examinations they might require through the induction process.

9.

" What is the sciontific background and rationale for the study? What benefits may be anticipated? Have any

relevant human or animal studies already been conducted? Please specify. (Attach another sheet of paper, if
required.)

Prostaglandins are known to be effective induction agents. Several studies have shown vaginal misoprostol
to be sqfe and effective in cervical ripening and labour induction in patienss with intact membranes, including
our center’'s RCT. Misoprostol is about one percent as costly as other agents.

A recemt RCT completed at the Grace General Hospital has shown oral misoprostol to be an effective
induction agens. No randomized trials have compared oral administration 1o vaginal administration. This
snudy antempis to clarify whether vaginal or oral administration is the preferred rowte of delivery.

10.  Which of the following are to be employed in the investigation? List only those that are NOT part of normal

patient care.
(a) Samples 10 be taken from subjects: State type of sample, frequency and amount.
No

() List the procedures and any tests or substances to be administered to patients: special diets, drugs (state dose
and frequency), isotopic tracers, etc.

Growp 1. Misoprostol 25 ug PO every two hours unsil labour established, spontaneous rupture of
membranes or delivery.

Group II. Misoprostol 25 ug PV every two hours until labour established, SROM or delivery.
(c) Questionnaires: Attach copy of questionnaire to be used.
Antached.

(d) Is this application for a clinical trial? (X)Yes ( )No
If yes, what “phase” of the trial does this sudy represent? What is the design of the trial (e.g. open, double
blind, etc.)?

Open.
Phase 3.
Randomized control trial

it.

Does the study involve the use of any radioactive material? ( )Yes (X)No
If yes, specify.

A positive response to this questien will be communicated to the Radiation Control Committee.
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Page 3

12.

Give a brief description of the design of the study. (Please also attach pne copy of a protocol if available.) This
should include details of subject selection, sample size calculation (if applicable), outcome measurement and
details of analysis.

The investigators intend to conduct a randomized controlled trial comparing oral and vaginal misoprostol as
induction agents. In order to account for the effect of parisy on induction of labour randomization will be
stratified. Two groups will be established, nulliparous patienss and multiparous patients. Randomization to grgl
and vaginal misoprostol would be done by using sequensially numbered opagque envelopes with study allocation.
These would be prepared by administrative siqff not involved in patient care using random number tables with
randomization in blocks of four. Group assignment would be concealed from care givers until the time of
induction. All study patients will be admitted to hospital and induction will be carried out on an inpatient basis
with continuous fetal monitoring for one howr gfter administration of the prostaglandin and during established
labour.
See attached for continustien.

13.

Number of subjects:  Will pregnant women be excluded?  State how subjects will be selected.

780 subjects will be recruited from general practicioners and obstesrical practices in St. John's. Patients will
be eligible if they presens with an indication for induction of labor, a single fetus, cephalic presentation and intact
membranes. There must be no comirainducrion to vaginal birth.

14,

Number of controls: State how they will be selected.

Exclusion criteria will be: nonreassuring fetal heart iracing, prior werine surgery, documented hypersensitivity
to misoprostol or other prostaglandins or contraindicarion to vaginal birth.

LS.

What (a) risks, (b) discomforts of (c) inconveniences are invoived?

(1) Possible gastrointestinal side effects associated with prostaglandin include: nausea, vomiting, diarrhea. (2)
A rare complication of prostaglandin use is uterine Kyperstimulasion. A Medical Protocol for addressing this
situation is established.

16.

Arse there any immediate benefits arising out of the study for the subjects? (Specify)

Fewer peivic examinations mighs ultimately need 1o be preformed. Data from a study done at our insisution
revealed g statistical and clinically significant reduction of over three hours (p=0.018) in time from induction
to vaginal birth with vaginal misoprostol administered SO ug every four hours PV.

7.

What steps will be taken to preserve confidentiality?

The investigators listed will be the only people to Randle charts and health records. No patient identifying
information will be released for publication or presentation.

Explainpmcdureforobuinin;m.
Who will make the initial contact with the subject?____ Artending Physicign

Who will obtain the consent of the subject?
(if funding support obtained)
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19, Will subjects include minors ( ) Yes (X)No
emancipated minors only

mentally incompetent persons ( )Y (X)No

legally incompetent persoas ( )Yes (X)No

If 30, what steps will be taken to protect their rights?

20. What mechanism will there be for debriefing ot feedback to subjects? A questiomnaire will be given 10 all
participants in order to obiain feedback. A personel interview of all participants will be conducted by the
principle investigator following delivery.
21. (a) Will volunteers receive reimbursement for expenses ( )Yes (X)No
time lost from work ( )Yes (X)No
payment for participation in the study? ( )Yes (X)No
*S Please specify on separate sheet according to Guidelines for the Remuneration of Research Subjects.
(b) Will there be any third party remuneration for referral of patients? ( )Yes (X)No
*s Please specify on separate sheet according to Guidelines for Payment of Finders' Fees.

¢¢ AVAILABLE IN THE OFFICE OF RESEARCH & GRADUATE STUDIES (MEDICINE)

22.  Please enclose & copy of the budget for this study, including an indication of source of funding.

Will the budget be administered through the University Finance Office? ( )Yes (X)No
If no, specify. If research funding obtained it would be administer through the University.
Will the investigator accrue any benefits by virtus of pasticipation in this study? ( )Yes (X)No

23. s this part of a multi-centre study? ( )Yes (X)No

24. Will data become the exclusive property of a pharmaceutical company or other cutside
agency? If yes, please elaborate. ( )Yes (X)No

25. ltiuherupomibmtyofme investigator to ensure that permission is obtained from clinicians, departments,
institutions or communities whose patients/residents will be involved in the study. Have the appropriate contacts
boea made?

Yes
—— O S ™~~~y ™

26. Have you read "Guidelines on Research Involving Human Subjects® (MRC. 1987) (X)Yes ( ) No

Date of submission: November 15, 1995

Signature of principal investigator: muan_mlt :

SWMW,EWOfMWi@b@%
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Memorial 300 (
University of Newfoundland 3»«* o 4 /Q?.[

Office of R b and Graduate Studies IMedicine}
Faculty of Medicine
The Health Sciences Centre

199703 13 KEYED

Beference #95,150

Dr. Kelly Bennett

Department of Obstetrics/Gynecology
Grace General Hospital

Dear Dr. Bennett:

Thank you for taking the time to complete the annual update form for the research study
entitled “Vaginal Misoprostal Versus Oral Misoprostal for Induction of Labor: A
Randomized Controlled Trial™.

At a meeting held on February 27, 1997, the Human Investigation Committee granted
approval of this study until February 1998 at which time you will be contacted for a
further update.

Sincerely

HBY\jglo
cc:  Dr. KM.W. Keough, Vice-President (Research)

St. John's. NF. Canada A1B 3V6 @ Tel: (709) 737-6762 © Fax: (709) 737-5033 ¢ email: rgs @ morgan.ucs. mun.ca
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APPENDIX C: DATA COLLECTION FORMS

Chart #

Age

Gravida, Para

Gestation (days)

Bishop - Position

- Consistence

- Effacement

- Dilation

- Station

# Doses of Narcotic

Epidural

PG # of Doses

Mg. Miso - Vag.

Mg. Miso. Oral

Oxytocin # minutes

Indication for Induction

Type of Delivery:

SVD Vacuum Forceps LSCS

Indication for OR:

NRT FTP None

Episiotomy:

Nil  Lat Midline

Lacerations

Manual Removal of Placenta

Blood Loss:

Scalp pH

Side Effects:
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R.O.M. (Time)

Meconium:

Yes

No

1st Stage (mins.)

2nd Stage (mins.)

Induction to delivery (mins.)

Il

Induction to fully (mins.)

Stage Il

Apgar 1

Apgar S

Cord Ph

Cord B.E.

Gender

Weight

# Pelvic Exams
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INITIAL BISHOP SCORE - PLEASE CIRCLE

Parameters 0

1 2

Cervical Position Posterior

Cervical Consistency Firm
Cervical Effacement (%) 0-30
Cervical Dilatation (cm) 0
Station of Fetal Head -3

Mid Anterior

Medium Soft

40-50 60-70
1-2 3-4
-2 -1/0

>80
>$

+1

Total Score =
Time and date:
Assessment by:

Prostaglandin

Dosage Ti:ne

Date

e N 0 0 0N =

Oxytocin:
Time Started:
Biship Score:
Dose:

Gravidity:

Parity:
Gestational Age:
Time of Delivery:

108



APPENDIX D: POSTPARTUM MISOPROSTOL QUESTIONNAIRE

. (

Applicant’'s Name: Kelly Angels Bennett

POST-PARTUM MISOPROSTOL STUDY SATISFACTION SURVEY

Please rate the following statements on the basis of strongly agree = 10 and strongly

disagree =1,
I, | was very satisfied with the care we received
curing labor and delivery.

~

2. Sufficient attention was paid to the safety of
mother and baby during labor and delivery.

3. The suaff gave us all the care and attention they
sould during labor and delivery.

<. Some unnecessary interventions were carried out
on mother or baby during labor and delivery.

5. Our wishes were always respected during labor
and delivery.

6. | feel happy about this labor and delivery experience.

7. 1 felt in control of what happened during labor
and delivery.

8. 1 felt some mistakes were made in the care received
tom the suaff during labor and delivery

9. If the staff had been more capable during labor and

delivery 1 would have been happier with the care received.

10. I would be feeling better now if the staff had been
more considerste during labor and delivery.

1. The nurse gave us all the care and attention | wanted
during !abor and delivery.

12. The doctor gave all the attention needed during labor
and delivery.

13. | would have liked the saaff 10 have responded to me
differently during labor and delivery.

14. Sufficient anention was paid to comfort during labor
and delivery.

15. 1 would have liked the management of labor and
celivery (o have been done differently.

"

"

(B ]

(5]

10

10

10

10
10

10

10
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. (
Applicant's Name: Kelly Angela Bennett

16. There was too much equipment used during labor and

deiivery. 12345678910
[7. The statt were sometimes rude 10 me during labor
and delivery. 12325678910

18. There were 100 many statf or students involved in
the labor and delivery. |

19
[
-
w
(=]
-~
a0
O
)

19. Swaif treated me as it this was just one more delivery. 12335678910
20. The s1att helped me to feel like this was a verv

special event. 12345678910
21. The appropriate amount of equipment was used to

maonitor the labor and delivery. 12345678910
22. There were occasions when no one explained to me

what was going on. 12335678910
23. There were unnecessary restriction on mothers

walking around during labor. 12345678910
23. The mast comfortable position was used for the

actual delivery. 12345678910
25. The things done to the baby immediately afier binh

were all necessary. 12345678910
26. I held the baby as soon as | wanted. 12345678910
27. They tried to deliver the placenta too quickly. 12335678910
28. 1 was given all the information needed about

progress in labor. 12345678910
29. The nurse was with me as much as I wanted. 12345678910
30. | saw the doctor as often as | wanied. 12345678910
31. | was satisfied with the way pain was relieved

during labor. 12345678910
32. 1 was dissatistied with the way pain was relieved

during delivery. 1233435678910
33. There were 100 many vaginal examinations. 12345678910
33, Our binth plans were ignored. 1233435678910
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Applicant's Name: Kelly Angela Benmett

28, Recovery rime in labor and delivery was too rushed.

36. The nurse made the labor and delivery a berter
experience.

37. 1 wish all doctors were as good as ours.

38. The doctor made the labor and delivery a better
experience.

39. 1 did not experience diarrhea during my induction.
labor and delivery.

40. I did not experience stomack cramps during my
induction. labor and delivery.

ADDITIONAL COMMENTS:

9

19

"~

()

89

89

89

89

89

10

10
10
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APPENDIX E: CONSENT FORM

¥ N/
FACULTY OF MEDICINE
MEMORIAL UNIVERSITY OF NEWFOUND!
ST. JOHN'S, NEWFOUNDLAND A1B3V6

Double Blind Placebo Controlled Randomised Trial Comparing
Versus Vaginal Misoprostol For Labour Enduction.

Investigators: Dr. K. Bennett and Dr. D. Young

You are being asked to participate in a research study. Participation in the study is entirely
voluntary. You may decide not to participate or may withdraw from the study at any time without
affecting your normal treatment.

Confidentiality of information concerning participants will be maintained by the investigators.
The investigators will be available during the study at all times should you have any problems or
questions about the study.

Description and Background Information:

You understand you have been scheduled for induction of labour. You are aware that
prostaglandins, although primarily used as cervical ripening agents, also stimulate labour. These
medications can be administered either by mouth or vaginally.

Misoprostol is a prostaglandin used for the treatment of stomach ulcers. Recent research has
shown that misoprostol placed vaginally effectively induces labour. Our own research has
demonstrated that misoprostol by mouth is no less effective or safe than usual labour induction.
This trial will attempt to decide if misoprostol by mouth can be used as effectively as vaginal
misoprostol.

Study Design:

If you choose o enter this study you will be randomized (chosen as if by flipping a coin) into one
of two groups. All patients will receive a pill by mouth and a vaginal preparation. One of these
preparations will contain misoprostol, the other preparation will not contain any medications.
Every patient will receive an active medication either by mouth or vaginally. Neither patients nor
investigators will know group assignment. There will be no additional examinations or blood
tests. Afier delivery your chart will be reviewed by the research team for information regarding
your delivery and baby. You understand that you will remain under the care of your physician
who will manage your labour/delivery as deemed necessary. Your participation is voluntary.
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You may choose to withdraw from study at any time. Prior to discharge we will be asking you
to complete a brief questionnaire on the satisfaction of care during your stay in hospital and
throughout the labour and delivery.

Alternstive Trestments:

The alternative should you choose not to enter the study, would be induction via prostagiandin
containing cream given per vagina.

Voluntary Participation:

You have discussed the information provided with your physician and he/she has answered any
questions about your care.

Counfidentiality/Access to Medical Records:

You understand that records concerning your labour, delivery and hospital stay will be reviewed
and you give your permission for this. No records bearing your name will be provided to anyone
other than the research team in this study. You will not be identified in publications in any
manner.

Liability Statement:

Your signature on this form indicates that you have understood to your satisfaction the
information regarding your participation in the research project and agree to participate as a
subject. In no way does this waive your legal rights nor release the investigators, sponsors, or
involved institutions from their legal and professional responsibilities.

(Signature of Participant) (Date)
(Signature of Witness) (Date)
(Signature of Investigator) (Date)
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Memorial ot ap'gf

University of Newfoundland .

Dr. Keily Bennett

c/o Dr. David Young
Obstetrics & Gynecology
Grace General Hospital
Dear Dr. Bemnett:

This will acknowledge rectipt of your revised consent form for the research study entitled
“Doubie-Blind, Plactbe-Contrelied, Randomized Trial Compariag Oral Versus Vaginal
Miseprestel Fer Labeur Induction”.

I have reviewed the revised consent form and find it to be satisfactory. We will keep a copy in the
HIC Office.

Yours sincerely,

cc:  Dr. KM.W. Keough, Vice-President (Research)
Dr. Maureen Dunn, Chairperson, Ethics Committee, Grace Hospital
Ms. Denise Dunn, /o Medical Director’s Office, Grace Hospital
Dr. E. Parsons, Medical Director, H.S.C.

Su. John's, Newfoundland. Canada ALB 3V6 o Tal.: (709) 7376974 o Fax: (709 737-5033
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APPENDIX F: MEDICAL RESEARCH COUNCIL GRANT APPLICATION
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Labor induction is a frequent obstetric intervention (=20%). Prostaglandins (PGs) are
effective agents, but gastrointestional (Gl) intolerance has limited use 10 non-oral routes. The
traditional oxytocin “drip” requires intravenous (1V) use and discourages mobility. Misoprostol, a
modified PG, is marketed for oral treatment of Gl disorders, but initiates uterine contractions, an
undesirable GI side effect. Recently, there has been a research "boom” on misoprostol in pregnancy
to effectively and safely empty the utesus, by using this “side effect”. Almost all this research has
been per vagina. We are one of two or three groups worldwide who have published on oral
misoprostol to induce term labor to study effectiveness, Gl tolerance, and safety for mother/ baby.
Cost per patient has been less than one hundredth that of other PGs, even less than IV oxytocin.

This project will advance our research for term lsbor induction with two randomized
controlled trials (RCTs): one comparing oral to vaginal misoprostol with lmmcmc membranes intact,
the other oral misoprostol to IV axytocin with prelabor ruptured membranes. We will assess time
to vaginal birth, mother/baby weil-being, mother’s satisfaction, and any Gl effects. With  further
research we hope to find misoprostol 8 safe cost effective oral induction agent.
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Recruiting research assistant.

C. Detalls of finsacial assistance required

Budget Justification

PERSONNEL Reiearch Assistant
Position: Resesrch Assistant
Credentials: Bachelor of Nursing, Level II pay scale (source: Collective
Agreement NLNU, NHNHA and Treasury Board)
Department: Obstetrics & Gynecology, Faculty of Medicine, MUN

Genenal Accountahility:

This is a professional position providing research support to the office of
Qbstetrics & Gynecology. The position maintains a lisison with officials of
the Faculty of Medicine, Nursing, Pharmacy and Hospital Administration.
General supervision is provided by research applicant and Discipline Chair.
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Function as full-time project co-ordinator.

Collect and collate demographic, intrapartum and outcome data.
Input data © computer.

Inform potential participants about research project at prenatal
classes.

Participate in informed consent process.

Administer postpartum satisfaction questionnaire.

Educate nursing and medical staff such as family physicians,
housestaff, and caseroom nurses, regarding study protocol.
Conduct literature searches on related topics.

Prepare presentations ie. slides.

Salaries:

Nursing (screening & monitoring), overtime, standby, beeper,

milesge, annual leave $ 39,872.10
Benefits (25% gross salary - CPP, PSPP, UIC, WCC, etc) 9.968.00

EBharmacy Techuician

Pasition: Pharmacy Technician [

Credentials: Pharmacy Technician Certificate, Level III pay scale (source:
Collective Agreement NAPE HS, NHNHA and Treasury
Boerd).

Department: Pharmacy, School of Pharmacy, MUN & Health Care
Corporation (HCC) of St. John's

General Accountability:

This is a professional position providing resesrch support to the office of
Obstetrics & Gynecology. The position maintains a lisison with officials of
the Faculty of Pharmacy and Hospital Administration. General supervision is
provided by research spplicant, Obstetrics & Gynecology Chair, and Director
of Pharmacy, HCC.

Duties:
. Function as full-time pharmacy project manager.
° Prepare active drug and placebo as per randomization schedule.
° Maintain records of patient assignment.
. Act a3 pharmacy lisison with Grace Hospital site, HCC.
Salaries:
ime, standby, beeper, milesge, annual leave 22,600.00
Benefits (25% gross salary - CPP, PSPP, UIC, WCC, etc) $5,650.00
Total Salaries 78,090.10
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EXPENDABLE
Estimated cost of postage.
Total prior to taxes 50.00
HST (10.31%) 5.16
Total postage 55.16
Estimated cost of phene/Nax ($40/month).
$40.00/month x 12 months 480.00
HST (10.31%) 49.49
total phone/fax 529.49
SERVICES Estimated cost of phetocopying.
$0.02/copy x 4,000 copies 80.00
HST (10.31%) 8.2§
total photecopying 88.28
OTHER EXPENSES
Material and Supplies
Estimated cost of misoprostol (RCT I).
$0.77/patient x 206 patients 158.62
HST (10.31%) 16.35
total misogrostol (RCT I) 174.97
Estimated cost of placebe (RCT I).
$1.00/patient x 206 patients 206.00
HST (10.31%) 21.24
total placebo (RCT I) 227.24
Estimated cost of misoprestol (RCT ).
$0.77/patient x 54 patients 41.58
HST (10.31%) 429
total misoprostol (RCT I1) 45.87
Estimated cost of exytocin (RCT II).
$5.22/patient x 54 patients 281.88
HST (10.31%) 29.06
total oxytocin (RCT II) 310.94
Travel Estimated cost for travel for presentation of results and
esploring future related research epportunities. 2,000.00
TOTAL EXPENSES S8t 02
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Seummasry of Discussion

The committee was concemed that misoprostol was not being compared to current standard
of care, cervical prostaglandin (PG) with or without IV oxytocin, and that though labor duration was
an outcome of interest, safety should be the preeminent outcome.

As is stated in our research proposal, we agree that substantive maternal (e.g. Caesareans)
and newbom (e.g. birth asphyxia) are the preferred primary outcome measures, however, the sample
sizes needed to appropriately evaluate clinically important changes in these (see RATIONALE page
12.6) would require 3400 and 5030 subjects respectively. Such a clinical trial would need to be
multicenter and, therefore, costly. Before beginning a multicenter RCT, the most appropriate
misoprostol intervention needs to be defined. Oral misoprostol would offer a new approach that
would appeal to many patients and caregivers. The RCTs we propose here are to evaluate an oral
misoprostol protocol in labor induction against vaginal misoprostol with membranes intact (RCT I)
and intravenous oxytocin with prelabor-ruptured membranes (RCT II). We feel our publications '**
have shown vaginal misoprostol as cost-effective compared with a cervical PG/I1V oxytocin protocol
and oral misoprostol no less. If the proposed oral misoprostol RCTs support existing evidence, then
a multicenter RCT of sufficient sample size would be appropriate, with a primary outcome such as
Caesarean or birth asphyxia, and versus the current standard of care.

Reviewer #1  "Dated December 9, 1996"

Our proposal has been extensively revised (RCT [ and RCT [1), and we believe is better
organized and not repetitively presented. The demonstration of a cost-effective and safe oral
induction agent is clinically relevant. The other two reviewers support this. Peer reviewers for our
oral misoprostol publication?' , have suggested that this may lead a change in standard of care in
North America, after further evidence.

Oral misoprostol is likely to be less costly even than IV oxytocin induction, where our costs
for [V line, tubing, electrolyte solution and oxytocin average $5.22 per patient.

The Canadian manuficturer of misoprostol (Searie Canada, Oakville, Ontario) has not been
interested in support of research in labor induction or pregnancy termination. This relates to
medicolegal Eabilities inherent to research in pregnancy, and marketing ligbilities of being associated
with a potential “sbortion” drug. Even if misoprostol became the ideal pharmacological induction
agent and the first line approach, the market size and additional generated revenue would be small,
compared to the present safe and secure GI market. Unless the company adopts a “for the good of
women™ humanitarian attitude, it will never be proactive in this area of research and never seek
Health Protection Branch approval for investigation of this new indication. Our research has been
approved by our university and hospital human investigation and ethics committees, and subjects are
fully informed. With further research evidence we would seek such HPB approval, in deference to
the manufacturer. [There is & rumour that the company may begin marketing misoprostol only in
combination with a nonsteroidal anti-inflammatory agent in a single pill (ARTHROTEC), which
would eliminate use in pregnancy.]
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A two-tailed sample size calculation was used because effect may be in either direction.
Excessive uterine activity variables will be collected, as well as substantive newbomn outcomes.
Oxytocin use in our study and control groups have been specified.

In the past year we have been invited to present our research at national (SOGC) and regional
meetings in Canada (Atlantic and Ontario), and at several tertiary centers - Calgary, Halifax, Toronto
and Baltimore. Research with misoprostol in obstetrics and gynaecology in Canada is underway in
Vancouver and Toronto. | hope this would persuade this reviewer of the general interest in the
Canadian obstetrical community regarding misoprostal.

Reviewer #2 ""Review of Protocol by Young D. 9609 CT - 34568 - CT B"”

This review was quite encouraging to us, and made a number of beneficial suggestions. The
reviewer felt that oral misoprostol is “s potentially important addition™, and that “misoprostol may
become the treatnient of choice” for induction of labor. Our difficulties with obtaining funding from
the manufacturer and through MRC/PMAC were understood.

Concern regarding brevity of the research plan, clarity of inclusion criteria, and stratification
varisbles have all been sddressed. We have not specified a maximum Bishop score, however, as we
are exploring misoprostol use for the full spectrum of cervical “ripeness”.

We have clarified how side affects will be assessed, by caregivers and subjects, and referenced
our satisfaction questionnaire.

Because, following revision, the project will be completed within one year, we have not
established an extemal Safety Monitoring Committee, however, any instance of neonatal asphyxia will
be brougit to attention of the study team within 24 hours of its occurrence, for ongoing monitoring.

The reviewer has suggested addition of a trials design expert to our team. Dr. Joan Crane is
now added as a co-principal investigator. She is 8 maternal fetal medicine subspeciality graduate who
has now joined our facuity and is at present completing her M.Sc thesis in clinical epidemiology at
Dalhousie. The two collaborating senior residents, Drs. Kimberly Butt and Kelly Bennett are enrolled
in the clinical epidemiology M.Sc program at Memorial University of Newfoundland. The resources
of the Clinical Research Group in Clinical Epidemiology at MUN are available to us. The principal
investigator has an M.Sc in Design, Measurement, and Evaluation from McMaster University,
Department of Clinical Epidemiology and Biostatistics.

Reviewer #3 Oa 2 form entitled Committee Review’s Repart

We were pleased with this very positive review. Through the revision for resubmission, our
sample size has been reduced so that completion within a year as a single center study is now feasible.
We feel that following this project we will proceed with a muiticenter trial as mentioned above.

1 was deeply troubled by the final fine of this review. [t is apparent that the reviewer’s original
rating was “excellent” with & score of 4.4, but this is pencilled over to “good™ and 3.0, with no
indication as to who made this change. Presumably the committee has this authority.

9.1
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Labor induction is a frequent obstetric intervention (»20%). Prostaglandins (PGs) are
effective agents, but gastrointestinal (GI) intolerance has limited their use to intracervical and vaginal
sdministration of PGE, gels.

Misoprostol, PGE, analogue, is marketed for oral treatment of upper Gi disorders. The past
five years has seen mushrooming literature on its use to initiate uterine contractions for pregnancy
termination in the first and second trimesters, and tabor induction in the third. Vaginal administration
has been almost exclusively used, has been cost-effective (less than one hundredth PGE,) and without
harm to mother or newbomn. We have published a randomized controlled trial (RCT) on vaginal use
. An onal labor induction agent would be attractive to many patients and care providers. A single
published RCT manuscript Zhas evaluated oral misoprostol as a one dose cervical priming sgent prior
to oxytocin induction, and our RCT? (in press) with 275 subjects addressed an induction protocol
with repest oral doses compared to a traditional induction regime (physician chosen combinations of
intracervical or vaginal PGE,, intravenous (IV) oxytocin, and artificial membrane rupture). Both
RCT’s found oral misoprostol effective, well tolerated, and without harm to mather or newborn.

Before ambarking on a costly and necessarily multicenter RCT 1o evaluate more substantive
outcomes (Caesareans or neonatal asphyxia) with sample sizes greater than 3000, we seek funding
for two RCT"s, for labor induction at term. RCT 1 - a double blind comparison of oral versus vaginal
misoprostod, with intact membranes and RCT [I - oral misoprostol versus IV oxytocin with prelsbor
ruptured membranes (PROM).

. Primary Research Questions

RCTI- When compared with vaginal misoprostol (50 g every 4 hours as needed) for labor
induction at term with intact membranes, does oral administration differ by more than
4 hours in time from induction to vaginal birth?

RCTIO- When compared with our established [V oxytocin labor induction protocol for term
PROM, does oral misoprostol (dose as above) differ by more than 4 hours in time
from induction to vaginal birth?

Secondary research questions address harm to the newborn (including cord blood acid base
analysis, and ACOG birth asphyxia criteria™*' ) and mother (Caesareans, peripartum interventions),
maternal Gl intolerance, and excessive uterine activity.

Research Plan

Subjects in both RCT"s will be st gestations grester than 37 completed weeks, with a cephalic
presenting live single fetus, who have an indication for induction, and no contraindication to
induction, vaginal birth, or PG use.

Random allocation will be blocked and stratified (on Bishop score and parity). In RCT |, alt
subjects will receive a vaginal and oral application (misoprostol or placebo). In RCT II, the control
group will receive IV oxytocin, based on recent TERMPROM trial™*’. Blinding of RCT I is not
feasible for our center at present.

Sample size calculations were based on a = 240-minutes, a (2 tailed) = 0.05, p = 0.20, with
o from our publications ™. Adjustment for anticipated Caesareans (<20%) were made. Sample size
forRC‘l‘uszosdeCTl]xslos This recruitment within a year is supported by our prior
research. '
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Our previous work of most direct relevance to this application has resuited in three
publications in the past year'*!*3! | Thess papers report our two prior randomized controlled trisls
(RCTs) of vaginal'® and oral misoprostol®! versus a widely established term labor induction protocod,
and a literature review'® and meta-analysis of vaginal misoprostol RCTs. These papers are described
in the Research Proposal, pages 12 to 12.10 of this spplication, with the complete papers in the
Appendix. Data on vaginal birth interval (VBI) in the membranes intact and membranes ruptured
(PROM) strata of our oral misoprostol publication® will be presented and discussed here. Some of
this data does not appear in the paper, but will be presented at the SOGC ACM 1997.

Of the 275 subjects randomized, 56 were in the PROM stratum. VBI (cesareans excluded
from analysis) was a mean (+ standard deviation) of 734 + 468 min with oral misoprostol versus 557
+ 312 min for control subjects (IV oxytocin) (P=0.13). Nonparametric analysis using the Mann
Whitney U test (including cesareans as the same VBI, but greater than any actual VBI) gives a
medunVBloflOOmnmthommsopronolmd796nunforconmls(?-096) No newbom in
cither group had birth asphyxia® ™.

The intact membranes stratum contained 219 subjects. The control group permitted physician
chosen combinations of intracervical/vaginal prostaglandins, artificial membrane rupture, and oxytocin
n\ﬁmmmvnl(wuehdd)wuammofﬂ4tsu with oral misoprostol versus 1002
4 606 min in controls (P=0.73). Nonparametric analysis (including cesareans) gives a median VBI
of 1030 min with oral misoprostol and 994 min with controls (P=0.34). Again, no newbom in either
group had birth asphyxia. In neither stratum was a difference in VBI found. Even direction in effect
time is not spparent.

Our vaginal misoprostol RCT" for term Isbor induction inciuded only intact membrane
subjects. Eligibility criteria were essentially the same as for the intact membranes stratum of our oral
misoprostol RCT®. With the control group (as for intact membranes stratum above) mean VBI was
941 = 506 min (excluding cesareans), with a median time of 931 min (including cesareans). Very
similar data to that in the previous paragraph. Vaginal misoprostol lesd to a mean VBI of 753 + 588
min, with a median time of 681 min. Compared with the control group, these VBIs durations are less
(P=0.018 t-test, and 0.017 U-test respectively).

This rescarch proposal will describe two RCT's. RCT 1 will be a double blind comparison of
oral versus vaginal misoprostol for term induction with intact membranes. It would be logistically
more difficult, if not impossible for our center to carry out a double blind RCT of oral or vaginal
misoprostol versus traditional induction methods, without placebos provided by pharmaceutical
manufacturers (Searie Canada for misoprostol and Upjohn for dinoprostone), which is not
forthcoming st present. The above date suggests oral misoprostol results are very similar to the
control group particularly with membranes intact. A double blind trial of oral versus vaginal
misoprostol is feasible for us and would provide unbiased outcome data, particularly on the more
subjective uterine activity.

RCT N will be designed with sufficient power to come to a conclusion regasding oral
misoprostol versus [V oxytocin (no better method yet shown™"™). Blinding of this RCT is not feasible
for us.
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Title

Induction of Labour with Oral Misoprostol.
Introduction of Labor with Prostaglandias (PGs)

Induction of labor near term is frequently necessary, (more than 20% of labors in many
Canadian tertiary centers) for & variety of obstetric and medical indications. PGs, particularly
dinoprostone (PGE, ), have been proven effective cervical ripening and labor induction agents.™?
Since 1971 there has been evidence from randomized controlled trials (RCTs) that oral PG
administration is an effective method of labor induction.! Unfortunately, oral PGs, including
dinoprostone tablets, lead to unacceptable gastrointestinal (GI) side effects, with up to 3 10%
incidence of vomiting and diasrhea’. With the development of commercial gel PG prepanations
designed for vaginal or intracervical application, without such side effects.the oral PG approach for
labor induction has been virtually abandoned.

Miseprostol

Misoprostol (Cymtec; Sessie Canada, Oakville, Ontario, Cmsda)isminexpemiwsymlmic
PGE, analogue marketed in North America in an oral tablet form, which is stable at room
temperature. Two formulations, 100 ug and 200 ug, are available on physician prescription for
prevention and trestment of nonsteroidal anti-inflammatory drug induced gastric ulcers and treatment
of duodenal ulcers.® The frequency of Gl side effects is low with oral sdministration of up to 1600
ug per day. Use in pregnancy is stated to be contraindicated because of its uterctonic effects and the
risk of miscarriage. There has been no evidence of fetotoxic, teratogenic, or carcinogenic effects in
animal studies.’ Misoprostol costs less than one hundredth the price per dose of commercial PGs
currently used in labor induction.

A role for vaginal misoprostol has been established in second trimester termination of
pregrancy, using its uterotonic effects *! in divided doses of 400 to 2200 ug per day. An RCT has
compared misoprostol favorably to dinoprostone’. Our group first studied misoprostol in second
trimester termination of pregnancy complicated by lethal fetal anomalies, and found vaginal use a
cost-effective to intraamniotic hypertonic saline.’ Misoprostol is also effective in first trimester
WWNMMWmotmbﬂmm&dmmmnW
or methotrexate’.

Vagiaal Miseprostel fer Labor induction

Several RCTs have now shown vaginal placement of misoprostol tablets to be an effective
method of inducing labor, without an increase in adverse maternal or neonatal cutcomes.*" In 1993,
Sanchez-Ramos et af*, reported an RCT of vaginal misoprostol versus intravenous oxytocin infusion
with decreased time to vaginal delivery. Subsequent trials have compared a variety of control groups



Young, David $81,522

including intracervical and vaginal dinoprostone®'. In an RCT involving 222 subjects at term with
membranes intact, our group'* found decreased time to vaginal delivery (by approximately three
hours), less frequent oxytocin sugmentation, & strong trend for less use of epidural analgesia, and no
difference in Caesarean births with misoprostol. Median PG cost per patient with misoprostol was
one hundredth that in the control subjects, who received our established induction protocoi
(physician-chosen combinstions of intracervical or vaginal dinoprostone every six hours, artificial
rupture of membranes (AROM), and oxytocin infusion).

Our group reported a meta-analysis of the published RCTs (S papers™'?, 3 abstracts'*'* and
one letter'”) of vaginal misoprostol versus contemporary control groups (most including vaginal
and/or cervical commercial prostagiandins). Over 600 subjects receiving vaginal misoprostol had
been observed prospectively in such research.'® Misoprostol has been effective. There was more
frequent vaginal birth within 12 hours (Relative risk (RR) 1.60, 95% confidence interval (CI) 1.28
t0 2.06) and within 24 hours (RR 1.36, CI 1.23 to 1.53). Oxytocin use was less (RR 0.53, C10.47
to 0.61). No significant change in Caesareans, low five minute Apgar scores, or rate of neonatal
acidosis was found. !

Oral Misoprostol for Laber Induction

An orally administered labor induction agent would likely be attractive to both patients and
health care providers. Avoidance of intravenous lines in some parturients, and less frequent need for
vaginal examination might be anticipated, and considered more client friendly. Greater freedom for
upright positioning and ambulation might even facilitate labor progress.

Because misoprostol is known® to be well tolerated orally when used for its primary
indication, the management of upper gastrointestinal dysfunction, we studied the effectiveness, safety
and side cffects of misoprostol as an oral agent for induction of labor. Although no information exists
on oral misoprostol phermacokinetics in third trimester pregnancy, first tnmester uterine contraction
data™ following oral administration suggest respanses similar to that in nonpregnant use. After oral
sdministration in males, the pesk concentration and half time of misoprostol acid, the active
metabolite, are 12 and 21 minutes respectively™.

We have in press™ an RCT of oral misoprostol (50 ug every four hours if needed) versus our
standard approach to term labor induction (physician chosen combinations of intracervical, or vaginal
dinoprostone, dikste intravenous oxytocin infusion, and AROM)." The 275 women were randomized
into strata based on membrane status. Prelabor rupture of membranes (PROM) had occurred in 56.
In summary, the time from induction to vaginal birth with oral misoprostol was not significantly
different from that with our established protocols. There were no clinically or statistically significant
differences in maternal secondary outcome measures (Caesarean rate, frequency of epidural use,
perineal trauma, or manual removal of the placenta). Neonatal outcomes, including cord blood acid
base analysis, were not different. There was no difference in frequency of marernal Gl side effects in
the two groups. Oral misoprostol may be a safe, cost- effective slternative to standard induction
agents with a high degree of patient acceptability.

We are unaware of other publications using oral misoprostol for term labor induction with
living fetuses. Ngai et al 2 have recently reported a double blind RCT with a single 200 ug oral
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misoprostol dose versus placebo for cervical priming, in PROM at term.  Tweive hours later an
intravenous oxytocin induction protocol was begun, if the participant was not in progressive labor.
Thisty-nine subjects received oral misoprostol, and 41 placebo. The Bishop score was significantly
improved with misoprostol (P<0.05). Thirty-four women given misoprostol went into labor without
oxytocin, compared to 20 of those given placebo (P<0.001). Interval to onset of uterine activity and
delivery were both shorter with misoprostol (P<0.01). There were three Caesareans in each group.
Neonatal outcomes and Gl tolerance were comparable. The authors concluded that s single 200 ug
misoprostol oral dose was effective for cervical priming, and may be effective for fabor induction.

The oral misoprostol protocol and its puspose in our study are different from that of the Hong
Kong investigators. Our median cumuistive dose per subject for laboe is similar to their single dose.
1t is reassuring that they did not find a significant problem with excessive uterine activity.

An shstract has just sppeared from Vancouver™® of a double blind RCT with oral misoprostol
(50ug every 6 hours) versus vaginal dinoprostone (2mg every 6 hours), with study medication given
up 10 4 doses. They found no difference in induction to delivery interval (37.9 = 41 hours versus 36.0
£ 75 hours), but failed induction was higher in the misoprostol group (16% versus 3%, P<0.001).
These induction to delivery intervals (not stated if cesareans were included in this analysis) are
obviously longer than those seen at our center, so we eagerly await thcir complete manuscript
publication.

The median PG cost in our previous studies'*? was $0.33 ti:rm:soprostol and s conservative
$70.00 for standard therapy. Maximum PG expenses for any single patient were under $1.00 and
more than $130.00 for misoprostol and standard therapy, respectively.

Fetal Safety Issues

Inherent in labor induction is the potential for excessive uterine activity which may interfere
with uteroplacental perfusion sufficiently to compromise the fetus. Because of confusion stemming
from varied definitions of excessive uterine activity, Curtis® recommended a standard terminology:
hypertonic - a contraction lasting more than 90 seconds; tachysystole - contraction frequency greater
than five per ten minutes; hyperstimulation - hypertonic contraction or tachysystole with late fetal
heart rate decelerations or fetal tachycardia. While this terminology is an obvious improvement, it
is nevertheless arbitrary, with no research to suppart it based on fetal or newbom outcomes. Though
ths relationship between contisuous electronic fetal heart rate (FHR) monitoring and fetal well being
is not one to one, nonreassuring changes associated with excessive uterine activity warrant
intervention either (o reducs ulerine activity, pcovide more direct assessment of fetal well being (fetal
blood sampling, other biophysical assessment), or removing the fetus from this environment
(delivery), if simpie measures such as position change or maternal oxygen supplementation are not
corrective.

Qur meta-snalysis'® of data from existing RCTs has found tachysystole significantly more
frequent with misoprostol (RR 2.21, C1 1.53 to 3.18), with uterine hyperstimulation nearly so (RR
1.84, Cl 0.98 t0 3.47). This meta-analysis included every vaginal misoprostol protocol. The
maximum incidence of tachysystole in any single report was 37 percent'? , and uterine
hyperstimulation 11 percent. To place this in perspective, contemporary tudies with oxytocin
inductions report tachysystole and uterine hyperstimulation of similar or greater frequency.*¥ A
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recent RCT report™ from the same authors™ found less tachysystole (7%) and hyperstimulation, than
with a dinoprostone vaginal insert, on changing from their original'? every three hours to an every
four hours protocol.

The Vancouver double blind RCT* found uterine hyperstimulation rates of 5% with oral
misoprostol and 10% with vaginal dinoprostone, with fetal distress in labor of 23% in both groups,
and cesarean rates of 25% and 22% (NS) - all reassuring results for oral misoprostol safety.

When oxytocin induction results in uterine hyperstimulation with nonreassuring FHR
changes, discontinuing the infusion can reduce oxytocin blood levels quickly. Use of vaginal
dinoprostone gels or misoprostol is more problematic. Authors” describe vaginal lavage and
removing tablet remnants, however, intravenous P - adrenergic agonist regimens have been used”™
with apparent beneficial tocolytic response. Intravenous tocolysis is the apprcach necessary with oral
misoprostol. Forced emesis would likely be ineffective, and distasteful. We have never used
intravenous tocolysis in more than 400 misoprostol inductions.

Despite these concemns of possible uterine hyperstimulation, substantive worrisome newbom
outcomes (neonatal acidosis, meconium aspiration, and ACOG Birth Asphyxia criteria™”') have been
rare, acceptable, and not different between misoprostol and control groups. It is imperative that such
outcome data be collected in future studies to quantitate more precisely potential risks of misoprostol
(and traditional approaches).

Prelabor Rupture of Membranes (PROM)

Approximately 8% of pregnancies present with term PROM. A longer PROM duration is
thought to be associated with a higher risk of maternal and fetal infection. Over 60% of these women
will begin labor spontaneously within 24 hours, and more than 95% within 72 hours. The etiology
of PROM is not weil understood. 2

The assessment of suspected PROM involves history and physical examination, lab testing,
and ultrasound imaging. A sterile speculum exam demonstrating fluid in the vagina, which is both
nitrazing positive and feming positive, is diagnastic. Nitrazine will detect alkaline amniotic fluid,
whereas the vaginal pH in pregnancy is 4.5-6.0. Nitrazine can be falsely positive in the presence of
blood, semen, vaginitis and antiseptic solutions. The typical femning appearance of amniotic fluid,
when a fluid drop dries on a slide and is visualized by microscape, is less often falsely positive.
Ultrasound can quantitate intreutering amniotic fluid volume. If doubt remains following these
investigations, observation for further fluid leakage is appropriate.®

Concerns with prolonged PROM are relsted to an increased risk of maternal infection (such
chorioamnionitis, post-pertum endometritis and sepsis) and more seriously, neonatal infection. Early
induction to avoid thess complications raises worry about increasing Caesarean hirths. There is
controversy about whather to induce immediately or manage expectantly; or whether to use oxytocin
or PG, if induction is chosen.

Several studies have assessed induction with oxytocin or PG's vs expectant management.
These studies have been small and potentiaily biased by the method of randomization. Neonatal
outcomes were not assessed blindly. Overview of these trials was carried out in the Cochrane
Collaboration Database - Pregnancy and Childbirth Module. Induction of lahor with oxytocin was
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associsted with higher Caesarean rates (typical OR (95% CI): 1.85 (1.37-2.50)) and lower risk of
neonatal infection (typical OR (95% CI); 0.27 (0.12-0.59)) than expectant management.® In
trials comparing induction with PGs with expectant management, the findings suggested PGs
would result in s similar Caesarean rate (typical OR (95% CI): 0.98 (0.65-1.50)), and lower rate
of endometritis (typical OR (95% CI): 0.38 (0.20-0.70)) * Overviews of FROM trials comparing
oxytocin vs vaginal PGs suggest that induction of labor with PGs results in fewer Caesareans
(typical OR (95% CI): 0.62 (0.42-0.91)%.

Recently the TERMPROM Trial™” was published. This remarkable study included 5042
patients from 72 centers in Canada, Britain, Australia, Sweden, Israel, and Denmark. Four groups
were compared 1) induction with oxytocin, 2) induction with vaginal PGE, gel, 3) expectant care
& induction with oxytocin if needed, and 4) expectant care & induction with PGE2 gel if needed.
The primary outcome was neonatal infection. All infants were to have a CBC and blood culture
pesformed and clinical assessment performed blind to the treatment allocation. There was no
difference in the rates of neonatal infection (2.0 - 3.0 %) or Caesarean section (approximately
10%). Sample size had been chosen to detect a 50% reduction in an anticipated baseline neonatal
infection rate of 4%. Because the actual baseline rate was less than 3%, the study power was
unfortunately only 25%. The time to delivery was shortest in the induction with oxytocin group
(P<0.0001). There was a trend toward reduction in chorioamnionitis and postpartum fever in the
oxytocin induced group. Other secondary outcome analyses suggested less neonatal antibiotic use
and less frequent necnatal intensive care admission for more than 24 hours 'with oxytocin
induction. Though the numbers involved are small, all four non-anomalous perinatal deaths were
in the expectant groups (P = 0.125). Patient satisfaction was highest in the induced groups. In one
publication, the authors conciuded that induction with IV oxytocin was the preferred choice. ™

Anguably the patient satisfaction and secondary outcome analysis of TERMPROM
suggest the approach of immediate induction of labor is unsurpassed. The option of oral agent for
hboruuhmnmﬂmnmmbegsﬁmhaevumon The existing published information from
Hong Kong 2 and our PROM stratum ' is very preliminary.

RESEARCH PROTOCOL

Primary Research Questions:
This proposal seeks funding for two randomized contralled trials (RCTs) to answer the

RCTL When compared with vaginal misoprostol (50 ug every four hours as needed) for
induction of labor at term with intact membranes, does oral administration differ by
more than four hours in time from induction to vaginal birth?

RCTIL When compared with our established intravenous axytocin labor induction

protocol for prelabor rupture of membranes at term, does oral misoprostol (50 ug
every four hours as needed) differ by more than four hours in time from induction

to vaginal birth?
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Secondary Research Questions

1. Does oral misoprostol induction of labor increase harm to the newbomn (as measured by
cord blood sacid base analysis, and ACOG criteria for birth asphyxia) or mother
(Caesarean, peripartum trauma or interventions)?

2. Does oral misoprostol increase matemnal GI problems (vomiting or diarrhea)?

3. What is the frequency of uterine tachysystole and hyperstimulation associated with the
study induction protocols (as well as in a group of term parturients in spontaneocus labor at
term)?

Rationale

Our prior research has demonstrated cost-effectiveness and suggested safety first of
vaginal misoprostol and then oral misoprostol in comparison with an established and widely
followed labor induction protocol. Before considering a more costly and ambitious multicenter
trial on a more substantive outcome such as Caesasean rate (2N = 3400 to detect a change from
12 t0 9 %) or neonatal asphyxia (2N = 5030 to detect a change from 2 to 1%), we feel further
research (in essence pilot studies) is required to better define the appropriate intervention to
evaluate in such an exercise. Oral misoprostol induction would be most innovative.

The first RCT here proposed will provide an assessment of oral misoprostol against
vaginal misoprostol as the initial approach to term labor induction with membranes intact. There
is no such published trial to date. A double blind comparison will permit an unbiased assessment
of all outcomes, including the occurrence of excessive uterine sctivity.

We feel the second RCT, with a different control group is warranted. With ruptured
membranes, vaginal placement, retention, and absorption of a misoprostol tablet could all be
problematic. Our interpretation of the TERMPROM trial prompts us to choose traditional
intravenous oxytocin induction for the control. A double blind approach for this trial is possible,
but not feasible, at this time in our center. N

RCT I - Oral veryus Vaginal Misoprostol (Double Blind)
Sample Specification

Subjects will be recruited from those patients who are placed on our hospital induction list
for an obstetric or medical indication. Eligibility criteria are pregnant women at gestation greatsr
then 37 completed weeks with membranes intact, and a singje live fetus of cephalic presentation.

Exclusion criteria are nonresssuring fetal heart rate (FHR) tracing, prior uterine surgery,
lethal or major fetal anomaly, suspected chorioamnionitis, known hypersensitivity to misoprostol
or other PGs, or contraindication to vaginal birth.



-

Young, David $81,522

Following approval of the sttending physician, eligible subjects will be approached by our
resesrch nurse, an investigator, or an obstetrical resident or staff physician familiar with the study.
Information pamphlets will be circulated to physician offices and prenatal education classes 1o
inform women of our research. Our research protocol and consent form has been approved by
the Human Investigation Committee, Faculty of Medicine, Memorial University of Newfoundland,
MI!nthmComonnonofSt John's Research Committee.

To address in part issues of generalizability and volunteer bias, demognplnc and outcome
data will be collected on parturients who are ineligible, or decline randomization, but allow
confidential use of this information.

Ezperimental Manoeuvre

With the exception of the experimental manoeuvre, all aspects of patient care will be
determined by the patient’s own physician. If eligibility criteria are met and informed consent
obtained, allocation will be carried out. Group allocation will be assigned by opening the next
sequentially numbered opaque envelope only when induction is to begin. Envelopes will contain a
card indicating study drug package to be administered, which was determined using a computer
genersted random sequence and prepared by university research personnel not involved in the
study. Randomization will be blocked in groups of four and stratified by cervical ripeness (Bishop
score <7, or not). Study drug packages will be prepared by pharmacy and contain eight doses
(maximum dose per subject used in our prior research has been seven) of a designated packet
containing powdered misoprostol or methyl cellulose (visually indistinguishable), to be
administered by oral syringe after dissolving in 30 cc of water, or in a 5 cc syringe cantaining
hydroxyethyt gel for vaginal use. For a given subject either the oral powder or the vaginal syringe
will contain active misoprostol. Our pharmacy has developed this approach based on a previously
published protocol °. The oral preparation will be administered to a subject, immediately after the
vaginal syringe has been emptied into the vaginal posterior fornix. We have successfully used
these administrations in a number of patients. This approach has been necessary as the cost of a
placebo tablet from the pharmaceutical manufacturer has been quoted as in excess of $200,000.

A vaginal exam for cervical assessment (Bishop score) and placement of study medication
(by a staff physician or resident) will occur immediately before randomization. All study
inductions will be carried out on an inpatient basis, with continuous electronic FHR and uterine
contraction monitoring until uterine activity has resolved, or a minimum of | hour after any PG
administration. Misoprostol study drugs will be repested at 4 hour intervals until one of the
following occurs: progressive labor, contraction frequency of three per 10 minutes, nonresssuring
FHR tracing, or defivery. All decisions with regard to AROM, anaigesia, epidural use, and
oxytocin sugmentation will be made by the attending physicisn. A staff physician will reassess the
patient before each administration of misoprostol. The rationale for this schedule is our prior
experience. '** This dose frequency will not be exceeded. Study drug use ‘vill be discontinued
after rupture of membranes. Oxytocin augmentation may not begin until 4 hours after
discontinuing misoprostof. Intravenous oxytocin will begin at 2 mIU/min and be increased at 2
mIU/min increments every 30-60 minutes.

12.7



Young, David

$ 81,522

Outcome Measures

Matemnal and newbom outcome measures are required.  All study subjects will remain in

their allocated group for outcome assessment - an “intent to treat” analysis.

The primary outcome is the time from onset of induction to vaginal birth. Although

consent may be obtained earlier, randomization will not occur until the time induction is to begin.
A difference of 240 minutes was chosen as clinically important to detect, on the basis of a
questionnaire survey of pregnant and pastpartum patients, nursing and physician staff.

Secondary outcomes include:

Labor intervals to vaginal bisth - induction to full dilation, duration of membrane rupture,
labor stages (first, second and third).

Labor intervals with Caesarean birth.

Maternal interventions and morbidity - frequency of [V use, vaginal-exams (for study
drugs and other), oxytocin use, analgesia use (epidural, narcotic, general, other),
nomumnng FHR, fetal blood sampling, episiotomy, perineal laceration (degree), intact
perineum, manual removal of placenta, endometritis, fever >38 °C on two occasions more
than six hours spart, postpartum stay, estimated peripartum blood loss, postpartum
haemorvhage, blood transfusion, other significant illness and death.

Birth route: vaginal (spontaneous, vacuum or forceps), and Caesarean.
Frequency of uterine tachysystole (>6 contractions per 10 minutes).
Maternal satisfaction with labor evaluated by questionnaire (Labor Agentry Scale™).

Neowtlmmbidity-cordmeylcidbucmdysis. Apgar scores at one and five minutes,
meconium prior to birth, ACOG criteria for birth axphysia (four findings: profound
metabolic or mixed acidemia (cord artery pH less than 7.00), S minute Apgar score of 3 oc
less, neonatal neurologic sbnormality, and dysfunction of one other major body system]),
time in intensive care and hospital, sepsis, pneumonia, meningitis, antibiotic treatment,
other significant iflness or desth.

Matemal Gl intolerance - frequency of nausea, vomiting or diarthea by caregiver report
and patient questionnaire.

Baseline demographic data collected on study subjects will include: indication for induction,
m.@:rpmmmhdmwdghgmamm(m&muﬂm
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The primary outcome measure time from induction to vaginal birth, is a continuous
varisble.

a = 240 minutes
& (2 tailed) = 0.0 Z, =196
p =020 Z, =084

o = standard deviation derived from pooling of results from our prior vaginal
misoprostol cohort '* (588 minutes) and oral misoprostol intact membranes stratum
(524 minutes).

N(group) =2[(Z, +Z,)0/a}]’
=86 (using PEPI, Version 2, 199S. Computer Programs for
Epidemiologic Analysis, USD)
2N =172

Our prior studies '*** had consistent overail Caesarean rates of 12.2 and 12.4%.
Combined, this rate is 12.3% with 99% C1 8.8 - 16.5%. Adding 20% or 34 to the prior 2N would
allow for anticipated Caesarean births in our sample.

- RCT I Sample Size = 206
Feasibility

There are approximately 2600 annual bisths at the Grace General Hospital, St. John's,
Newfoundland. This provincial tertiary unit is the only birth center within 100 kilometers for a
population of over 150,000. Our induction rate is just over 20% giving approximately 520
inductions per year. Our previous studies enrolled 222 and 219 subjects respectively '* ! for
induction with intact membranes in 6 months each. It should be quite feasible to complete this
clinical trial in one yesr, simultaneously with RCT 1.

Data Analysis

Hypothaesis testing will be performed only on the primary outcome. Other comparisons
will be considered hypothesis generation. Presetting decision levels and hypotheses 1o be tested
should minimize data dredging and post hoc significance bias. Analysis will be on an “intent to
treat” basis.  The primary outcome messure, time to vaginal birth, will be significant if P<0.05 (as
per sample size calculation) using parametric statistics (Student’s t).
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APPENDIX G: BUDGET

Credentials: Bachelor of Nursing, Level II pay scale (source: Collective
: Agresment NLNU, NHNHA snd Treasury Board).

Department: Obstetrics & Gynecology, Faculty of Medicine, MUN

.—.—.._..-..1’. S

Geoenl Accountability. S ST
MHaMmmthodnoﬂud
Obstetrics & Gynecology. The position maintsing a sison with officials of the
Faculty of Medicine, Nursing, Pharmacy and Hospital Administration. General
wumwmmamm

questionnaire.
Educate nursing and medical staff such as family physicians, housestaff,
and labour and delivery nurses, regarding study protocol.
Conduct literature searches on related topics.
Prepare presentations ie. slides.

o
fir |

i

E

Salaries: Nursing (screening + monitoring)
Overtime

Courss credits
Standby

Annuat Lesve
Tetal 53987210
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Benefits
(25% Gross Salary - CCP, PPP, UIC, WWC, Group, etc.) ___9.968.00

Tetal salaries 34984010
Material and

Sepplies:  Estimated cost of Misoprostol.

Calculation: $0.77 /patient x 790 patients = $ 608.00
GST(2.31%) = 14.04

PST (12.84%) =__79.26
$ 703.90
Estimated cost of Placebo.
Calcuiation: $10.00 /patient x 790 patients = $7,900.00
GST (2.31%) = 18249
PST (12.84% x coet of placebo) =_L01436
$9,096.85
Expeadables: Estimated cost of postage .

Calculation:

total prior to taxes =3 50.00
GST (2.31%) = 1.15
PST (12.84% x cost of expendables=
$ 5757
Estimate cost of phone/fax ($40/month).
Caiculation: total prior to taxes = $ 480.00
GST(231%)= 11.09
PST (12.84% x cost of expendable) =__61.63
$552.72
Printing:  Estimated cost of photocopying.

Calculation: $0.02 /copy x 4,000 copies = § 82000
GST (2.31%) = 1.88

PST (12.84% x cost of printing) = _1027
$ 9212



Travel: Tuvdfo!wmnﬁoadmlummmmwm
opportunities.

Calculation: Estimate travel = $ 2,000.00

Tetal per year . $ 62,341.26
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