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Fig. 1. Radiograph of the infant described in this repert. showing
below-knee limb reduction anomaly of the right ieg after a failed
attempt at abortion with misoprostol.
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Abstract

The most recent report on Maternal deaths in South Africa for 2008-2010 shows that there has been a significant increase in the
number of maternal deaths (32.4%) due to obstetric haemorrhage and the Institutional Haemorrhage Maternal Mortality Ratio
has increased from 18.8/100000 live births in 2005-2007 to 24.9/100000 live births in 2008-2010. This article is an abridged
version of the chapter on the 688 maternal deaths from obstetric haemorrhage mentioned in the above report.

The chapter identifies priority provinces (Mpumulanga, Limpopo, Free State and North West) and priority problems
(bleeding associated with caesarean section, abruptio placentae and ruptured uterus) for particular attention. Bleeding during
and after caesarean section accounted for 26.2% of deaths due to obstetric haemorrhage, occurring most commonly in public
hospitals particularly district and regional. Obstetric haemorrhage continues to be the most common avoidable cause of
maternal death; 81% of the deaths having been assessed as avoidable. Resuscitation was sub-optimal in 22.3% of cases where
it was attempted and the cases had sufficient information to assess.

Vignettes are presented to illustrate the numerous administrative problems and examples of poor quality of care.
Interventions at different levels of care and by different stakeholders are discussed.

Introduction

During the triennium 2008-2010, 688 deaths from obstetric
haemorrhage were reported to the National Committee for
Confidential Enquiry into Maternal Deaths (NCCEMD),
making obstetric haemorrhage the third most common cause
of death accounting for 141 % of total deaths.' This
proportion shows little change from 12.4% during 2005-2007.
If denominator data for live birth estimates from DHIS data are
used then the obstetric haemorrhage related maternal
mortality ratio (MMR) for the current triennium (2008-2010)
was 24.9 deaths per 100, 000 live births compared to 18.8 for
the previous (2005-2007). It is very disappointing that it has
increased, especially since the NCCEMD has focussed on this
as a problem.

Globally obstetric haemorrhage remains a major cause of
direct maternal death especially in poorly resourced settings.’
It is an obstetric complication which particularly tests the
accessibility and functioning of the health system because it's
severity deteriorates so rapidly and prompt effective action
can be life saving. Obstetric haemorrhage cannot always be
prevented but antenatal and intrapartum assessment which
enables women at risk to be transferred from clinic to hospital
should allow delivery to take place in a hospital with more
opportunities for resuscitation and arresting haemorrhage.
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Also antenatal detection and treatment of anaemia and chronic
illnesses such as HIV can improve maternal health before the
onset of labour. In addition active management of the third
stage of labour contributes to a reduced risk of PPH. The two
pillars of management of severe obstetric haemorrhage are
aggressive resuscitation and various treatment modalities to
arrest the haemorrhage. There are well known medical and
surgical treatments for the different causes of obstetric
haemorrhage, which can be implemented at each level of
care. These are described in detail in the PPH monograph
produced by the NCCEMD in 201 ~ Support by a
regionalised tiered maternity system with good transport
systems for referrals of women with severe haemorrhage is
also essential.

The 688 maternal deaths from obstetric haemorrhage
were all assessed in detail by the provincial assessor teams
composed of obstetricians, midwives and anaesthetists; and
also reviewed by the NCCEMD members responsible for
writing the haemorrhage chapter of the National Saving
Mothers report for 2008-2010. These deaths will now be
described in more detail and the data compared with the
previous triermium.

Maternal Mortality ratio related to haemorrhage
Overall Maternal Mortality Ratio (MMR)

In the current triennium, the number of maternal deaths from
obstetric haemorrhage and the MMR from haemorrhage are
higher than in any other triennium with 688 deaths and an
institutional MMR of 24.9 deaths per 100,000 live births.



Table 2b compares the IVIMR from each causal subcategory in
2008-2010, with MMRs for 2005-2007,

Table 2b: Comparison of causes with previous triennium
2008-2010 2005-2007
No MMR No MMR
Trauma (90% due to Bleeding
at/after Csection) 200 7.2 141 55
Abruptio placenta 110 4.0 48 1.9
Ruptured uterus 108 3.9 80 31
"Other PPH" 103 3.7 n/a
Retained/adherent placenta | 81 2.9 88 3.4
Atonic uterus 44 1.6 67 2.6
"OtherAPH" 25 0.9 18 0.7
Placenta praevia 13 0.5 13 0.5
Inverted uterus 4 0.1 7 0.2
TOTAL 688 24.9 491 18.8

The proportions of deaths and MMRs due to uterine atony and
retained placenta have decreased when compared to the
previous triennia. The decrease in uterine atony needs to be
interrogated further. It could be that some previously
categorised in this group are now put into the 'PPH-non

Um7ga T 172 368
h West 78 11:3 459
—morthe;m Cape 13 1.9 210
ZA
688 100.0 24.91
Total i

MMR=number maternal deaths per 100,000 live births

Table 1b Provincial comparisons of haemorrhage related
between triennia

L'MR

Province MMR haem MMR haem
2008-2010 2005-2007

Eastem Cape 28.4 22.4

Free State 417 423

Gauteng 224 18.3

KwaZulu-Natal 17.1 14.7

Limpopo 29.2 20.9

Mpumalanga 383 18.1

North West 459 14.1

Northern Cape 21 23.8

Western Cape 73 95

Tol 249 188

bleeding associated with CS. This was a marked increase
from the 2002-2004 triennium where 'other uterine trauma'
accounted for 17.6% of haemorrhage deaths. The current
2008-2010 report shows that 29.1% of deaths were due to
‘other uterine trauma' (ie cervical, vaginal and CS
associated) but is able to disaggregate the data more
accurately and it is now clear that the predominant problem
is 'bleeding after caesarean section'. Most of these women
had inadequate surgical haemostasis during the CS either
due to uterine atony, lower segment tears, or bleeding from
the placental site. They then bled postoperatively, either as
a revealed PPH or intra abdominally. A preliminary folder
analysis of the women who died from CS associated
bleeding indicates that many of the CS were performed for
appropriate indications such as cephalopeivic
disproportion and two previous CS. Fequently the CS was
done too late when labour had become obstructed and | or
where the second stage had proceeded for too long.
However there were several CS done where they may have
been unnecessary such as for 'fetal distress' when only
early decelerations were recorded
The final cause of death for women who died from
haemorrhage was hypovolaemic shock (88.7%) and

disseminated intravascular coagulopathy (24.9%). These
women bled to death,

Utilisation of antenatal care
Table 3 shows that 80.1% of women attended for antenatal

care. Of note, 93.4% and 90% of women who died from
uterine n.rnture

whxch
reflecting msufficient attempts to ascertain the cause.
Table 2a shows the causal subcategories of haemorrhage

Table 2a: Distribution of sub-categories Of maternal deat!'s
| from obstetric haemorrhage

Obstetric Haemorrhage 2008- 2008- 2005-
2010 2010 2007

N=688 % N=491

bruption with hypertension 47 6.8 13
- Abruption without hypertension 63 92 35
- Placenta praeia 13 1.9 13

Other API-I not specified 25 36 18 §~7
- Ruptured uterus with previousc/8 4T d sr 5

- Ruptured uterus without previous c/s 61 89 43 8.8
62 90 74 151

- Retained placenta

- Morbidly adherent placenta 19 2.8 14 2.9
- Uterine atony 44 64 67 13.6
- Vaginal rauma 9 1.3

- Cervical trauma 1 1.6 5

- Bleeding during Caesarean section ~ 30 44 28.7
. Bleeding after Caesarean section 150 218

- Inverted uterus 4 0.6 7 1.4
- other PPH-non specified 103 15 n/a



women; mostly due to abruptio placentae, ruptured
uterus and prolonged labour. This means that, in half the
cases, the family experienced a double bereavement; that
of the mother and the baby.

Table 4: Perinatal outcome for women who died from
obstetric haemorrhage

Per/natal outcome N %
Survivors 337 49.0
Stillbirths 246 35.8
NND 19 2.8
Miscarriage and ectopic 14 2.0
Undelivered 72 10.5

related care there were avoidable factors in 52.2% of
assessable cases at district health facilities, 51.5% at
regional hospitals and 25.7% at tertiary hospitals - In
addition, there were problems with resuscitation in 47.5%.
These statistics cannot be directly compared with those of
2005 - 2007 because for that year APH and PPH were
assessed separately. Nevertheless it appears that the overall
proportion of cases with avoidable factors has not changed
since the previous report.

Table 5: Distribution of avoidable factors, missed
opportunities and sub-standard care for deaths from
obstetric haemorrhage

Level of care where haemorrhage related deaths
occurred
The majority of haemorrhage deaths (94.2%) occurred at
public hospitals; 37.8% at level one (district), 36.2% at
level two (regional) and 20.2% at level 3 (tertiary)
hospitals. Private hospitals accounted for 1.6% of
haemorrhage maternal deaths and primary care clinics
for 3.6%. District Health Information System (DHIS) data
for South Africa shows that 20.1% of all deliveries occur at
CHCs, 41% at level one hospitals, 27.5% at level 2
hospitals and 11.6% at level 3 hospitals. This shows that
there is some referral upwards of such patients but the
majority of haemorrhage deaths occur at district and
regional public hospitals, where the workload is greatest.
The deaths associated with haemorrhage at CS
occurred as follows: Level one hospital - 60 (33.3%)%;
Level two - 73 (41%); Level three - 40(22.2%). This is
similar to the proportions, shown from DHIS statistics, of
total CS done at each level of care i.e. Level one - 35.9%;
Level two - 42.9%; Level three -21.2%. This suggests that
women who die from haemorrhage associated with CS die
at the same level at which the CS was performed.
Considering proportions of deaths from different
subcategories within each level of care, it was found that
for CHCs (n25), PPH non-specified (48% of deaths at this
level of care), retained placenta (16%) and uterine rupture
without previous CS (12%) were the most frequent causes
of haemorrhage death. For all levels of hospital and
private sector hospitals, bleeding after CS was the most
frequent cause of death for that level of care followed by
abruptio placentae (all hospitals) and ruptured uterus
(public hospitals). District hospitals had a larger
proportion of deaths from retained placenta and PPH - non
specified, than level two or three hospitals.

Avoidable factors for maternal deaths due to
obstetric haemorrhage
The provincial assessor teams assessed the maternal
deaths due to haemorrhage and Table 5 shows the
distribution of avoidable factors for assessable maternal
deaths.

At patient/community level there were 33.6% of
assessable cases with avoidable factors, and at
administrative level there were 55.3%. For health worker
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Category Assessable | % of avoidable factors
cases (n) in assessable cases
Patient orientated 648 33.6
Administrative factors 665 55.3
Health worker related emergency
management problems
Primary level 644 52.2
Secondary level 363 51.5
Tertiary level 331 25.7
Resuscitation 621 475

Patient related factors (Table 6)

These are factors operating at the level of the patient, her
community and the socio - political context in which she
lives. There were a few women who delivered at home, had
a retained placenta and then had considerable delays in
getting to a health facility. Since the Confidential Enquiry is
predominantly institutional, these factors are the least
investigated or understood. In the absence of detailed
community inquiry, it is conjectural to explore reasons for
non booking (11.6%) and delayed presentation (14.8%),
which are the most frequent avoidable factors in this
category. Presumably poverty, long distances, lack of
knowledge, lack of community support structures and
income generating responsibilities are all factors that could
be contributory. There were two women from the Jehovah's
Witness faith with abruptio placenta who declined blood
transfusion.

Table 6: Distribution of patient orientated avoidable factors
for haemorrhage deaths

Descntion Number Percentage of
assessable deaths

Lack of information 44

No avoidable factor 430 66.4

No antenatal care 75 11.6

Infrequent antenatal care 35 5.4

Delay in accessing medical help 96 14.8

Declined medication/surgery/advice |20 34

Family problem | 0.2

Community problem 2 0.3

Unsafe abortion 1 0.2

Other 19 29
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Administrative related avoidable factors (Table 7)

many of the district hospitals where these women

died.

Table 7: Distribution of administrative related avoidable factors for This CS was probably unnecessary; the 4 hour
haemorrhage deaths delay in performing it meant that it became a difficult

— second stage procedure. As ifiustrated also in case 4,
Description Number | Percentage of the patient should not have been sent to the ward with

assessable deaths such a low BP and still bleeding, but there was no
Lack of information % nurse in the recovery area to monitor her.
No avoidable factor 297 44.7 . .
Transport problem: Home to institution 16 24 Ca{e 2. .I'nsu‘[ﬁctem nursing staff and non-
Transport problem: Institution to institution 73 11.0 availability of doctors
Lack of accessibility: Baffiers to entry 5 0.8 14yr old primigravida - Arrived at maternity ward of a
Lack of accessibility: Other 3 0.5 level one hospital two days after booking for antenatal
Delay initiating critical care (Overburdened service} |39 5.9 care. She was in active labour with absent fetal hearts
Lack of health care facilities: I0U 41 6.2 and an undiagnosed multiple pregnancy. At the time
Lack of health care facilities: Blood/blood products {88 13.2 of her admission there was one midwife who, in
Lack of health care facilities; Other 18 2.7 addition to her, was attending to seven other referrals
Lack of appropriately trained staff: Doctors 130 19.5 from the clinics.
Lack of appropriately trained staff: Nurses 7 10.7 Three hours later, she delivered twin stillbirths, 3
Commun%cat}on problems: Technical S 0.8 minutes apart. Severe vaginal bleeding noted. All
Communication problems: Interpersonal 14 2.1 )
Other 58 8.7 three doctors called could not come for various
reasons, one was a private doctor and was busy in

Administrative related avoidable factors were more frequently
documented than patient related factors; the most frequently
cited problems were:

- Transport problems between institutions (11%); this was
documented less than in the previous triennium. However it
remains an important limiting factor with many district
hospitals not having on site emergency transport.

proportion of deaths from retained placenta ana'FFff- non

ZWoidable (actors fox maternal deaths due to

obstetric haemorrhage

The provincial assessor teams assessed the maternal
deaths due to haemorrhage and Table 6 shows the
distribution of avoidable factors for assessable maternal
deaths.

At patient/community level there were 33.6% of

assessable cases with avoidable factors and at
administrative level there were 65.3%. For health worker

OPD, the second indicated she was not the one on

call, the third was on call but was far away from the hospital

The nurse resuscitated the patient with iv fluids and one unit
of emergency blood but the patient demised 2 hours later; the
private doctor having arrived 15 minutes before she died.
Comment: There were insufficient midwives to deal with the
workload; the midwife was not confident in adult resuscitation.

Huma fi sters

n'rina a doctor is always on site and on call for
communicated and

ck of information 44

Fo avoidable tactor 430 65.4

No antenatal care 75 11.6
Infrequent antenatal care 35 5.4
Delay in accessing medicalhelp 96 14.8
Declined medication/surgery/advice 20 3.1
Family problem ] 0.2
Community problem 2 0.3
Unsafe abortion 1 0.2
Other 19 29



Comment: Consideration should be given to making MROP part
of the competencies of midwives especially retrieving it from
the cervical os once separated. The district hospital should have
had a functional theatre for Manual Removal of Placenta (MROP)
so that the patient did not need to be referred. The junior doctor
doing the MROP was not confident or skilled with this procedure
and should have called for specialist help. After the MROR there
was ongoing bleeding and the patient should have been
returned to theatre for balloon tamponade to reduce placental
site bleeding or laparotomy.

Health worker related avoidable factors (Tables 8 and 9)

The pattern and ftquency of avoidable factors at different levels
of care is shown in Table 8; It is similar to the previous triennium
and occurred in a lower proportion of level three facility deaths

than level two or one.

Substandard care was the most frequently cited problem
occurring in 24.4% of assessable cases at level one, 32.2% at
level two and 17.8% at level three. Problems with recognition of
severity or making a diagnosis were more common at level one
(20%) and level two (19.8%j than level three (7.6%). In
particular the diagnosis of uterine rupture was often missed,
even at caesarean section where posterior ruptures were not
detected. Delay in referring patients and managing them at an
inappropriate level was a problem occurring at level one in
16.6% and 12.3% of cases respectively. This occurred
particularly with cases of abruptio placentae. Incorrect
management referred to several patients with abrupfio placenta
and an PhD who were taken for C Section and bled severely
during the CS, and incorrect use of misoprostol for labour
induction which will be discussed later.

Many of the women who died from CS associated bleeding
had bled during the CS and there was inadequate control of
haemostasis; in some further uterotonics were needed; in others
especially those with atonic uterus following obstructed labour
or with abruptio placenta - a B Lynch suture could have been
inserted. Of great concern is the very suboptimal post CS
monitoring observed for most of the deaths as illustrated in the
following case. Guidelines for post CS monitoring were recently
published by the NCCEMD in the South African Medical
journal.'

Case 4. Inadequate Post CS monitoring
28 P2 G3 admitted with eclampsia to district hospital.
2100: C section performed by medical officer

2200: In Recovery area - BP 89/56, pulse 110. PV bleeding
noted, Sent to ward

2300: Arrived in ward BP 86/49, P110. Still bleeding
vaginally. Observation chart completed with plan for next
observations to be done at 0600.

0500: Found gasping; in pool of blood: died.
Comment. The patient was unstable in recovery and should not
have been sent to the ward. The attendant did not recognise
signs of shock and call a doctor and the planned schedule of
observations was too infrequnt. A doctor should have been
called to assess the patient and decide about further uterotonics
or relook laparotomy

When signs of hypovolaernic shock and anaemia were detected,
there were several cases where no doctor came to assess the
patient but gave verbal instruction over the phone for
administration of fluids/ blood rather than instructing or
implementing interventions to look for the cause and arrest the
bleeding. In particular, concealed intra abdominal bleeding was
frequently not detected post CS; pads were checked but not the
abdomen. This is illustrated by the following case.

Case 5. Inadequate response to bleeding after CS
17 POG 1 with prolonged second stage at district hospital

Failed forceps; NO theatre facility available

Tiansferred by ambulance to another district hospital. Pre-
op haemoglobin 1 lgms/dl

Difficult C Section. Blood loss of 1 litre recorded. Poor
documentation

Mother sent to postnatal ward; baby had hypoxic
encephalopathy and was sent to nursery

1 hr post CS ; pale & tachycardic - given emergency blood
as per doctor's telephonic advice

Shrs post CS ; Hb 4gms.BP 80/40. Pulse a30/min. Patient very
pale . More blood given as directed telephonically by doctor.

7 hours post CS; Died.
Comment.’ District hospitals that perform assisted vaginal
deliveries should have functional theatres. The doctor should
have come to assess this patient with ongoing intra abdominal
bleeding and arranged to do a re-look laparotomy.

In terms of treatment of uterine atony, there still appears to be

reluctance by midwives, doctors and anaesthetists to use either
syritometrine or ergomethne. Oxytocin infusion and 600mcgrns
rectal misoprostol appear to be the main uterotonics given. The

Table 8: Distribution of health worker related avoidable factors missed opportunities and sub-standard care

Medical management problems 10 Level 2° Level 3° Level

N %% N N %

Initial assessment 44 6.8 23 6.3 4 . 1.2
Problem with recognition / diagnosis 129 20.0 72 19.8 25 76
Delay in referring the patient 107 16.6 18 5.0 0 0.0
Managed at inappropriate level 79 12;3 10 2.8 0 0.0
Incorrect management (Incorrect diagnosis) 42 6.5 17 47 8 21;8
Sub-standard management (Correct diagnosis) 157 244 117 :;22-2 ?? 35
Not monitored / Infrequently monitored 39 6.1 2% i ” >
Prolonged abnormal monitoring with no action taken | 52 81 3(6)3 . v .
Assessable cases 644
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latter in particular is inferior to ergometrine in reducing
bleeding and should preferably be given sublingually in a dose
of 400mcgms to minimize side effects. Management algorithms
clearly indicate that ergometrine should be the second line
agent unless the woman is hypertensive or cardiac. This
protocol is frequently not followed, resulting in many women
having insufficient uterotomc therapy especially at Cs.

Case 6. No diagnosis of cause of PPH and no treatment to
stop bleeding
23y1s, para 0. On AZT, anaemic during pregnancy (Hb
8grris/dl).

Normal vaginal delivery at district hospital with 1 Ounits
oxytocin given im for third stage

PPH. Treated with 20units oxytocin infusion and 600mcmgs
rectal misoprostol. One unit emergency blood.

Died en route to regional hospital
Comment: Attempts should have been made to find the cause of
the PH-1 and stop it before transferring. No ergometrine was
given. The patient should have had an EUA to inspect for
retained products and cervical tears and further measures such
as balloon tamponade or laparotomy with uterine compression
sutures to stop the bleeding. Telephonic advice from the
regional hospital to the district could have given better advice
before transfer.

Several of the women who died from ruptured uterus with no
history of prior CS, had been induced for an Intrauterine

demise {1131)} with misoprostol. In some cases excessive doses,
such as 400mcgms, were given in the third trimester and in
others repeat doses were given despite contractions. In women
with an IUD, monitoring is often less frequent and no
cardiotocograins (CTGS) used because there is no live fetus to
monitor. However this reduced vigilance of monitoring
sometimes means that signs of hyperstimulation and subsequent
rupture are missed. The following case illustrates this:

Case Y. Excessive dose of misoprostol causing uterine
rupture

40yrs, para 4 with IUD at 39weeks, breech. IOL with 1 Oomcgms
misoprostol pv. at 1 700hrs

Infrequent monitoring,

Contracting at 1900.

Found dead at 0200. Post Mortem showed ruptured uterus.
Comment.: The dose of misoprostol administered was four times
too high and vaginal. In addition there was very inadequate
monitoring of this mother so the uterine rupture was not
detected prior to her death.

In addition some women with viable pregnancies were induced
with inappropriately high doses of misprostol and/or given
repeat doses when contractions had already started.

Review of the deaths from uterine rupture suggest extreme
caution must be observed for induction using misoprostol with
strict adherence to low dosage regimens and dosing schedules.
Non pharmacological methods of cervical ripening and
induction such as intracervical Foley's catheter procedures
should be promoted, especially where frequent surveillance can
not be performed.

The problem of "Too Little Too Late" was illustrated by many '
cases in which additional surgical measures such as uterine

balloon tamponade, uterine compression sutures and uterine
artery ligation were not performed. Hysterectomy is the last
resort measure for saving lives due to obstetric haemorrhage.
was performed in 17.9% of these women; often done too late.
Earlier recourse to hysterectomy may have saved many of thesE
women's lives. Junior doctors faced with severe bleeding
associated with C section who are not confident to do a
hysterectomy and in whom other modalities have failed, can try
applying a uterine tourniquet such as a rubber foleys catheter
tied around the lower part of the body of the uterus (as is done
at myomectomy); this can reduce bleeding during subsequent
transfer to higher level of care. Research is needed on this
procedure which currently is being reported in South Africa
with some success.

The above vignettes, together with Table 8, indicate that
much work still needs to be done in improving the quality of
care and effectiveness of care provided by health workers
across the levels of care but particularly in level one and two
facilities,

Table 9 indicates that there were avoidable factors related tc
the resuscitation in nearly half (47.5%) of cases where
resuscitation was attempted. In 74.1% of this group the problem
was with the circulation, ie inadequate fluid and/or blood
resuscitation. it is concerning that for 92 women (13.3%)
resuscitation was not attempted. This suggests arrival at a
facility too late for any attempt at resuscitation or, patients being
discovered 'dead in their beds' having had a major bleed that
was unrecognized due to inadequate monitoring.

Table 9: Distribution of problems with resuscitation in
obstetric haemorrhage deaths

Resuscitation problems Number | % where Distfibudon
resuscitation | of problems in
attempted resuscitation

Lack of information 70

No avoidable factor 276 52,5

Airway problems 6 2.1

Breathing problems 16 5.5

Circulation problems 215 74.1

Drug problems 6 21

Investigation problems 12 4.1

Monitoring problems 35 12.1

Resuscitation not attempted | 92

Table 10 shows the overall avoidability of deaths from
haemorrhage when administrative and health worker related
factors are combined; ie only health system factors are
considered .There was suboptimal care in 85.6% of deaths;
28.5% were possibly avoidable and a large number of 52.2%
were probably avoidable (i.e. different care wouid reasonably
have expected to make a difference to the outcome). This way
of classifying health system avoidable factors differs from the
previous report where a categorisation of 'clearly avoidable'
was used. If a composite of possibly and probably avoidable
factors in the current report is seen as equivalent to ‘clearly
avoidable' in the previous report then, for 2008-2010 the
proportion was 80.7 % compared to over 80% 'clearly
avoidable' for 2005 - 2007. Thus haemorrhage deaths remain,
after anaesthesia, the deaths most frequently assessed to be
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avoidable by assessors. This means that addressing health
system failures which contribute to deaths from haemorrhage
must be an absolute priority for policy makers, health managers
and health workers.

Table 10: Distribution of avoidability for maternal deaths
from obstetric haemorrhage

Percent per disease category N %

No suboptimal care 99 14.4

Suboptimal care, different management would have
made no difference to the outcome 34 49

Suboptimal care, different management might have
made a difference to the outcome 196 28.5

Suboptimal care, different management would
reasonably have been expected to have made a
difference to the outcome 359 522

Discussion

It is very disappointing that the MIvIR due to obstetric
haemorrhage has increased, despite it being highlighted as a
major problem in the previous report. Important interventions
initiated by the NCCEIvID with the Department of Health to
address this problem include: ESMOE training (2009}, posters
on PPH management for labour wards and theatre (2010), and
the PPH monograph (2010}. This was distributed through
much of the country with training at the end of 2010. The latter
initiatives would not yet have been expected to have had an
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Review of the deaths from uterine rupture suggest extreme
caution must be observed for induction using misoprostol with
snot adherence to low dosage regimens and dosing schedules.

pharmacological methods of cervical ripening and
+ction such as intracervical Foley's catheter procedures
sb:uld be promoted, especially where frequent surveillance car
be performed.
:e problem of "Too Little Too Late" was illustrated by many
n which additional surgical measures such as uterine

workers prescribing excessive doses of rmisoprostol for IOL,
especially of IUDs, in the third trimester; and the women with
abruptio placenta and IUD who are taken for C section instead
of allowing vaginal delivery. The large number of women dying
after C section is due to a combination of poor attempts to
secure haemostasis at the CS; poor use of uterine compression
sutures, and very infrequent monitoring with failure to act on
deteriorating vital signs. There appeared to be a reluctance of
doctors when phoned to actually come and assess such patients
and reluctance to take them back to theatre. it is not possible
from the folders to ascertain whether non availability of doctors
was due to short staffing or lack of professionalism.

There are many useful published guidelines for the stepwise
management of severe obstetric haemorrhage. References for
the WHO guidelines, RCOG guidelines and Canadian Society
Obs/GYN guidelines are given below % In South Africa there
are also Comprehensive Guidelines for management of
obstetric haemorrhage can be found in the PPH monograph
produced by the NCCEMD in 2010. The challenge is to
implement them. This requires actions from a variety of role
players at different levels of care and in different fields of
expertise as indicated in the following section.

Interventions required at different levels to reduce
deaths from haemeorrhage

In addition to a focus on priority provinces and priority
conditions, the assessment of avoidable factors leads to the
following recommendations for actions by different role
players.

Patient level! community: Community health workers need

have expected to make a difference to the outcome}. This way
of classifying health system avoidable factors differs from the
previous report where a categorisation of 'clearly avoidable'
was used. If a composite of possibly and probably avoidable
factors in the current report is seen as equivalent to 'clearly
avoidable' in the previous report then, for 2008-2010 the
proportion was 80,7 % compared to over 80% 'clearly
avoidable' for 2005 - 2007. Thus haemorrhage deaths remain,
after anaesthesia, the deaths most frequently assessed to be



District maternal and child health teams: Provincial and
district maternal and child health teams which ideally include
an obstetrician, advanced midwife, family physician and
primary care nurse should actively engage in outreach and
participate in audit meetings. They must provide ESMOE
training and scenario training ('drills’) for haemorrhage,
particularly at CHCs, MOUs and level one hospitals. Ongoing
skills training in resuscitation, caesarean section and
procedures to arrest haemorrhage must be provided to all
doctors to ensure competence. Purpose designed monitoring
charts for monitoring vital signs and blood loss after delivery
but particularly after CS need to be designed and introduced
with early warning signs colour coded. This has been done
with good effect in the UK.°
Medical and Nursing Training schools; ESMOE training to
be continued. Resuscitation skills and Emergency
management of obstetric haemorrhage all need to be seen as
core competencies for the student to achieve before
qualifications. The new proposed scope of practice for
midwives, which is still under discussion with South African
Nursing Council, prescribes manual removal of placenta and
adult resuscitation as a core competency,this needs further
discussion for practicality feasibility and implementation.
Relevant research by academic centres into newer
solutions such as: use of uterine tourniquet as a temporising
method, use of prophylactic ergometrine at CS" and
tranexanric acid for ongoing bleeding at CS", would inform
policy and protocols.
Health workers: The PPH monograph' and algorithms for
PPH after vaginal delivery, and after CS must be available for

adequately staffed labour wards.

3. Emergency transport to be onsite for transfers from distric
hospitals.

4. Clinical managers to ensure implementation of PPH
monograph, ESMOE skills training, PPH drills and early
warning monitoring charts. A particular focus on skills to
perform C section safely is required.

5. Facility auditing of severe PPH and display of trends by
graphs/charts in labour wards and theatres.

6. Use of misoprostol for induction of labour to be closely
monitored and all health care providers to be trained on
correct use so as to prevent uterine rupture. Foley catheter
induction to be promoted as a safer method.

7. Avoid performing CS for abruptio placentae with an intra-
uterine death, and without appropriate indications.

8. Syntometrmne or ergomeirine to be used as second line
treatment for uterine atony in preference to misoprostol,
unless contraindicated; and to be considered for
prophylaxis at CS.

9. Monitoring after C section, complicated NVD, and manual
removal of placenta to be improved in terms of frequency
of observations and action on abnormal observations; this
to be facilitated with early warning monitoring charts. At
risk women to be monitored in a special care area.

10All women with blood loss in excess of i000mIs need to
be immediately assessed by a doctor.
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TITRATED ORAL MISOPROSTOL
SOLUTION — A NEW METHOD OF
LABOUR INDUCTION

G Justus Hofmeyr, Baron B Matonhodze, Zarko Alfirevic,
Elizabeth Campbell, Marinda de Jager, Cheryl Nikodem

Background. Misoprostol, a cheap, stable, orally active
prostaglandin analogue, is effective for labour induction
when administered either vaginally or orally, but uterine
hyperstimulation and rupture have been reported. Previous
studies of oral misoprostol for labour induction have used
fixed dosages 3 - 6-hourly.

Objectives. To develop a new method of misoprostol use for
labour induction using very small, frequent, titrated oral
dosages, and to pilot effectiveness.

Study design. Open clinical pilot study.

Setting. Coronation Hospital, an academic hospital in
Johannesburg, South Africa.

Methods. We developed a method using 2-hourly titrated
misoprostol doses commencing with 20 pg, increased after
three doses to 40 pg. To administer such small doses we
dissolved one misoprostol tablet in 200 ml water. A pilot
study of this method was undertaken in 25 women with
various indications for induction of labour.

Results. Eighteen women (72%) delivered vaginally within
32 hours of induction and two women developed uterine
hyperstimulation. The caesarean section rate was 20%.

Conclusions. Women may respond to much smaller dosages
of misoprostol than are currently in use. A multicentre
randomised trial of this method is underway. We emphasise
the dangers inherent in the current unregistered use of
misoprostol in clinical practice.

3 Afr Med | 2001; 91: 775-776.
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Unrversity of Liverpool, UK
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Three years ago we drew attention in this Journal to the
dangers of misoprostol use in the third trimester of pregnancy.’
However, we continue to admit women with complications of
misoprostol overdosage, including uterine rupture, to academic
hospitals in Johannesburg.

Induction of labour in the third trimester of pregnancy may
be considered beneficial in many clinical circumstances. The
risks include ineffective labour (failed induction), or excessive
uterine activity which may cause fetal distress or uterine
rupture. Either problem may lead to an increased risk of
caesarean section. Unsuccessful labour induction is most likely
when the cervix is unfavourable, and in this circumstance
prostaglandin preparations have proved to be beneficial * Those
prostaglandins, which have been registered for cervical
ripening and labour induction, are expensive and unstable and
require refrigerated storage.

Misoprostol (Cytotec, Searle) is a methyl ester of
prostaglandin E1 registered for use in the prevention and
treatment of peptic ulcer disease caused by prostaglandin
synthetase inhibitors. It is inexpensive, easily stored at room
temperature and has few systemic side-effects.

Current experience with misoprostol used for labour
induction has been reviewed recently.* Although in most
studies misoprostol seemed to be at least as effective as
conventional methods, widely varying dosage regimens and
small numbers of women studied do not allow for adequate
assessment of safety. The widespread use of misoprostol in
clinical practice in this country and elsewhere, using arbitrary
dosages and without registration or proper surveillance for
adverse events, is cause for grave concern,® as are reports of
complications such as uterine rupture.

Although most researchers and clinicians have chosen the
vaginal route for misoprostol administration, oral
administration may have several advantages. Administration is
easier and may be more acceptable to women. Absorption is
more rapid and possibly more predictable. The reported mean
peak serum misoprostol acid level following oral
administration was 227 pg/ml after 34 minutes compared with
165 pg/ml after 80 minutes for the vaginal route. Vaginally
absorbed serum levels are more prolonged.” The shorter half-
life when given orally may be advantageous in the event of
uterine hyperstimulation. On the other hand, the direct local
effect of vaginal misoprostol on cervical softening may be
advantageous.

Randomised trials of oral misoprostol reviewed to date have
used fixed misoprostol regimens with a wide range of dosages,
from 50 pg 4-hourly to 200 pg every 6 hours.*

Based on the knowledge that uterine sensitivity is extremely
variable between individuals, and in the same person over
time, we adopted the principle that misoprostol should be
administered orally in small, frequent dosages, titrated against
the uterine response. This is analogous to the conventional
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titrated use of oxytocin. To overcome the difficulty of breaking
the misoprostol tablets accurately into small fragments, we
decided to use one misoprostol tablet (200 ng) dissolved in a
medicine bottle with 200 ml water (1 ug per ml solution). The
bottle was shaken well before each administration.

METHODS

We conducted a pilot study at Coronation Hospital,
Johannesburg, to assess the effectiveness of this novel approach
in pregnant women with singleton, cephalic presentation
requiring labour induction at term. The study was approved by
the Committee for Research on Human Subjects of the
University of the Witwatersrand, and informed consent was
signed by all participants. The initial commencing dosage
chosen was 40 ug 2-hourly, but uterine hyperstimulation was
observed in the first woman studied. A revised protocol was
applied to all women irrespective of parity, cervical score or
membrane status (intact or ruptured). Labour was induced
with 2-hourly oral misoprostol solution, 20 pg for the first three
doses, then increased to 40 g repeated 2-hourly until adequate
contractions were achieved. Once uterine activity became
adequate no further misoprostol was given. If contractions
subsequently became inadequate, labour augmentation with
hourly misoprostol solution was to be started at 5 pg,
increasing to 10 and then 20 ng, and repeated until adequate
uterine contractions occurred.

RESULTS

The pilot study using the above dosages included 25 women
due for labour induction for hypertension (7), post-term
pregnancy (8), impaired fetal growth (4), prelabour rupture of
membranes (4), rhesus disease (1) and pruritus (1). The cervical
score was < 7 in 18 women. The resuits are shown in Table 1.
The median dosage of misoprostol used was 150 pg (range 50 -
400 ug). Once labour was established, augmentation was not
required in any case. The method was favourably received by
the women and staff.

Table I. Results of labour induction with titrated oral misoprostol
solution

Number of
Qutcome women (N =25) % (95% Cl)
Active labour within 12 hours 12 48 (28 - 69)
Active labour within 24 hours 23 92 (74 - 99)
Vaginal delivery within 24 hours 14 56 (35 - 76)
Vaginal delivery within 32 hours 18 72 (51 - 88)
Caesarean section 5 20 (7 - 41)
Uterine hyperstimulation 2 8 (1-26)
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DiscussioN

The results of this small pilot study have confirmed the wide
range of individual responsiveness to misoprostol, supporting
the principle of using small, frequent doses titrated against
uterine contractions. The regimen chosen appeared to represent
a reasonable balance between achijeving effectiveness and
avoiding excessive hyperstimulation.

On the basis of these results we are conducting a large
randomised multicentre trial to assess the effectiveness and
safety of this regimen compared with conventional
dinoprostone vaginal gel, and at one centre with extra-amniotic
Foley catheter bulb placement. Depending on the results, a
further avenue of investigation may be the use of a single smail
dose of misoprostol vaginally for locally mediated effects on
the cervix, followed by titrated oral misoprostol solution for
fine-tuning of uterine contractions.

The importance of this report is that it shows that women
usually respond to much smaller doses of misoprostol than are
currently in common use, and to call again for caution in the
use of misoprostol in the third trimester.

We acknowledge support from the University of the
Witwatersrand, the South African Medical Research Council and
Liverpool University, UK.
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Titrated oral misoprostol solution for induction of labour:
a multi-centre, randomised trial

G.J. Hofmeyr*™, Z. Alfirevic’, B. Matonhodze®, P. Brocklehurst",
E. Campbell®, V.C. Nikodem®

Objectives To determine the effects of titrated oral misoprostol solution, compared with vaginal dinoprostone.

Study design Open, randomised clinical trial.

Setting Academic hospitals in South Africa and Liverpool, UK.

Methods Women undergoing induction of labour after 34 weeks of pregnancy were allocated by randomised,
sealed opaque envelopes, to induction of labour with titrated oral misoprostol solution, or two doses of vaginal
dinoprostone (2mg) administered six hours apart. Failure to deliver within 24 hours of randomisation was the
primary outcome on which the sample size was based. The data were analysed by intention-to-treat.

Results Six hundred and ninety-five women were randomly allocated: 346 to oral misoprostol and 349 to vaginal
dinoprostone. There were no significant differences in substantive outcomes. Vaginal delivery within 24 hours
was not achieved in 38% of women in the oral misoprosto! group and 36% in the vaginal dinoprostone group
(RR 1.08; 95% CI 0.89-1.31). The caesarean section rates were 16% and 20%, respectively (RR 0.80; 95% C1
0.58-1.11). Hyperstimulation with fetal heart rate changes occurred in 4% of women in the oral misoprostol
group and 3% after vaginal dinoprostone (RR 1.32, 95% C] 0.59-2.98). The response to induction of labour in
women with unfavourable cervices was somewhat slower with misoprostol when membranes were intact, and
with dinoprostone when membranes were ruptured. There were no differences in neonatal outcome between

the two groups.

Conclusions This new approach to oral misoprostol administration was successful in minimising the risk of
uterine hyperstimulation. which has been a feature of misoprostol use for induction of labour, at the expense of
a somewhat slower response in women with intact membranes and unfavourable cervices. Misoprostol is not
registered for use in pregnant women, and further research is needed to confirm optimal and safe dosages.

INTRODUCTION

Induction of labour is a common intervention during
pregnancy in both developing and developed countries.
In the UK in 1994/1995, 19.5% of women had labour
induced', which corresponds to approximately 130,000
women each year. Licensed pharmacological methods
used for induction of labour, mostly vaginal prostaglan-
dins, are expensive and require cold storage making them
unsuitable for resource poor settings. Cheaper alterna-
tives which are stable at room temperature may have
the potential to produce substantial cost savings in devel-
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oped countries and allow safe induction of labour in those
countries which currently cannot provide pharmacologi-
cal induction of labour.

Misoprostol is a unique prostaglandin E, analogue
which is rapidly absorbed orally. Tablets, marketed for
anti-inflammatory drug-induced gastric ulceration. are
stable and inexpensive. The use of misoprostol in preg-
nancy has been reviewed recently’. Several randomised
trials of induction of labour with misoprostol have been
undertaken*'". In most trials, the vaginal route has been
chosen, presumably because this route has been most
successful for other prostaglandins and because miso-
prostol has a far longer half-life when administered
vaginally than oral]yB. However, the short half-life of
oral misoprostol may be an advantage in induction of
labour, given the varying responses of women to prosta-
glandins and the danger of uterine hyperstimulation.

Previous randomised trials of oral misoprostol have
used a fixed dosage regimen administered four to six
hourly**, 100-200p.g three-hourly’, or 100ug vaginally
followed by 100pg orally two-hourly'”. In November
1999 the American College of Obstetricians and Gyne-
cologists provided guidelines to their members on the use
of misoprostol for cervical ripening and induction of
labour'". The manufacturers have acknowledged the

www hjog-elsevier.com




role of doctors in prescribing an approved pharmaceutical
product for use outside its approved indication”. The
Cochrane Review'® on the topic remains inconclusive
because widely varying dosage regimens have been
used and the studies to date have been far too small to
address the issue of safety. We have emphasised the
dangers of misoprostol, particularly in larger dosages,
and the need for large studies to confirm safety. Our
review in this journal'® has attracted criticism because
of our view that misoprostol should not be recommended
for widespread use before more controlled evidence of
safety is available'®,

In this study, in order to allow for individual sensitivity
and the short half-life of oral misoprostol, we planned to
use small doses at frequent intervals, increasing the
dosage when necessary. Following completion of a
small dose-finding pilot study'®, we carried out a rando-

ised controlled trial of the effectiveness of titrated oral

‘:isoprosto] solution and dinoprostone for induction of
labour in the third trimester of pregnancy.

METHODS

Women due for induction of labour with a singleton
pregnancy and cephalic presentation were asked to parti-
cipate. The exclusion criteria were: gestation less than 34
weeks. significant antepartum haemorrhage, previous
caesarean section, uncontrolled diabetes mellitus, severe
pre-eclampsia or eclampsia and fetal distress. All eligible
women were asked to sign a written consent form. The
local research ethics committees approved the study
protocol.

To allocate treatment, the next in a series of sealed,
consecutively numbered opaque envelopes was taken
from one of four dispensers, depending on whether the
membranes were ruptured and whether the cervix was

ourable (modified Bishop score >6)":

. membranes intact/cervix unfavourable;

. membranes intact/cervix favourable;

. membranes ruptured/cervix unfavourable;
. membranes ruptured/cervix favourable.

o R

The envelopes were prepared remote from the study
sites by one author (P.B.), using a computer-generated
list of allocations. Allocations were balanced between
groups using random block sizes (between two and
six). Each envelope was numbered sequentially and
contained the appropriate management protocol. During
the analysis the allocation recorded on the data form was
cross checked with the lists held at Oxford. The woman’s
name was entered in a register with the number of the
envelope before opening the envelope. The management
protoco!l included in the envelope was followed unless
clinical imperatives dictated otherwise. When labour

© RCOG 2001 BrJ Obster Gynaeeol 108, pp. 952-959
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commenced, electronic fetal heart rate monitoring was
used whenever feasible. The study was not placebo
controlled, therefore women and clinicians were aware
of the allocated treatment. The treatment protocols were
as follows:

1. Misopraostol

The smallest preparation of misoprostol available in
trial countries was a 200ug tablet. For induction of labour
a starting dose of 20ug was required. To overcome the
problem of breaking the 200pg tablet into small frag-
ments, we dissolved the tablet in 200m! water (1pug per
mL), shaking the solution well before each administra-
tion. At the South African sites, tap water was used, and
the same bottle used till finished (maximum 12 hours). At
the Liverpool site, sterile water was used and the solution
made up freshly for each administration. The solution
was administered orally every two hours until adequate
uterine contractions occurred (three per 10 minutes last-
ing 30 seconds) and then stopped. The initial dosage of
20mL (20pg) was increased to 40ug after two (Liver-
pool) or three doses (South African sites). The timing and
strength of contractions was assessed by regular abdom-
inal palpation. If the contractions became inadequate,
augmentation of the active phase of labour was attempted
with hourly titrated oral misoprostol (1g/mL solution)
escalating the dose from 5ml to 10m! and, 20m! (maxi-
mum). If uterine contractions were judged to be adequate,
the next dose of misoprostol was omitted.

2. Conventional method

Dinoprostone (Prandin, prostin gel) 2mg was inserted
into the posterior vaginal fornix and repeated after six
hours if the contractions were not adequate. If labour
was not established after a further 12 hours, or contrac-
tions became inadequate, an oxytocin infusion was
commenced with syntocinon at 2miu per minute, increas-
ing if necessary to 4miu, 8miu. 16miu or 32miu per
minute.

At the South African sites, women with intact mem-
branes were randomly allocated to three groups, the
third being for induction of labour with an extra-amniotic
Foley catheter buib. The results of this comparison will be
reported separately.

Artificial rupture of the membranes was performed at
the discretion of the person attending the woman. The
South African centres followed a conservative policy
because of the high prevalence of HIV infection.

Tachysystole (>5 contractions per 10 minutes for at
least 20 minutes) or hypersystole (a contraction lasting at
least two minutes) were initially diagnosed by combina-
tion of abdominal palpation and cardiotocography. These
conditions were managed conservatively with the woman
being placed in the left lateral position with continuous
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695 Randomised

|

—
346 received misoprosto!

|
2 did not reach primary endpoint

!
344 analysed for primary endpoint

Fig. 1. Trial profile.

fetal heart rate and contraction monitoring. Artificial
rupture of the membranes was avoided if possible.

Hyperstimulation syndrome (tachysystole or hypersys-
tole with fetal heart rate abnormality) was managed by
changing to the left lateral position, oxygen administra-
tion by face mask and if considered necessary, tocolysis
{intravenous hexoprenaline or ritodrine).

Statistical considerations

The sample size calculation was based on the inci-
dence of the primary outcome — failed vaginal delivery
— within 24 hours, of 58% in the dinoprostone groups
reported in randomised trials of vaginal misoprostol
compared with dinoprostone'*. To detect a reduction to
45% with 95% certainty and 90% power would require
324 women in each group.

Data were entered into Epi-info 6 or Excel at the
recruiting sites and analysed independently using SPSS.
Differences between groups were expressed as relative
risks with 95% confidence intervals. Pre-specified

Table 1. Characteristics of women at trial entry expressed as n (%). mean [SD] or median [interquartile range}. IOL = induction of labour: POH = past
obstetric history: PROM = premature rupture of the membranes. Denominators are given when data are missing.

349 received Prostaglandin E2
3 did not reach the primary endpoint

346 analysed for primary endpoint

|
|
!

subgroups for analysis were by membrane status, cervical
status and country. Comparison by country was consid-
ered necessary because of anticipated differences in
patient populations (more high risk women at the South
African sites), and management (more conservative
policy to membrane rupture at the South African sites),
and because of minor differences in the misoprostol
induction regimen (see above).

RESULTS

The number of women randomised was 695. The trial
Profile is shown in Fig. 1. Data were not kept on women
excluded from participation. The characteristics of
women at trial entry are shown in Table 1. Post-term
pregnancy (41%), prelabour rupture of membranes
(17%) and hypertension (16%) were the most common
indications for induction of labour at all three sites. Most
women had intact membranes and an unfavourable cervix
at the time of trial entry (n = 443, 64%) of whom 48%

South Africa Liverpool Combined

Misoprostol Dinoprostone Misoprostol Dinoprostone Misoprostol Dinoprostone
No. randomised 211 220 135 129 346 349
Age (years) 27.7 {6.4] 27.1 {6.1] 26.4 {6.4) 27.3 (5.7} 27.2 [6.4) 272159)]
Missing 1 3 1 3
Gestation (weeks) 39.4 (2.2] 39.2 (2.5 40.2 [1.8) 40.2 [2.0] 397 12.1] 39.6 [2.4]
Missing 1 3 1 3
Previous pregnancy =24 weeks 1321210 (63) 134/217 (62) 45 (33) 48 (37) 1771345 (51) 182/346 (53)
Primary indication for IOL
Impaired growth 17(® 22 (10 4(3) 10 (8) 21 (6) 32(9)
Post-term 88 (42) 97 (44) 55 (41) 48 (37 143 (41) 145 (42)
Hypertension 48 (23) 39 (18) 14 (10 9 (M 62 (18) 48 (14)
POH 12 (6) 10 (5) 4(3) 3(2) 16 (5) 13 (4)
PROM 36 (17) 41 (19) 2015 22 (17) 56 (16) 63 (18)
Other 9 4) 9 (4) 38 (28) 37129 47 (14) 46 (13)
Not known 10 2(h 00 0(0) 1Oy 21
Cervical score (Bishops)
<7 145 (69) 146 (66) 125 (93) 123 (95) 270 (78) 269 (77)
Median 5 {4-7} 5 {4.7} 4 {35} 4 {3-5) 5 {4-6} 5 {4-6)
Missing i 3 1 3
Membranes ruptured 360N 41 (19) 24 (18) 24 (19) 60 (17) 65 (19)
Not known 3 5(2) LED) 00 41 S
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Table 2. Outcomes expressed as n (%), mean {SD] or median {interquartile range}. FHR = fetal heart rate; CS = caesarean section.
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South Africa Liverpool Combined Combined RR
(95% C1) or Mean
Misoprostol Dinoprostone Misoprostol Dinoprostone Misoprostol Dinoprostone difference (95%C))
No. randomised 211 220 135 129 346 349
Primary outcome
Vaginal delivery not achieved <24h 78 (37) 71217 3% 55 (40 46 (36) 133 (38) 1237346 (36) 1.08 (0.89-1.31)
Secondary outcomes
1. Labour:
Cervical score unchanged after 12h* 17/105 (16) 12/84 (14) 17/105 (16) 12/84 (14) 1.13 (0.57-2.24)
Randomisation to labour
Interval (min) 819 {524} 547 (470] 784 (533] 782 {1599} 805 (5271 636 {1053} 169 (44-294)
Missing 4 7 4 7
Amniotomy 44/210 (21) 37/217(17) 59 (44) 76 (59) 1037345 (30) 113/346 (33) 0.91 (0.73-1.14)
Oxytocin augmentation 13/210 (6) 471217 (22) 37227 67 (52) 501345 (14) 114/346 (33) 0.44 (0.33-0.59)
Misoprostol augmentation 22/210 (10) 0 36 27) 1(1) 58/345(17) 1/346 (0) 58.2(8.1-417.6)
Feta} blood sampling 27210() 0 15(11) 1743) 17/345 (5) 17/346 (5) 1.00 (0.52-1.93)
Vaginal bleeding 5/210 (2) 6/217 (3) 14 (10 16 (12) 19/345 (6) 22/3.46 (6) 0.87 (0.48-1.57)
Uterine activity
Tachysystole 14193 (1) 147205 (7 9 (M 4(3) 23/328(7) 18/334 (5) 1.30 (0.72-2.37)
Hy persystole 17193 (1) 17205 (0) (40 0«0 2/328 (1) 1/334 (0) 2.04 (0.19-22.4)
Hyperstimulation with FHR changes 10/193 (5) 9/205 (4) 32 1(D 13/328 (4) 10/334 (3) 1.32 (0.59-2.98)
Epidural or opioid 57/210(27) 67/217 (31 117 (87 113 ¢(88) 174/345 (50) 180/346 (523 0.97 (0.84-1.12)
2. Delivery
Mode of delivery
(& 297210 (149 46/218 (21) 25019 2247 54/345 (16) 68/347 (20) 0.80 (0.58-1.11)
Instrumental delivery 5210 (2) 6218 (3) 19 (14) 2217 24345 (7) 28/347 (8) 0.86 (0.51-1.46)
Indication for operative delivery
Delay 147210 (7) 28217 (13) 17 (13) 15(12) 31/345 (9) 437346 (12) 0.72(0.47-i.12)
Fetal distress 15/218(7) 20217 (%) 17.(13) 20 (16} 32/345 (9) 401346 (12) (.80 (0.52-1.25)
Other 5210 (2) 37217 (1) 11 (8) 9(N 16/345 (5) 12/346 (3) 1.34 (0.64-2.78)

Randomisation to delivery interval
Missing

980 (613-1634}
)

825 {450-1498)
3

1125 {734-1680}
0

954 (589-1448)
0

1030 {673-1646}
1

855 {505-1466)
3

115 (-26.8-257)

* These data collected in Liverpool only.
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Table 3. Maternal side eflects und complications expressed as n (%), mean 1SD] or median {interquantile range .

South Africa

Liverpool

Combined Combined RR (95% CI) or

Misoprostol Dinoprostone Misoprostol Dinoprostone Misopraostol Dinoprostone Mean difference (95%CI

N randomised 211 220 135 129 346 349
Side effects
Mild shvering 76210 (36) 741217 (34) 43 0(0) 80/345 (23) 741346 (21) 1.08 (0.82-1.43)
Severe shivering 2210 (1) 3217 (1) 0(0) I 2/345 (1) 4/346 (1) 0.50 (0.09-2.72)
Vomiting 35210017) 327217 (15) 7(5) 2(2) 421345 (12) 34/346 (10) 1.24 (0.81-1.90)
Any side effects 941210 (45)  97/217 (45) 20 (15) 4(3)  114/345(33)  101/346 (29) 1.13(0.91-1.41)
BIm;J lnss at delivery 51210024y 517218 (23) 18(13) 20 (16) 69/345 (20) 71/347 (20) 0.98 (0.73-1.31)

—~500mi
Maternal complications
Kuptured uterus 0 0 0 0 0 0
Separs 0 0 0 0 0 0
Pyrena -38C 110y 27218 (1Y 7(5) (1) 87345 (2) 3/347 (1) 2.68 (0.72-10.03)
Retined placenta 12210 () 2/218 (1) 54 0 6/345 (2) 2/347 (1) 3.02 (0.61-14.85)
Oher 62100 (3 9/218 (4) 8 (6) 43 14/345 (4) 13/347 (4) 1.08 (0.52-2.27)
Hoswpnal stay >5 days 221001 17218 (0) 16 (12) 13 (10} 18/345 (5) 14/347 (4) 1.29 (0.65-2.56)

‘/crc primiparous. Eighteen percent of women had intact

membranes and 4 favourable cervix (55 primiparous and
71 multiparous women); 9% of women had ruptured
membranes and an unfavourable cervix (40 primiparous
and 22 multiparous women) while 9% of women had
ruptured membranes and a favourable cervix (24 primi-
parous and 38 multiparous women). All demographic and
other characteristics at trial entry were balanced between
the groups and between the sites.

Of the women in the oral misoprostol group, 38% did
not achieve vaginal delivery within 24 hour compared
with 36% after vaginal dinoprostone (RR 1.08; 95% CI
(.89-1.31) (Table 2). There were fewer caesarean
seclions, a longer time to delivery and a greater incidence
of utcrine tachysystole with misoprostol, but differences
were not statistically significant. There were no differ-
ences in clinically important uterine hyperstimulation,
maternal complications (Table 3) or neonatal ouicomes

‘Tuhlc 4). In particular there was no increased incidence
shivering with the doses of misoprostol used in this

Table 4. Neonatal outcomes expressed as n (%), mean [SD].

trial. The main outcomes by membrane and cervical
status are shown in Table 5.

Kaplan Meier survival curves showing time from trial
entry to delivery in the pre-specified subgroups show a
statistically significant earlier delivery in the dinopros-
tone group for women with an unfavourable cervix and
intact membranes (Fig. 2). For women with an unfavour-
able cervix and ruptured membranes, delivery occurred
earlier in the misoprostol group (Fig. 3), although this
may have been due to a greater number of caesarean
sections (Table 5). When the cervix was favourable
there was no statistically significant difference between
misoprostol and dinoprostone in time to delivery, regard-
less of membrane status (Figs. 4 and 5).

DISCUSSION

Small, frequent, titrated oral doses of misoprostol were
successful in avoiding the significant increase in uterine

South Africa

Liverpool Combined Combined RR (95% CI)
or mean difference
(95%CI
Misoprosto!  Dinoprostone  Misoprostol  Dinoprostone  Misoprostol  Dinoprostone

No. randomised 2n 220 135 129 346 349

Birthweight 3101 1499] 3045 [547] 3470 [563) 3440 [659] 3246 [554] 3192 [620] 54 (-33.8-142)

Missing 1 3 1 3

Apgar <7 at § mins 7(3) 13 (6) 4(3) 2(2) 11 (3) 15 (4) 0.74 (0.34-1.58)

Not known 1 () 21 0(0) 0 () 1 () 3

NICU admission 47210 (2) 6/217 (3) 54 8 (6) 9/345 (3) 14/346 (4) 0.64 (0.28-1.47)

Neonatal complications

Perinatal death 17210 (0) 1218 (0) 0 0 11345 (0Y 11346 (0) 1.00 (0.06-15.97)

Seizures 17210 (0) 0 0 0 17345 (0) 0

Sepsis 0 0 1 0 11345 (O 0

Others 87210 (4) 6/218 (3) 10(7) 9(7) 18/345 (5) 15346 (4) 1.20 (0.62-2.35)

©: RCOG 2001 BrJ Obster Gynaecol 108, pp. 952-959
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Table 5. Subgroup analysis by membrane and cervical status expressed as # (%) and relative risks (RR) and 99% CI.

Membranes intact, cervix uafavourable

Membranes intact, cervix favourable

Membranes ruptured, cervix unfavourable

Membranes ruptured, cervix favourable

Misoprostel  Dinoprostone  RR (99% CIy  Misoprostol  Dinoprostone  RR (99% CI)  Misoprostol  Dinoprostene  RR (99% Cli  Misoprostol Dinoprostone RR (99% Ch
No. Randomised 223 20 62 66 29 33 32 30
Vagmal delivery 104 47 QU219 (41 113 86-E5) 15¢24) 17763 27y 0911041201 i1 (3% IRERX}} 1.14¢0.47-2.75) EXLI 50N G50 (0-3.2t
not achicved <
24k
Ccs 3an 481(22) 076 (0.46-1.26) 61 64122y 0H(0.14-1.43) EARIY I J4LT0-167) 231 (6) 3(in Q.63 (07-6 1N
Uerine 62010 Y212 (4 067 10.18-2.55) 43947y ] (3 0 22941 17293 20009428
hy peestimulanon
with FHR
changes
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Fig. 2. Kaplan-Meier plot of time to delivery: membranes intact, unfavour-
able cervix (log rank test. P = (.001).

hyperstimulation reported in previous studies, at the
expense of a somewhat slower response in women with
intact membranes and unfavourable cervices. A possible
reason for the slower response in these women is the lack
of a local effect on the cervix when misoprostol is admi-
nistered orally rather than vaginally. However, there is a
fine balance between the rapid response of vaginally
administered misoprostol and the increased risk of uter-
ine hyperstimulation in dosages exceeding 25pg four-
hourly. More ‘aggressive’ regimens will undoubtedly
result in shorter labours. This may appeal to women
and clinicians only if safety for the mother and the
baby is not compromised.

The external validity of our findings is enhanced by the
fact that sites with different patient profiles were included
and the results were similar between sites; and the fact that

1-0
Allocation

............... Dinoproslone gel
Oral misoprostoi

08

0-6

04

Cumulative survival

0-2

40 60 80
Randomisation to delivery (h}

Fig. 3. Kupiun-Meier plot of time to delivery: ruptured membrunes. un-
favourable cervix (log rank test, P = 0.015).
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Randomisation to delivery (h)

Fig. 4. Kaplan-Meier plot of time to delivery: membranes intact. cervix
favourable (log rank test, £ = 0.270).

the great majority of women who met the entry criteria
apreed to participate (exact numbers not recorded).

In our study women and clinicians were not blind to
the allocated treatment. Therefore, events such as diag-
nosis of excessive uterine activity, decision to start synto-
cinon or to perform caesarean section were susceptible to
bias. Such bias might operate in either direction, for
example, early recourse to caesarean section because of
anxiety about an experimental therapy, or delayed caesar-
ean section because of enthusiasm for the new therapy.

The possibility of uterine rupture as a rare complica-
tion of induction of labour with misoprostol musi be
considered. A case of uterine rupture in a nulliparous
woman following a single 100ug vaginal dose of miso-
prostol has been reported'®. One trial of vaginal miso-
prostol for induction of labour in women with a

10

Allocation
............... Dinoprostons ge|
Oral misoprostol

08

0-6

0-4

Cumulative survival

0-2

1 I
40 60 80
Randomisation to delivery (h)

Fig. §. Kaplan-Meier plot of time to delivery: ruptured membranes. favour-
able cervix (log rank test, P = 0.217).
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previous caesarean section has been stopped prematurely
because of dehiscence of the uterine incision in two of the
first 17 misoprostol treated women'®. The dosage of vagi-
nal misoprostol used was conservative (25u.g 6-hourly to
a maximum of four doses). Two and three doses were
used. respectively. .

A possible solution to the problem of hyperstimulation
is the use of a single, small vaginal dose 1o achieve the local
effect in women with unfavourable cervices, followed by
frequent, small titrated oral doses to ‘fine-tune’ the uterine
response and minimise the risk of hyperstimulation. The
titrated oral regimen used in this study was tolerated well
by women and staff. However, a requirement by pharma-
cists to provide fresh solution every two hours at the Liver-
pool site proved to be cumbersome and time-consuming.
Currently unavailable small dose tablets would make such
a regimen much more appealing.

Whatever misoprostol regimen is tested in the future it

Qould be assessed rigorously before it can be recom-
e

nded for routine clinical practice. We believe that
more randomised trials of various misoprostol regimens
are needed. Ideally, they should be double-blinded. The
real challenge ahead is to design sufficiently large induc-
tion of labour trials which will be acceptable to women and
clinicians and will have the power to address the issues of
safety, as well as effectiveness, in an unbiased fashion.
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ABSTRACT
This is the protocol for a review and there is no abstract. The objectives are as follows:

To determine, from the best available evidence, the effectiveness and safety of induction agents or procedures for third trimester cervical
ripening and induction of labour.
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BACKGROUND

Induction of labour

Induction of labour may be considered beneficial in many clini-
cal circumstances. These include fetal growth restriction (or other
states of potential fetal compromise), spontancous rupture of
membranes, pre-eclampsia, and post-term pregnancy. The ef-
fects of induction of labour in some specific clinical situations
are assessed in other Cochrane reviews (e.g. Boulvain 2001a;
Gitlmezoglu 20065 Irion 1999).

A review of the evidence-base for labour induction indications
found that recommendations for induction of labour for post-
term gestation, premature rupture of membranes at term, and
premature rupture of membranes near term with pulmonary ma-
turity are supported by evidence; induction for fetal growth im-
pairment before term reduces intrauterine fetal death, bur in-
creases caesarean deliveries and nconatal deaths; evidence is in-
sufficient to support induction for women with insulin-requir-
ing diabetes, twin gestation, fetal macrosomia, oligohydramnios,
cholestasis of pregnancy, maternal cardiac disease and fetal gas-
troschisis (Mozurkewich 2009). On the other hand, risk-guided
preventive labour induction is claimed to improve birth outcomes
(Nicholson 2009). Labour induction, for clinical indications, if
performed, usually takes place during the third trimester of preg-
nancy (after 28 weeks).

Labour may also be induced for social reasons, e.g., to coincide
with planned leave from work by the woman or her partner (
Crosby 2008). Labour induction tends to be more common in
women who live far from obstetric services (Kornelsen 2009).
Recently, emphasis has been placed on the value of avoiding elec-
tive delivery before 39 weeks’ gestation due to increased rates of
neonaral high care admissions (Clark 2009). A specific program
to reduce early term elective deliveries has been found to be effec-
tive (Oshiro 2009), as has labour induction guidelines backed by
medical staff education (Fisch 2009).

Labour induction in the evening (for example, at about 2100
hours) has been found to be associated with similar labour dura-
tion and improved neonatal outcome than that commenced in the
morning (Bakker 2009).

Methods for inducing labour

When a woman and her caregivers agree that labour induction is
necessary (or desirable), the best method of induction needs to
be chosen. The main problems experienced during induction of
labour are an inability to achieve effective labour, or the production
of excessively strong uterine contractions. The latter may cause
both maternal and fetal distress, and both problems may lead to
an increased risk of caesarean section. Excessive uterine activity,
through inappropriate use of uterine stimulants, may occasionally

lead to the very serious complication of uterine rupture (and fetal
death).

There is considerable variation in how women perceive induction
of labour. At one end of the continuum are women who dislike
the idea of induction intensely. At the other end of the continuum
are women who welcome interventions to bring the birth of their
baby forward. Whilst there are legitimate reasons to debate what
is a desirable rate of induction of labour in any population of
pregnant women, and whether in some settings this rate is much
higher than it should be, that is not the objective of this protocol
and its daughter reviews. These focus specifically on methods, not
use and abuse.

There are several clinical factors which may influence the choice
of induction method. These include parity, the condition of the
cervix, membrane status, and presence or absence of a uterine scar
(usually from a previous caesarean section).

Parity is important because women tend to be more sensitive (and
sometimes much more sensitive) to stimulatory drugs if they have
had a baby (or babies) previously. In a recent observational study,
nulliparous women with an undilated cervix whose labours were
electively induced had a 50% caesarean section rate (Clark 2009).
The state of the woman’s cervix can be assessed by vaginal ex-
amination and ’scored’ (Bishop 1964) to make a semi-quanti-
tative prediction of 'favourability’ for labour induction. Induc-
tion tends to be easier if the cervix is soft, dilated, and short
(favourable/high cervical score) and more difficult if firm, closed
and long (unfavourable/low cervical score). When the cervix is
unfavourable, prostaglandin preparations are often used (Keirse
1993; MacKenzie 1997) although these may be particularly as-
sociated with uterine hyperstimulation (Egarter 1990). More re-
cently, ultrasound measurements of cervical length and distance
from the perineum to the baby’s head have been suggested as ad-
ditional parameters for assessment of cervical readiness (Eggebe
2009). Ultrasound measurement of cervical length and body mass
index werc found to be better predictors of caesarean section than
the clinical cervical score (Uyar 2009).

Women whose membranes have already ruptured may respond
differently to stimulatory drugs than those whose membranes are
still intact ar the time of labour induction. The drainage of am-
niotic fluid through the vagina may also flush out locally applied
medication. The presence of a uterine scar carries a risk of de-
hiscence during labour, especially if uterine acriviry is excessive.
Though uncommon, this is potentially a very serious complica-
tion that can pose a threat to the lives of both baby and mother.
There are many methods of labour induction that include admin-
istration of oxytocin; prostaglandins; prostaglandin analogues and
smooth muscle stimulants, such as herbs or castor oil; or mechan-
ical methods, such as digital stretching of the cervix and sweeping
of the membranes; hygroscopic cervical dilators; extra-amniotic
balloon catheters; artificial ruprure of the membranes; and nipple
stimulation. Acupuncture and homeopathy have also been used.
Because of the scale of this topic and the multiplicity of trials

Methods for cervical ripening and labour induction in late pregnancy: generic protocol (Protocol) 2
Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



comparing one method with others and the potential for dupli-
cation of effort, members of the Cochrane Pregnancy and Child-
birth Group decided to address this subject strategically. We de-
veloped a common methodology and panel of outcome measures
for all labour induction reviews. In addition, we devised a strategy
whereby each comparison has a single ’home’ review {(e.g., com-
parison of mifepristone versus vaginal misoprostol would appear
only in the mifepristone review - see Data collection and analysis).
We decided to combine techniques that aim to ripen the cervix
(make it more soft, short and open) and those that aim to induce
labour. As mentioned above, prostaglandins are frequently used
to ripen the cervix when it is 'unfavourable’ but this commonly
causes labour to start. We therefore felt that the distinction berween
ripening and labour induction is, in practice, artificial.

This protocol forms the basis of a series of reviews of methods
of labour induction - see Methods for more detailed information.
It differs from other protocols published in The Cochrane Library
because it will be retained permanently as a protocol to describe
the methods that shaped the production of all labour induction
reviews, unlike other Cochrane protocols which usually develop
into full reviews. In addition to the general background in this
generic protocol, each of the individual induction of labour reviews
will include its own method-specific background information.

OBJECTIVES

To determine, from the best available evidence, the effectiveness
and safety of induction agents or procedures for third trimester
cervical ripening and induction of labour.

METHODS

Criteria for considering studies for this review

Types of studies

Clinical trials comparing any method of third trimester cervical
ripening or labour induction, with placebo/no treatment or other
methods; the trials should include some form of random allocation
to either group; and they should report one or more of the prestated
outcomes.

Types of participants

Pregnant women due for third trimester induction of labour, car-
rying a viable fetus.

Types of interventions

All methods of third trimester cervical ripening or labour induc-
tion compared with placebo/no treatment or any other method.

Types of outcome measures

Clinically relevant outcomes for trials of methods of cervical ripen-
ing/iabour induction have been prespecified by two authors of
labour induction reviews (Justus Hofmeyr and Zarko Alfirevic).
We settled differences by discussion.

Primary outcomes

Five primary outcomes were chosen as being most representative
of the clinically important measures of effectiveness and compli-
cations:

(1) vaginal delivery not achieved within 24 hours (or period spec-
ified by trial authors);

(2) uterine hyperstimulation with fetal heart rate (FHR) changes;
(3) caesarean section;

(4) serious nconatal morbidity or perinatal death (e.g., scizures,
birth asphyxia defined by trialists, neonaral encephalopathy, dis-
ability in childhood);

(5) serious maternal morbidity or death (e.g., uterine ruprure,
admission to intensive care unit, septicaemia).

Perinatal and maternal morbidity and mortality are composite
outcomes. This is not an ideal solution because some components
are clearly less severe than others. It is possible for one intervention
to cause more deaths but less severe morbidity. However, in the
context of labour induction at term this is unlikely. All of these
events will be rare, and a modest change in their incidence will be
casier to detect if composite outcomes are presented. The incidence
of individual components will be explored as secondary outcomes
(see below).

Secondary outcomes

Secondary outcomes relate to measures of effectiveness, complica-
tions and satisfaction.

Measures of effectiveness

(6) cervix unfavourable/unchanged after 12 to 24 hours;
(7) oxytocin augmentation.

Complications

(8) uterine hyperstimulation without FHR changes;
(9) uterine rupture;

(10) epidural analgesia;

(11) instrumental vaginal delivery;

(12) meconium-stained liquor;

(13) Apgar score less than seven at five minutes;
(14) neonatal intensive care unit admission;
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(15) neonatal encephalopathy;

(16) perinatal death;

(17) disability in childhood;

(18) marernal side-effects (all);

(19) maternal nausea;

(20) maternal vomiting;

(21) maternal diarrhoea;

(22) other maternal side-effects;

(23) postpartum hacmorrhage (as defined by the trial authors);
(24) serious maternal complications (e.g,, intensive care unit ad-
mission, septicaemia but excluding uterine rupture);

(25) maternal death.

Measures of satisfaction

(26) woman not satisfied;

(27) caregiver not satisfied.

*Uterine rupture’ will include all clinically significant ruptures of
unscarred or scarred uteri. Trivial scar dehiscence noted inciden-
tally at the time of surgery will be excluded.

Additional outcomes may appear in individual reviews.

While all the above outcomes will be sought, only those with data
will appear in the analysis tables.

The terminology of uterine hyperstimulation is problematic
(Curtis 1987). In the reviews we will use the term 'uterine hyper-
stimulation without FHR changes’ to include uterine tachysystole
{more than five contractions per 10 minutes for at least 20 min-
utes) and uterine hypersystole/hypertonus (a contraction lasting
at least two minutes) and 'uterine hyperstimulation with FHR
changes’ to denote uterine hyperstimulation syndrome (tachysys-
tole or hypersystole with fetal heart rate changes such as persistent
decelerations, tachycardia or decreased short term variability).
Outcomes will be included in the analysis: if reasonable measures
were taken to minimise observer bias; and data were available for
analysis according to original allocation.

In more recent reviews and updates the following outcomes have
been added:(28) neonatal infection;

(29) neonatal antibiotics;

(30) choricamnionitis;

(31) endometritis;

(32) maternal antibiotics.

Search methods for identification of studies

The search methods for identification of studies will be set out in
each review.

Data collection and analysis

To avoid duplication of data the labour induction methods have
been listed in a specific order, from one to 27. Each review includes

comparisons berween one of the methods (from two to 27) with
only those methods above it on the list. Thus, the review of intra-
venous oxytocin (4) will include only comparisons with intracer-
vical prostaglandins (3), vaginal prostaglandins (2) or placebo (1).
Methods identified in the future will be added to the end of the
list. The current list is as follows:
. placebo/no treatmeng;
. vaginal prostaglandins (Kelly 2003);
. intracervical prostaglandins (Boulvain 2008);
. intravenous oxytocin (Kelly 2001c);
. amniotomy (Bricker 2000);
. intravenous oxytocin with amniotomy (Howarth 2001);
. vaginal misoprostol (Hofmeyr 2003);
. oral misoprostol (Alfirevic 2006);

9. mechanical methods including extra-amniotic Foley
catheter (Boulvain 2001b);
10. membrane sweeping (Boulvain 2005);
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11. extra-amniotic prostaglandins (Hutton 2001);
12. intravenous prostaglandins (Luckas 2000);
13. oral prostaglandins (French 2001);
14. mifepristone (Neilson 2000);
15. estrogens (Thomas 2001);
16. corticosteroids (Kavanagh 2006a);
17. relaxin (Kelly 2001a);
18. hyaluronidase (Kavanagh 2006b);
19. castor oil, bath, and/or enema (Kelly 2001b);
20. acupuncture (Smith 2004);
21. breast stimulation (Kavanagh 2005);
22. sexual intercourse (Kavanagh 2001);
23. homocopathic methods (Smith 2003);
24. nitric oxide (Kelly 2008)
25. buccal or sublingual misoprostol (Muzonzini 2004);
26. hypnosis;
27. other methods for induction of labour.
The reviews will be analysed by the following clinical categories
of participants:
1. previous caesarean section or not;
2. nulliparity or multiparity;
3. membranes intact or ruptured;
4. cervix favourable, unfavourable or undefined.
For most reviews, the initial data extraction process was con-
ducted centrally. This was co-ordinated from the Clinical Effec-
tiveness Support Unit (CESU) at the Royal College of Obstetri-
cians and Gynaecologists, UK, in co-operation with the Pregnancy
and Childbirth Group of the Cochrane Collaboration. This pro-
cess allowed the data extraction process to be standardised across
all the reviews. From 2001, the data extraction was no longer con-
ducted centrally.
The trials were initially reviewed on eligibility criteria, using a
standardised form and the basic selection criteria specified above.
Following this, a standardised data extraction form was developed
and then piloted for consistency and completeness. This pilot
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process involved the researchers at the CESU and previous review
authors in the area of induction of labour. For a description of the
methods used to carry out the initial reviews, see Appendix 1 and
Appendix 2.

In 2008 the methods and software for carrying out reviews were
updated, as a result of which new reviews and updates, where
appropriate, will use these new methods (Higgins 2008; RevMan
2008), which will be described in the Methods section of all the

individual new and updated reviews.
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APPENDICES

Appendix |. Methods used in initial reviews

Information is extracted regarding the methodological quality of trials on a number of levels. This process is completed without
consideration of trial results. Assessment of selection bias examines the process involved in the generation of the random sequence
and the method of allocation concealment separately. These are then judged as adequate or inadequate using the criteria described in
Appendix 2 for the purpose of the reviews.

Performance bias is examined with regards to whom was blinded in the trials, i.e., patient, caregiver, outcome assessor or analyst. In
many trials the caregiver, assessor and analyst were the same party. Details of the feasibility and appropriateness of blinding at all levels
are sought.

Predefined sub-group analyses are: previous caesarean section or not; nulliparity or multiparity; membranes intact or ruptured, and
cervix unfavourable, favourabie or undefined. Only those outcomes with data will appear in the analysis tables.

Individual outcome data are included in the analysis if they meet the prestated criteria in "Types of outcome measures’. Included trial
data are processed as described in the Cochrane Reviewers’ Handbook (Clarke 2002). Dara extracted from the trials are analysed on
an intention to treat basis (when this was not done in the original report, re-analysis is performed if possible). Where data are missing,
clarification is sought from the original authors. If the attrition was such that it might significantly affect the results, these data are
excluded from the analysis. This decision rests with the reviewers of primary reviews and is clearly documented. Once missing data
become available, they are included in the analyses.

Dara are extracted from all eligible trials to examine how issucs of quality influence effect size in a sensitivity analysis. In trials where
reporting is poor, methodological issues are reported as unclear or dlarification sought.

Due o the large number of trials, double data extraction was not feasible and agreement between the three data extractors was therefore
assessed on a random sample of trials.

Once the data had been extracted, they were distributed to individual reviewers for entry onto the Review Manager computer software
(RevMan 2003), checked for accuracy, and analysed as above using the RevMan software. For dichotomous data, relative risks and
95% confidence intervals are calculated, and in the absence of heterogeneity, results are pooled using a fixed effects model.
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From 2001, the data extraction is no longer conducted centrally. This means that the data extraction is now carried out by the reviewers
of the primary reviews if new trials are found when the search strategy is rerun, and the reviews are updared.

The predefined criteria for sensitivity analysis includes afl aspects of quality assessment as mentioned above, including aspects of
selection, performance and attrition bias.

Primary analyses are limited to the prespecified outcomes and sub-group analyses. In the event of differences in unspecified outcomes
or sub-groups being found, these are analysed post hoc, but cleatly identified as such to avoid drawing unjustified conclusions.

Appendix 2. Methodological quality of trials

Methodological item Adequate Inadequate

Generation of random sequence  Computer generated sequence, random number  Case number, date of birth, date of admission,
tables, lot drawing, coin tossing, shuffling cards, alternation.
throwing dice

Concealment of allocation Central randomisation, coded drug boxes, se-  Open allocation sequence, any procedure based
quentially sealed opaque envelopes on inadequate generation

WHAT’S NEW

Date Event Description

2 April 2009  New citation required and major changes We have updated the Background and removed our original secondary
objective, i.c. to prepare secondary reviews that would compare various
induction of labour methods for specific clinical categories of women.
We have also updated this generic protocol to take account of recent
advances in the methodology of Cochrane reviews

HISTORY
Protocol first published: Issue 2, 2000

Date Event Description

23 October 2008 Amended Converted to new review format.
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ABSTRACT
Background

Misopraostol (Cytotec, Searle) is a prostaglandin E1 analogue widely used for off-label indications such as induction of abortion and of
labour. This is one of a series of reviews of methods of cervical ripening and labour induction using standardised methodology.

Objectives
To determine the effects of vaginal misoprostol for third trimester cervical ripening or induction of labour.
Search strategy

The Cochrane Pregnancy and Childbirth Group’s Trials Register (November 2008) and bibliographies of relevant papers. We updated
this search on 30 April 2010 and added the results to the awaiting classification section.

Selection criteria

Clinical trials comparing vaginal misoprostol used for third trimester cervical ripening or labour induction with placebo/no treatment
or other methods listed above it on a predefined list of labour induction methods.

Data collection and analysis

We developed a strategy to deal with the large volume and complexity of trial data relating to labour induction. This involved a two-
stage method of data extraction.

We used fixed-effect Mantel-Haenszel meta-analysis for combining dichotomous data.

If we identified substantial heterogeneity (I2 greater than 50%), we used a random-effects method.
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Main results
We included 121 trials. The risk of bias must be kept in mind as only 13 trials were double blind.

Compared to placebo, misoprostol was associated with reduced failure to achieve vaginal delivery within 24 hours (average relative
risk (RR} 0.51, 95% confidence interval (CI) 0.37 to 0.71). Uterine hyperstimulation, without fetal heart rate (FHR) changes, was
increased (RR 3.52 95% CI 1.78 t0 6.99).

Compared with vaginal prostaglandin E2, intracervical prostaglandin E2 and oxytocin, vaginal misoprostol was associated with less
epidural analgesia use, fewer failures to achieve vaginal delivery within 24 hours and more uterine hyperstimulation. Compared with
vaginal or intracervical prostaglandin E2, oxytocin augmentation was less common with misoprostol and meconium-stained liquor
more common.

Lower doses of misoprostol compared to higher doses were associated with more need for oxytocin augmentation and less uterine
hyperstimulation, with and without FHR changes.

We found no information on women'’s views.
Authors’ conclusions

Vaginal misoprostol in doses above 25 mcg four-hourly was more effective than conventional methods of labour induction, but with
more uterine hyperstimulation. Lower doses were similar to conventional methods in effectiveness and risks. The authors request
information on cases of uterine rupture known to readers. The vaginal route should not be researched further as another Cochrane
review has shown that the oral route of administration is preferable to the vaginal route. Professional and governmental bodies should
agree guidelines for the use of misoprostol, based on the best available evidence and local circumstances.

PLAIN LANGUAGE SUMMARY
Vaginal misoprostol is effective in inducing labour but more research is needed on safety

Sometimes it is necessary to bring on labour artificially because of safety concerns for the mother or baby. Misoprostol is a hormone
given by insertion through the vagina or rectum, or by mouth to ripen the cervix and bring on labour. The review of 121 trials found that
larger doses of misoprostol are more effective than prostaglandin and that oxytocin is used in addition less often. However, misoprostol
also increases hyperstimulation of the uterus. With smaller doses, the results are similar to other methods. The trials reviewed are too
small 1o determine whether the risk of rupture of the uterus is increased. More research is needed into the safety and best dosages of
misoprostol. Another Cochrane review has shown that the oral route of administration is preferable to the vaginal route.

BACKGROUND

fetal distress. Both problems may lead to an increased risk of cae-

Sometimes it is necessary to bring on labour artificially because . . . . ..
24 & y sarean section. Methods of induction of labour include adminis-

of safety concerns for the mother or baby. This review is one of a . . . .
tration of oxytocin, prostaglandins, prostaglandin analogues and

smooth muscle stimulants such as herbs or castor oil (Mitri 1987),
or mechanical methods such as digital stretching of the cervix and

series of reviews of methods of labour induction using a standard-
ised protocol. For more detailed information on the rationale for
this methodological approach, please refer to the currently pub-

lished "generic’ protocol (Hofmeyr 2009). The generic protocol sweeping of the membranes, hygroscopic cervical dilartors, extra-

amniotic balloon catheters, artificial rupture of the membranes,

describes how a number of standardised reviews will be combined . . .
and nipple stimulation.

to compare various methods of preparing the cervix of the uterus

and inducing labour. . . . . .
& Standardised scoring’ of the cervix prior to labour induction has

The main problems experienced during induction of labour are  been recommended (Bishop 1964). Oxytocin has the disadvantage
ineffective labour, and excessive uterine activity which may cause  of a high failure rate when the cervix is unfavourable (low cervical
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score), and requiring monitored continuous intravenous infusion.

Artificial ruprure of membranes is also less effective or may not
be possible when the cervix is unfavourable. It may increase the
risk of infection if labour does not proceed promptly. Rupture of
membranes may also increase the vertical transmission of specific
maternal infections such as HIV.

Unsuccessful labour induction is most likely when the cervix is
unfavourable and, in this circumstance, prostaglandin prepara-
tions have proved to be beneficial (Keirse 1993; MacKenzie 1997).
Those prostaglandins that have been registered for cervical ripen-
ing and labour induction are expensive and unstable, requiring re-
frigerated storage. Uterine hyperstimulation has been identified as
a particular problem during labour induction with prostaglandins,
and has been treated with tocolysis (Egarter 1990).

Misoprostol (Cytotec, Searle) is a methyl ester of prostaglandin
E1 additionally methylated at C-16 and is marketed for use in
the prevention and treatment of peptic ulcer disease caused by
prostaglandin synthetase inhibitors. It is inexpensive, easily stored
at room temperature and has few systemic side effects. It is rapidly
absorbed orally and vaginally. The reported mean peak serum
misoprostol acid following oral administration was 227 pg/ml ver-
sus vaginal route 165 pg/ml; the times to peak levels were 34 versus
80 minutes. Vaginally absorbed serum levels are more prolonged
(Zieman 1997). Irrespective of serum levels, vaginal misoprostol
may have locally mediated effects.

Misoprostol has been shown in several studies to be an effective
myometrial stimulant of the pregnant uterus, selectively binding
to EP-2/EP-3 prostanoid receptors (Senior 1993).

Misoprostol has been used widely for obstetric and gynaecologi-
cal indications despite the fact that it has not been registered for
such use. It has therefore not undergone the systematic testing for
appropriate dosage and safety required for registration.

Misoprostol is an effective abortifacient, both alone and following
pretreatment with mifepristone (Norman 1991). Its widespread
use in Brazil (Costa 1993) resulted in the identification of terato-
genic effects (Fonseca 1991).

Use of misoprostol for second trimester termination of pregnancy
has been associated with uterine rupture, particularly when com-
bined with oxytocin infusion. In a report of 803 women admitted
with abortion complications in Rio de Janeiro, 458 reported using
misoprostol (Costa 1993). There was onc maternal death from
uterine rupture at 16 weeks’ gestation following self-medication
with misoprostol.

Third trimester cervical ripening and labour induction with miso-
prostol have been reported using the oral, vaginal, rectal and buc-
cal/sublingual routes. Clinical experience with misoprostol for
labour induction has been reviewed by Wing (Wing 1999b).

Mariani Neto et al (Mariani Neto 1987) first reported using oral
misoprostol 400 micrograms (mcg) four hourly for induction of
labour following intrauterine death.

In a subsequent paper (Mariani Neto 1988), they described "uter-
ine tachysystole’ with misoprostol use at term, which appeared un-
related to dosage. Since that time, several small studies have con-
firmed an increased incidence of urerine tachysysrole (greater than
five contractions per 10 minutes for at least 20 minutes), uterine
hypersystole/hypertonus (a contraction of two minutes or more)
and/or uterine hyperstimulation syndrome (uterine tachysystole
or hypersystole with fetal heart rate (FHR) changes such as persis-
tent decelerations, tachycardia or reduced short term variability).
The conclusion from a meta-analysis was that published data con-
firmed the safety of intravaginal misoprostol for cervical ripening
and labour induction. The data showed an increased incidence
of uterine tachysystole (0dds ratio 2.70, 95% confidence intervals
1.80 to 4.04), but there was no statistically significant increase in
adverse fetal outcome (Sanchez-Ramos 1997). Wing er al (088
Wing 1995a; 044 Wing 1995b; 025 Wing 1996; 038 Wing 1997)
have suggested that uterine hyperstimulation and meconium pas-
sage with vaginal misoprostol may be less frequent using a 25 mi-
crogram dose, six hourly.

Merrell and co-workers (Merrell 1995) reported a series of 62 in-
ductions of labour with vaginal misoprostol. There were two still-
births, one apparently due to a tight nuchal cord, and one un-
explained. They commented on rapid onset of contractions and
described one woman with induction to delivery interval of only
two hours. In a subsequent abstract (Merrell 1996), they described
labour inductions with vaginal misoprostol in 345 women with
live fetuses and 86 with intrauterine deaths. There was one unex-
plained maternal death; two uterine ruptures, one of which fol-
lowed a previous caesarean section; eight caesarean sections for fe-
tal distress and one for uterine hyperstimulation; and 10 perinatal
deaths.

There have been several reports of uterine ruprure following miso-
prostol labour induction with and without previous caesarean sec-
tion (Bennert 1997; Sciscione 1998; Blanchette 1999; Marthews
1999; Khosla 2002). One unpublished case of uterine rupture oc-
curred in a nulliparous woman following misoprostol use (EM
Smith, personal communication). At term plus 12 days she re-
ceived misoprostol 100 mcg vaginally. After six hours her cervix
was found to be 7 cm dilated, and she progressed to full dilatation
within a further 70 minutes. Fetal distress was suspected. Ventouse
application produced no descent, so delivery was effected by cae-
sarean section. The infant showed no signs of life at birth. After
resuscitation, life was sustained for a few hours only. A posterior
urterine tear arising from the cervix and spiraling up the posterior
aspect of the uterus was discovered and repaired. Because such
uterine tears are rare in nulliparous women without prolonged
labour or syntocinon use, a causal relationship with the use of
misoprostol must be considered.
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One trial of misoprostol for labour induction in women with
prior caesarean section has been terminated prematurely because of
disruption of the uterine incision in two of the first 17 misoprostol-
treated women (025 Wing 1998a). The dosage of misoprostol
used was conservative (25 pg six hourly to a maximum of four
doses). Two and three doses were used respectively in the two cases
of ruptured uterus.

In a retrospective review, uterine rupture occurred in 5/89 (5.6%)
of women with previous caesarean delivery who had labour in-
duced with misoprostol, compared with 1/423 (0.2%) of those
who did not (Plaut 1999). In another retrospective review of
labour induction in 575 women with previous caesarean section,
the rate of uterine rupture was 5/172 (2.9%) for prostaglandin
E2 gel; 1/129 (0.76%) for intracervical Foley catheter; and 3/474
(0.74%) for induction not requiring cervical ripening; compared
with 7/1544 (0.45%) for spontaneous trial of labour (Ravasia
2000). In a third retrospective review, no uterine ruptures were
detected among 48 women with previous caesarean section whose
labour was induced with misoprostol 50 mcg vaginally four hourly
(Choy-Hee 2001).

Personal discussion with colleagues has revealed several cases of
rupture of an unscarred uterus following misoprostol usage, pos-
sibly related to higher dosages than have been used in the trials
reviewed. These cases are usually not reported. We call on readers
to send us details of any such cases known to them, including if
possible age, parity, any previous uterine surgery, dosage of miso-
prostol and details of the uterine rupture. This will enable us to
compile a register of such problems.

This review will focus on the effectiveness and safety of misoprostol
administered vaginally for cervical ripening and labour induction
in the third trimester of pregnancy.

The use of oral (Alfirevic 2006) and buccal/sublingual (Muzonzini
2004) misoprostol for cervical priming and labour induction,
compared with other methods including misoprostol administered
vaginally, are reviewed separately.

OBJECTIVES

To determine, from the best available evidence, the effectiveness
and safety of misoprostol administered vaginally for third trimester
cervical ripening and induction of labour.

METHODS

Criteria for considering studies for this review

Types of studies

Clinical trials comparing misoprostol administered vaginally for
cervical ripening or labour induction, with placebo/no treatment
or other methods listed above it on 2 predefined list of methods of
labour induction (see Methods); the trials included some form of
random allocation to either group; they reported one or more of
the pre-stated outcomes; reasonable measures were taken to ensure
allocation concealment; and violations of allocated management
were not sufficient to materially affect outcomes. We have not
included quasi-randomised trials.

Types of participants

Pregnant women due for third trimester induction of labour. We
have not excluded multiple pregnancies. Predefined sub-group
analyses (see list below): previous caesarean section or not; nulli-
parity or multiparity; membranes intact or ruptured, and cervix
unfavourable, favourable or undefined. Only those outcomes with
data appear in the analysis tables.

Types of interventions

Vaginal administration of misoprostol compared with placebo/no
treatment or any other method above it on a predefined list of
methods of labour induction.

Primary comparisons

Misoprostol versus placebo/no treatment

Misoprostol versus oxytocin

Misoprostol versus vaginal prostaglandins

Misoprostol versus intracervical prostaglandins

Low dosage misoprostol regimens versus higher dosage regimens
Misoprostol gel versus tablets

In all the studies of misoprostol versus prostaglandins, the
prostaglandin used was dinoprostone intravaginally as a gel, tablet
or slow-release pessary, or intracervically as a gel. In most of the
studies, oxytocin was used with similar protocols for both the miso-
prostol and the prostaglandin group, except that in one study (175
Kadanali 1996) oxytocin was starred if indicated after six hours
in the dinoprostone group and only after 24 hours in the miso-
prostol group. The effective comparison in this trial is therefore
misoprostol versus dinoprostone plus early oxytocin. The results
are in keeping with those of other studies.

Types of outcome measures

Two authors of labour induction reviews (Justus Hofmeyr and
Zarko Alfirevic) have prespecified clinically relevant outcomes for
trials of methods of cervical ripening/labour induction. We have
settled differences by discussion.
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We chose five primary outcomes as being most representative of the
clinically important measures of effectiveness and complications.
We limited sub-group analyses to the primary outcomes:

(1) vaginal delivery not achieved within 24 hours;

(2) uterine hyperstimulation with FHR changes;

(3) caesarean section;

(4) serious neonatal morbidity or perinatal death (e.g. seizures,
birth asphyxia defined by trialists, neonatal encephalopathy, dis-
ability in childhood);

(5) serious maternal morbidity or death (e.g. uterine rupture, ad-
mission to intensive care unit, septicacmia).

Perinatal and maternal morbidity and mortality are composite
outcomes. This is not an ideal solution because some components
are clearly less severe than others. It is possible for one intervention
to cause more deaths but less severe morbidity. However, in the
context of labour induction at term this is unlikely. All these events
will be rare, and a modest change in their incidence will be casier
to detect if composite outcomes are presented. We have explored
the incidence of individual components as secondary outcomes
(see below).

Secondary outcomes relate to measures of effectiveness, complica-
tions and satisfaction,

Measures of effectiveness

(6) Cervix unfavourable/unchanged after 12 to 24 hours;
(7) oxytocin augmentation.

Complications

(8) Uterine hyperstimulation without FHR changes;

(9) uterine rupture;

(10) epidural analgesia;

(11) instrumental vaginal delivery;

(12) meconium-stained liquor;

(13) Apgar score less than seven at five minutes;

(14) neonatal intensive care unit admission;

(15) neonatal encephalopathy;

(16) perinatal death;

(17) disability in childhood;

(18) maternal side effects (all);

(19) maternal nausea;

(20) maternal vomiting;

(21) maternal diarrhoea;

(22) other marternal side effects;

(23) postpartum haemorrhage (as defined by the trial authors);
(24) serious maternal complications (e.g. intensive care unit ad-
mission, septicaemia but excluding uterine rupture);

(25) maternal death.

Measures of satisfaction
(26) Woman not satisfied;

(27) caregiver not sarisfied.

"Uterine rupture’ will include all clinically significant ruprures of
unscarred or scarred uteri. We will exclude trivial scar dehiscence
noted incidentally at the time of surgery.

While we sought all the above outcomes, we have included only
those with data in the analysis tables.

The terminology of uterine hyperstimulation is problematic
(Curtis 1987). In this review we have used the term ’uterine hy-
perstimulation without FHR changes’ to include uterine tachysys-
tole (greater than five contractions per 10 minutes for at least 20
minutes) and uterine hypersystole/hypertonus (a contraction last-
ing at least two minutes) and ’uterine hyperstimulation with FHR
changes’ to denote uterine hyperstimulation syndrome (rachysys-
tole or hypersystole with FHR changes such as persistent deceler-
ations, tachycardia or decreased short-term variability). However,
due to varied reporting there is the possibility of subjective bias
in interpretation of these outcomes. Also, it is not always clear
from trials if these outcomes are reported in a mutually exclusive
manner.

We included outcomes in the analysis if reasonable measures were
taken to minimise observer bias; missing data were insufficient
to materially influence conclusions; and dara were available for
analysis according to original allocation.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Pregnancy and Childbirth Group's Tri-
als Register by contacting the Trials Search Co-ordinator (Novem-
ber 2008). We updated this search on 30 April 2010 and added
the results to Studies awaiting classification for consideration in
the next update.
The Cochrane Pregnancy and Childbirth Group’s Trials Register
is maintained by the Trials Search Co-ordinator and contains trials
identified from:

1. quarterly searches of the Cochrane Central Register of
Controlled Trials (CENTRAL);

2. weekly searches of MEDLINE;

3. handsearches of 30 journals and the proceedings of major
conferences;

4. weekly current awareness alerts for a further 44 journals
plus monthly BioMed Central email alerts.
Details of the search strategies for CENTRAL and MEDLINE,
the list of handsearched journals and conference proceedings, and
the list of journals reviewed via the current awareness service can
be found in the “Specialized Register’ section within the edito-
rial information about the Cochrane Pregnancy and Childbirth
Group.
Trials identified through the searching activities described above
are each assigned 1o a review topic (or topics). The Trials Search
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Co-ordinator searches the register for each review using the topic
list rather than keywords.

Searching other resources

We hand searched the reference lists of trial reports and reviews.
We screened and assessed all Chinese papers according to the re-
view protocol by a first-language Chinese speaker (Linan Cheng)
and excluded all due to serious methodological limitations.

We did not apply any language restrictions.

Data collection and analysis

To avoid duplication of data, the authors of induction of labour
reviews agreed a specific order for labour induction methods, from
one to 27. Each primary review included comparisons between
one of the methods (from two to 27) with only those methods
above it on the list. Thus, this review of intravenous oxytocin
(4) included only comparisons with intracervical prostaglandins
(3), vaginal prostaglandins (2) or placebo/no treatment (1). The
current list is as follows:
(1) placebo/no treatment;
(2) vaginal prostaglandins (Kelly 2003);
(3) intracervical prostaglandins (Boulvain 2008);
(4) intravenous oxytocin (Kelly 2001a);
(5) amniotomy (Bricker 2000});
(6) intravenous oxytocin with amniotomy (Howarth 2001);
(7) vaginal misoprostol;
(8) oral misoprostol (Alfirevic 2006);
(9) mechanical methods including extra-amniotic Foley catheter
(Boulvain 2001);
(10) membrane sweeping (Boulvain 2005);
(11) extra-amniotic prostaglandins (Hutton 2001);
(12) intravenous prostaglandins (Luckas 2000);
(13) oral prostaglandins (French 2001);
(14) mifepristone (Hapangama 2009);
(15) oestrogens with or without amniotomy (Thomas 2001);
(16) corticosteroids (Kavanagh 2006a);
(17) relaxin (Kelly 2001b);
(18) hyaluronidase (Kavanagh 2006b);
(19) castor oil, bath, and/or enema (Kelly 2001c);
(20) acupuncrure (Smith 2004);
(21) breast stimulation (Kavanagh 2005);
(22) sexual intercourse (Kavanagh 2001);
(23) homoeopathic methods (Smith 2003);
(24) nitric oxide donors (Kelly 2008);
(25) buccal or sublingual misoprostol (Muzonzini 2004);
(26) hypnosis;
(27) other methods for induction of labour.
The reviews were analysed by the following clinical categories of
participants:
1. previous caesarean section or not;

. nulliparity or multiparity;
. membranes intact or ruptured;
. cervix favourable, unfavourable or undefined.

PSSR )

For most reviews, the initial data extraction process was con-
ducted centrally. This was co-ordinated from the Clinical Effec-
tiveness Support Unit (CESU) at the Royal College of Obstetri-
cians and Gynacecologists, UK, in co-operation with the Pregnancy
and Childbirth Group of The Cochrane Collaboration. This pro-
cess allowed the data extraction process to be standardised across
all the reviews. From 2001, the data extraction was no longer con-
ducted centrally.

The trials were initially reviewed on eligibility criteria, using a
standardised form and the basic selection criteria specified above.
Following this, a standardised data extraction form was developed
and then piloted for consistency and completeness. This pilot
process involved the researchers ar the CESU and previous review
authors in the area of induction of labour. For a description of the
methods used to carry out the initial reviews, see Appendix 1.
Due to the large number of trials, double data extraction was
not feasible and agreement berween the three dara extractors was
therefore assessed on a random sample of trials to update in 2003.
For the same reason, in the 2009 update, the data extraction was
checked on around 50% of the trials in a random sample selection.
In 2008, the methods and software for carrying out reviews were
updated, as a result of which new reviews and updates, where ap-
propriate, use these new methods (Higgins 2008a; RevMan 2008),
which are described in the Methods section of all the individual
new and updated reviews.

For this update, we used the following methods when assessing
the new trials identified by the updated search.

Selection of studies

One review author (Cynthia Pileggi (CP)) assessed for inclusion all
the potential studies we identified as a resuit of the search strategy.
We discussed studies for which there was any uncertainty with a
second author (Justus Hofmeyr (GJH)).

Data extraction and management

We designed a form to extract data. For eligible studies, one re-
view author (CP) extracted the data using the agreed form. GJH
independently repeated selection of studies and data extraction on
a random sample of studies. We resolved discrepancies through
discussion or, if required, we would have consulted the third au-
thor. We entered the data into Review Manager software (RevMan
2008) and checked them for accuracy.

When information regarding any of the above was unclear, we
attempted to contact authors of the original reports to provide
further details.
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Assessment of risk of bias in included studies

One review author (CP) independently assessed risk of bias for
each study using the criteria outlined in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2008a).

(1) Sequence generation (checking for possible selection
bias)
We described for each included study the method used to generate
the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.
We assessed the method as:

o adequate (any truly random process, e.g. random number
table; computer random number generator);

¢ inadequate (any non-random process, e.g. odd or even date
of birth; hospital or clinic record number); or

e unclear.

(2) Aliocation concealment (checking for possible selection
bias)
We described for each included study the method used to conceal
the allocation sequence in sufficient detail and determined whether
intervention allocation could have been foreseen in advance of, or
during recruitment, or changed after assignment.
We assessed the methods as:

e adequate (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes);

e inadequate (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth);

e unclear.

(3) Blinding (checking for possible performance bias)

We described for each included study the methods used, if any, o
blind study participants and personnel from knowledge of which
intervention a participant received. We judged studies at low risk
of bias if they were blinded, or if we judged that the lack of blinding
could not have affected the results. We assessed blinding separately
for different outcomes or classes of outcomes.
We assessed the methods as:

o adequate, inadequate or unclear for participants;

» adequate, inadequate or unclear for personnel;

e adequate, inadequate or unclear for outcome assessors.

(4) Incomplete outcome data (checking for possible attrition
bias through withdrawals, dropouts, protocol deviations)

We described for each included study, and for each outcome or
class of outcomes, the completeness of data including attrition
and exclusions from the analysis. We stated whether attrition and
exclusions were reported, the numbers included in the analysis at

each stage (compared with the total randomised participants), rea-
sons for attrition or exclusion where reported, and whether miss-
ing data were balanced across groups or were related to outcomes.
Where sufficient information was reported, or could be supplied
by the trial authors, we would re-include missing data in the anal-
yses. We assessed methods as:

¢ adequate (less than 5% loss to follow up);

¢ inadequate:

® unclear.

(5) Selective reporting bias

We described for each included study how we investigated the
possibility of selective outcome reporting bias and what we found.
We assessed the methods as:

o adequarte (where it is clear that all of the study’s pre-
specified outcomes and all expected outcomes of interest to the
review have been reported);

¢ inadequate {(where not all the study’s pre-specified outcomes
have been reported; one or more reported primary outcomes were
not pre-specified; outcomes of interest are reported incompletely
and so cannot be used; study fails to include results of a key
outcome that would have been expected to have been reported);

o unclear.

(6) Other sources of bias

We described for each included study any important concerns we
had about other possible sources of bias.
We assessed whether each study was free of other problems that
could put it at risk of bias:

® yes;

® no;

e unclear.

(7) Overall risk of bias

We made explicit judgements about whether studies were ar high
risk of bias, according to the criteria given in the Handbook (
Higgins 2008a). With reference to (1) to (6) above, we assessed
the likely magnitude and direction of the bias and whether we
consider it is likely to impact on the findings. We explored the
impact of the level of bias through undertaking sensitivity analyses
- see Sensitivity analysis.

Measures of treatment effect

Dichotomous data

For dichotomous data, we present results as summary risk ratio
with 95% confidence intervals.
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Continuous data

This systematic review did not include continuous dara.

Unit of analysis issues

Cluster-randomised trials

We would include cluster-randomised trials in the analyses along
with individually randomised trials. We would adjust their sam-
ple sizes using the methods described in the Handbook (Higgins
2008b) using an estimate of the intra cluster correlation co-effi-
cient (ICC) derived from the trial (if possible), or from another
source. If ICCs from other sources are used,we planned to report
this and conduct sensitivity analyses to investigate the effect of
variation in the ICC. If we identify cluster-randomised trials in
addition to the individually-randomised trials, we plan to synthe-
sise the relevant information. We would consider it reasonable to
combine the results from both if there is little heterogeneity be-
tween the study designs and the interaction between the effect of
intervention and the choice of randomisation unit is considered
to be unlikely.

We also planned to acknowledge heterogeneity in the randomisa-
tion unit and perform a separate meta-analysis.

Dealing with missing data

For included studies, we have noted levels of attrition. We explored
the impact of including studies with high levels of missing data
in the overall assessment of treatment effect by using sensitivity
analysis.

For all outcomes, we have carried out analyses, as far as possible,
on an intention-to-treat basis, i.e. we attempted to include all par-
ticipants randomised to each group in the analyses. The denom-
inator for each outcome in each trial is the number randomised
minus any participants whose outcomes are known to be missing.

Assessment of heterogeneity

We used the 2 statistic to measure heterogeneity among the tri-
als in each analysis. If we identified substantial heterogeneiry (12
greater than 50%), we explored it by pre-specified subgroup anal-
ysis.

Assessment of reporting biases

Where we suspected reporting bias (see ‘Selective reporting bias’
above), we attempted to contact study authors asking them to pro-
vide missing outcome data. Where this was not possible, and the
missing data were thought to introduce serious bias, we explored
the impact of including such studies in the overall assessment of
results by a sensitivity analysis.

Data synthesis

We carried our statistical analysis using the Review Manager soft-
ware (RevMan 2008). We used fixed-effect Mantel-Haenszel meta-
analysis for combining dichotomous data where trials were exam-
ining the same intervention, and we judged the trials’ populations
and mecthods sufficiently similar. Where we suspected clinical or
methodological heterogeneity between studies sufficient to suggest
that treatment effects may differ berween trials, we used 2 random-
effects meta-analysis.

If we identified substantial heterogeneity, we noted this and per-
formed the analysis using a random-effects method.

Subgroup analysis and investigation of heterogeneity

We carried out the following subgroup analyses:

1. previous caesarean section or not;

2. nulliparity or multiparity;

3. membranes intact or ruptured;

4. cervix favourable, unfavourable or undefined.
We used primary outcomes only in subgroup analysis.
For fixed-effect meta-analyses we conducted planned subgroup
analyses classifying whole trials by interaction tests as described
by Decks 2001. For random-effects meta-analyses we assessed dif-
ferences between subgroups by inspection of the subgroups’ con-
fidence intervals; non-overlapping confidence intervals indicate a
statistically significant difference in treatment effect between the
subgroups.

Sensitivity analysis
We plan to carry out sensitivity analysis by excluding trials with

greater risk of bias, particularly with respect to allocation conceal-
ment, in a future update of this review.

RESULTS

Description of studies

See: Characrenistics of included studies; Characteristics of
excluded studies; Characteristics of studies awairing classification;
Characteristics of ongoing studies.

Included studies

We have included 121 studies in this review. See table of
Characreristics of included studics for details. Because a wide range
of misoprostol dosages has been used, we have coded the included
studies with a prefix to reflect roughly the dosage of vaginal miso-
prostol received in the first six houts, calculated as follows: initial
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dose + (s x (6 - 1)/4), where s’ is a subsequent dose within six
hours, and '{’ is the interval in hours. This is based on the ap-
proximarion that vaginal misoprostol is absorbed uniformly over
a four-hour period. Where a subsequent oral dose was used, the
oral dose value was halved. Use of a gel preparation is indicated by
the letter ’G’. This coding allows approximate ranking of the trials
by misoprostol dosage, and enables readers to assess the effect of
dosage on results. We detected no discrepancies in the sample of
data extraction performed in duplicate.

Excluded studies

For details of excluded studies, see table of Characteristics of
excluded studies.

Risk of bias in included studies

With the exception of 13 double-blind trials (100G Fletcher 1993;
050 El-Azeem 1997; 043 Farah 1997; 050 Surbek 1997; 050
Gotschall 1998; 025G Stisomboon 1998; 043 Diro 1999; 100
Montealegre 1999; 025 Stitely 2000; 048 Khoury 2001; 058
Ferguson 2002; (038 Meydanli 2003; 050 Ramsey 2003 - blinded
low versus high dose misoprostol comparison only), allocation was
by means of sealed envelopes or unspecified, and treatment was
not blinded. There is therefore a real possibility of bias affecting
both the clinical management of the women (e.g. decisions to
undertake caesarean section) and the assessment of outcomes. Such
biases might operate in cither direction (for example, a clinician
enthusiastic about the potential of misoprostol might be less likely
to perform caesarean section in the misoprostol group, while one
anxious about the experimental nature of misoprostol might be
more likely to perform caesarean section in this group).

We performed limited sensitivity analysis excluding non-blinded
studies for primary outcomes with significant heterogeneity and
10 or more trials included. For the comparison misoprostol versus
vaginal prostaglandins, all women: the outcome vaginal delivery
not achieved in 24 hours was unchanged; the outcome uterine hy-
perstimulation with FHR changes was no longer statistically sig-
nificant (small numbers). For the comparison misoprostol versus
oxytocin: the outcomes vaginal delivery not achieved in 24 hours
and caesarean section were no longer statistically significant (small
numbers remaining in the analysis).

The possibility of bias must be kept in mind in the interpretation
of the results.

In the study of 050 Le Roux 2002, 93 of 573 enrolled women
were excluded for "protocol violations’. There did not appear 1o be
a selective loss from any group, and the baseline data were similar
between groups.

In 050 Pandis 2001, 235/670 were excluded after randomisation,
mainly for spontaneous delivery before induction or induction by
amniotomy for cervical score seven or more.

In 075 Ghidini 2001, seven of 65 enrolled women were excluded
due to emergence of exclusion criteria. The groups were somewhat
unbalanced (32 received 50 mcg and 26 received 100 mcg)

In 150 De la Torre 2001, 50 of 410 enrolled were withdrawn
for protocol deviation (16), patient withdrawal (7), or missing
data (27). The final groups differed in numbers (misoprostol 168,
oxytocin 192). This raises the possibility of selective withdrawal
from the misoprostol group.

In 088 Garry 2003, 14 women of 200 enrolied were withdrawn for
physician request(10), used wrong medication (2), patient request
(1) and unknown breech presentation (1). It suggests deviation
from the intention to treat analysis.

The 2009 update used the new methodology of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2008a)
regarding the evaluarion of sequence generation, allocation con-
cealment, blinding of participants, personnel and outcome asses-
sors, report of incomplete outcome data, selective outcome report-
ing bias and other sources. We have presented the quality evalua-
tion of each included study in the corresponding risk of bias table.
This update includes 54 comparisons with more than 10 study
results in the pooled analyses, 19 of them in primary outcomes.
Five out of these 19 comparisons present asymmetrical funnel plots
suggesting potential publication bias.

Effects of interventions

We have included 121 studies in this review. We sought all the out-
comes listed under "Types of outcome measures’, and sub-groups
defined in "Types of participants’. Only those with data appear in
the analysis tables.

Vaginal misoprostol versus placebo

Primary outcomes

The 10 studies (1141 women) included in this part of the re-
view (100G Fletcher 1993; 100G Srisomboon 1996; 025 Stitely
2000; 050 Thomas 2000; 025 Incerpi 2001; 050 Ortiz 2002; 025
McKenna 2004; 050 Gelisen 2005; 025 Krupa 2005; 025 Oboro
2005) showed a trend towards failure to deliver within 24 hours
(five trials, 735 women, average relative risk (RR) 0.56, 95% CI
0.31 to 1.03).

Secondary outcomes

We found a clear effect of misoprostol on cervical ripening (two
trials, average RR of unchanged cervix at 12 to 24 hours 0.09,
95% confidence interval (CI) 0.03 to 0.24).

Uterine hyperstimulation without FHR changes was increased (six
trials, 794 women RR 3.52, 95% CI 1.78 to 6.99). Six trials
(100G Fletcher 1993; 025 Stirely 2000; 050 Thomas 2000; 050
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Ortiz 2002; 050 Gelisen 2005; 025 Krupa 20035) with 814 women
showed an unexpected reduction of meconium-stained liquor with
the use of misoprostol for labour induction. The numbers studied
were too small to assess the impact on obstetric management and
maternal and neonatal complications.

Vaginal misoprostol versus vaginal prostagiandins

There were 38 included trials with 7022 participants.

Primary outcomes

Failure to achieve vaginal delivery within 24 hours (22 trials, aver-
age RR 0.77, 95% CI 0.66 to 0.89) was reduced overall, but not
in the two trials using less than 50 meg misoprostol in the first six
hours (038 Wing 1997; 048 Khoury 2001).

Uterine hyperstimulation with FHR changes was variable between
trials, but overall tended to be more common with misoprostol
(31 trials, average RR 1.43, 95% Cl 0.97 10 2.09).

Caesarean sections were variable between trials, with a trend to be
reduced with vaginal misoprostol (34 trials RR 0.95, 95%CI 0.87
o 1.03).

Secondary outcomes

Oxytocin augmentation was reduced with misoprostol (36 trials,
average RR 0.68, 95% CI 0.60 10 0.76).

Uterine hyperstimulation without FHR changes was more com-
mon with misoprostol (26 trials, average RR1.99, 95% Cl 1.41
to 2.79).

Epidural analgesia was used less frequently with misoprostol (eight
trials, RR 0.92, 95% Cl 0.85 10 0.99).

Meconium-stained liquor was more common with misoprostol
(18 trials, RR 1.35, 95% CI 1.13 to 1.61). There were no statis-
tically significant differences in perinatal or maternal outcomes.
Results were similar for the sub-groups of women with un-
favourable cervices and those with intact membranes and un-
favourable cervices.

There were similar trends for women with intact membranes and
vartable or undefined cervices, but the numbers were too small for
clear outcomes.

For subgroups of primiparous or multiparous women, the num-
bers were small and no differences in any outcomes were shown,
except that for all primiparous women, misoprostol shows reduced
caesarean section (RR 0.82, 95% CI 0.68 w0 0.99), and a trend to
reduced vaginal delivery not achieved in 24h (average RR 0.70,
95% CI 0.46 to 1.05).

The results of 048 Khoury 2001 differed somewhat from other
studies. This may be because a gel preparation of misoprostol was
used, and it is possible that some activity is lost in the preparation or
administration (see results of misoprostol gel versus tablets below).

Vaginal misoprostol versus intracervical
prostaglandins

There were 27 included trials with 3311 participants.

Primary outcomes

Failure to achieve vaginal delivery within 24 hours was consistently
reduced with misoprostol (13 trials, RR 0.63, 95% CI 0.56 o
0.71).

Uterine hyperstimulation with associated FHR changes was vari-
able berween trials, but all were consistent with the pooled result
showing an increase with misoprostol (20 trials, RR 2.32, 95% CI
1.64 1o 3.28). The larter result was similar for the sub-group of
trials studying women with intact membranes and unfavourable
cervices.

Caesarean sections were variable between trials, with no significant
differences overall.

Secondary outcomes

Only one trial reported the outcome ’failure to achieve cervical
ripening within 12 hours’ (075 Buser 1997); this was reduced with
misoprosto! (RR 0.68, 95% CI 0.52 to 0.88).

Oxytocin augmentation was used less often with misoprostol (20
trials, average RR 0.55, 95% CI 0.48 to 0.64).

Uterine hyperstimulation without FHR changes was more com-
mon with misoprostol {17 trials, RR 1.95, 95% CI 1.57 10 2.42).
The rates of vaginal instrumental delivery were variable between
trials. Epidural analgesia was used less frequently with misoprostol
(two trials, RR 0.64, 95% CI 0.48 1o 0.86). Meconium-stained
liquor was increased with misoprostol (14 trials, RR 1.29, 95%
CI 1.04 o 1.59). There were no statistically significant differences
in perinatal or maternal outcomes.

Most of the trials studied women with unfavourable cervices, for
whom the results were similar to the overall results. Results were
also similar for women with intact membranes and unfavourable
cervices. The two trials with intact membranes and variable or
undefined cervix also showed a similar pattern of results.

Vaginal misoprostol versus oxytocin

There were 25 trials with 3074 participants.

Primary outcomes

Misoprostol, in the doses used in these trials, was more effective
than oxytocin for labour induction (10 trials, average RR of failure
to achieve vaginal delivery within 24 hours 0.65, 95% C1 0.47 to
0.90). Two trials using less than 50 mcg misoprostol showed no
reduction (025 Wing 1998b; 025 Haghight 2006).

Twenty-five studies showed a reduction in caesarean secrion risk
with the use of misoprostol (average RR 0.76, 95% CI 0.60 to
0.96).
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Secondary outcomes

Uterine hyperstimulation without FHR changes was more com-
mon with misoprostol (15 trials, RR 2.24 95% CI 1.82 t0 2.77
respectively). There was a trend to reduced epidural analgesia with
misoprostol (three trials, RR 0.82, 95% CI 0.67 to 1.00). Vaginal
instrumental delivery was reduced in the misoprostol group (13
trials, RR 0.74, 95% CI 0.56 10 0.99).

Apgar score less than 7 at five minutes, with 13 studies and 1906
participants in the general group, was substantially reduced with
misoprostol use (RR 0.56, 95% CI 0.34 to 0.92). Four studies
with 334 participants showed increased risk of maternal side effects

(RR 5.04, 95% C1 1.51 to 16.86). There were no differences in
other perinatal or maternal outcomes.

One trial in women with previous caesarean section was stopped
when uterine rupture occurred in two of the first 17 women who
received misoprostol (025 Wing 1998b) and in another study one
uterine rupture occurred in 34 women in the misoprostol group
(all women with unfavourable cervix, 050 Abdul 2007).

Misoprostol lower dosage regimen versus higher dose

There were 21 trials with 2913 participants. The dosages compared
are as follows.

Number of studies Misoprostol low dosage Misoprostol high dosage

Interval of use

2 12.5 mcg 25 mcg 4 10 6 hours
11 25 mcg 50 mcg 3 10 6 hours
1 35 meg 50 mcg 4.5 hours

6 50 mcg 100 mcg 4 10 6 hours

Note: 006 Fwert 2006 was not included because of the mode of misoprostol administration

Primary outcomes

There was no significant difference in the risk of failures to achieve
delivery within 24 hours. There was less uterine hyperstimulation
with FHR changes in the lower dose groups (16 trials, RR 0.51,
95% Cl1 0.37 10 0.69).

Serious maternal complications were reported in one study (025
Wing 1996): one maternal death occurred in a primiparous
woman, nine hours after a single misoprostol dose and shortly
after amnioinfusion and epidural analgesia, from amniotic fluid
embolisation. Two caesarean hysterectomies were performed for
atonic uterine haemorrhage, 13 and 30 hours after single doses
of misoprostol, in one primiparous woman with uncomplicated
labour, and in one nulliparous woman who developed chorioam-
nionitis following prolonged labour induction artempts by oxy-
tocin augmentation. It is not clear whether these three women
were allocated to the low (25 mcg) or the higher (50 mcg) dosage
regimen misoprostol group.

Secondary outcomes

There was significantly more use of oxytocin (18 trials, average RR
1.30, 95% CI 1.14 to 1.49). This effect was due to the trials with
a lower range of doses, and was not seen in the trials in which the

lower dosage was 50 mcg. There were no differences in mode of
delivery, meconium-stained liquor or maternal side effects. There
was less uterine hyperstimulation without FHR changes (14 erials,
RR 0.57, 95% CI 0.46 to 0.69). There was a trend to fewer babies
being admitted to the neonatal intensive care unit (9 trials, RR
0.82,95% CI 0.64 to 1.05), particularly in the higher dose ranges.
Five perinatal deaths were reported (019 Filho 2007; 050 Majoko
2002a). There was one uterine rupture (038 Has 2002) with the
use of low dose of misoprostol and two with the use of higher
dose of misoprostol (050 Majoko 2002a; 075 Reyna-Villasmil
2005). However, most studies have not specifically reported these
outcomes. We have included only those specified in the reports in
the data tables.

Misoprostol gel versus tablets

Primary outcomes

In one trial with 467 participants reviewed (050G Carlan 1997),
uterine hyperstimulation with FHR changes was reduced with the
gel preparation (RR 0.49, 95% CI 0.29 to 0.83).

Vaginal misoprostol for cervical ripening and i
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Secondary outcomes

The use of oxytocin (RR 1.26, 95% CI 1.13 to 1.41) and epidural
analgesia (RR 1.19, 95% CI 1.03 to 1.38) were increased. It is
possible that in the process of gel preparation some potency is lost
or that absorption is reduced.

One study showed no benefit from moistening misoprostol prior
to insertion with 11 ml 3% acetic acid, versus dry ablets (Sanchez
Ramos 2002).

A cost analysis in a high-income country showed that the reduced
cost in the misoprostol group (Sterling mean 2134, SD 574 versus
2202, SD 595 per case) was insignificant in relation to the overall
cost of labour induction (050 Rozenberg 2001).

DISCUSSION

Overall, this systematic review found that vaginal misoprostol is
the more effective option for induction of labour and cervical
ripening compared with oxytocin, dinoprostone and placebo. It
also found that higher doses of vaginal misoprostol have no com-
parative advantages to the lower doses. There is, in general, con-
siderable consistency berween trials, except with respect to cae-
sarcan section rates and to the low misoprosto] dosage regimens.
The trials show that vaginal misoprostol in dosages ranging from
25 mcg two to three hourly, to 50 mcg four hourly (most studies),
to 100 mcg six to 12 hourly, appear to be more effective than
oxytocin or dinoprostone in the usual recommended doses for in-
duction of labour, but with increased rates of uterine hyperstimu-
lation both without and with associated FHR changes. The rates
of caesarean section were inconsistent, tending to be reduced with
misoprostol. The indication for cacsarean section was not a pre-
specified outcome in this review. However, there was a consistent
pattern of more operations for fetal distress and fewer for poor
labour progress in the misoprostol groups (sce *Characteristics of
included studies’ table under *Qutcomes’).

No differences in perinatal or maternal outcome were shown.
However, the trials were not sufficiently large to assess the likeli-
hood of uncommon, setious adverse perinatal and maternal com-
plications. Of particular concern are several reports of uterine rup-
ture following misoprostol use in women with and without pre-
vious caesarean section. One maternal death from amniotic fluid
embolism following misoprostol induction was reported.

The possibility of inadvertent bias because of the unblinded narure
of these studies should be kept in mind.

Lower dosage regimens of misoprostol were not less effective than
higher doses in terms of failure to achieve vaginal birth within 24
hours. Adverse effects were reduced, with lower rates of uterine
hypesstimulation and a trend to fewer admissions to neonatal in-
tensive care unit.

The finding of a significantly more meconium-stained liquor with
misoprostol versus vaginal or intracervical prostaglandins is of in-
terest. Wing et al (088 Wing 1995a) suggested the possibility of
meconium passage in response to uterine hyperstimulation or a
direcr effect of absorbed misoprostol metabolites on the fetal gas-
trointestinal tract. We have previously observed an increased rate
of meconium-stained liquor in women who have ingested cas-
tor oil, though causality was not proven, and suggested a possi-
ble direct effect of the castor oil metabolites on fetal bowel (Mitri
1987). Itis unlikely that the small amount of hydrogenated castor
oil found in misoprosto] tablets (075 Chuck 1995) would have
any pharmacological effect, but the possibility that misoprosto!
metabolites may directly stimulate fetal bowel is of interest. We
have shown an in vitro effect of misoprostol on isolated rat ileum
(as well as myometrium) (Matonhodze 2002).

In countries in which misoprostol is being used for non-registered
obstetric indications, there is a need for health authorities and
professional organisations to clarify the medicolegal implications.
Particularly in countries in which conventional prostaglandins are
unaffordable, health authorities need to decide whether misopros-
tol should be used in specific circumstances and, if so, take steps
to legalise and regulate such use.

The trials reviewed lacked information on women’s views with
respect to this method of labour induction.

AUTHORS’ CONCLUSIONS
Implications for practice

The comparison between oral and vaginal misoprostol is dealt
with in a separate Cochrane review (Alfirevic 2006). That review
suggests that the optimal route for administration of misoprostol
for labour induction is oral, not vaginal. The reasons for this are
as follows.

1. Safery. The oral route is associated with considerably less
uterine hyperstimulation with FHR changes (9% versus 24.6%;
RR 0.37, 95%Cl 0.23 0 0.59).

2. Convenience and comfort for the woman.

3. Because of a short half-life, the oral dose can be ritrated
against the uterine response, commencing with a low dose such
as 25 mcg 2-hourly, and increasing if necessary in nulliparous
women to a maximum dose of 50 mcg 2-hourly.

4. Accuracy of dosage. In many countries, misoprostol is
available only as 200 mcg or 100 mcg tablets. Breaking these
tablets into small fragments for vaginal administration carries the
risk of inappropriate dosage. Accurate oral dosage can be
achieved by dissolving misoprostol in tap water, shaking well and
administering as a solution. Left over solution should be
discarded 24 hours after preparation.
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The relative disadvantages of oral versus vaginal misoprostol are
greater need for oxytocin augmentation (RR 1.28, 95% CI 1.11
to 1.48), and increased meconium staining of the amniotic fluid

(RR 1.27, 95% CI 1.10 1o 1.60).

The results of this review are therefore of limited practical impor-
tance: in dosages of 25 mcg three hourly or more, vaginal miso-
prostol is more effective than conventional methods of cervical
ripening and labour induction. However, uterine hyperstimula-
tion with FHR changes are increased. Although no differences in
perinatal outcome were shown, the studies were not sufficiently
large to exclude the possibility of uncommon serious adverse ef-
fects. The increasc in meconium-stained liquor is also of concern.
Anecdotal reports of uterine rupture following labour induction
with misoprostol are cause for concern (Gherman 1999; Daisley
2000; Hill 2000; Majoko 2002b).

The limited information on Jower dosage regimens (25 mcg four
hourly or less) suggests that they may be as effective as other
prostaglandins, without increased uterine hyperstimulation.

Though misoprostol shows promise as a highly effective, inexpen-
stve and convenient agent for labour induction, the lack of regis-
tration for this purpose, and thus of well-established regimens, is
problematic.

In most countries misoprostol is not registered for use for labour
induction. In countries in which its use is considered advanta-
geous, it is important that health authorities provide guidelines
for practitioners to ensure the greatest possible level of safety in its
use.

Implications for research

While this review assessed the efficacy and safety of vaginal miso-
prostol (including its different regimens) based on data from its
comparison to oral misoprostol, the vaginal route should not be
rescarched further.

Because of the potential economic and clinical advantages of miso-
prostol, there is the need for further trials to establish its safery,
particularly the relative safety of various dosages of oral admin-
istration. On the basis of this review, such trials should have the
following features.

(1) Randomised, double blind.
(2) Oral or sublingual route of administration.

(3) Sample size sufficient to detect moderate differences in impor-
tant uncommon complications such as serious perinatal morbid-

ity/morrality.
(4) Meconium-stained liquor included as an outcome measure.
(5) Women'’s views included as an outcome.

Randomised trials sufficiently large to assess rare events such as
uterine rupture are not feasible. Alternative research methods are
necessary such as case-control studies and prospective audits of
complications in services in which misoprostol is used routinely
for labour induction.

We would be grateful to receive reports of rare serious complica-
tions such as uterine rupture in order to compile a register of such
incidents.
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DATA AND ANALYSES

Comparison 1. Misoprostol versus placebo/no treatment: all women

Outcome or subgroup title

No. of

studies  participants

No. of

Statistical method

Effect size

1 Vaginal delivery not achiceved in
24 hours

2 Uterine hyperstimulation with
FHR changes

3 Caesarean section

4 Neonatal encephalopathy

5 Cervix unfavourable/unchanged
after 12-24 hours

6 Oxyrocin augmentation

7 Uterine hyperstimulation
without FHR changes

8 Utenine rupture

9 Instrumental vaginal delivery

10 Meconium-stained liquor

11 Apgar score < 7 at 5 minures

12 Neonatal intensive care unit
admission

13 Perinatal death

14 Marernal side effects

15 Postpartum haemorrhage

16 Serious maternal complication

17 Marernal death

5

10

SN SN —

—_— 0 W = N

769

777

1141
150
107

429
794

45
184
814
717
852

122
62
184
272
45

Risk Ratio (M-H, Random, 95% CI}
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

0.56 [0.31, 1.03]
2.38 [0.95, 5.99]

0.81 {0.63, 1.05]
Not estimable
0.10 [0.01, 0.64)

0.62 [0.38, 1.02]
3.52 [1.78, 6.99]

Not estimable

1.07 [0.65, 1.77]
0.56 [0.35, 0.87]
2.0 [0.34, 11.80]
0.94 {0.60, 1.48]

0.34 [0.01, 8.14]
2.82 [0.12, 66.62)
0.95 [0.19, 4.62]
0.68 [0.12, 3.87)
Not estimable

Comparison 2. Misoprostol versus placebo/no treatment: all women, unfavourable cervix

Outcome or subgroup title

No. of

studies participants

No. of

Statistical method

Effect size

1 Vaginal delivery not achieved in
24 hours

2 Uterine hyperstimulation with
FHR changes

3 Caesarean section

4 Cervix unfavourable/unchanged
after 12-24 hours

5 Oxytocin augmentation

6 Uterine hyperstimulation
without FHR changes

7 Utenne rupture

8 Instrumental vaginal delivery

4

1
2

619

627

862
107

107
714

45
107

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio {M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

0.70 [0.23, 2.15)
2.05 [0.73, 5.71]

0.95 [0.69, 1.30]
0.10 [0.01, 0.64]

0.39 [0.26, 0.58]
3.47 {1.63, 7.38)

Not estimable
1.02 [0.50, 2.12]

Vaginal misoprostol for cervical ripening and induction of labour (Review)
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9 Meconium-stained liquor

10 Apgar score < 7 at S minutes

11 Neonatal intensive care unit
admission

12 Perinatal death

13 Maternal side effects

14 Postpartum haemorrhage

15 Serious maternal complication

16 Maternal death

—_— N = e

612
567
505

45
62
107
45
45

Risk Ratio (M-H, Fixed, 95% Cl)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

0.53 [0.31, 0.89]
2.0 [0.34, 11.80]

0.84 [0.35, 2.05]

Not estimable
2.82 [0.12, 66.62]
0.91 [0.13, 6.37]
Not estimable
Not estimable

Comparison 3. Misoprostol versus placebo/no treatment: all women, intact membranes, unfavourable cervix

Outcome or subgroup title

No. of

studies participants

No. of

Statistical method

Effect size

1 Vaginal delivery nor achieved in
24 hours

2 Uterine hyperstimulation with
FHR changes

3 Caesarean section

4 Epidural analgesia

5 Cervix unfavourable/unchanged
after 12-24 hours

6 Oxytocin augmentation

7 Urterine hyperstimulation
without FHR changes

8 Uterine rupture

9 Instrumental vaginal delivery

10 Meconium-stained liquor

11 Apgar score < 7 at 5 minutes

12 Neonatal intensive carc unit
admission

13 Perinatal death

14 Marternal side effects

15 Postpartum haemorrhage

16 Serious maternal complication

17 Marernal death

2

No—= NN

—_— R =

112

227

355
50
107

107
167

45
107
105
60
105

45
62
107
45
45

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Rario (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Rartio (M-H, Fixed, 95% CI)
Risk Rario (M-H, Fixed, 95% CI)

Risk Rario (M-H, Fixed, 95% CI)
Risk Rario (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Rario (M-H, Fixed, 95% CI)

Risk Rario (M-H, Fixed, 95% Cl)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

0.40 {0.22, 0.70}
2.31 [0.52, 10.16]

1.16 [0.75, 1.79]
0.98 [0.77, 1.26]
0.10 [0.01, 0.64]

0.39 [0.26, 0.58]
10.11 [1.91, 53.60]

Not estimable
1.02 [0.50, 2.12]
0.71 [0.28, 1.77]
Not estimable
0.41 [0.04, 3.70]

Not estimable
2.82 [0.12, 66.62]
0.91 [0.13, 6.37]
Not estimable
Not estimable

Vaginal misoprostol for cervical ripening and induction of labour (Review)
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Comparison 4. Misoprostol versus placebo/no treatment: all women, ruptured membranes, variable or undefined
cervix

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Uterine hyperstimulation with 1 150 Risk Rario (M-H, Fixed, 95% CI) 4.0 [0.46, 34.96)
FHR changes

2 Vaginal delivery not achieved in 2 257 Risk Rario (M-H, Fixed, 95% CI) 0.48 [0.31, 0.73]
24 hours

3 Caesarean section 4 386 Risk Ratio (M-H, Fixed, 95% CI) 0.58 [0.36, 0.91)

4 Apgar score < 7 at 5 minutes 2 257 Risk Ratio (M-H, Fixed, 95% CI) Not estimable

5 Neonatal intensive care unit 2 227 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.07, 15.82]
admission

6 Neonatal encephalopathy 1 150 Risk Ratio (M-H, Fixed, 95% CI) Not estimable

7 Oxytocin augmentation 2 202 Risk Ratio (M-H, Random, 95% CI) 0.62 [0.29, 1.32]

8 Serious maternal complications 2 227 Risk Ratio (M-H, Fixed, 95% CI) 0.68 [0.12, 3.87]

9 Perinatal death 1 77 Risk Ratio (M-H, Fixed, 95% CI) 0.34 [0.01, 8.14)

10 Instrumental delivery 1 77 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.56, 2.22]

11 Postpartum haemorrhage 1 77 Risk Rario (M-H, Fixed, 95% CI) 1.03 [0.07, 15.82}

12 Meconium-stained liquor 3 309 Risk Ratio (M-H, Fixed, 95% CI) 0.83 [0.38, 1.81)

13 Uterine hyperstimulation 1 107 Odds Ratio (M-H, Fixed, 95% CI) 0.76 [0.17, 3.38]

without FHR changes

Comparison 5. Misoprostol versus placebo/no treatment: all primiparae

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Caesarean section 1 39 Risk Ratio (M-H, Fixed, 95% CI) 1.09 [0.49, 2.41)]

Comparison 6. Misoprostol versus placebo/no treatment: all primiparae and unfavourable cervix

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size
1 Cacsarean section 1 39 Risk Ratio (M-H, Fixed, 95% CI) 1.09 [0.49, 2.41)
Vaginal misoprostol for cervical ripening and induction of labour (Review) 133
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Misoprostol for induction of labour: a systematic review

*G. J. Hofmeyr Professor, tA. M. Giilmezoglu Honorary Visiting Fellow, {Z, Alfirevic Senior Lecturer

*Department of Obstetrics and Gynaecology, Coronation Hospital and University of the Witwatersrand, South Africa; TUK Cochrane
Centre and tDepartment of Obstetrics and Gynaecology, Liverpool University

Objective To determine, from the best available evidence, the effectiveness and safety of misoprostol
administered vaginally or orally for third trimester cervical ripening or induction of labour.

Methods Clinical trials of misoprostol used for cervical ripening or labour induction in the third

trimester were identified from the register of randomised trials maintained by the Cochrane Preg-
nancy and Childbirth Group. All identified trials were considered for inclusion in the review accord-
ing to a prespecified protocol. Primary outcomes were chosen to address clinical effectiveness
(delivery within 24 hours) and safety (uterine hyperstimulation, caesarean section, serious maternal
and neonatal morbidity) and were determined a priori. All meta-analyses were based on the intention-
to-treat principle. In the absence of heterogeneity the summary statistics have been expressed as typi-
cal relative risk (RR) and 95% confidence interval (CI).

Results Vaginal misoprostol: one small study showed that the use of misoprostol results in more effec-

tive cervical ripening and reduced need for oxytocin when compared with placebo. When compared
with oxytocin, vaginal misoprostol was more effective for labour induction. The relative risk of fail-
ure to achieve vaginal delivery within 24 hours was 0-48 (95% CI 0-35 to 0-66). However, the relative
risks for uterine hyperstimulation with and without fetal heart rate abnormalities were 2-54 (95% CI
1-12 to 5-77) and 2-96 (95% CI 2-11 to 4-14), respectively. In three out of four trials which studied
women with intact membranes and unfavourable cervices, failure to achieve vaginal delivery within
24 hours was reduced with misoprostol when compared with other prostaglandins (RR 0-71, 95% CI
0-62 to 0-81). Vaginal misoprostol was associated with increased uterine hyperstimulation both with-
out fetal heart rate changes (RR 1-67, 95% CI 1.30 to 2-14) and with associated fetal heart rate
changes (RR 1-45, 95% CI 1.04 to 2-04). There was also an increase in meconium stained amniotic
fluid following vaginal misoprostol (RR 1-38, 95% Cl 106 to 1-79). Oral misoprostol: one small trial
suggests that, when compared with placebo, oral misoprostol reduces the need for oxytocin and short-
ens the time between induction and delivery. Compared with other prostaglandins one small trial
showed a reduced need for oxytocin with oral misoprostol. Two trials compared oral with vaginal
misoprostol using different doses. No significant differences were evident.

Conclusions Overall, misoprostol appears to be more effective than conventional methods of cervical

ripening and labour induction. Although no differences in perinatal outcome were shown, the studies
were not sufficiently large to exclude the possibility of uncommon serious adverse effects. In particu-
lar the increase in uterine hyperstimulation with fetal heart rate changes following misoprostol is a
matter for concern. It is possible that, if sufficient numbers are studied, an unacceptably high number
of serious adverse events including uterine rupture and asphyxial fetal deaths may occur. The data at
present are not robust enough to address the issue of safety. Thus, though misoprostol shows promise
as a highly effective, inexpensive and convenient agent for labour induction, it cannot be recom-
mended for routine use at this stage. Lower dose misoprostol regimens should be investigated further.

INTRODUCTION

Induction of labour in the third trimester of pregnancy
may be considered beneficial in many clinical circum-

Correspondence: Dr A. Metin Giilmezoglu, Medical Officer,
UNDP/UNFPA/WHO/World Bank Special Programme of
Research, Development and Research Training in Human Repro-
duction, Department of Reproductive Health and Research,
World Health Organisation, Geneva 27, Switzerland CH-1211.

An electronic version of this review has been published in the
Cochrane Library as two separate reviews.
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stances. The main problems associated with induction
of labour are ineffective labour and excessive uterine
activity, which may cause fetal distress. Both problems
may lead to an increased risk of caesarean section.
Failed induction of labour is most likely when the cervix
is unfavourable and, in this circumstance, vaginal
prostaglandin preparations have proved to be benefi-
cial'. However, prostaglandin preparations that have
been registered for cervical ripening and labour induc-
tion are expensive and unstable, requiring refrigerated
storage. Uterine hyperstimulation has been identified as
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a particular problem during labour induction with
prostaglandins, and has been treated with tocolysis?.

Misoprostol (Cytotec, Searle, Illinois, USA) is a
methyl ester of prostaglandin E, additionally methylated
at C-16. It is marketed for use in the prevention and
treatment of peptic ulcer disease caused by
prostaglandin synthetase inhibitors. In addition, miso-
prostol acts as an effective myometrial stimulant of the
pregnant uterus, selectively binding to EP-2/EP-3
prostanoid receptors’. The drug is inexpensive, easily
stored at room temperature and has few systemic side
effects. It is rapidly absorbed orally and vaginally. A
randomised comparison between oral and vaginal
adminijstration of 400 pg misoprostol showed that peak
levels after oral administration were higher (227 pg/mL
versus 165 pg/mL) and occurred sooner (34 versus
80 minutes) but appear to be more prolonged®.

The ability of misoprostol to stimulate uterine con-
tractions has been used for clinical purposes. Misopros-
tol is shown to be an effective abortifacient, both alone
and following pre-treatment with mifepristone®®.

Mariani-Neto et al.” first reported using oral miso-
prostol (400 g four hourly) for induction of labour fol-
lowing intrauterine death. Along with its effectiveness,
the authors, described cases of excessive uterine activity
with misoprostol use at term. A recent meta-analysis
suggested that vaginal misoprostol use at term for cervi-
cal ripening/induction of labour is safe because no
increase in adverse fetal outcome could be shown
despite a statistically significant increase in uterine
hyperstimulation®. However, uncertainty about the
safety persists and lower vaginal doses® and oral admin-
istration have been investigated'®'s.

In this review we have focused on the effectiveness
and safety of misoprostol administered vaginally or
orally for cervical ripening and labour induction in the
third trimester of pregnancy. The primary aim of the
review was to ascertain whether the data from ran-
domised controlled trials are robust enough to justify the
use of misoprostol in routine clinical practice.

METHODS

This review has drawn on the search strategy developed
for the Cochrane Pregnancy and Childbirth Group. Rel-
evant trials were identified from the Group’s Specialised
Register of Controlled Trials's. In addition, the
Cochrane Controlied Trials Register who currently
includes over 200,000 records of controlled clinical tri-
als was searched using the word misoprosto!"”.
Eligibility criteria for inclusion included clinical trials
comparing misoprostol administered vaginally or orally
for third trimester cervical ripening or labour induction
with no treatment, placebo or other methods for induc-
tion; viable fetus; random allocation to treatment and

© RCOG 1999 BrJ Obstet Gynaecol 106, 798-803
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comparison groups; reasonable measures to ensure allo-
cation concealment; violations of allocated management
not sufficient to materially affect outcomes. Trials with
inadequate allocation concealment were excluded (e.g.
alternation). Formal quality assessment other than
assessment of allocation concealment was not planned
as there were no planned exclusions or subgroup analy-
sis based on quality. Pre-specified primary comparisons
for vaginal and oral misoprostol were as follows:

1. Misoprostol vs placebo/no treatment.

2. Misoprostol vs oxytocin.

3. Misoprostol vs prostaglandins.

4. Misoprostol vs mechanical methods.

5. Low dose misoprostol regimen vs higher dose
regimens. Low dose was defined as doses of < 25 ug
at 4 hourly or less frequent intervals.

Subgroup analyses were planned based on the status
of membranes (intact or ruptured), cervical status
(favourable, unfavourable or undefined) and were lim-
ited to the primary outcomes. Five primary outcomes
were chosen:

1. Vaginal delivery not achieved within 24 hours.

2. Uterine hyperstimulation with fetal heart rate
changes.

3. Caesarean section.

4. Serious neonatal morbidity or perinatal death.

S. Serious maternal morbidity or death.

Secondary outcomes relate to measures of effective-
ness, complications and satisfaction. The full list of sec-
ondary outcomes can be found in the electronic version
of the review'.

The terminology of uterine hyperstimulation is prob-
lematic’®. We used the phrase uterine hyperstimulation
without fetal heart rate changes to include uterine
tachysystole (> 5 contractions per 10 minutes for at least
20 minutes) and uterine hypersystole/hypertonus (a con-
traction lasting at least two minutes) and uterine hyper-
stimulation with fetal heart rate changes to denote
uterine hyperstimulation syndrome (tachysystole or
hypersystole with fetal heart rate changes such as persis-
tent decelerations, tachycardia or decreased short term
variability) in this review.

Data were extracted from the sources and entered onto
the Review Manager (RevMan) computer software
(Update Software, Oxford, UK; Nordic Cochrane Centre,
Copenhagen, Denmark) and double checked for accuracy.
For dichotomous data, relative risks and 95% confidence
intervals were calculated, and in the absence of hetero-
geneity, results were pooled using a fixed effects model.

Description of included studies

In the vaginal misoprostol review thirty-nine trials were
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assessed for eligibility, eight were excluded. One was
excluded because allocation was not random?, two
because vaginal misoprostol was compared with cervi-
cal misoprostol, which was not a predefined comparison
of the review??2, One trial was available only in abstract
form, with inadequate data for inclusion'?. Four trials
were excluded for possible inclusion in the review of
oral misoprostol for labour induction. Two trial reports
were not available to us for assessment>-2,

In all the studies of misoprostol versus prosta-
glandins, the prostaglandin used was dinoprostone
intravaginally as a gel, tablet or slow-release pessary, or
intracervically as a gel. In most of the studies oxytocin
was used with similar protocols for both the misoprostol
and the prostaglandin group. The exception was the
study by Kadanali®® in which oxytocin was started if
indicated after six hours in the dinoprostone group and
only after 24 hours in the misoprostol group. The effec-
tive comparison in this trial is therefore misoprostol ver-
sus dinoprostone plus early oxytocin. The results are in
keeping with those of other studies.

Five trials evaluated oral misoprostol?. One study
compared oral misoprostol to placebo', two studies to
vaginal prostaglandins'>'* and two studies to vaginal
misoprostol'-'3.

With the exception of four double-blind placebo con-
trolled trials, the treatment was not blinded. There is
therefore a real possibility of bias affecting both the
clinical management of the women (e.g. decisions to
undertake caesarean section) and the assessment of out-
comes. Such biases might operate in either direction.
For example, a clinician enthusiastic about the potential
of misoprostol might be less likely to perform caesarean
section in the misoprostol group, while one anxious
about the experimental nature of misoprostol might be
more likely to perform caesarean section in this group.

The possibility of such bias must be kept in mind in
the interpretation of the results.

RESULTS

The primary outcomes and summary data are shown in
the tables. Readers arc referred to The Cochrane
Library' for individual trial data and secondary out-
comes.

The one small study included in this part of the
review?’ showed a beneficial effect of misoprostol on
cervical ripening and need for oxytocin. The randomisa-
tion to delivery interval was reduced with misoprostol,
but the numbers studied were too small to assess the
impact on obstetric management and maternal and
neonatal complications.

Misoprostol, in the doses used in these trials, was
more effective than oxytocin for labour induction
(Table 1). However, uterine hyperstimulation was more

common both without and with associated fetal heart
rate changes. The trial results with respect to caesarean
section were inconsistent, ranging from a large reduc-
tion? following misoprostol administration to no signif-
icant difference®. Subgroup analysis showed a reduced
rate of caesarean section with misoprostol for the group
with intact membranes, but not with ruptured mem-
branes, though the numbers studied in the latter compar-
ison were small. A possible explanation for differences
between trials is that they could be related to differences
in management of misoprostol-related uterine hyper-
stimulation in different centres. There were no differ-
ences in perinatal or maternal outcomes.

In one trial® reporting the outcome of vaginal miso-
prostol compared with dinoprostone, failure to achieve
cervical ripening within 12 hours was reduced with
misoprostol (RR 0-68, 95% CI 0-52 to 0-88). Failure to
achieve vaginal delivery within 24 hours was reduced
with misoprostol in all six trials (RR 0-70, 95% CI 0-62
to 0-79). The effectiveness of misoprostol was less pro-
nounced in one trial*’ with a low misoprostol regimen.
Oxytocin augmentation was used less often with miso-
prostol (RR 0-64, 95% CI 0-58 to 0-71). The only trial
not consistent with this result was the low dose miso-
prostol trial*!. Uterine hyperstimulation without fetal
heart rate changes was more common with misoprostol
(RR 1-67, 95% CI 1-30 to 2-14), though the findings of
the low dose misoprostol trial showed no such increase.
Uterine hyperstimulation with associated fetal heart rate
abnormalities was variabie between trials, but the data
from individual trials were consistent with the pooled
result showing an increase of this adverse outcome in
the vaginal misoprostol group. Caesarean section rates
were variable between trials, with no significant differ-
ences overall. Meconijum stained liquor was increased
with misoprostol (RR 1-38,95% CI 1-06 to 1-79). There
were no statistically significant differences in perinatal
or maternal outcomes.

In one trial the lower dosage regimen (misoprostol
25 pg six hourly versus three hourly) was associated
with more failures to achieve delivery within 24 hours,
significantly more use of oxytocin (RR 1-23, 95% CI
1-02-1-48) and a trend towards less uterine hyperstimu-
lation with fetal heart rate changes®'. There were no dif-
ferences in mode of delivery, meconium stained
amniotic fluid, perinatal outcome or maternal side
effects. The participants had intact membranes and
unfavourable cervices.

Serious maternal complications were reported in only
one study*'. One maternal death occurred from amniotic
fluid embolism in a primiparous woman nine hours after
a single 25 pg vaginal misoprostol dose, shortly after
amnioinfusion and epidural analgesia. Two caesarean
hysterectomies were performed for atonic uterine haem-
orrhage, 13 and 30 hours after single 25 ug doses of
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vaginal misoprostol. One of these two women was
primiparous with uncomplicated labour; the other was a
nulliparous woman who developed chorioamnionitis
following prolonged labour induction attempts by oxy-
tocin augmentation. It is not clear whether these three
women were allocated to the low or the higher dosage
regimen misoprostol group. No other maternal deaths
and any uterine ruptures or perinatal deaths were
reported in any of the other studies. However, most
studies were not designed to evaluate these outcomes.

One small trial suggests that, when compared with
placebo, oral misoprostol reduces the need for oxytocin
and shortens the time between induction and delivery
(Table 1).

When compared with vaginal prostaglandin prepara-
tions, oral administration reduces the need for oxytocin
(one trial”, RR 062, 95% CI 0-47 to 0-82). The higher
rate of caesarean section after oral misoprostol does not
reach statistical significance (two trials’*'4, RR 1-29, 95%
CI 0-90 to 1-86). The results of two trials'*"* comparing
oral versus vaginal misoprostol were not consistent.

Oral regimens were different in the two trials that
compared oral with vaginal misoprostol. Toppozada et
al."" used 100 pg three hourly and Adair ef al.'® used
200 pg six hourly. The caesarean section rate was
21-8% in the oral misoprostol group, compared with
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13-5% in the vaginal misoprostol group (RR 1-62, 95%
CI 0-85, 3.09). The pooled uterine hyperstimulation
rate with oral misoprostol was 37-5% (36/96), com-
pared with 28% (25/89) for vaginal misoprostol (RR
1-32, 95% CI 0-86, 2-04). The data on uterine hyper-
stimulation need to be interpreted with caution because
there was significant heterogeneity between two trials
for this outcome.

DISCUSSION

The trials show that vaginal misoprostol in doses rang-
ing from 25 pg three hourly, to 50 ug four hourly (most
studies) and 100 pug six to 12 hourly, appear to be more
effective than oxytocin or dinoprostone used in the
usual recommended doses. The rate of caesarean section
varied following vaginal misoprostol. However,
increased rates of uterine hyperstimulation both with
and without associated fetal heart rate changes is worry-
ing. The trials were not sufficiently large to assess the
likelihood of uncommon, serious adverse perinatal and
maternal complications. The possibility of bias because
of the unblinded nature of these studies should be kept
in mind.

A lower dosage regimen of vaginal misoprostol
(25 pg six hourly) was less effective than a higher dose

Table 1. Summary data of primary outcomes for women randomly allocated to induction of labour with misoprostol or alternative methods.

FHR = fetal heart rate.

Experiment Control Relative 95% confidence
Trials (1) (nin (%))* (nin (%)) risk interval

Vaginal misoprostol vs placebo .

Caesarean section 1 224 (8-3) 3721 (14-3) 0-58 0-11-3-16
Vaginal misoprostol vs oxytocin (all women)

No vaginal delivery within 24 h 4 43/258 (16:7) 94/269 (34-9) 0-48 0-35-0-66

Uterine hyperstimulation with FHR changes 3 18/191 (9-4) 77199 (35) 2:54 1-12-5-77

Caesarean section 6 62/426 (14-5) 82/439 (18-6) 0.78 0.58-1-06
Vaginal misoprostol vs dinoprostone (all women)

No vaginal delivery within 24 h 6 220/539 (40-8) 317/546 (58-0) 0.70 0-62-0-79

Uterine hyperstimulation with FHR changes 14 73/974 (74) 49/961 (5-0) 1.45 1-04-2.04

Caesarean section 16 211/1111 (18.9) 218/1095 (199) 095 0-80-1-12

Serious neonatal morbidity or death 7 75/588 (12-7) 771596 (12-9) 0-98 0-73-1-30
Low dose vs higher dose vaginal misoprostol

No vaginal delivery within 24 h 2 193/451 (42-7) 184/468 (39-3) 1-08 093-1-25

Uterine hyperstimulation with FHR changes 2 17/451 3-7) 27/468 (5:7) 0-66 0-36-1-19

Caesarean section 2 78/451 (17-2) 86/468 (18-3) 0-94 0-71-1-23

Serious neonatal morbidity or death 2 65/451 (14-4) 84/468 (17-9) 0-79 0-59-1-06
Oral misoprostol vs placebo

Uterine hyperstimulation with FHR changes 1 1739 (2:6) 0/41 (0-0) 315 0-13-75-09

Caesarcan section i 3139 (D /41 (1:3) 1.05 -0-23-4-90
Oral misoprostol vs vaginal prostaglandins

Caesarean section 2 551272 (20-2) 42/270 (15-5) 1-29 0-90-1-86
Oral vs vaginal misoprostol

No vaginal delivery within 24 h 1 7176 (9-2) 8/6%9 (11-5) 0-79 0-30-2-08

Caesarean section 2 21096 (21-8) 12/89 (134) 1.62 0-85-3-09

*Experiment group refers to the first contro] to the second intervention listed in the left hand column.
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(25 g three hourly), with possibly reduced rates of uter-
ine hyperstimulation.

The finding of a significant increase in meconium
stained amniotic fluid with vaginal misoprostol is of con-
cern. Wing ez al.* suggested the possibility of meconium
passage in response to uterine hyperstimulation, or a
direct effect of absorbed misoprosto] metabolites on the
fetal gastrointestinal tract. We have previously observed
an increased rate of meconium stained amniotic fluid in
women who have ingested castor oil, though causality
was not proven™, It is unlikely that the small amount of
hydrogenated castor oil found in misoprostol tablets*
would have any pharmacological effect, but the possibil-
ity that misoprostol metabolites may stimulate fetal
bowel activity merits further investigation.

Data on the effectiveness of misoprosto! are promis-
ing. However, the data at present are not robust enough
to address the issue of safety.

CONCLUSIONS

Current evidence suggests that in vaginal doses of 25 pg
three hourly or more, misoprostol is more effective than
conventional methods of cervical ripening and labour
induction. There is limited information on the effective-
ness of lower doses but these may be safer. The increase
in uterine hyperstimulation with fetal heart rate changes
associated with the use of misoprostol is a matter for
concemn. Although no differences in perinatal outcome
were shown, the studies were not sufficiently large to
exclude the possibility of uncommon serious adverse
effects. The increase in meconium stained amniotic
fluid also requires further investigation.

Misoprostol may be the only affordable prostaglandin
preparation for cervical ripening and labour induction in
many poorly resourced countries. Considering its clini-
cal effectiveness it seems likely that its use will con-
tinue. However, the limited information on the safety of
misoprostol reviewed here is sufficiently worrying to
limit further widespread use. We recommend that vagi-
nal doses of 25 g three to six hourly should be used
only if these women can be kept under constant supervi-
sion, preferably as part of controlled trials. In centres
where misoprostol is used for labour induction, mater-
nal and perinatal outcome should be audited regularly to
ascertain whether there is an association with rare
adverse events, such as uterine rupture and perinatal and
maternal death. Methodologically sound controlled tri-
als testing the efficacy of lower dose oral and vaginal
regimens should be a priority both in developing and
industrialised countries.
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Induction of labour with misoprostol

G. Justus Hofmeyr

Misoprostol, an orally active prostagiandin E1 analogue, has
been used widely by the vaginal and oral routes for labour
induction at or near term. Several recent trials have confirmed
that it is highly effective. Overall caesarean section rates appear
to be reduced, despite a relative increase in caesarean sections
for fetal heart rate abnormalities. Concern remains regarding
increased rates of uterine hyperstimulation and meconium-
stained amniotic fluid, atthough data on perinatal outcomes have
been reassuring. Recent reports reviewed here have raised the
possibility that postpartum haemorrhage may be increased after
the induction of labour with misoprostol, and isolated reports of
uterine rupture with or without previous caesarean section,
continue to appear. Using small dosages appears to reduce
adverse outcomes. Very large trials are needed to evaluate rare
adverse outcomes. Curr Opin Obstet Gynecol 13:577-581. © 2001
Lippincott Williams & Wilkins.
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Introduction

Misoprostol, an orally active, stable prostaglandin E1
analogue, has entered clinical use in obstetrics and
gynaecology on a wide scale without having been
registered for such use [1°*]. This has given rise to
considerable controversy. The manufacturers have dis-
tanced themselves from its off-licence use {2]. Mis-
oprostol is highly effective for first and second trimester
pregnancy termination. Its wide availability has resulted
in self-medication by women who lack access to
pregnancy termination services. Its use for the preven-
tion or treatment of postpartum haemorrhage is as yet
unsupported by evidence of effectiveness from random-
ized trials [3].

This literature update deals with the use of misoprostol
for labour induction at or near term, which has also raised
considerable controversy, and has been the subject of
several reviews [4-6,7°*,8]. The writer and co-workers
have maintained a conservative approach because of
safety concerns, recommending that it should not be
recommended for general use until more is known about
the risks and optimal dosage [4-6]. This approach has
attracted criticism [9]. Other reviewers have concluded
that misoprostol for the induction of labour safely
reduces the rate of caesarean section [7°°]. The
American College of Obstetricians and Gynecologists’
guidelines for the induction of labour recommend that
misoprostol at a dose of 25 ug 3-6 hourly is effective for
the induction of labour (level A evidence), and 50 ug 6
hourly may be appropriate in some situations, although
an increased risk of complications has been reported
(level B evidence) [10*]. This opinion has recently been
endorsed [11°] after a drug warning issued by the
manufacturer.

In this update we will consider the contribution of
recently published papers to the two key questions that
should be asked for any new intervention: does it work?
and is it safe?

Does it work?

Previous and current placebo-controlled trials have
clearly shown that misoprostol is an effective drug for
labour induction when administered vaginally [5] or
orally [6,12°].

Several studies {13°,14°%,15°,16*°,17-21,22*], most with
small numbers of subjects, have recently been published
comparing vaginal or oral misoprostol with other
methods of cervical ripening or labour induction.
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The trials reviewed were generally consistent with the
results of previous meta-analyses [4-6,7°*], finding
misoprostol to be equally or more effective than other
methods of cervical ripening and labour induction. Brief
examples follow.

Misoprostol 50 ug vaginally, up to two doses 6 h apart,
was more effective than intracervical dinoprostone
0.5 mg for cervical ripening, but uterine hyperstimula-
tion (4/32 versus 0/29) and maternal fever (10/32 versus
2/29) were increased [13°].

Misoprostol 25-50 ug 4 hourly vaginally was randomly
compared with dinoprostone 10 mg insert in 120 women.
Labours were shorter with misoprostol, intrapartum
complications were similar and the postpartum course
was longer, with a trend to more postpartum complica-
tions (12/60 versus 5/60) [14°°].

In 123 women, misoprostol 50 ug 4 hourly had similar
effectiveness and complications to extra-amniotic saline
infusion with intravenous oxytocin [15%].

For preinduction cervical ripening, misoprostol 50 ug 4
hourly was randomly compared with a transcervical
Foley catheter bulb. There were no differences in
cervical ripening or labour induction success. Misoprostol
was associated with more uterine contraction abnormal-
ities (20 versus 0%) and meconium (22 versus 5%).
There was one rupture of a scarred uterus with
misoprostol [16°°].

In a retrospective analysis of 84 cases, misoprostol 50 ug
was more effective than intravenous dinoprostone for
labour induction, but hyperstimulation was more fre-
quent [22°].

Recent evidence is therefore in keeping with previous
studies that have shown that misoprostol in most of the
dosage regimens used is at least as effective as
conventional methods of labour induction.

Does it work better when administered
vaginally, or orally?

The majority of trials to date have used the vaginal route
of administration. Systematic review of randomized trials
comparing oral with vaginal routes of administration has
found the oral route to be associated with slower labours
but fewer caesarean sections [6]. Similar results have
been shown in two recent trials with oral misoprostol
[23°*,24°], and one using buccal misoprostol 200 ug 6
hourly twice then 300 ug four times, compared with a
vaginal regimen using 50 then 100 ug [25°].

Oral compared with vaginal administration of misoprostol
400 pg has a shorter time to peak serum level (34 versus

80 min) and a higher peak (165 versus 227 pg/ml), but far
briefer activity [26]. This is reflected in a more rapid and
pronounced initial increase but less persistence in
uterine tonus with the oral route [27]. The short duration
of action with the oral route may be advantageous in the
event of uterine hyperstimulation. It may also be a reason
to use frequent dosing schedules. In most studies, oral
misoprostol has been administered 4 or 6 hourly. In view
of the short duration of action, we have used oral
misoprostol 2 hourly for labour induction. To accom-
modate variability in the response of individuals, we have
commenced with a dose of 20 ug, increased if necessary
to 40 ug after two to three doses. To administer such
small doses, we dissolve 200 ug misoprostol in 200 ml
water, and shake well before each administration. The
solution is discarded after 12 h. In a multicentre
randomized trial in 695 women, this method was found
to be similar to vaginal dinoprostone 2 mg, repeated after
6 h, with respect to effectiveness, uterine hyperstimula-
tion, caesarean section rates and perinatal outcome [28°°].

Another advantage with oral administration is that in
some services, vaginal administration may only be
carried out by doctors [7°°], whereas oral dosages may
be administered by nurses. This highlights the role and
responsibilities of nursing staff in labour induction with
misoprostol [29,30]. There is as yet no certainty as to
which route of administration is the better.

What dosage should be used?

Systematic review of trials comparing lower with higher
dosages of vaginal misoprostol showed that the lower
dosage regimens (misoprostol 25 pg 6 hourly versus 3
hourly, or 25 versus 50 pug 3 hourly) required more
oxytocin use and were associated with less uterine
hyperstimulation. The effectiveness, mode of delivery
and maternal side-effects were similar. A recent trial has
shown similar results [31°¢].

Is it safe?

Areas of concern regarding safety relate mainly to uterine
hyperstimulation, and the possible effects of this on the
mother and baby.

Uterine hyperstimulation

An important issue regarding the use of misoprostol for
labour induction has been uterine hyperstimulation [32-
34]. Previous reviews have found misoprostol to be
associated with more uterine hyperstimulation than
other methods of labour induction. Similar findings
occurred in two recent randomized trials [13°,16°°] and
one retrospective study [22°].

Meconium-stained liquor
Previous reviews have shown a trend towards more
meconium passage with misoprostol than with other



agents [4-6]. We have previously postulated that certain
myometrial stimulants may cross the placenta to
stimulate fetal bowel smooth muscle and cause meco-
nium passage [35]. Among the recent trials under review,
one reported increased meconium passage [16°%] (22
versus 5%) and one did not [31°°].

Precipitate delivery

Precipitate delivery (labour <2h) has been described as
a possible complication of misoprostol [5,36], and
occurred more frequently with misoprostol in one recent
trial (6/47 versus 1/49) [12°]. Another recent report
described an extensive cervical laceration after rapid
misoprostol-induced labour [37°]. Most previous reviews
and trials have not documented the occurrence of
precipitate delivery. In fact, the mean time to delivery
is frequently given as a primary end-point. Precipitate
deliveries may contribute to apparently favourable
delivery times, without being identified as an unfavour-
able outcome. The importance of precipitate delivery is
that it may be a marker for excessive uterine response to
misoprostol and a risk of uterine rupture.

Uterine rupture

There have been occasional reports of rupture of an
unscarred uterus after misoprostol labour induction
[5,38,39]. A recent report [40°] described labour induc-
tion with one dose of misoprostol 50 yug administered
vaginally in a healthy woman with uneffaced cervix.
After 4 h the cervix was effaced, and 2 h later a healthy
child was born. Half an hour later her condition
deteriorated and she died despite resuscitation attempts.
Post-mortem examination revealed a ruptured uterus as
the cause of death.

Women with previous caesarean section

Misoprostol has been used to induce labour in women
with previous caesarean section [41]. Several cases of
rupture of uterine scars have been reported [42°]. No
data are available from randomized trials, except for one
trial that was terminated after uterine scar rupture in two
of the first 17 cases induced with low dosage misoprostol
[43]. A recent retrospective study [44°] found signifi-
cantly more cases of uterine rupture or dehiscence after
cervical ripening with misoprostol than when oxytocin or
prostaglandin EZ were used. In a pilot study of
misoprostol 50 ug administered orally 4 hourly for
cervical ripening in women with previous caesarean
section [45°], uterine rupture occurred in one out of 10
women. Most authors recommended that misoprostol
should not be used in women with uterine scars.

Caesarean section

The relationship between misoprostol use and caesarean
section is a complex one. The trend in previous
randomized trials has been an increase in caesarean
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sections for fetal heart rate abnormality and a reduction
for poor progress of labour, giving an overall reduction.
In line with these findings, two recent trials showed an
increase in caesarean sections for suspected fetal distress
with misoprostol {23°°,24°].

Perinatal outcome

Despite increases in uterine hyperstimulation, most
reviews and trials have shown no significant difference
in perinatal outcome after misoprostol versus other
methods.

Postpartum haemorrhage

A recent observation, which has not been included in
previous reviews, is a possible increase in postpartum
haemorrhage after misoprostol labour induction [36].
Increased postpartum haemorrhage was noted in a
retrospective study compared with the general obstetric
population [46°], and in a randomized trial after labour
induction with vaginal misoprostol 50 versus 25 ug 4
hourly (9.8 versus 2.2%) [31°°].

Conclusion

Recent reports have confirmed that misoprostol is a
highly effective agent for labour induction. Complica-
tions remain a matter of concern, particularly uterine
hyperstimulation, precipitate labour, meconium-stained
liquor and uterine rupture. Recently, postpartum hae-
morrhage has been added to the list of possible
complications. Results suggest that risks can be mini-
mized with the use of small dosages, and that the starting
dose should not exceed 25 ug. It is not yet clear whether
the oral or the vaginal route is preferable. There is a
need for very large-scale randomized trials comparing
low-dose misoprostol regimens with conventional meth-
ods, to determine with more certainty the relative rates
of rare adverse outcomes.
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SYSTEMATIC REVIEW CORNER

25 ng vaginal misoprostol is less effective than 50 pg for
induction of labour, but has lower risks — meta-analysis

Sanchez-Ramos L, Kaunitz AM, Delke I. Labour induction with 25 pg versus 50 pg intravaginal misoprostol: a systematic review.

Obstet Gynecol 2002; 99: 145151,

OBJECTIVE To compate the efficacy and safety of
two doses of vaginal misoprostol for cervical ripening
and induction of labour.

DESIGN Meta-analysis of randomized, controlled
trials.

DATA SOURCES Computerized searches of
MEDLINE, EMBASE, Current Contents, Silver
Platter, and the Cochrane Controlled Trials Register,
and hand searches of abstract books from scientific

meetings and reference lists of relevant articles. The
searches covered the period 1987-2001.

STUDY SELECTION  Studies in any language that
compared repeated doses of 25 and 50pg vaginal
misoprostol for cervical ripening and induction of
labour. Studies were assessed for methodological
quality.

DATA EXTRACTION Data were extracted into
2 x 2 tables independently by two reviewers.

MAIN OUTCOME MEASURES Odds ratio (OR,
95% CI) for tachysystole, hyperstimulation, need for
oxytocin augmentation, delivery within
24hours, cesatean delivery, and adverse neonatal
outcomes, in women receiving 25ug, compared to
50 pg, misoprostol.

vaginal

MAIN RESULTS Five studies, published between
1997 and 2001, and involving 933 women, wete
included in the meta-analysis. Three of the studies
were of moderate size (100-200 subjects per group)
and two were small (~25 subjects per group). The
dosing intervals varied from 3 to 6 hours. Delivery
after a single dose of misoprostol occurred in 27% of
cases with the 25 g dose, compared to 39% with the
50 pug dose (OR 0.6, CI 0.3-1.0) and delivery occurred
within 24 hours in 56 and 63% of cases, respectively
(OR 0.7, CI 0.5-1.0). Oxytocin was required more often
with the 25 pug dose (OR 1.9, CI1.4-2.6) and the time-to-
delivery was almost 5hours longer, on average. The
incidence of hyperstimulation was 44% with 25pg
misoprostol and 9.3% with 50 pg (OR 04, CI 0.3-0.8).
The incidences of tachysystole were 89 and 21%,
tespectively (OR 04, CI 02-05). There was no
significant difference between doses in the rates of
operative vaginal delivery or cesarean delivery.
However, cesarean delivery for fetal heart rate
abnormalities was non-significantly lower with the
25 pg dose (OR 07, CI 04-1.1), as were Apgar score <7
at 5 min (OR 0.5, C1 0.2-1.3) and neonatal intensive care
admissions (OR 0.6, CI 0.3-1.1).

CONCLUSION Vaginal misoprostol, used for
cervical ripening and induction of labour, is less
efficacious when repeated doses of 25 pug are used,
compared to doses of 50 pg. However, the risks of
hyperstimulation and tachysystole are greater with
50 g misoprostol and perinatal safety may be
comptromised.

1361-259X/03/$ - see front matter © 2003 Published by Elsevier Science Ltd.
doi:10.1054/ebog.2002.0080
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Commentary

Labour induction is an essential part of obstetrical practice, par-
ticularly in situations in which continued pregnancy is hazardous
for mother or baby. A great variety of medical and mechanical
methods have been used for labor induction. Various prostaglan-
din preparations have been found effective when the uterine cer-
vix is ‘unfavorable’ Prostaglandin preparations registered for
labour induction are expensive and, in many countries, simply un-
affordable. Misoprostol has the advantages of affordability and
simplicity of use. Because it has not been registered for labour
induction, appropriate dosage regimens have not been estab-
lished by the manufacturers. Studies which provide evidence of
safety and efficacy of various regimens are, therefore, of impor-
tance worldwide.

A previous systematic review comparing lower vs higher vagi-
nal misoprostol dosage regimens (not specifically 25 vs 50 ug)
also found the lower dosages to be associated with significantly
more oxytocin use (relative risk [RR] 1.26, 95% CI 1.12-1.42), sig-
nificantly less uterine hyperstimulation (RR 0.50, 95% CI 0.33—
0.78), and non-significantly fewer neonatal intensive care admis-
sions (RR 0.75, 95% Cl 0.53—1.07), but no significant difference in
the rate of failed vaginal delivery within 24 hours (RR 1.09,95% CI
094-1.26).

The present meta-analysis used a defined approach to the col-
lection, selection, and analysis of data from randomized trials
comparing vaginal misoprostol dosages of 25 ug with 50 ug. A
confounding factor, pointed out by the authors, is that the do-
sage intervals varied between studies from 3 to 6 hourly. This dif-
ference in protocol may have accounted for some of the variation
in results. For example, uterine hyperstimulation syndrome oc-
curred in 5.2-72 percent of women to whom misoprostol 25 pg
was administered 3 hourly, but in none of 1I7 women treated
every 4—6 hours. The authors cast doubt on their finding of in-
creased uterine hyperstimulation syndrome with the 50 ng dose,
because the effect occurred mainly in one trial with a short do-
sage interval of 3 hours. However, a more recent trial using
4-hourly doses supports the finding of increased hyperstimula-
tion syndrome with the 50 ug dose (16/56 vs 7/58, RR 29I, 95%
Cl1109-78)2

The authors also pointed out that the meta-analysis was
underpowered to detect clinically relevant differences in less
common adverse neonatal outcomes. Thus, although the fre-
quencies of low Apgar scores and neonatal intensive care admis-
sions were 40-50% lower in the 25 nug group, these differences
were not statistically significant.

Several important clinical issues are outside the scope of this
meta-analysis: the relative efficacy and safety of vaginal miso-
prostol vs other agents and vs the oral and buccal routes of mis-
oprostol administration; whether dosages should be adjusted for
parity and cervical favorability; and whether titration of the mis-
oprostol dosage against individual uterine response might im-
prove the safety profile.’ The numbers available for this meta-
analysis were insufficient to provide reassurance that the 50 ug
dose is as safe as 25 pg. If vaginal misoprostol is chosen as the
method of labor induction, the data favor the use of the 25 ug
dose, at least as the initial dose, until such time as sufficient data
become available to compare the relative safety of 25 and 50 ug
with greater certainty.

G. Justus Hofmeyr MD

University of the Witwatersrand, University of Fort Hare,
East London, South Africa

A. Metin Giilmezogiu MD, PhD

WHO, Geneva, Switzerfand
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Induction of labour with an unfavourable cervix

G. Justus Hofmeyr™ mrcoc

Consultant, East London Hospital Complex, South Africa; Director, Effective Care Research Unit
East London Hospital Complex, South AfricaEffective Care Research Unit, Frere Maternity Hospital, University
of the Witwatersrand, Post Bag X9047, East London 5201, South Africa

Labour induction is undertaken when the advantages for the mother and/or the baby are
considered to outweigh the disadvantages. When the uterine cervix is unfavourable, oxytocin,
with or without amniotomy, is frequently ineffective. Vaginal prostaglandin E; is most commonly
used if it is affordable. Evidence regarding many alternative methods is discussed in this chapter.
Of particular interest are misoprostol and extra-amniotic saline infusion.

Misoprostol, an orally active prostaglandin E, analogue, has been used widely by the vaginal and
oral routes for labour induction at or near term. Several recent trials have confirmed that it is
highly effective. Overall Caesarean section rates appear to be reduced, despite a relative increase
in Caesarean sections for fetal heart rate abnormalities. Concern remains regarding increased
rates of uterine hyperstimulation and meconium-stained amniotic fluid, although data on perinatal
outcome have been reassuring. Postpartum haemorrhage may be increased following labour
induction with misoprostol, and isolated reports of uterine rupture, with or without previous
Caesarean section, have appeared. Using small dosages appears to reduce adverse outcomes.
Very large trials are needed to evaluate rare adverse outcomes.

Extra-amniotic saline infusion is an effective method which appears to reduce the risk of
uterine hyperstimulation that occurs with the use of exogenous uterotonics.

Key words: labour induction; unfavourable cervix; prostaglandins; misoprostol; extra-amniotic
saline.

Induction of labour refers to the use of artificial methods to bring about labour after the
age of fetal viability (24 weeks in the UK) and before the spontaneous onset of labour.
Similar methods used before fetal viability are called induction of abortion or
termination of pregnancy, and after the onset of labour are called augmentation of
labour. The distinction between induction and augmentation of labour is sometimes
blurred by uncertainty concerning the diagnosis of early labour.

Labour induction is one of the most frequent procedures in pregnant women. In the
United States of America, the rate increased during the 1990s from about 10 to 20%.'

A distinction is sometimes drawn between methods used with the intention of
‘ripening’ the uterine cervix, and similar methods used with the intention of inducing
labour. The former may progress unavoidably to the latter.

* Address for Correspondence: Effective Care Research Unit, Frere Maternity Hospital, University of the
Witwatersrand, Post Bag X9047, East London 5201, South Africa. Tel.: +27-43-709-2483.

E-mail address: gih@global.co.za (G. ). Hofmeyr).
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The decision to induce labour is usually a matter of rather complex clinical
judgement which takes into account a number of factors:

o Anticipated benefits to the mother—for example, improving a medical condition
which is caused or aggravated by pregnancy, such as pre-eclampsia, placental
abruption, certain respiratory, hepatic and cardiac disorders; relieving discomfort,
such as from multiple pregnancy, polyhydramnios or spontaneous symphysiotomy;
relieving emotional distress after intrauterine death; or alleviating anxiety about the
baby’s wellbeing.

o Estimated risks to the mother—for example, increased pain and need for analgesia,
increased chance of requiring Caesarean section, infection, other complications of
the procedures, postpartum haemorrhage, (rarely) uterine rupture, anxiety if the
induction is protracted or unsuccessful, and loss of self-esteem because of perceived
failure to give birth normally.

¢ Anticipated benefits to the fetus—for example, improved growth and development
when intrauterine growth is suboptimal, reduced risk of intrauterine death from
complications such as diabetes, prolonged pregnancy (beyond 4| weeks)?,
amnionitis, ruptured membranes, rhesus immunization, fetal distress and cholestasis
of pregnancy.

o Estimated risks to the fetus—for example, prematurity and uterine
hyperstimulation.

Several factors influence the decision:

The condition of the mother.
The condition of the baby.
The gestational age of the baby, and level of certainty about the baby’s age. When
fetal lung maturity is uncertain, amniocentesis may be performed to assess markers
for lung maturity such as the alcohol ‘shake’ test, lecithin/sphingomyelin ratio and
phosphatidyl glycerol level.

e Previous Caesarean section.
The preference of the mother (and sometimes the care provider).
The likelihood that induction of labour will be easy and vaginal delivery successful.

The last factor is dependent mainly on the state of the uterine cervix. Where other
factors are equivocal, the state of the cervix may influence the decision whether or not
to proceed with labour induction.

THE UNFAVOURABLE UTERINE CERVIX

The process of softening, shortening and partial dilation of the cervix usually takes place
in the days or weeks prior to the onset of labour, but the timing of this process is
extremely variable. An unfavourable or ‘unripe’ cervix is one which has undergone
minimal change and is more resistant to attempts at induction of labour. In the first
trimester, 50% of the dry weight of the cervix is tightly aligned collagen, 20% smooth
muscle and the rest is ground substance composed of elastin and glycosaminoglycans
(chondroitin, dermatan sulphate and hyaluronidase).® During pregnancy, hyaluronidase
increases from 6 to 33%, whereas dermatin and chodroitin, which bind collagen more
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Table 1. Modified ‘Bishop’ cervical score.
Score 0 | 2 3
Cervical dilation (cm) 0 -2 3-4 5+
Cervical length (cm) 3 2 | <I
Station of the presenting part -3 -2 -1,0 + | or more
Consistency Firm Moderate Soft
Position Posterior Midposition Anterior

tightly, decrease. Collagenase and elastase enzymes increase, as do the vascularity and
water content.

A standardized method of semi-quantitative clinical scoring of the cervix was
described by Bishop in 1964*, and has since been modified (see Table I). A score of six
or more predicts the likelihood of successful induction of labour. A score of five or less
is regarded as being unfavourable for induction of labour, and use of artificial rupture of
the amniotic sac and/or oxytocin infusion is unlikely to be successful.

More recently, measurement of fibronectin in cervicovaginal secretions has been
used to predict the imminence of labour®, with variable success.® The mainstay of
induction of labour with an unfavourable cervix is the use of exogenous
prostaglandins”®, or methods to stimulate the release of endogenous prostaglandins,
in order to ‘ripen’ the cervix.

ROYAL COLLEGE OF OBSTETRICIANS AND GYNAECOLOGISTS’
GUIDELINES

Guidelines developed by the Royal College of Obstetricians and Gynaecologists
(RCOG)’ recommend offering an ultrasound scan before 20 weeks to confirm the
gestational age; membrane ‘sweeping’ after 40 weeks; labour induction after 41 weeks;
if declined, fetal monitoring from 42 weeks with induction of labour recommended if
the monitoring is abnormal. In the case of pregnancy complications, membrane
sweeping or labour induction are offered at the appropriate gestation.

METHODS OF INDUCTION OF LABOUR WITH AN UNFAVOURABLE
CERVIX

Prostaglandin E; (PGE;) and oxytocin

Vaginal prostaglandins

Labour induction with prostaglandin F,, was introduced in the 1960s. Subsequently,
formulations of prostaglandin E; were developed which largely replaced the use of
F, in countries such as the UK. The most common route of administration is vaginal,
and tablets, suppositories, gels and pessaries have been developed. A recent
randomized comparison found similar effectiveness for a 10 mg PGE, sustained-release
vaginal insert compared with 3 mg PGE; vaginal tablets twice at a 6-hour interval. In
seven out of eight women with uterine hyperstimulation, removal of the vaginal insert
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was sufficient to normalize uterine activity. In the PGE, tablet group eight of nine with
uterine hyperstimulation required medical treatment.

A wide variety of dosages and dosing intervals are in use. A limiting factor for the use
of prostaglandin E, preparations in many countries has been the cost.

Systematic review of vaginal prostaglandin E; compared with placebo or no
treatment showed that prostaglandins were clearly effective in bringing about delivery
(relative risk of failure to deliver within 24 hours 0.03, 95% confidence interval
0.02-0.05)."

The RCOG recommends the use of intravaginal PGE, irrespective of the woman'’s
parity or cervical status. PGE; tablets (3 mg 6—8 hourly to a maximum dose of 6 mg)
are recommended in preference to PGE, gel (2 mg for nulliparous women with
modified Bishop cervical score <4, | mg to all others, repeated 6 hourly to a maximum
dose of 4 mg).

In the case of ruptured membranes, intravenous oxytocin is recommended as an
alternative initiating agent. If oxytocin is used after PGE,, 6 hours should elapse after
the last dose of PGE; to reduce the risk of hyperstimulation. Oxytocin is recommended
as an intravenous infusion of 30 iu in 500 ml normal saline, in titrated dosages from | to
32 mlU per minute, for up to 5 hours. The effectiveness of oxytocin is optimized with
ruptured membranes.

Comparison of methods of induction of labour with an unfavourable cervix

As vaginal PGE; with or without oxytocin infusion is widely recognized and accepted as
a standard method of labour induction, this chapter focuses on alternative methods
which are less well established, comparing them with PGE; as the conventional method.
Particular attention is paid to misoprostol because of the controversy surrounding its
use and the volume of recent research.

Comparisons of alternative methods are most reliably based on the results of well-
conducted randomized clinical trials. To manage the complexity of several hundred
reported randomized trials comparing various combinations of 25 methods of labour
induction, the Pregnancy and Childbirth Group of the Cochrane Collaboration, in
collaboration with the Clinical Effectiveness Support Unit, RCOG, developed a
strategy to review well-defined clusters of comparisons in a series of ‘primary’
systematic reviews using standardized outcomes and clinical sub-groups.'? This
enables comparisons across reviews for specific clinical categories to be made. For
the purposes of this chapter, data have been extracted from these reviews from
available trials in all women (Table 2), and in all women with unfavourable cervices
(Table 3), comparing PGE, administered vaginally (as the ‘gold standard’) with any
other method.

Intracervical prostaglandins

PGE; may be administered into the cervical canal, in smaller dosages than those used
vaginally, with the objective of optimizing the local effect on the cervix. Administration
is somewhat more cumbersome, and no clear advantages over vaginal administration
have emerged.



Table 2. Various methods of labour induction in all women compared with PGE, administered vaginally as the ‘gold standard’ control method, extracted from the
respective systematic reviews in the Cochrane Library.

Method compared with PGE, Outcomes
Vaginal delivery not Uterine hyperstimulation Serious neonatal morbidity Serious maternal
achieved within 24 hours with fetal heart rate changes Caesarean section or perinatal death morbidity or death
Intravenous oxytocin 1.9 (1.4-2.4) [360]} 0.35 (0.04-3.3) [767] .1 (0.95-1.3) [4649] 3.0 (0.3-29) [3084] 1.1 (0.15-7.6) [275]
Amniotomy No events [260] 1.2 (0.38-3.8) [260]
Intravenous oxytocin with 0.9 (0.46—-1.8) [42] 0.81 (0.45-1.5) [739] 1.06 (0.79—1.4) [1140] 1.00 (0.07-15) [612] No events [378]
amniotomy
Vaginal misoprostol 0.70 (0.61-081) [1079] 1.2 (0.78-2.0) [1396] 0.93 (0.74—1.2) [238]
Vaginal PGF,,, 0.51 (0.05-5.4) [75] 1.0 (0.07-14) [106] 1.0 (0.47-2.2) [107]
Oral misoprostol 1.2 (0.94-1.5) [691] 0.87 (0.49-1.6) [929] 0.90 (0.70-1.2) [959] No events [267] No events [962]
Mechanical methods 1.7 (1.2-2.5) [109] No events [75] 1.2 (0.94-1.6) [786] No events [88]}
Membrane sweeping 0.70 (0.44—1.1) [339]
Extra-amniotic prostaglandins  1.26 (1.0—1.6) [261] No events [261] 0.89 (0.42-1.9) [142]
Oral prostaglandins 0.69 (0.33-1.5) [63]
Oestrogens (with amniotomy) 5.0 (0.25-100) [60]

Comparisons are expressed as relative risks (95% confidence intervals), [n], using a fixed-effects model. A relative risk below | indicates that the outcome was less
frequent in the method being compared with PGE,. No data were available for intracervical or intravenous prostaglandins, buccal or sublingual misoprostol, mifepristone,
corticosteroids, relaxin, hyaluronidase, castor oil, bath and enema, acupuncture, breast stimulation, homoeopathic methods or nitrous oxide.
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Table 3. Various methods of labour induction in women with unfavourable cervices compared with PGE; administered vaginally as the ‘gold standard’ control method,
extracted from the respective systematic reviews in the Cochrane Library.

Method compared with
dinoprostone

Outcomes

Vaginal delivery not

achieved within 24 hours

Uterine hyperstimulation
with fetal heart rate changes

Caesarean section

Serious neonatal morbidity Serious maternal

or perinatal death

morbidity or death

Intravenous oxytocin

Intravenous oxytocin
with amniotomy

Vaginal misoprostol

Vaginal PGF,,,

Mechanical methods
Membrane sweeping
Extra-amniotic prostaglandins
Oral prostaglandins

Oestrogens

1.9 (1.4-2.4) [360]
0.90 (0.46- 1.8) [42]

0.70 (0.61-0.81) [436]

0.51 (0.05-5.4) [75)
1.7 (1.2-2.5) [109]

1.1 (0.81—1.4) [126]

0.36 (0.01-8.7) [209]

1.2 (0.66~2.2) [1035]
1.0 (0.07—14) [106]
0.18 (0.04-0.79) [456]

No events [126]

5.0 (0.25-100) [60]

1.3 (0.95-1.7) [1144]
0.98 (0.48-2.0) [106]

0.86 (0.66—1.1) [1038]

1.0 (0.47-2.2)
1.2 (0.92-1.6) [738]
0.67 (0.41-1.1) [252]
0.89 (0.42-1.9) [142]
0.69 (0.33—1.5) [63]
0.88 (0.36-2.1) [60]

No events [342]

No events {40]
No events [60]

No events [60]}

Comparisons are expressed as relative risks (95% confidence intervals), [n], using a fixed-effects model. A relative risk below | indicates that the outcome was less
frequent in the method being compared with dinoprostone. No data were available for intracervical or intravenous prostaglandins, amniotomy alone, oral, buccal or
sublingual misoprostol, mifepristone, corticosteroids, relaxin, hyaluronidase, castor oil, bath and enema, acupuncture, breast stimulation, homoeopathic methods or

nitrous oxide.
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Extra-amniotic PGF,a gel

This method is not widely used. A recent randomized comparison found 5 mg extra-
amniotic PGF,,, gel to be less effective than misoprostol 50 g vaginally.'®

Intravenous oxytocin alone

Traditionally, the use of oxytocin has been accompanied by amniotomy. In countries
with a high prevalence of HIV amniotomy may increase the risk of mother-to-child
transmission of HIV. In a systematic review'”, the only trial comparing intravenous
oxytocin alone versus placebo or expectant management for women W|th unfavourable
cervix was in women with spontaneous rupture of the membranes.'” Vaginal delivery
was greatly enhanced with oxytocin. However, oxytocin without amniotomy is
significantly less effective than vaginal PGE, for labour induction in women with
unfavourable cervices (see Table 3).

Amniotomy

Rupturing of the amniotic membranes through the cervix has been documented as a
method of labour induction for over 200 years.'® A purpose-designed plastic hook or
artery forceps may be used. The presumed mechanism of action is the release of
endogenous prostaglandins, which in turn, may result in cervical changes and labour. A
rise in prostaglandin metabolites with a relationship to the mductlon -delivery interval
following artificial rupture of membranes has been demonstrated.'” This method has
the advantage that the use of exogenous uterine stimulants, with the problems of
uterine hyperstimulation, is avoided, and the amniotic fluid may be observed. However,
the procedure may be uncomfortable and it gives rise to the possibility of ascending
infection. Prolonged rupture of the membranes may increase the risk of fetal infections
such as HIV, and the procedure itself might place the fetus at increased risk of HIV if the
skin of the presenting part is scratched. With unfavourable cervix, amniotomy is often
not technically possible.

Intravenous oxytocin with amniotomy

The combination of intravenous oxytocin and amniotomy in women with unfavourable
cervix has been studied in too few and small randomized trials to draw meaningful
conclusions as to benefits or risks.'® As for amniotomy alone, the unfavourable cervix
may preclude the possibility of amniotomy as an initiating action for labour induction.
Amniotomy is more suited to labour induction with a favourable cervix, or the
augmentation of inefficient labour.

Misoprostol

Misoprostol, an orally active, stable prostaglandin E| analogue, has entered clinical use
in obstetrics and gynaecology on a wide scale without having been registered for such
use.'” Misoprostol is highly effective for first- and second-trimester pregnancy
termination. Its use for prevention of postpartum haemorrhage is as yet unsupported

by evidence of effectiveness from randomized trials.”
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The use of misoprostol for labour induction at or near term has been the subject of
several reviews.?' "% The writer and co-workers have maintained a conservative
approach, because of safety concerns, which has attracted criticism.>® Other reviewers
have concluded that misoprostol for labour induction safely reduces the Caesarean
section rate’*; the American College of Obstetricians and Gynecologists’ Guidelines
for induction of labour recommend that misoprostol 25 ug 3- to 6-hourly is effective
for induction of labour (level A evidence), and 50 g 6-hourly may be appropriate in
some situations, although increased risk of complications has been reported (level B
evidence).”” This opinion was endorsed?® following a drug warning issued by the
manufacturer.”’

Effectiveness of misoprostol

Reviews of placebo-controlled trials have clearly shown that misoprostol is an effective
drug for labour induction when administered vaginally*? or orally.?> In most of the
dosage regimens used it is at least as effective as conventional methods of labour
induction. In doses above 25 pg 4—6-hourly vaginally, misoprostol is associated with
fewer failures than dinoprostone to deliver vaginally within 24 hours.”? The greater
efficiency of misoprostol has been related to more rapid cervical ripening.*®

Oral versus vaginal route of administration of misoprostol

The majority of trials to date have studied the vaginal route of administration.

Oral compared with vaginal administration of misprostol 400 p.g has a shorter time
to peak serum level (34 versus 80 minutes) and a higher peak (227 pg/ml versus
165 pg/ml), but far briefer activity.>' This is reflected in more rapid and gronounced
initial increase but less persistence in uterine tonus with the oral route.’? The short
duration of action with the oral route may be advantageous in the event of uterine
hyperstimulation. It may also be a reason to use frequent dosing schedules. In most
studies oral misoprostol has been administered 4- or 6-hourly. We have used oral
misoprostol 2-hourly for labour induction. To accommodate variability in the response
of individuals, we commenced with a dose of 20 g, increased if necessary to 40 ug
after two or three doses. To administer such small doses, we dissolved 200 pg
misoprostol in 200 ml water, and shook well before each administration. The solution
was discarded after 12 hours. In a multicentre randomized trial in 695 women, this
method was found to be similar to vaginal dinoprostone 2 mg, repeated after 6 hours,
with respect to effectiveness, uterine hyperstimulation, Caesarean section rates and
perinatal outcome.’?

Another advantage referred to for oral administration is that, in some services,
vaginal administration may be carried out only by doctors**, whereas oral dosages may
be administered by nurses.

Systematic review of randomized trials comparing oral with vaginal routes of
administration has found the oral route to be associated with slower labours but fewer
Caesarean sections.?’

There is as yet no certainty as to which route of administration is the preferable one.

Buccal or sublingual misoprostol

The pharmacokinetic parameters of sublingual, oral, vaginal and vaginal with addition of
water, have been compared in 40 pregnant women undergoing termination of
pregnancy by suction evacuation.”® The highest serum peak concentration after
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administration of 400 pg was found in the sublingual group (574.8 = 250.7 pg/ml)
followed by the oral group (287.6 = 144.3 pg/ml), the vaginal with addition of water
group (162.8 = 57.1 pg/ml) and the vaginal group (125 * 53.8 pg/ml). The time to peak
concentration was shortest in the sublingual and oral routes (26.0 = |1.5 and
27.5 £ 14.8 minutes, respectively). The sublingual route appears to combine the
shorter onset of the oral route and the longer duration and greater bioavailability of the
vaginal route.

In one trial, buccal misoprostol 200 pg 6-hourly X 2 then 300 pg X 4, had similar
outcomes to a vaginal regimen using 50 then 100 ug.*®

Rectal misoprostol

The rectal route for third-stage management was first used in a randomized trial in
1998%¢, based on clinical experience of the effectiveness of this route for the induction
of labour (D.A. Merrell, unpublished data).

In one small study, similar efficacy for labour induction was found when misoprostol
was administered vaginally or rectally.?’

Dosage of vaginal misoprostol

Systematic review of trials comparing lower dosages (ranging from 25 pg 6-hourly to
50 wg 4-hourly) with higher dosages of vaginal misoprostol showed that the lower
dosage regimens required more oxytocin use, had similar rates of delivery within
24 hours and Caesarean section and were associated with significantly less uterine
hyperstlmulatlon There is a strong case to be made for using a small dose
(e.g. 25 wg)*®, at least initially.

Complications of misoprostol

Areas of concern regarding safety relate mainly to uterine hyperstimulation, and
possible effects of this on the mother and baby.

Uterine hyperstimulation

Systematic review has found vaginal misoprostol in the dosages used to be associated
with more uterine hyperstimulation with non-reassuring fetal heart rate changes than is
PGE,.*> As misoprostol was also more potent as a uterine stimulant in these trials, it is
difficult to be sure whether the difference is pharmacological or purely dose-related.

Meconium-stained liquor

Meconium-stained liquor was significantly more common Wlth Iabour induction with
misoprostol than with either vaginal or intracervical PGE,.** We have previously
postulated that certain myometrial stimulants may cross the placenta to stimulate fetal
bowel smooth muscle and cause meconium passage.’” We measured the response of
rat myometrium and ileum to both misoprostol and dinoprostone in vivo.*® Both
stimulated both tissues, and we did not demonstrate a greater effect on ileum relative
to myometrium for misoprostol than for PGE,. An alternative explanation for the
increased meconium passed during misoprostol induction of labour is that the
resistance of misoprostol to placental |5-hydroxyprostaglandin dehydrogenase enables
more misoprostol to enter the fetal circulation than does PGE,.
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Precipitate delivery

Precipitate dehvery (labour <2 hours) has been described as a possible complication of
misoprostol*! , and occurred in 6/47 labours induced with misoprostol in a recent
trial.** Another recent report describes an extensive cervical laceration following rapid
misoprostol-induced labour.*> Most previous reviews and trials have not documented
the occurrence of precipitate delivery. In fact ‘mean time to delivery’ is frequently given
as a primary end-point. Precipitate deliveries may contribute to apparently favourable
mean induction to delivery times, without being identified as an unfavourable outcome.
The importance of precipitate delivery is that it may be a marker for excessive uterine
response to misoprostol and risk of uterine rupture.

Rupture of the unscarred uterus

There have been isolated regorts of rupture of an unscarred uterus following
misoprostol labour induction®***~%¢ including a maternal death within 7 hours of
labour induction W|th one dose of misoprostol 50 g vaginally in a healthy woman with
uneffaced cervix.*” Without a reliable basis of comparison, it is unclear whether the risk
of uterine rupture following misoprostol induction is greater or less than with other
methods of labour induction.

Women with previous Caesarean section

Mlsoprostol has been used to induce labour in women with previous Caesarean
section.*® Several cases of rupture of uterine scars have been reported.”” No data
are available from randomized trials, except for one trial which was terminated
following uterlne scar rupture in two of the first |7 cases induced with low-dosage
mlsoprostol A recent retrospective study found significantly more cases of uterine
rupture or dehiscence foIIowmg cervical ripening with misoprostol than when oxytocin
or prostaglandin E, was used.’ "In a pilot study of misoprostol 50 g orally 4-hourly for
cervical ripening in women with previous Caesarean section, uterine rupture occurred
in one of 10 women.”? Most authors recommend that misoprostol should not be used
in women with uterine scars.

Caesarean section

The relationship between misoprostol use and Caesarean section is a complex one.
The trend in previous randomized trials has been an increase in Caesarean sections for
fetal heart rate abnormality and a reduction for poor progress of labour, giving a
reduction overall. Two recent trials also showed an increase in Caesarean sections for
suspected fetal distress with misoprostol.

Perinatal outcome ,
Despite increases in uterine hyperstimulation, most reviews and trials have shown no
significant difference in perinatal outcome following misoprostol versus other methods.

Postpartum haemorrhage

A possible increase in pos Eartum haemorrhage has been observed following
misoprostol labour induction.” Increased postpartum haemorrhage was noted in a
retrospective study compared with the general obstetric population (58/1037 versus
394/11255)°%, and in a randomized trial following Iabour induction with vaginal
misoprostol 50 wg versus 25 pg 4-hourly (9.8 versus 2.2%).>
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Conclusion

Recent reports have confirmed that misoprostol is a highly effective agent for labour
induction. Complications remain a matter of concern, particularly uterine hyperstimu-
lation, precipitate labour, meconium stained liquor, uterine rupture and postpartum
haemorrhage. Results suggest that risks can be minimized with the use of small dosages,
and that the starting dose should not exceed 25 ug. It is not yet clear whether the oral
or the vaginal route is preferable. There is a need for large-scale randomized trials,
comparing low-dose misoprostol regimens with conventional methods, to determine
with more certainty the relative rates of rare adverse outcomes.

Mechanical methods, including extra-amniotic Foley catheter

Mechanical methods of dilating the cervix are among the oldest known methods of
labour induction. The presumed method of action, apart from physical stretching of the
cervix, is release of endogenous prostaglandins as a result of stimulation of the cervix
and lower uterine segment. Placement of an extra-amniotic balloon catheter such as a
Foley catheter or the ‘Atad’ double balloon catheter have been associated with a
somewhat slower effect than PGE,, but less uterine hyperstimulation with fetal heart
rate changes.’® In a more recent randomized trial, extra-amniotic Foley catheter
placement was associated Wlth similar effectiveness and fewer Caesarean sections
compared with vaginal PGE,.”’

For pre-induction cervical ripening, misoprostol 50 wg 4-hourly was randomly
compared with a transcervical Foley catheter bulb. There were no differences in
cervical ripening or labour induction success. Misoprostol was associated with more
uterine contraction abnormalities (20 versus 0%) and meconium-stained liquor (22
versus 5%). There was one rupture of a scarred uterus with misoprostol.*®

Extra-amniotic saline infusion

The stimulatory effect of the extra-amniotic balloon catheter may be enhanced by
infusion of normal saline into the extra-amniotic space at 50 ml per hour. In a study of
123 women, extra-amniotic saline infusion with mtravenous oxytocm had similar
effectiveness and complications to misoprostol 50 wg 4-hourly.>’

In 2 more recent study, 200 women with unfavourable cervices were randomly
allocated to labour induction with extra-amnlotlc saline infused through a Foley
catheter, or vaginal misoprostol, 25 pg 4-hourly.®® Oxytocin was used in both groups.
With extra-amniotic saline the time to delivery was shorter (970 * 503 minutes versus
1323 = 700; P = 0.006); abnormal fetal heart rate tracings less frequent (19 versus
30%; P = 0.05); and tachysystole less frequent (| versus 8%; P = 0.02). There were no
differences in the routes of delivery or neonatal outcomes.

The limited data from randomized trials suggest that extra-amniotic saline infusion is
a safe and effective method of labour induction.®®

Membrane sweeping

Separating the membranes from the lower uterine segment by a circular motion of a
finger inserted through the cervix is a common procedure used to curtail pregnancy. It
is associated with an increase in circulating prostaglandins and reduced formal labour
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mductlons but is uncomfortable and not possible when the cervix is closed or very
posterior.®'

Extra-amniotic prostaglandins

Both PGE; and PGF,, may be injected via a Foley catheter into the extra-amniotic space
as a gel or saline solution. Studies of this method are limited, and it has largely been
replaced by vaginal placement of prostaglandins.®?

Intravenous prostaglandins

Limited trials have found that intravenous prostaglandln has no benefits over oxytocin,
and has more maternal and fetal side-effects.®

Oral prostaglandins

Oral prostaglandins have not been shown to have advantages over conventional
methods of labour induction, and are associated with more vomiting.®*

Mifepristone

There is insufficient information from trials to guide clinical practice regarding the use of
mifepristone for labour induction.®®

Oestrogens and corticosteroids

There is evidence of the role of oestrogens and corticosteroids in the onset of labour in
sheep, but none to support their clinical use to induce labour in women.®¢’

Relaxin

Relaxin is of interest as a cervical ripening agent as it may be free of concomitant uterine
stimulation activity. Further research is required to determine whether it is of clinical
use for cervical ripening.®®

Hyaluronidase

Hyaluronidase may enhance cervical ripening when injected into the cervix, but no
randomized trials are available to evaluate whether it is clinically useful.®®

Castor oil, bath, and/or enema

Castor oil, bath and enema were a time-honoured method of inducing Iabour Only one
randomized trial has evaluated castor oil, with inconclusive results.”® It has been
suggested that castor oil, a cathartic, may cause meconium passage by a direct effect on
the fetal bowel.*’
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Acupuncture

Observational studies have suggested that acupuncture for labour induction is safe and
may be effective.”' In a recent small randomized trial, acupuncture at points LI 4 and SP
6 on alternate days from the date of conception was associated with a shorter interval
to delivery.”?

Breast stimulation

Breast stimulation has been used to stimulate uterine contractions for contraction
stress testing, and for labour induction. Review of six randomized trials showed a
reduction in the number of women undelivered after 72 hours, and of postpartum
haemorrhage. The trials were not adequate to address safet! concerns, and, therefore,
the reviewers do not advocate its use in routine practice.”

Sexual intercourse

Sexual intercourse might induce labour by several mechanisms: physical stimulation of
the cervix and lower uterine segment, prostaglandins in the semen, or oxytocin release
as a result of breast stimulation or orgasm. One small randomized trial has been
inadequate to evaluate this method.”*

Homoeopathic methods

Homoeopathic remedies are increasing in popularity in Western countries.
Caulophyllum thalictroides is used for labour induction or augmentation. One small
randomized trial has inadequate data to evaluate its use.””

INDUCTION OF LABOUR WITH PREVIOUS CAESAREAN SECTION

Reports of uterine rupture when labour is induced with misoprostol are referred to
above. A recent trial found PGE; tablets to be more effective than extra-amniotic Foley
catheter alone, but was far too small to address issues of safety.”® In a retrospective
study, uterine scar rupture was found in 6/58 (10%) of labours induced with PGE,
inserts, compared with 8/732 (1.1%) without.”” In another retrospective study the rates
of rupture of a scarred uterus were: 2.5% for labours induced with prostaglandins;
0.77% for other methods of labour induction and 0.52% for spontaneous labour.”® The
Committee on Obstetric Practice of the American College of Obstetricians and
Gynecologists has concluded that the risk of uterine rupture during attempts at vaginal
birth after Caesarean section is substantially increased with the use of various
prostaglandin cervical riEening agents for the induction of labour, and their use for this
purpose is discouraged. ?

PRETERM LABOUR INDUCTION

When labour is induced before term, the cervix is often unfavourable. Interestingly, a
recent case—control study found shorter labours and fewer cases of severe postpartum
haemorrhage in preterm than in term or post-term pregnancies induced with PGE, gel.®°
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Practice points

¢ weigh up benefits and risks carefully before embarking on labour induction with
an unfavourable cervix

e oxytocin and/or amniotomy are less effective for labour induction when the
cervix is unfavourable

¢ PGE,; is commonly used for labour induction when the cervix is unfavourable, in
various vaginal formulations

e the sustained-release vaginal insert has the advantage of easy removal in the
event of uterine hyperstimulation

e misoprostol is more effective than PGE; in certain regimens, but with increased
risk of uterine hyperstimulation and fetal heart rate changes. The differential
effectiveness and risks may be dose-related

e extra-amniotic Foley catheter with saline infusion is an effective method for
labour induction when the cervix is unfavourable, with a low risk of uterine
hyperstimulation

Research agenda

Adequate trials are needed to answer many outstanding questions, including:

e the relative benefits and risks of labour induction in certain clinical
circumstances (e.g. fetal growth impairment and twin pregnancy at specific
gestational ages)

e the optimal route and dosage schedule for misoprostol

¢ the risk of rare events such as uterine rupture and precipitate labour with the
various induction methods discussed

o the effectiveness of several alternative methods of labour induction discussed
above

SUMMARY

The most important consideration with respect to labour induction is not how, but
whether, labour induction should be undertaken. Careful consideration must be given
to potential benefits and risks to mother and baby, both physical and emotional, as well
as to the state of the uterine cervix. When the cervix is unfavourable, oxytocin infusion
and/or artificial rupture of the membranes are less likely to be effective in inducing
labour. PGE, administered vaginally in various formulations is the usual method of
labour induction. Misoprostol is a less expensive method which is more effective than
PGE, when 50 pg is used vaginally 4-hourly. However, at this dosage more uterine
hyperstimulation occurs. At dosages of about 25 pg 4-hourly vaginally, both the
effectiveness and side-effects appear similar to those for PGE,.

Mechanical methods of labour induction stimulate the cervix and lower uterine
segment to release endogenous prostaglandins. Infusion of saline through an extra-
amniotic Foley catheter appears to be an effective method of labour induction with a
low rate of uterine hyperstimulation.
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Several other methods of labour induction have not been adequately assessed by
randomized trials so they cannot be advocated for general use.
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Labour induction at term — a randomised trial comparing

Foley catheter plus titrated oral misoprostol solution, titrated

oral misoprostol solution alone, and dinoprostone

Baron B Matonhodze, G Justus Hofmeyr, Jonathan Levin

Objectives. To compare three methods of labour induction.
Design. Randomised controlled trial.
Setting. Academic hospitals in Johannesburg, South Africa.

Subjects. Women with intact membranes due for induction of
labour.

Method. Randomised, sealed opaque envelopes were used to
allocate women to labour induction with extra-amniotic Foley
catheter/titrated oral misoprostol solution (N = 174), titrated
oral misoprostol solution alone (N = 176), or vaginal
dinoprostone (N = 176). Misoprostol was dissolved in water
and 20 - 40 g was given 2-hourly.

Outcome measures. These were failure to deliver vaginally
within 24 hours, additional measures for induction or
augmentation of labour, analgesia, and maternal and fetal
complications.

Results. In the Foley catheter group, misoprostol was required
in all but 1 case. Failure to deliver vaginally within 24 hours
was similar for the three groups (79/174 v. 70/176 v. 70/176
respectively). Labour augmentation, caesarean section and
instrumental delivery were used somewhat more frequently
in the Foley/misoprostol group than in the misoprostol alone
group, but these differences were not statistically significant.
More analgesia was used in the Foley catheter/misoprostol
group than in the misoprostol group (64/172 v. 46/175). Side-
effects and neonatal complications were similar for the three
groups.

Conclusions. Use of extra-amniotic Foley catheter placement
showed no measurable benefits over the use of oral
misoprostol alone, or vaginal dinoprostone.

S Afr Med ] 2003: 83: 375-379.

Mechanical methods (catheters or hygroscopic dilators
introduced into the extra-amniotic space via the cervical canal)
were among the first methods of cervical ripening and labour
induction developed.' Potential advantages include simplicity
of use, low cost and few side-effects. Despite the availability of
pharmacological methods over recent decades, the Foley
catheter? and the ‘Atad’ double balloon catheter® are still in use,
with or without the injection of saline solution or
prostaglandins into the extra-amniotic space.* In a systematic
review of 45 randomised trials, mechanical methods of labour
induction were found to be less effective than prostaglandins
and reduced the risk of uterine hyperstimulation; compared
with oxytocin, there were fewer caesarean sections with
mechanical methods.® Arecent small study® found that the
combination of an extra-amniotic Foley catheter with vaginal
misoprostol was not significantly more effective than
misoprostol alone, although there was a trend to fewer cases of
tachysystole.
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Prostaglandin E, (PGEZ2) is regarded as the ‘gold standard’
for labour induction, but is unaffordable in many resource-poor
settings.

Misoprostol is a unique prostaglandin E; analogue that has
found wide application in clinical medicine including cervical
ripening and labour induction.”" One of the major problems
has been finding the ideal dose to minimise its side-effects,
particularly uterine hyperstimulation. Several cases of uterine
rupture have also been reported." Following completion of a
small dose-finding pilot study,” we developed a novel
approach to the use of misoprostol for labour induction,
administering 20 - 40 g of misoprostol solution orally every 2
hours, titrated against the uterine response. This new method
was compared with conventional labour induction using
vaginal dinoprostone in a multicentre trial in Johannesburg
and Liverpool." Because it may be difficult to eliminate uterine
hyperstimulation completely with this method, we also
investigated the effectiveness of a mechanical method (Foley's
catheter) followed when necessary by oral misoprostol
titration. A randomised study design was used, nested within
the larger trial. Those women with intact membranes enrolled
at the South African sites were randomly allocated to Foley
catheter/oral misoprostol, oral misoprostol alone or vaginal
dinoprostone. This report presents the results of that three-way
comparison.
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Methods

Eligible women with clinical indications for labour induction at
or after 34 weeks’ gestation and intact membranes were
recruited into the study at Coronation Women'’s and Children’s
Hospital and at Chris Hani Baragwanath Hospital in
Johannesburg. The study protocol was approved by the
Committee for Research on Human Subjects of the University
of the Witwatersrand. Signed and informed consent was
obtained from each participant and baseline demographic
details were completed. Exclusion criteria were: uterine scar,
uncontrolled medical complications such as diabetes mellitus
and severe hypertension, non-vertex presentations, multiple
pregnancy, fetal distress and antepartum haemorrhage.
Baseline cardiotocography was performed to rule out fetal
compromise, followed by a cervical score assessment. A
modified Bishop's score of < 7 was classified as unfavourable.”
Membrane status was noted. The next in a series of opaque,
sealed and numbered treatment envelopes in computer-
generated random sequence was taken out of one of four
dispensers for: intact membranes/unfavourable cervix, intact
membranes/favourable cervix, ruptured
membranes/unfavourable cervix and ruptured
membranes/favourable cervix. The first two categories
reflected the three-way randomisation reported here.
Management followed the protocol indicated in the envelope
unless clinical imperatives dictated otherwise. Analysis was by
‘intention to treat’, The protocols were as follows:

Foley catheter/titrated oral misoprostol solution

The cervix was visualised using a sterile bivalved vaginal
speculum. An 18 - 20-gauge Foley catheter with a 30 mi bulb
was passed through the cervix, and the bulb inflated with 50
ml sterile saline or water. The speculum was removed and the
catheter taped to the woman’s slightly flexed leg with light
traction. If the bulb did not fall out within 24 hours it was
deflated and removed. If, after removal or spontaneous
expulsion of the catheter, labour contractions had not
commenced, titrated oral misoprostol solution was started. A
200 pg misoprostol tablet was dissolved in 200 ml tap water in
a medicine bottle and shaken before use. Twenty ml (= 20 pg},
increasing to 40 ml after three doses, was taken orally every 2
hours until active labour (three contractions per 10 minutes,
with each contraction lasting 30 seconds or more). If after
established labour the contractions became inadequate,
augmentation with misoprosto} solution (5 pg hourly,
increasing if necessary to 10 and 20 pg) was used. If the
clinician judged that misoprostol augmentation was ineffective,
standard oxytocin augmentation was used.

Titrated oral misoprostol

Titrated oral misoprostol solution was used as described above.
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Conventional method (dinoprostone)

Dinoprostone gel 2 mg was inserted into the posterior vaginal
fornix, and repeated after 6 hours if the patient was not in
established labour. If not in active labour after 12 hours,
oxytocin infusion was commenced, starting at 2 mIU (6 drops)
per minute and increased every 20 minutes until adequate
contractions occurred. Labour was augmented with oxytocin if
contractions became inadequate.

If hypersystole (more than five contractions per 10 minutes
for at least 20 minutes) or hypertonus (a contraction lasting at
least 2 minutes) occurred, the woman was placed in the left
lateral position with continuous fetal heart rate monitoring. If
there were accompanying fetal heart rate abnormalities, oxygen
was administered using a face mask, and 5 - 10 pug
hexoprenaline was administered intravenously over 5 - 10
minutes.

Routine artificial rupture of membranes to augment labour
was discouraged in all three groups because of a high
prevalence of hepatitis, HIV and other perinatal infections.
Artificial rupture of membranes, therefore, was generally used
only if additional augmentation was considered necessary or
delivery was imminent. Continuous fetal heart rate monitoring
was not possible in all low-risk women, because of the
shortage of cardiotocograph machines and personnel. In most
cases intermittent electronic monitoring was used. The
cardiotocograph tracings were analysed by one of the authors
(BBM), blinded to the treatment, for uterine contraction and
fetal heart rate abnormalities, and entered separately onto the
database.

The sample size calculation was based on the incidence of
the primary outcome, failed vaginal delivery within 24 hours,
of 58% in randomised trials of vaginal misoprostol versus
dinoprostone." To detect a reduction to 40% with 95% certainty
and 90% power required 171 women in each group.

Data were entered into the Epi-info 6 statistical package and
analysed independently by one of the authors (JL). Differences
between groups were expressed as relative risks with 95%
confidence intervals (Cls). Prespecified subgroups for analysis
were by cervical status.

Results

The baseline data are shown in Table I. There were slightly
more primiparous women in the Foley catheter/misoprostol
group (44%), compared with the misoprostol group (37%) and
the dinoprostone group (36%). In all other respects the groups
were well matched.

In the Foley catheter group, misoprostol was used in
addition to the Foley catheter in all but 1 woman.

The primary outcome, failure to deliver vaginally within 24
hours, was similar for the three groups (79/174 v. 70/176 v.



Table 1. Baseline data expressed as mean values (standard deviation), or proportions (%)

Foley/misoprostol Titrated oral Dinoprostone
(N=174) misoprostol (N = 176) (N = 1176)
Maternal age (yrs) (mean (SD)} 26.7 6.0) 27.8 (6.5) 273 6.2)
Gestation (wks) (mean (SD)) 40 (1.9) 39.9 2.1) 39.7 (2.9)
Primiparous 76/173  (44%) 65 (37%) 63/174 (36%)
Cervical score < 7 129 (74%) 132 (75%) 128 (73%)
Primary indication for IOL:
Impaired growth 21 (12%) 17 (10%) 22 (13%)
Post-term 97 (56%) 90 (51%) 96 (55%)
Hypertension 37 (21%) 48 (27%) 38 (22%)
Poor obstetric history 10 (6%) 12 (7%) 10 (6%)
Maternal request 1 (0.69%) 2 (196) 1 {0.6%)
Maternal health concerns 2 (1%) 2 (19%) 1 (0.6%)
Fetal concerns 6 (3%) 4 (2%} 7 (4%)
Other 0 - 1 0.6%) 1 (0.6%)

10L= induction of labour.

Table IL. Primary* and secondary outcomes expressed as proportions (%). Differences are expressed as relative risk with 95% confidence

intervals (CI)

Foley/misoprostol Titrated oral Dinoprostone
(N=174) misoprostol (N = 176) (N = 176) Relative risk (95% CI)
Combined v. Combined v.
N % N % N % misoprostol dinoprostone

No vaginal delivery 79 45 70 40 70 40 1.14 (0.89 - 1.46) 1.14 (0.89 - 1.46)
< 24 hours*
Amniotomy 50/168 30 47/174 27 44/165 26 1.10 (0.79 - 1.57) 1.12 (0.79- 1.57)
Oxytocin augmentation 23 13 11 6 43 24 2.11 (1.06 - 4.21)  0.54 (0.34 - 0.86)
Misoprostol augmentation 20 11 21 12 0 - 0.96 (0.54 - 1.71) -
Any augmentation 38 22 29 16 43 24 1.33(0.86 - 2.05)  0.89 (0.61 - 1.31)
Vaginal bleeding 9/168 5 4 2 6/174 3 2.36 (0.74-7.51)  1.55(0.57-4.27)
Uterine tachysystole 6/163 4 13/161 8 12/164 7 0.46 (0.18) - 1.17)  0.50 (0.19-1.31)
Uterine hypersystole 1/163 1 1/161 1 1/164 1 0.99 (0.06 - 15.66) 1.01 (0.06 - 15.95)
Hyperstimulation syndrome 6/163 4 7/161 4 8/164 5 0.85(0.29-2.46) 0.75(0.27- 2.13)
Fetal heart rate (FHR changes) 8/163 5 7/161 4 8/164 5 1.13{0.42-3.04) 1.01(0.39-2.62)
Tocolysis 9/164 5.5 7/170 4 7/170 4 1.18 (0.44-3.19)  1.38(0.49-3.90)
Analgesia (epidural or opioid) 64/172 37 46/175 26 56/175 32 1.42(1.03-1.94) 1.16 (0.87- 1.55)
Meconium 17/168 10 13/174 7.5 15/171 88 1.35 (0.68 - 2.70) 1.15 (0.6 - 2.23)
Caesarean section* 36 21 24 14 43 24 1.52 (0.95-243)  0.85(0.57- 1.25)
Instrumental delivery 4 2 5 3 4 2 0.81 (0.22 - 2.96) 1.01 (0.26 - 3.98)
(vacuum or outlet forceps)
Indication for caesarean or

instrument delivery

Delay 25/173 14 14/175 8 23/172 13 1.81 (0.97 - 3.36) 1.08 (0.64 - 1.83)

Fetal distress 13/173 8 13/175 7 17/172 10 1.01 (0.48 - 2.12) 0.76 (0.38 - 1.52)

Other 2/173 1 2/175 1 3/172 2 1.01 (0.14- 7.10) 0.66 (0.11 - 3.92)

70/176 respectively) (Table II}. Overall augmentation,
caesarean section and instrumental delivery were somewhat
more frequent in the Foley/misoprostol group than in the
misoprostol alone group, but the differences were not

statistically significant.
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Analgesia was used more frequently in the Foley

catheter/misoprostol than the misoprostol group (64/172 v.
46/175, relative risk 1.42, 95% CI 1.03 - 1.94).

Side-effects were very similar between the three groups,

except that diarrhoea was more common in the




Table III. Maternat side-effects and complications, expressed as proportions (%). Differences are expressed as relative risk with 95% confidence

intervals (CI)

Foley/misoprostol Titrated oral Dinoprostone
(N =174) misoprostol (N = 176) (N = 176) Relative risk {95% CI)
Combined v Combined v.
N % N % N % misoprostol dinoprostone
Blood loss > 500 ml 42/174 24 43/175 25 43/174 25 0.98 (0.58-1.64) 0.98 (0.67-1.41)
Pyrexia > 38°C 3/172 2 1/174 1 2/175 1 3.03(0.32-28.99) 1.53(0.26 - 9.02)
Retained placenta 1/172 1 1/174 1 0 - 1.01 (0.06 - 16.04)
Other 6/172 3 5/174 3 7/175 4 1.20(0.37-3.86)  0.86 (0.30 - 2.51)
Nausea 31/149 21 23/151 15 19/151 12 1.37 (0.84-2.23)  1.65(0.98-2.79)
Diarrhoea 20/148 14 6/150 4 6/165 4 3.38(1.4-8.17) 3.72 (153 - 9.0)
Shivering 57/149 38 69/150 46 66/164 41 0.83(0.64-1.09)  0.95(0.72 - 1.25)
Any side-effect 86/149 58 82/151 54 82/165 50 1.06 (0.87-1.30) 1.02 (0.84 - 1.24)

Table IV. Neonatal outcomes and complications expressed as proportions {%) or mean values (standard deviation, SD). Differences between

proportions are expressed as relative risk with 95% confidence intervals (CI)

Relative risk (95% CI)
Foley/misoprostol Titrated oral Dinoprostone Combined v. Combined v.
(N =174) misoprostol (N = 176) (N = 176) misoprostol dinoprostone

Birth weight (g) (mean (SD)) 3066 (518) 3129 (505) 3103  (542)
Missing data 1 - 0 - 1 -
5 min Apgar < 7 6/171 (3%) 6/173 (3%) 9/175  (5%) 1.01(0.33-3.08)  0.67 (0.24 - 1.84)
Neonatal ICU admission 2/171 (1%) 3/174 2%) 3/175 (2%) 0.68(0.11-401) 0.68(0.12-4.03)
Perinatal death 17171 (0.6%) 0 - 1/174  (0.6%) - 1.02 (0.06 - 16.1)
Neonatal seizures 1/170 (0.6%) 1/173 (0.6%) 0 - 1.02 (0.06 - 16.0) -
Neonatal sepsis 1/171 (0.6% 0 - 0 - - -
Other 6/171 4%) 6/173 (3%) 4/174 (2%) 1.01 (0.33 - 3.08) 1.53 (0.44- 5.31)

Foley/misoprostol group (Table III). There were no cases of
uterine rupture or sepsis.

Neonatal complications were also very similar (Table IV),
although the event rates were too low for meaningful statistical
comparison.

Discussion

In terms of inducing labour contractions, Foley catheter
insertion was less successful than has been reported previously.
In all but 1 case, misoprostol was required to induce labour
contractions. Neither did preliminary ‘ripening’ of the cervix
with the Foley catheter produce measurable benefits in terms
of shorter labour or fewer complications, although the numbers
studied were too small to exclude the possibility of a reduction
in infrequent events such as uterine tachysystole.

This study provides no evidence of an advantage to using
the Foley catheter method followed when necessary by
misoprostol induction in women with intact membranes,
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particularly as this adds expense to the procedure, and is
uncomfortable for the woman. However, the fact that failure to
deliver within 24 hours of randomisation was similar across
groups does suggest that the Foley catheter had an influence
on the process of labour induction. Misoprostol was used only
after expulsion or removal (at 24 hours) of the Foley catheter,
and greatly increased randomisation to delivery times would
be expected had the Foley catheter been ineffective.

The cardiotocographic data may underestimate
complications as electronic monitoring was intermittent in
some cases. As this limitation applied to all three groups, the
data are presented for comparative purposes.

Further research should focus on the use of the Foley
catheter technique in situations in which prostaglandin
preparations are not available, or contraindicated. A particular
problem is induction of labour in women with previous
caesarean section,"" in whom use of prostaglandin
preparations, particularly misoprostol, may be hazardous.
Although this problem was not addressed directly in this



study, the results suggest that Foley catheter placement alone is
unlikely to be adequate. Additional procedures such as extra-
amniotic saline infusion, or artificial rupture of membranes
after expulsion of the catheter, are worth investigating in these
circumstances.

Conclusions

Use of extra-amniotic Foley catheter placement followed when
necessary by titrated oral misoprostol solution for induction of
labour showed no measurable benefits over the use of oral
misoprostol alone, or vaginal dinoprostone.

We thank the women who participated; Professor Cyril van
Gelderen for granting permission to include women delivering at
Chris Hani Baragwanath Hospital; nursing and medical staff at the
trial hospitals for their support; the South African Medical
Research Council for funding; Peter Brocklehurst and Sarah Ayers,
National Perinatal Epidemiology Unit, Oxford, UK for preparing
the randomisation envelopes; and Zarko Alfirevic, University of
Liverpool, for advice.
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2tal monitoring ensured a favourable outcome in the majoriry
of pregnancies. notwithstanding the poor obstetrical historics
of many patients and the rather overloaded obstetnic services
at this hospital.
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Meconium during labour —
self-medication and other associations

F. MITRI,

Summary

Prior to artificial rupture of membranes, 498 women
were questioned about obstetric and social factors
including self-medication during pregnancy.
Caesarean section (P < 0,01) and low Apgar scores
(P < 0,001) were significantly more common in
pregnancies complicated by fetal meconium passage.
Meconium passage was more COmmon in women
who had recently taken castor oil (P < 0,01)-and
possibly herbal substances called ‘sihlambezo’ (trend
P <'0,2). Use of laxatives or enemas and other
obstetric risk factors were not associated with

meconium passage.

S Al Med J 1967, 71: 433433

The risk to the neonate of inhaled meconium has been clearlv
established.: However, the importance of the passage of
meconium as an indicator of fetal distress remains controversial’
and its mechanism obscure. An increased incidence of
meconium passage 1o feruses of drug-dependent women has
been ascribed to the intestinal hvperperistaltic effect of drug
withdrawal.” Other mechanisms suggested include arginine
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vasopressin release during hypoxia,* cord compression,® vaso-
constriction in the fetal gastro-intestinal tract precipitated by
hypoxia,” and occurrence as a normal physiological event.”

An association of fetal meconium passage with maternal
ingestion of certain drugs. particularly purgatives, has been
suggested but not to our knowledge rormally investigated. We
have therefore undertaken a prospective study of the association
of meconium passage with various obstetric factors, mcluding
maternal self-medication.

Patients and methods

The study was conducted at Baragwanath Hospital, which serves a
high-risk, predominanty urban. black population. Women in
labour for whom the decision to rupture the membranes artificially
had been taken were enrolled in the studv. They were interviewed
by a member of the nursing staff who completed & questionnaire
on 13 items relating to their medical and social history, including a
careful enquirv into self-medication during the pregnancy. Base-
line obstetric variables were also recorded. Artificiai rupture of the
membranes was then performed, and the appearance of the
amnioric fluid recorded as being clear, lightuy or heavily
meconium-stained, or not visualised. Details of the outcome of the
labours were obtained subsequemly from the hospital records.
Statistical comparisons berween the groups were made by means
of the 7-test for continuous variables and the chi-square test for
Proportouns.

Results

The amniotic fluid was cxamined at the time of rupture of
membranes in 478 of the 498 subjects and was meconium-stained
in 174 367 of these and clear in the remaining 304. Cae<arean
sectionn, low Apgar score, and the recent mgeston of castor oil
were significantlv more common in those with meconium-stained
amniotic fluid Table I.. There was also a trend towards increased
ingestion of sihlumbezc. No significant association of meconium
passage was found with age. parity, gestational age. previous
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TABLE |. COMPARISON OF OBSTETRIC VARIABLES BETWEEN PATIENTS WITH AND WITHOUT
MECONIUM STAINING OF THE AMNIOTIC FLUID

tMeconium-
Ciear stainec Significance
Age (yrs) 25,9 — 0.37 26,5 — 0.65 NS
Parity 1.48 — 0,08 1.57 = 0,16 NS
Gestation (wks) 38.4 - 0.22 38,8 — 0.52 NS
Previous caesarean section 32/304 {10,5%) 197174 (10,9%) NS
Decreased fetal movements 15/260 (5.8%) 7/143 (5,0%) NS
Mother anxious 83/275 (30%) 53/154 (34,4%) NS
Self-medication 20/304 (6.6%) 8/174 (4.6%) NS
Laxatives 147304 (4.6%) 87174 (5,2%) NS
Enemas 6/304 (2,0%) 8/174 (4,6%) NS
: Castor oil 19/304 (6,25%) 13/174 (7,5%) NS
i Sihlambezo 15/304 (4,9%) 167174 (9,2%) P01
| Self-medication during the 2
: days before admission
Laxatives 4/304 (1.3%) 2/174 (1,1%) NS
Enemas 2/304 (0,7%) 17174 (0,6%) NS
Castor oil 07304 (0%) 4/174 (2,3%) P< 0,01
Sihlambezo 5/304 (1,6%) 7/174 (4,0%) P02
Duration of fabour (h) 11,2 -0.59 11,81 = 1,19 NS
Duration of ruptured membranes
(h) 44028 43-043 NS
Caesarean section 36/294 (12,2%) 44/170 (26,0%) P<0.01
: Birth weight (g) 3141 - 34 3191 = 56 NS
l Male child 152/295 (51.5%) 87/172 (50,5%) NS
i Apgar <7 at 1 min 127304 (3,9%) 24/174 (14,0%) P < 0,001
; S = notsigniticant
l

caesarcan section, reported decreased feral movements, maternal
anxiety, hypertension, use of laxatives or enemas. duration of
labour or of ruprured membranes, birth weight or sex of the baby.

In Table 11, obstetric variables for women who took castor oil
and those who took sthlumbezo arc compared. The gestational
ages of those who took castor oil or sthiumbezo were not significantly
different from those of the controls, although the birth weighr for
those who took castor oil was higher.

Discussion

The widespread awareness of the need for caution when
prescribing drugs for pregnant women has not been matched
by attention to proprietary medicines and herbal remedies
taken without prescription during pregnancy.

Castor oil is a bland o1l which is hvdrolvsed in the intestine
to glvcerol and ricinoleic acid. This farry acid is absorbed into
the circulation and is highly irritant, causing rapid evacuation
of bowel contents as well as uterine conrtractions. It is excreted
in breast milk® and 1s contraindicated during pregnancy and
lactation. Ir is still, however, recommended by some for the
induction of labour.* Sihlambezo is a general term for vanious
herbal remedies taken to promote a favourable pregnancy
outcome or to induce labour. One substance used for the latter
purpose has been shown ro causc tetanic contractions of
sensitised rat myvometrium.'® The use of sihlambezo is wide-
spread in southern Africa. and most sources indicate that the
substances are derived from plants which grow on river banks.

An incidence of meconium passage in excess of 30% has
been a consistent finding in the population being studied. As
this study is concerned with factors related 1o the passage of
fetal meconium, rather than the risk of meconium aspiration
svndrome, and as the concentration of meconium is as much

dependent upon the volume of amniotic fluid as upon the
amount of meconium passed. our analysis is based on the
presence or absence of meconium in the amniotic fluid rather
than irs thickness. Indeed, the poorer outcome found with
thick than with thin meconium staining in various studies''™"’
may well be an indication of the poorer outcome known to
occur with dimimished amniotic fluid volume!! rather than
being related to the amount of meconium passed.

We have failed to show an association between the use of
encmas or a variety of laxatives and thc passage of fetal
meconium. However, recent ingestion of castor oil was signifi~
cantly associated with meconium passage, and ingestion of
sthlambezo showed a trend which became significant when
only ‘heavy’ meconium staining was considered. The strength
of these associations mav have been partially obscured by
under-reporting of self-medication because of the mothers’
perception thar such pracrices are frowned upon by hospital
personnel. The numbers of cases were small in relation to the
study population. The findings suggest either that ingestion of
these substances results in the passage of fetal meconium,
possibly by causing excessive uterine activity or by a direct
irritant effect on the feral bowel, or that women at risk for
meconium passage are more likely to take these substances.
Although gestarional ages were not significandy different
between those who took these substances and those who did
not, the greater birth weight for infants born to those taking
castor oil suggests more advanced fetral maturity in this group,
which is a known risk factor for meconium passage. We failed
o show anv association between meconium passage and
pregnancy complications such as hypertension, previous
caesarean section and decreased feral movements, but the
outcome of pregnancy in terms of caesarean section rate and
low Apgar scores was significantly associated with meconium
passage.
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TABLE Il. OBSTETRIC VARIABLES COMPARED FOR SELF-MEDICATION GROUPS WHICH SHOWED SOME ASSOCIATION WITH MECONIUM PASSAGE

) ‘Sihlambezo

Castor oil
in the 2 days before admission

2 days before admission

Any time

Nol used
26,2 + 0,3

Significance

Significance

Used
2411 1,8

Used
25,00 + 1,0

Not used
26,2 + 0,2

Significance

Used
28,34 0,3

Not used
26,11 0,3

NS NS

NS

NS
NS

Age (yrs)
Parity

NS

1,151 0,4

1,5 + 0,07

1,3 .+ 0,26

1,5 + 0,07

1,8 +0,9

1,5 | 0,07

Gestational
age (wks)

Birth

39,2 - 0,5 NS 38,7 + 0,11 3941 0,5 NS 38,6 | 0,2 39,51 0,9 NS

38,6 1 0,2

NS 3156 + 26,0 3209 + 93,0 NS

3152 1 26,0 3767 | 268,0 p -7 0,05 3151 3238

weight (g)

not sig

NS

Conclusions

In this study the passage of feral meconium was predictive of
poor labour outcome in terms of Apgar scores and the need for
caesarean section. Women who take castor oil or sihlambezo in
late pregnancy should be identified as a high-risk group for
the passage of feral meconium. Whether or not the association
is causal cannor be answered on the basis of the small number
of cases idenrified in the study. As castor oil still has its
proponents for use in clinical practice, larger studies to assess
possible harmful effects are necessary. The various substances
known as sihlambezo need to be identified and assessed for
beneficial or harmful effects so thar their use can be encourage
or discouraged, keeping in mind the cultural importance of
such medication to the user.

The aetiology and pathogenesis of feral meconium passage
remain enigmatic. Perhaps what is most remarkable is the fact
thart the fetus, which will usually begin to pass meconium with
ease shortly after birth, seldom does so before birth. The key
to the uncertainty surrounding the passage of fetal meconium
may well lie in fetal mechanisms which inhibit the passage of
meconium in urero.

We acknowledge the excellent assistance of the nursing staff at
Baragwanath Hospital, and sraustical analysis by Dr G. Reinach,
Southern Transvaal Branch, South African Medical Research
Council.
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Labor induction and meconium: in vitro effects of
oxytocin, dinoprostone and misoprostol on rat ileum
relative to myometrium

Baron B. Matonhodze!, Lynn C. Katsoulis?, and G. Justus Hofmeyr!

'Effective Care Research Unit, University of the Witwatersrand and Departments
of Obstetrics and Gynecology, Coronation, Frere and Cecilia Makiwane Hospitals,
Department of Pharmacy and Pharmacology, University of the Witwatersrand,
Parktown, Johannesburg, South Africa

1 Introduction

Misoprostol (Cytotec®, Searle) is a methyl ester of
prostaglandin E1 additionally methylated at C-16
and is marketed for use in the prevention and
treatment of peptic ulcer disease caused by
prostaglandin synthetase inhibitors. The structural
changes to prostaglandin E, provided orally activi-
ty with increased duration of action. It is a potent
inhibitor of gastric secretion, while producing
much less diarrhea, rhinitis and emesis than the
naturally occurring 15-hydroxy prostaglandins 3].
Numerous preclinical studies have shown that
misoprostol may have arole in treating diverse dis-
ease states such as allergic disorders, peripheral
vascular disease, hyperlipidemia. peridontal dis-
case, ostcoporosis, cystic fibrosis, pain, burn injury
and ophthalmic conditions {4]. Other recent uses
of misoprostol are for various pregnancy-related
indications, including induction of labor [7,8]. For
induction of labor, the oral, vaginal and rectal
routes have been used.

Induction of labor is a common obstetric interven-
tion, which is used in a variety of clinical situations
in which the benefits of early delivery are consid-
ered to outweigh the risks of the induction proce-
dure. Many methods of labor induction have been
studied, including mechanical methods such as arti-
ficial rupture of membranes, oxytocin and various
prostaglandin preparations. The latter are most ef-
fective when the uterine cervix is ‘unfavorable”.

The conventional prostaglandin most commonly

© 2002 by Walter de Gruyter GmbH & Co. KG Berlin - New York

used is dinoprostone (prostaglandin E2, Prostin
E,), usually as an intracervical or vaginal gel or
vaginal pessary. Misoprostol is a cheap alternative
to dinoprostone. Itis easily stored at room temper-
ature and has few systemic side effects. Itis rapidly
absorbed orally and vaginally allowing for conven-
ient administration.

Dinoprostone, a C-15 hydroxy prostaglandin is a
substrate for the rapidly acting 15-hydroxy-
prostaglandin dehydrogenase (PGDH), an en-
zyme that provides a barrier preventing transfer of
primary prostaglandins to the fetal circulation. The
chemical modifications to misoprostol have made
itresistant to PGDH.

In most pregnancies, the fetus does not pass meco-
nium (fetal bowel contents) until after birth. Pas-
sage of fetal meconium before birth occurs in
8-16% of pregnancies [25]. It occurs mainly in
term and post-term pregnancies. It may be associ-
ated with fetal compromise, but is also common in
uncompromised labors [9], and in many cases no
reason for meconium passage is found. Thick but
not thin meconium staining of the amniotic fluid is
associated with poor perinatal outcome [15].
Meconium aspiration may occur before birth, or
during and after the birth process, causing meconi-
um aspiration syndrome, which is associated with
significant mortality. Airways suctioning of the
neonate may reduce, but does not eliminate the oc-
currence of meconium aspiration {5].

We have previously found a trend to increased
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meconium passage in women taking castor oil or
herbal remedies (isihlambezo) [16], and shown in
virro that individual constituents ol isthlambezo
stimulate both rat myometrium and ileum [12, 13,
23,24]. We postulated that there may be direct ef-
fecton fetal bowel action of substances ingested by
the mother which cross the placenta to the fetus
[16].

Systematic reviews of labor induction trials have
shown increased meconium passage with vaginal
misoprostol use versus intracervical dinoprostone
use {18, 25], with oral versus vaginal misoprostol
[1] and a trend to more meconium passage with
prostaglandin use than with oxytocin for prelabor
rupture of membranes at term [21].In the latter re-
view, maternal nausca and vomiting were also
more common with prostaglandins than with oxy-
tocin.

Overall objective. To determine whether the in vit-
reileal contractile activities of dinoprostone, miso-
prostol and oxytocin are in keeping with the varia-
tioninrates of meconium staining observed during
labor induction with these substances.

Experimental hypotheses

1. Misoprostol and dinoprostone stimulate both
bowel smooth muscle and myometrium.

2. The relative stimulatory effect of misoprostol
on bowel smooth muscle compared with my-
ometrium is greater than that of dinoprostone,
and both are greater than that of oxytocin.

2 Methods

Rat tissne preparations. Virgin Spraque-Dawley
rats weighing approximately 250 g were estro-
genised by injection with stilbestrol (10 ug/100 g)
(Maybaker (SA)) i.p. 24 hours before being eu-
thanased with CO,. Uterine and ileal tissue was
dissected out and mounted in Tyrode’s solution
(136 mM NaCl, 2.68 mM KCl. 1.80 mM CaCl,,
1.05 mM MgCl,, 11.9 mM NaHCO;, 042 mM
NaH,PQ,, 5.55 mM glucose). The ileum was main-
tained at 37 °C and the uterus at 26 “C to decrease
spontaneous contractions [14]. The organ baths
were oxygenated with carbogen (5% CO, in O,).
Organs were allowed to equilibrate in the organ
baths for at least 30 min during which time the
baths were rinsed frequently. Isotonic contractions
of the organs were measured against 1 g resistance

and recorded electronically using potentiometer
recorders. The organs were challenged with cumu-
lative doses of either reference agonists or study
medications according to Van Rossum {22]. Stan-
dard curves using the relevant reference agonist
alone were run at the start of each experiment and
between each test challenge. The range of drug
concentrations used was chosen to obtain a dose
response curve. Repeat experiments were carried
out using tissues from different rats.

The response to each concentration of drug was ex-
pressed as a percentage of the maximal response to
acetylcholine measured prior to the test challenge.

Materials. Oxytocin (Syntocinon®, Sandoz), dino-
prostone (Sigma) and misoprostol tablets (Cy-
totec®, Searle) were compared against the refer-
ence standard acetylcholine chloride (Sigma).

Ideally pure misoprostol should have been used
but Searle have dissociated themselves from the
use of misoprostol in obstetrics and gynecology
[6], making the pure compound unobtainable at
the time of this study. Even though the use of
tablets raises the question of the accuracy of the
dosages used, the main results of interest are the
relative effects of the compounds on ileum versus
myometrium, which are independent of absolute
drug concentration.

Since misoprostol was obtained from tablets and
dinoprostone was obtained as a pure compound,
the calculated dosages of the two preparations
used should not be directly compared.

Analysis. Student-t tests were used to test the dif-
ferences between the contractile response from
the ileum and the uterus to each concentration of
drug.

3 Results

Oxytocin. The maximal uterine response to oxy-
tocin and acetylcholine are equivalent (figure 1a),
whereas oxytocin has no measurable effect on the
ileum for the concentrations used (figure 1b). The
uterine tissue returned to baseline lengths more
quickly after being challenged with acetylcholine
than when challenged with oxytocin (data not
shown). For the above three reasons, acetylcholine
was used as the reference drug for the comparison
between dinoprostone and misoprostol.

J. Perinat. Med. 30 (2002)
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Dinoprostone. The uterine response to dinopros-
tone was significantly larger than the ileal re-
sponse (P < 0.03) for the concentrations 1.6 uM to
0.4 mM (figure 2). The mean maximal response of
the uterus to dinoprostone relative to the uterine
response to acetylcholine was 91.3 % whereas the
maximal response of the ileum relative to the max-
imum response of the ileum to acetylcholine was
70.3 % (table 1). The ECS0 was an order of magni-
tude lower in the uterus than in the ileum.

Misoprostol. The contractile response to miso-
prostol was significantly larger in the uterus then
in the ileum (P < 0.05) for the misoprostol concen-
trations 0.1 nM to 32 nM (figure 3). The maximal
response of the uterus to misoprostol relative to
the uterine response to acetylcholine was 79.8%
whereas the maximal response of the ileum to
misoprostol relative to the maximum response of
the ileum to acetylcholine was 61.8 % (table 1). As
for dinoprostone, misoprostol is more potent on
the uterus than the ileum (table I).

Misoprostol and dinoprostone. For cach drug, the
response (expressed as a fraction of the acetyl-
choline Emax) to the maximal concentrations for
the ileal tissue was calculated as a proportion of
that for the uterine tissue from the same animal.
The mean results were 70.2 % for misoprostol and

70.5 % for dinoprostone. These values are equiva-
lent {DF =8; P =0.980).

4 Discussion

The concentrations at which the isolated rat uter-
ine tissue responded to oxytocin and misoprostol
corresponded to physiological concentrations of
oxytocin [20] and plasma concentrations of miso-
prostol [26]. However, for dinoprostone, the rat
uterus only reached maximal contractions at con-
centrations far exceeding plasma levels attained
during labor induction using endocervical gel ap-

Table I. Maximal responses to dinoprostone and miso-
prostol relative to their maximal responses to acetyl-
choline.

Uterus Heum

% Maximal % Maximal

response response
Dinoprostone 9.3 70.3
95% Cl  813-101.1  46.1-944
Misoprostol 79.8 61.6
95%Cl  66.1-93.4 35.0-88.7

Figure 1. Comparison of contractile response
to oxytocin of rat uterus a) compared with rat
ileum b) muscle. There was no measurable
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ileal response to oxytocin within the concen-
tration range studied. The downward arrows
indicate the mean plasma concentrations of
oxytocin during spontaneous labor.
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plication of dinoprostone. (Expected plasma con-
centrations are indicated by the downward point-
ing arrows in figures [ -3).

The lack of intestinal contractile activity of oxy-
tocin at doses which cause maximal contractions of
uterine muscle, compared to the relatively high
ileal contractile activity of both prostaglandins, is
in keeping with the trend to less meconium pas-
sage with oxytocin use than with prostaglandin use
[21].

On the contrary, the increase in meconium passage
with vaginal misoprostol use versus intracervical
dinoprostone is not confirmed by a variation in
ileal contractile activity. Both drugs elicited con-
tractions from ileal and uterine tissue. There were
no differences in ratios between ilcal and uterine
contractile activity between misoprostol and dino-
prostone. These results infer that pharmacody-
namic differences in the contractile activity be-
tween these drugs do not contribute towards the
higher incidence of meconium passage with vagi-
nal misoprostol use versus intracervical dinopros-
tone use [10,11].

It is more likely that the resistance of misopros-

& lleum (~=8)

The downward arrow indicates the mean peak
serum concentration of misoprostolic acid fol-
lowing oral administration.

tolic acid to placental PGDH enables the miso-
prostolic acid to enter the fetal circulation more
readily than does dinoprostone. That is why we
hypothesize that the different pharmacokinetic
properties of dinoprostone and misoprostol are
responsible for the differences in rates of meconi-
um passage associated with these two drugs.

The higher peak in plasma concentrations of miso-
prostol acid with oral administration than with
vaginal administration [7, 26] is also in keeping
with the higher incidence of meconium passage
with oral versus vaginal misoprostol [1].

Further elucidation of the above would be to in-
vestigate whether meconium passage is more
prevalent in at-term babies when elevated levels
of cortisol compete with and displace proges-
terone from the glucocorticoid receptor, resulting
in inhibition of PGDH transcription and activity
[2, 17].

5 Conclusions

Unlike oxytocin, misoprostol and dinoprostone
stimulate bowel smooth muscle as well as my-
ometrium. Misoprostol and dinoprostone stimu-

J.Perinat. Med. 30 (2002)
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late the bowel smooth muscle equally (retative to
their uterotonic activity) and therefore we postu-
late that the pharmacokinetic properties rather

Abstract

Background. Oxytocin and various prostaglandin prepa-
rations are commonly used for pharmacological induc-
tion of labor at term. Some prostaglandin preparations
appear to be associated with more fetal meconium pas-
sage and maternal gastrointestinal side effects than is
oxytocin. These adverse effects may be caused by stimu-
lation of bowel smooth muscle in the mother and in the
fetus.

Aim. To determine whether the in vivro ileal contractile
activities of dinoprostone, misoprostol and oxytocin are in
keeping with the variation in rates of meconium staining
observed during labor induction with these substances.
Methods. The contractile activity of the drugs was tested
on isolated rat uterus and ileum mounted in Tyrode’s so-
lution,

than the pharmacodynamic properties of the two
drugs are responsible for the variations in meconi-
um passage associated with their use.

Results. Uterine contractions were stimulated by all
three drugs, whereas ileal contractions were only stimu-
lated by dinoprostone and misoprostol. Oxytocin had no
contractile activity on the ileum. Dinoprostone and
misoprostol stimulated signiticantly (p < 0.05) larger
uterine contractions than ileal contractions.

Conclusion. These results provide a pharmacological ba-
sis for the increased rate of maternal gastrointestinal
complaints and meconium passage with labor induction
using dinoprostone and misoprostol compared to oxy-
tocin. Based on the above findings, we postulate that the
difference in the rates of meconium passage following
misoprostol and dinoprostone administration is caused
by pharmacokinetic rather than pharmacodynamic dif-
ferences between the two drugs.

Keywords: Dinoprostone.labor induction, meconium, misoprostol, oxytocin, prostaglandin dehydrogenase.
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PGDH = 15-hydroxyprostaglandin dehydrogenase
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~ A'randomised plaeebe eontrolled trial of oral misoprostol
in the third stage of labour
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Departinent of Obstetrics and Gynaecology, Coronation Hospital and University of the Witwaiersrand,
Johannesburg, South Africa

Objective To compare oral misoprostol 400 pg with placebo in the routine management of the

third stage of labour.
Design A double-blind placebo controlled trial.

Setting The labour ward of an academic hospital in Johannesburg, South Africa with 7000

deliveries per annum,.

Participants Low-risk women expected to deliver vaginally.

Methods Women in labour were randomly allocated to receive either misoprostol 400 pg orally or
placebo after the birth. Conventional oxytocics were given immediately if blood loss was
thought to be more than usual. Postpartum blood loss in the first hour was measured by
colleclion in a special flat plastic bedpan. Side effects were recorded.

Main outcome measures Measured blood loss 2 1000 mi within the first hour after birth. Use of

additional oxytocics.

Results The groups were well matched. Measured blood loss 2 1000 mi occurred in 15/250 (6%)
after misoprostol and 23/250 (9%} after placebo (relative risk 0-65; 95% confidence interval
0-35-1-22). The difference may have bcen reduced by the greater use of conventional oxytocics
in the placebo group, which was statistically significant for intravenous oxytocin infusion (2-8%
vy 8:4'%, relative risk 0-33, 95% confidence interval 0-14-0-77). Shivering was more common in
the misoprostol group (19% vs 5%, relative risk 3-69; 95% confidence interval 2-05-6-64).

Conclusions Shivering has been shown in this study to be a specific side effect of misoprostol
administered orally in the puerperium. No serious side effects were noted. Misoprostol shows
promisc as a method of preventing postpartum haemorrhage. Because of the potential benefits
for childbearing women, particularly those in developing countries, further research to
determine its effects with greater certainty should be expedited.

INTRODUCTION

Postpartum haemorrhage is an important cause of
maternal mortality and morbidity. In sub-Saharan
Africa the maternal mortality rate is estimated to be
655 per 100,000 live births'. As many as 25% of
maternal deaths in rural areas are due to postpartum
haemorrhage”. In Britain, where most women have
access to medical care including the use of oxytocic
drugs, the risk of maternal death from haemorrhage
is about 1 in 100,000 births?.

The routine use of oxytocics, such as syntometrine

Correspondence: Professor G. J. Hofmeyr, Department of Obstet-
rics and Gynaecology, Coronation Hospital and University of the
Witwaterstand, 7, York Road, Parktown 2193, Johannesburg,
South Africa.
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(oxytocin SIU and ergometrine 0-5 mg) or oxytocin
alone is associated with a significant reduction in the
occurrence of postpartum haemorrhage?s, In a
recent placebo controlled, randomised trial pub-
lished in this Journal, blood loss > 800 ml occurred
in 8-8% of women who received oxytocin 101U,
compared with 15-2% who received salineS. Sulpro-
stone, a prostaglandin E analogue, is effective in pre-
venting the recurrence of atonic postpartum haem-
orrhage’. Prostaglandin F, o has been used for the
management of postpartum haemorrhage®. Oral
ergometrine, on the other hand, is insufficiently
effective for routine use’.

Misoprostol (Cytotec, Searle) is a methyl ester of
prostaglandin E, additionally methylated at C-16
and is marketed for use in the prevention and/or

971
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treatment of peptic ulcer disease caused by prosta-
glandin synthetase inhibitors. It is inexpensive, easily
stored at room temperature, rapidly absorbed orally,
and it has few side effects. It has been shown in sev-
eral studies to be an effective myometrial stimulant
of the pregnant uterus'®!'!, selectively binding to EP-
2/EP-3 prostanoid receptors'?. Its use in the third
stage of labour has recently been suggested'’. An
uncontrolled study published in this Jowrnal con-
firmed the feasibility of its use, and pointed out the
need for randomised trials to determine whether it is
effective’®. A dose-response study' of the effect of
oral misoprostol after delivery on intrauterine pres-
sures showed that 400 ug produced good uterotonic
effects with fewer side effects than 600 or 800 pug. The
objective of the present study is to compare the effec-
tiveness of misoprosto! 400 ug, administered orally,
with placebo in the routine management of the third
stage of labour.

METHODS

The study protocol was approved by the Committee
for Research on Human Subjects of the University of
the Witwatersrand in November 1995. A randomised
pilot study in 70 women was undertaken to determine
whether the buccal route of administration of miso-
prostol would be effective. After delivery, misoprostol
400 ug or placebo tablets were chewed and kept in the
mouth until dissolved. There was no difference in the
measured blood loss between the Lwo groups. We pos-
tulated that buccal absorption might be poor because
of the lack of an acid environment, such as is found
in the stomach and vagina, which may promote the
conversion of misoprostol to misoprostol acid for
absorption. We therefore chose to use the oral route
(swallowed) for the main trial. The pilot study con-
firmed previous reports that with careful measure-
ment, the average blood loss postpartum is around
500 mi (in the recent Swedish trial® mean blood loss
with oxytocin was 407 ml and with placebo 527 ml).
We therefore chose measured blood loss = 1000 ml as
a clinically meaningful primary endpoint.

Women in labour at Coronation Hospital,
Johannesburg, were asked to participate in the study
and participating women gave informed consent.
Those with oxytocin infusion in progress at the time
of delivery, hypertension, diabetes or previous cae-
sarean section were excluded. Baseline data were
recorded. Immediately after delivery the women were
asked to swallow two tablets directly from the next in
a series of numbered, opaque test tubes, with a sip of
water. The tablets were either misoprostol 2x 200 ug
or two placebo tablets similar in size and colour but
not shape. Efforts to obtain identical placebo tablets

were unsuccessful. This method of blinding proved
to be effective. In only one case did the attending
midwife inadvertently catch sight of the tablets. The
containers were ordered according to a computer-
generated random sequence, in balanced blocks of
eight. The placenta was removed by cord traction
once firm uterine contraction was diagnosed by pal-
pation.

Within a minute of delivery, linen soiled with
amniotic fluid was removed, a fresh, disposable
absorbent linen-saver sheet with plastic backing
placed under the woman, and a low profile wedge-
shaped plastic ‘fracture’ bedpan was slid under the
woman’s buttocks. This was found to be a comfort-
able and efficient way of collecting the great majority
of blood lost after delivery, and could be left in place
without discomfort even during perineal suturing.
When active bleeding had stopped, any blood clots

" were expressed from the ulerus, the bedpan was

removed and a sanitary towel was applied. The blood
in the bedpan was measured in a measuring jug. One
hour after delivery, any bloodstained linen-suvers
and sanilary towels were placed in a plastic bag and
weighed in grammes. The known dry weight of the
linen savers and sanitary lowels was subtracted to
give the approximate volume of blood in millilitres.
This was added to the measured blood volume from
the bedpan to give the total measured blood loss in
the first hour after delivery.

Because conventional oxytocics were not given
routinely, the protocol required that very close obser-
vation be maintained, and conventional therapy be
given immediately if the bleeding was considered to
be more than usual. The caregiver could choose to
use intramuscular synometrine (! ampoule) or oxy-
tocin (10 IU) or in more severe cases an intravenous
infusion of oxytocin (20 IU in 100 m] saline).
Because this intervention might obscure dilferences
in blood loss between groups, the need for conven-
tional oxytocics was chosen as a second primary end-
point.

A sample size of 496 was calculated to detect a
reduction in the incidence of measured blood loss
21000 ml from 12-5% to 5% with 80% power at the
5% level of certainty. All data were entered onto a
database (Epi-info 6) for analysis. The randomisation
code was broken only after entry and checking of
data. Comparisons were by the x? test or Fisher’s
exact probability test and relative risks with 95% con-
fidence intervals (95% C1) for categorical data.

RESULTS

There were no withdrawals after randomisation, and
all outcomes were analysed in the allocated group.

© RCOG 1998 Br J Obster Gynaecol 105, 971-975
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DISCUSSION

This is, to our knowledge, the first reported placebo-
controlled evaluation of the clinical effectiveness of
oral misoprostol for routine management of the

Table 1. Comparison of baseline variables between women
randomly allocated to receive oral misoprostol 400 pg or placebo
for third stage of labour management. Values are shown as mean
[SDYor n (").

Misoprostol Placebo third stage of labour. The use of placebo treatment

n=250 n=250 was considered acceptable by the university Ethics

Age (years) 26:3[59] 260[55) CommLttee, . spemﬁcal‘ly W}tth the context of a
Primiparous 68 (27) 70 (28) research environment in which blood loss was closely
Parity 4+ 15(6) 16 (6.4) and accurately monitored, and conventional oxyto-
Episiotomyltear 99 (40) 97(39) cics administered as soon as blood loss was thought
Birthweight (g) 3064 [502] 3033 [487] to be more brisk than usual. Placebo use has simi-

larly been considered acceptable in a recent Swedish
triale.

Table 2. Comparison of outcome variables betwecn women randomly allocated to receive oral misoprostol 400 ug or placebo for third
stage of labour management. Values are given as # (%).

Misoprostol Placebo
n=250 n=250 RR (95%CI) P
Primary outcomes
Blood loss > 1000 ml 15(6) 23(9-2) 0:65(0-35-1-22) 0-18*
Additional oxytocic used 21 (8-4) 33(13) 0-64 (0-38-1-07) 0-08*
Syntocinon 10 u IMI 12 (4-8) 13(5-2) 0-92 (0-43--1.98) 0-84*
Syntometrinc IMI 4(1-6) i1(4-4) 6-36 (0-12-1-13) 0-07*
Syntocinon infusion 7(2-8) 21(8-d) 0:33(0-14-0:77) 0-006*
Blood loss > 1000 ml or 25(10) 38(152) 0-66 (0-41-1-06) 0-07*
additional oxytocic
Secondary outcomes
3rd stage 230 mint 8(3-2) 5(2) 1-59 (0-53-4-80) 0-40*
Manual removal 1(0-4) 2(08) 0-50 (0-05-5-48) 1-00**
of placenta
Blood Lransfusion 1(04) 1 (0-4) 1-0(0-06-15-9) £-00**
Side effects 54(22) 26(10) 2-08 (1-35-3-20) 0-001*
Shivering 48(19) 13(5:2) 3-69(2-05-6-64) <0-0001*
Abdominal pain 2(0-8) 7(2-8) -29 (0-06-1-36) 0-18%
Dizziness 0{0) 6{2-4) 0-00 (0-00-0-92) 0-03%*
Other 5(2) 3(1-2) 1-67 (0-40-6-90) 0-72*+

*Chi-square lest.
**Fisher exact probability test (lwo-tailed).
tlncompicte data: n =249 (misoprostol), 248 (placebo).

The randomisation process was successful in produc-
ing well-matched groups (Table 1). The outcome vari-
ables are shown in table 2. The reduclion in the rate of
measured blood loss 21000 ml in the misoprostol
group was not statistically significant at the 95% level
and was consistent with anything between a large
reduction and a small increase. The less frequent use
of conventional oxytocics in the misoprostol group
was statistically significant only for the intravenous
infusion of oxytoein, which would have been used
in more severe cases of haemorrhage. All cases
responded well to standard therapy. One woman in
the misoprostol and two in the placebo group required
manual removal of the placenta and one in each group
required blood transfusion. Shivering was more com-
mon in the misoprostol group.

© RCOG 1998 Br J Obstet Gynuecol 105, 971-975

Two previous reports have suggested that postpar-
tum misoprostol causes shivering!*!, but lacked the
control groups necessary to quantify this effect, as
shivering is a common symptom after childbirth (5%
in our control group). With 400 pg misoprostol shiv-
ering was significantly increased to 19%. A rate of
60% has been reported using 600 pg'?. This finding is
of relevance to the choice of the ideal dosage for
postpartum use. The confirmation of the occurrence
of misoprostol-induced shivering, which to our
knowledge has not been observed in the non-puer-
peral situation, is of interest in terms of possible
prostaglandin-related mechanisms and their rele-
vance to thermoregulatory physiology.

The definition of ‘postpartum haemorrhage’ is
dependent upon the method of assessment of blood
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loss. Visual estimation of blood loss has been shown
to under-estimate true blood loss by about one-
half¥é, the error increasing as the volume lost
increases!”. Thus blood loss of 500 ml is regarded as
postpartum haemorrhage when the blood loss is esti-
mated, but is the average blood loss when it is mea-
sured®!6, The rates of measured blood loss > 1000 m!
in our study were, as expected, similar to reported
rates of estimated blood loss =500 ml. We recom-
mend that postpartum haemorrhage be defined as
blood loss =1000 ml when the blood loss is mea-
sured, In two large trials the incidence of blood loss
21000 ml in the groups receiving syntocinon 10 U
routinely after delivery was only 1% in the study in
which estimation was used'® and 4-7% in the trial in
which blood loss was measured'®.

The incidence of blood loss > 1000 ml in our study
(6% for misoprostol and 9.2% for placebo) was very
similar to the rates in the recent Swedish trial (6:2%
for oxytocin and 8-8% for placebo). In the Swedish
trial blood loss > 800 mi was the primary endpoint
(8-8% for oxytocin and 15-:2% for placebo). The cor-
responding figures in our study were 28 (11-2%) for
misoprostol and 43 (17-2%) for placebo (relative risk
(RR) 0-65, 95% CI 0-42-1-01; P=0-055). These data
were not included in the Results section above as this
was not a predefined endpoint in our study.

The estimates for our power calculation were
based on the incidence of measured blood loss
21000 ml in our pilot study of 14%, and data from
two previous randomised trials which showed a
reduction in estimated postpartum haemorrhage
from 13-5% with physiological to 4-1% with active
management of the third stage?®?',

The actual difference between the groups in the
current study may have been limited by the policy of
early conventional oxytocic management the moment
bleeding appeared to be more than usual. The need
for intravenous oxytocin infusion was significantly
greater in the control group. The potential benefit of
misoprostol may be greater in an environment in
which conventional oxytocics are not available.

The trend towards increased need for manual
removal of the placenta in the Swedish study® (3-5%
for oxytocin vs 2:3% for placebo) was not seen in this
study, though the numbers were very small (0-4% for
misoprostol vs 0:8% for placebo). Our use of blood
transfusion (0-4% for misoprostol and 0-4% for
placebo) was also somewhat less than in the Swedish
study (1-4% for syntocinon and 1% for placebo).

CONCLUSIONS

We have shown that misoprostol 400 ug administered
orally after delivery commonly causes shivering. The

T

absence of serious side effects makes its use in the
third stage of labour feasible. The results of this
study suggest, but not conclusively, that misoprostol
may reduce the risk of postpartum haemorrhage.
The study was not designed to determine whether
misoprostol is more or less effective than conven-
tional oxytocics. The foundation has been jaid for a
large randomised comparison of misoprostol with
conventional oxylocics.
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Postpartum haemorrhage (PPH) causes preventable maternal deaths, mainly in low-income coun-
tries. Misoprostol has powerful uterotonic effects and, because it is well absorbed orally and sublin-
gually, has the potential to be used more widely than would be possible with injectable uterotonics
alone. Misoprostol is clearly less effective than oxytocin. Placebo-controlled studies have had variable
results, although two recent trials in low-income communities have shown promising results. The
main recognized side effects have been dose-related pyrexia and shivering, including occasional hy-
perpyrexia. In the randomized trials reported to date, there has been a trend to more deaths with
misoprostol than with the control groups. The dose that has been most commonly used in clinical
trials for preventing PPH is 600 ng orally. Meta-analysis of direct and adjusted indirect comparisons
between 600 and 400 g showed very similar effectiveness. To date, there is very limited evidence for
the effectiveness of misoprostol, the lowest effective dose and the magnitude of adverse effects, both
direct and indirect. The need for further research is a matter of great urgency.

Key words: maternal death; misoprostol; postpartum haemorrhage; prostaglandin; uterotonic.

INTRODUCTION
Misoprostol for postpartum haemorrhage: a global issue

The use of misoprostol for preventing or treating postpartum haemorrhage (PPH) has
become a high-profile issue globally. Apart form the usual clinical and public health

* Corresponding author. Dept of Obstetrics and Gynaecology, East London Hospital Complex, PB X9047,
East London 5201, South Africa, Tel.: +-27 0 43 709 2483; Fax: +866929822.
E-mail address: gih@global.co.za (G.J. Hofmeyr).
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considerations, the subject has been complicated by sensitivities surrounding the off-
label use of misoprostol during pregnancy, dissociation of the original patent-holding
company from the drug evaluation process and the global imperative to reduce mater-
nal mortality as a matter of urgency. ' This chapter presents an overview of the topic,
addressing all these issues.

Postpartum haemorrhage: pathopysiology

Placental bed haemostasis following childbirth is a remarkable physiological process.
During pregnancy, trophoblast invasion of the maternal spiral arterioles creates wide-di-
ameter, non-contractile vessels, ensuring a high volume blood flow to the placenta. After
the birth of the baby, the placenta separates from the uterine wall and the severed pla-
cental blood vessel lumina are compressed by extrinsic pressure from the surrounding
mesh of myometrial fibres. Central to this process is the efficient and sustained contrac-
tion of the myometrium, under the influence of endogenous uterotonic hormones.
This physiological process is imperfect. Under the relatively ideal circumstances of
low-risk women enrolled in randomized clinical trials of active versus expectant man-
agement of the third stage of labour, in the ‘physiological’ (natural third stage) group
estimated blood loss in excess of 1000 mL occurred in 83 of 3158 women (2.6%).2
With routine clinical intervention, including administration of a uterotonic drug and
controlled traction on the clamped umbilical cord, this number was reduced to 27
of 3126 women (0.9%) [relative risk (RR) 0.33, 95% confidence interval (Cl) 0.21 to
0.51]. Clinical estimation has been found to underestimate blood loss by at least 50%.

Uterotonic drugs

Effective uterotonic drugs have existed for many years. Systematic review of random-
ized trials found that prophylactic administration of oxytocin reduced severe PPH from
83/1136 (7%) to 48/1107 (4.3%) (RR 0.61, 95% Cl 0.44 to 0.87).> Prophylactic use of
intravenous ergot alkaloids reduced severe PPH from 11/724 (1.5%) to 1/705 (0.14%)
(RR 0.09, 95% C1 0.01 to 0.72).* In randomized trials comparing oxytocin—ergometrine
with oxytocin alone, oxytocnn—ergometrme was marginally more effective than oxyto-
cin alone but with more side-effects.’

Postpartum haemorrhage: disease burden

The disease burden associated with imperfect postpartum haemostasis is immense.®
PPH is a major cause of maternal mortality in low-income countries. Rates as high
as 40 maternal deaths per 100,000 births in parts of sub-Saharan Africa’ are in stark
contrast to the approximately | in 100,000 births in the United Kingdom. The poten-
tial to save mothers’ lives with medical interventions for haemorrhage is thus consider-
able.® No significant reduction in rates of PPH has been reported by industrialized
countries in recent times.’

In contrast to the considerable body of randomized trials of preventive measures,
there is remarkably little information from randomized trials concerning the treatment
of PPH. Uterotonics are generally used empirically for treatment, extrapolating from
their demonstrated effectiveness in reducing blood loss when used prophylactically.

Although PPH can be caused by factors such as genital tract injury, infection, re-
tained products of conception and coagulopathy, the most important cause is uterine
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atony. Thus, a crucial aspect of both prevention and treatment of PPH is uterotonic
therapy. The most commonly used agents are injectable oxytocin and/or ergometrine.
Why should we be considering the use of misoprostol for the prevention or treatment
of PPH when well-established, effective uterotonics already exist?

Attempts to reduce deaths from PPH worldwide are complicated by the fact that:
(1) many deaths occur in out-of-hospital settings; (2) death can occur within a short
space of time, before transfer to a health facility is possible; and (3) the primary
methods of prevention and treatment have depended on injectable uterotonics, which
are often not available at a community level.

Misoprostol

Misoprostol is a methyl ester (a synthetic analogue) of natural prostaglandin El addition-
ally methylated at C16. It is well absorbed from the stomach, appearing in the circulation
within 90 seconds, and undergoes rapid de-esterification to its biologically active metab-
olite, misoprostolic acid (MPA). It is thermostable and is relatively i mexpenswe Miso-
prostol has been shown to stimulate uterine contractility in early pregnancy'® and at
term Admmlstered orally or vaginally, it is an effective agent for the induction of abor-
tion'? and of labour'? , although it is not without problems and risks.'*'¢

The development of misoprostol as a drug for use during pregnancy is unusual in
that from the outset the patent-holding company distanced itself from the process.
Most developments have occurred through the opportunistic efforts of clinicians, re-
searchers, consumers and other advocates.

RATIONALE FOR CONSIDERING THE USE OF MISOPROSTOL FOR
PREVENTION OR TREATMENT OF POSTPARTUM HAEMORRHAGE

Research into the possible use of misoprostol in the third stage of labour commenced
in the mid-1990s. There were several compelling reasons to consider the use of
misoprostol for the prevention and/or treatment of PPH:

e Misoprostol had well-established uterotonic effects.

¢ Misoprostol might be more effective than currently available uterotonics.

¢ Misoprostol might have synergistic effects when used in addition to conventional
uterotonics.

e Even if less effective than conventional uterotonics, misoprostol might have some
benefit in situations in which conventional uterotonics were not available. In partic-
ular, the fact that it is a thermostable compound that is effective when given orally,
sublingually, vaginally or rectally, raised the exciting possibility that it might be used
by traditional birth attendants, or self-administered, for births taking place remote
from health services and health personnel, where women are at most risk from the
rapidly fatal effects of severe PPH.

IF MISOPROSTOL WERE TO BE USED IN THE THIRD STAGE OF
LABOUR, WHAT WOULD BE THE OPTIMAL ROUTE AND DOSAGE?

We sought evidence from the following'’: pharmacokinetic studies in pregnant and
non-pregnant subjects; physiological studies in pregnant women; and randomized
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clinical trials comparing different routes but the same dosage of misoprostol, which
included an outcome reflecting the effect of misoprostol on pregnant uterine contrac-
tility. The data from pharmacokinetic and physiological studies were tabulated and an-
alysed semi-quantitatively and qualitatively.

Pharmacokinetic studies

Zieman et al randomized ten pregnant women undergoing first-trimester abortions
and ten non-pregnant women to oral or vaginal administration of misoprostol
400 ug 8 Danielsson et al studied plasma misoprostol levels after administration of
200 pg (six women, data not included in Table |) or 400 pg misoprostol (12 women)
orally or vaginally in the first trimester of pregnancy ® Tang et al compared the phar-
macokinetic parameters of four different routes: sublingual, oral, vaginal and vaginal
with addition of water (data not included) in 40 pregnant women undergoing suction
termination of pregnancy © Abdel-Aleem et al measured serum and colostrum
misoprostol acid levels after misoprostol 600 g orally in the postpartum period. 2! Mi-
soprostol acid appeared in the serum at 2 minutes (92 pg/mL) and reached peak levels
after 20 minutes (345 + 269 pg/mL), falling to low levels by 2 hours (28 + 15 pg/mL).
Misoprostol appeared in the colostrum in small amounts (21 + 13 pg/mL). Khan et al

Table 1. Serum misoprostol values and time course expressed as mean (standard deviation) following
misoprostol administration by various routes.

Author [ref. no.] Dose (n) Route of administration Rectal Vaginal
Oral Sublingual

Time to peak concentration (minutes)

Zieman'® 400 pg (20) 34 (17) 80 (27)

Danielsson'® 400 ug (12) 30 60—120

Tang® 400 pg (40) 28 (15) 26 (12) ‘Longer’

A-Aleem?' 600 g (20) 20

Khan?2 600 pg (20) 18 (8.8) 40.5 (16)

Peak concentration (pgimL)

Zieman'® 400 pg (20) 227 (124) 165 (86)

Danielsson'” 400 ug (12)  +280° +65

Tang® 400 pg (40) 288 (144) 575 (251) +125 (54)

A-Aleem?' 600 pg (20) 345 (269)

Khan*? 600 pg (20) 328 (103) 184 (64.5)

Andolina®? 400 pg (10) 381

Area under curve to 4 hours (pglhoursiml)

Zieman'® 400 pg (20) 273 (110) 503 (297)

Khan?? 600 pg (20) 190 (125) 311 (141)

Area under curve to 6 hpirs (pglhours/ml)

Zieman'® 400 pg (20) 300 (103)” 957 (542)°

Tang?’ 400 pg (40) 403 (152) 744 (291) 434 (183)

* Estimated from published graph.
™ 10 non-pregnant women only.
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randomized 20 postpartum women to rectal or oral administration of misoprostol
600 pig.>* Andolina et al studied 20 postpartum women given 400 Mg postpartum as
tablet or crushed in methylcellulose capsules (capsule data not included).”®

The data in Table | suggest a more rapid time to peak concentration with oral and
sublingual than with vaginal or rectal administration, highest peak concentrations with
sublingual, and greatest area under the time curve with sublingual and vaginal
administration.

Physiological studies

Chong et al measured intrauterine pressures in 57 healthy women after delivery.”* Af-
ter 30 minutes of baseline recording, the women sequentially received syntometrine
I mL or misoprostol 200, 400, 500, 600 or 800 ng (10 per group except the last group,
which contained 7 women). The seventh woman receiving 800 pug developed life-
threatening hyperthermia. The onset of increased uterine activity was significantly
slower with misoprostol than with syntometrine. There were no significant differences
between groups for the increase in uterine activity or the duration of action. Danielsson
et al studied intrauterine pressure in 30 women after administration of 200 or 400 ug
misoprostol orally or vaginally in the first trimester of pregnancy.'” Time to onset and
to maximum tonus, respectively, were as follows: 400 pg orally: 7.8 4 3.0 minutes and
25.5 + 5.0 minutes; 400 pg vaginally: 20.9 + 5.3 minutes and 46.3 + 20.7 minutes. The
initial increase in tonus was more pronounced after oral than after vaginal administra-
tion. Aronsson et al studied intrauterine pressure in 32 women at 8 to || weeks’
gestation, for 4 hours following misoprostol 400 g orally, vaginally or sublingually.”®
The time to increased tonus was shorter with oral (7.8) and sublingual (10.7-11.5)
than with the vaginal route (19.4 minutes). The time to maximum tonus was also
shorter (39.5, 47.1-51.7 and 62.2 minutes, respectively). Increase in uterine activity
after 2 hours was greater for the sublingual and vaginal than the oral route.

Labour induction studies

To evaluate the relative clinical efficacy of misoprostol by various routes, we system-
atically reviewed randomized clinical trials in which similar dosages of misoprostol
were administered by different routes for labour induction at term. Outcomes related
to the uterine activity response to misoprostol were compared. Data were combined
using the Review Manager (RevMan) computer program, version 4.2 for Windows
(The Nordic Cochrane Centre, Copenhagen) and a fixed effects model (there was
no significant heterogeneity).

In three studies, involving a total of 587 women, failed vaginal delivery in 24 hours
was less with the vaginal than the oral route (RR 0.60, 95% Cl 0.49 to 0.73). In four
studies (548 women), induction or randomization to delivery time was also less
(weighted mean difference —4.8, 95% Cl —6.4 to —3.2 hours). In one study of 100
women, failed vaginal delivery in 24 hours was less with the sublingual than the oral
route (RR 0.56, 95% Cl 0.37 to 0.84), as was the induction to delivery time (mean dif-
ference —8.3, 95% Cl —15.4 to — 1.2 hours).?® Overall, there was consistently greater
clinical efficacy, at equivalent doses, with the vaginal and buccal/sublingual routes than
with the oral route. In one small study, similar efficacy for labour induction was found
when misoprostol was administered vaginally and rectally.?’
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Cervical ripening study

In a prospective, randomized clinical trial, |50 women received 400 pg misoprostol 3
hours prior to suction evacuation of the uterus by the sublingual, oral or vaginal route
(50 women per group).”® The basal cervical dilatation prior to evacuation was higher
with the sublingual (9.9 £ 2.1 mm; P < 0.001) than the oral (8.2 £2.6 mm, 49+ 1.7
minutes) or vaginal routes (7.6 = 2.6 mm, 5.2 + 1.8 minutes).

Discussion

There is no doubt that misoprostol has strong uterotonic effects. In the context of
PPH, the important question is whether a route and dose can be found with rapid ab-
sorption, a clinically significant effect and acceptable side effects. To date, the pharma-
cokinetic data indicate that oral and sublingual routes have the advantage of rapid
onset of action, whereas the sublingual, vaginal and rectal routes have the advantage
of prolonged activity and greater bioavailability. The increased bioavailability of non-
oral routes is thought to be contributed to by the avoidance of the first pass intesti-
nal-hepatic circulation. As clearance of the drug is likely to be rapid irrespective of the
route of administration, the prolonged activity of the vaginal and sublingual routes is
presumably due to continued absorption over an extended period of time. Duration
of absorption is therefore likely to correlate with the retention of the tablet in the re-
spective site over time. This could be a limitation of the sublingual route in an unstable
or unconscious patient. The vaginal route is unlikely to be suitable for management of
PPH because of the difficulty of ensuring retention in the vagina and absorption in the
presence of vaginal bleeding.

The physiological studies reviewed showed more rapid onset of uterine activity
with oral and sublingual than with vaginal administration of misoprostol, and more sus-
tained effects with the sublingual and vaginal routes. In the oral groups, no statistically
significant difference in uterine contractility was demonstrated for dosages ranging
from 200 to 800 pg.

Clinical trials during pregnancy have shown that, at equivalent dosage, the vaginal
and sublingual routes produce greater clinical efficacy than the oral route, and the rec-
tal route is possibly similar to the vaginal route. Theoretical considerations therefore
favour the sublingual route for further clinical evaluation.

CLINICAL TRIALS OF MISOPROSTOL FOR PREVENTING
POSTPARTUM HAEMORRHAGE

The first randomized trials of misoprostol for preventing PPH were initiated in
1995.2%% Initial results were variable and somewhat disappointing. A very large
randomized trial co-ordinated by World Health Organization (WHO) found that
misoprostol 600 pg orally was unequivocally less effective than oxytocin 10 units intra-
muscularly or intravenously and had more side effects (mainly shivering and pyrexia).”'
Blood loss >1000 mL occurred in 366/9214 women with misoprostol, versus 263/
9228 women with oxytocin (RR 1.39, 955 CI .19 to 1.63).

Systematic review of trials of misoprostol given orally, sublingually or rectally versus
injectable uterotonics showed results similar to the WHO trial for blood loss
>1000 mL (G.). Hofmeyr, unpublished data). For misoprostol 600-800 ug: 9 trials,
404/11,397 versus 298/11,430, RR 1.36, 95% CI 1.17 to 1.68; for misoprostol 400—
500 pg: 15 trials, 117/4178 versus 122/5592; RR 1.23, 95% Cl 0.96 to 1.58.
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The crucial remaining question was whether misoprostol was more effective than
placebo, either in addition to conventional uterotonics, or for use when conventional
uterotonics were not available.

Following variable results from several small placebo-controlled studies (Figure 1),
two studies in low-income countries showed a significant reduction in severe PPH
with misoprostol 600 pg.

In the first study, Hoj and colleagues®* compared misoprostol 600 pg sublingually
with placebo as part of the active management of the third stage of labour in a primary
care clinic in Guinea-Bissau. Measured blood loss > 1000 mL was surprisingly common,
occurring in 37/330 versus 56/331 women (RR 0.66, 95% CI 0.45 to 0.98). One unex-
plained maternal death occurred in a woman in the misoprostol group with blood loss
of 1400 mL. Subsequent correspondence in the British Medical Journal included the sug-
gestion that the maternal death be regarded as an adverse event potentially related to
misoprostol use®?, and a call for a trlal of misoprostol for treatment of PPH with ma-
ternal death as the primary endpoint.**

In the second study, Derman and colleagues®® compared misoprostol 600 g orally
with placebo in 1620 women delivering at home or primary care centres in four pri-
mary health centre areas of Belgaum District, Karnataka State, India. Women were de-
livered by auxillary nurse midwives and active management of the third stage of labour
was not used. Measured blood loss > 1000 mL occurred in 2/812 versus 10/808 (RR
0.20, 95% Cl 0.04 to 0.910).

In our initial systematic review analysis for mlsoprostol versus placebo, excluding
the rectal route, there was significant heterogeneity (I > 50%) in the resuits for

Figure |. Randomized trials of misoprostol orally (eight trials) or sublingually compared with placebo for
the prevention of postpartum haemorrhage (from ref. 33).
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600 pg (4914 women, RR 0.92, 95% Cl 0.54 to 1.57, heterogeneity I> = 66%) and for
400 ug (1688 women, RR 0.86, 95% Cl| 0.3 to 2.4l, random effects model;
heterogeneity I* =79%). The heterogeneity could not be accounted for by route of
administration nor trial quality. It appeared to be related to a single outlier study“,
which contributed data to both subgroups. Removal of this study from the meta-anal-
ysis eliminated the significant heterogeneity (* < 50%). After exclusion of the outlier,
compared with placebo: blood loss >1000 mL was reduced with misoprostol 600 g
(4514 women, RR 0.77, 95% CI 0.59 to 1.00; trend, fixed effects model) and with
misoprostol 400 ug (1288 women, RR 0.54, 95% Cl 0.32 to 0.91).

One small trial comparing misoprostol 200 pg versus placebo (over and above an

oxytocin infusion) at caesarean section found no statistically significant difference in
blood loss > 1000 mL (352 women, RR |.13, 95% CI 0.66 to 1.94).

MISOPROSTOL FOR TREATING POSTPARTUM HAEMORRHAGE

Seven case reports or small series of the use of misoprostol (various doses and routes,
mostly 1000 pg rectally) for treating PPH found dramatic results (subjectively assessed
prompt cessation of bleeding in 65/82 cases).”> One unblinded, randomized trial also
found misoprostol to be much more effective than oxgtocin/ergometrine plus oxytocin
infusion in terms of subjective cessation of bleeding.3 However, review of two small,
blinded, placebo-controlled trials of misoprostol for the treatment of PPH over and above
routine methods of treatment, found more modest results.'® Blood loss >500 mL after
enrolment was reduced by misoprostol 600—-1000 pg in split dosages orally, sublingually
and rectally compared with placebo (397 women, RR 0.57, 95% Cl 0.34 to 0.96).

MISOPROSTOL AND MATERNAL MORTALITY

The main objective of using misoprostol for preventing or treating PPH is to reduce
maternal mortality. Because mortality is a rare outcome, no randomized trials have
been powered to investigate the effect on mortality. Reduced risk of PPH is taken in-
tuitively as a proxy outcome for mortality.

In response to the correspondence following the report by Hoj et al (see above)*?,
we conducted a systematic review to investigate the possible relationship between mi-
soprostol use and maternal death or severe morbidity (G,). Hofmeyr, unpublished
data). Because any adverse effects might be dose related, we also evaluated the effec-
tiveness and side effects of misoprostol in relation to the dosage used.

We reviewed randomized controlled trials of misoprostol used for preventing or
treating PPH, compared with placebo or other uterotonics.

To assess the effect of dose on effectiveness and side effects, we used as primary
outcomes blood loss >1000 mL or >500 mL after the diagnosis of PPH, and pyrexia
(>38 °C or as defined by trial authors).

We followed the search strategy used by the Cochrane Collaboration’s Pregnancy
and Childbirth Group.

Forty-seven trials were included with more than 40,000 participants. Maternal
deaths were reported in five trials.? >3840 Three other trials specified that there
were no maternal deaths.*'™? No additional maternal deaths were identified through
communication with the authors of the included trials.

Of | | deaths reported in the five trials, 8 occurred in women receiving misoprostol

[RR 2.0, 95% CI 0.68 to 5.83; Peto odds ratio (OR) 2.49, 95% C1 0.76 to 8.13] (Table 2).
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Table 2. Maternal deaths reported in randomized trials of misoprostol compared with placebo or other
uterotonics for the prevention (four trials) or treatment (Hofmeyr 2004) of postpartum haemorrhage.

Trial and year Misoprostol Control Maternal deaths Clinical features
Dose (ug) Route Misoprostol Control

Hoj 2005 600  SL Placebo 1/330 0/331  PPH

Derman 2006 600 PO Placebo 0/812 1/808  No PPH

Walraven 2005% 600 PO Oral ergometrine 2/630 0/599 PPH

WHO 200132 600 PO Oxytocin 2/9264 2/9266 Not reported

Hofmeyr 2004*' 1000 PO/SL/IR  Placebo 3Nz 0121 PPH

Total 8/11153 3/11125

PO, by mouth; PPH, postpartum haemorrhage; R, rectal; SL, sublingual.
Dose in micrograms. Overall relative risk = 2.00, 95% confidence interval = 0.68 to 5.83.

The occurrence of maternal deaths in several women receiving misoprostrol in re-
ported randomized trials raised the possibility that misoprostol might have side effects
that increase the risk of death despite beneficial effects on blood loss.** It is plausible
that a drug with ubiquitous pharmacologic effects might have unanticipated adverse ef-
fects when used in the third stage of labour. The most prominent side effects observed
in the third stage of labour are shivering and pyrexia. Life-threatening hyperpgrexia has
been reported with misoprostol 800 pg orally in the third stage of labour®, and Py-
rexia >40 °C was recorded following the use of 600 g ora||y in the WHO trial,
and in 50/967 women following the use of 800 ug sublingually.*®

The concept that a drug might have proven beneficial effects on a life-threatening con-
dition yet increase mortality is counterintuitive but plausible. For example, class | antiar-
rhythmics are used routinely for postmyocardial care because of their proven suppression
of ventricular premature depolarizations, a common cause of postmyocardial infarction
death. However, in a double-blind, placebo-controlled trial in 3549 patients with myocar-
dial infarction and left ventricular dysfunction, at | year from the time of randomization to
blinded therapy, mortality in the active dru 4g’-treated patients was 10% compared with 5%
in the placebo-treated group (P = 0.0006).”" Monitoring for unexpected adverse effects is
a basic principle for the introduction of any new medical intervention.

The limitations of this review must be emphasized. First, the number of deaths is
small, with wide confidence limits and is consistent, at the 95% confidence level,
with anything between a modest reduction and a large increase in maternal mortality
with misoprostol. Second, this was a post-hoc analysis in response to an observed
clustering of maternal deaths, and the statistical calculations need to be interpreted
with circumspection. We recommend prospective surveillance of all randomized trials
and implementation programs for further evidence for or against an association of
misoprostol with maternal death.

DOSE-RELATED EFFECTS
Effectiveness

To determine the relative effectiveness of 600 pug misoprostol versus smaller dosages
(e.g. 400 ng), we reviewed trials comparing different dosages. In view of the lack of
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adequate data on blood loss > 1000 mL from direct randomized comparisons, we sup-
plemented the direct data with adjusted indirect comparisons. In this method, compar-
isons of each of the two dosages with a similar control group (placebo or other
uterotonic) from different trials are combined to provide an estimate of the relative
effectiveness of the two dosages.*® The method has been shown to usually but not
always agree with direct comparisons in 44 meta-analyses.*’ Three-way comparisons
of 600 pg versus 400 ng versus placebo or another uterotonic were included only in
the direct comparisons.

Studies of the rectal route were excluded from the dosage studies because of
uncertain absorption via this route.

For the direct and indirect comparisons the primary outcome measure was blood
loss > 1000 mL. As the effectiveness outcome was blood loss measured within | hour,
additional doses of misoprostol given after | hour were ignored. There was adequate
data on pyrexia >38 °C from the direct data. Adjusted indirect comparisons were
made for this outcome to validate the method in this study population.

All but one of the trials were conducted in settings using routine active manage-
ment of the third stage of labour. To determine whether the results were affected
by the use of active management, a sensitivity analysis was performed excluding the
trial in which active management was not practised.35

Meta-analysis of direct and adjusted indirect data from randomized trials showed
no evidence of benefit of 600 ug over 400 pg in terms of the outcome blood loss
>1000 mL (RR 1.02, 95% Cl 0.71 to 1.48; Table 3). A sensmvn:y analysis excluding
the trial in which active management was not practlsed produced similar resuits
(data not shown).

PYREXIA (>38 °C OR AS DEFINED BY AUTHORS)

Pyrexia was increased with misoprostol in all subgroups. There was quantitative but not
qualitative heterogeneity in the subgroup misoprostol 400-500 pg versus other uteroton-
ics (I = 65%), which could not be explained by route of administration or trial quality.

The relative effect on pyrexia, both versus placebo and versus other uterotonics
with 600 pg, was more than twice that with 400-500 pg: misoprostol 600 pug versus
placebo, 3685 women, RR 6.71, 95% Cl 4.83 to 9.32; 400 pg versus placebo, 1996
women, RR 3.90, 95% CI 2.27 to 6,69; 600 ug versus other uterotonics, 22,337 women,
RR 6.76, 95% Cl 5.54 to 8.25; 400-500 pg versus other uterotonics, 8135 women, RR
3.05, 95% Cl 2.45 to 3.81. In the two treatment trials, pyrexia was increased with
misoprostol (392 women, RR 2.78, 95% CI 1.39 to 5.53).

Table 3. Meta-analysis of direct and adjusted indirect comparisons of misoprostol 600 g versus 400 pg
for risk of blood loss > 1000 mL.

Postpartum haemorrhage Estimate RR Lower Upper
Direct 600 vs. 400 0.841 0.501 1411
Indirect 600 vs. 400 (placebo comparisons) 1.420 0.790 2.555
Indirect 600 vs. 400 (uterotonic comparisons) 0.931 0.599 1.446
All 1.023 0.707 1.481

RR, relative risk, with lower and upper 95% confidence intervals.
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Meta-analysis of direct and adjusted indirect data from randomized trials showed an
overall increase in pyrexia with 600 pug over 400 pg (RR 2.53, 95% CI 1.78 to 3.60;
Table 4). There was consistency between the estimates from the direct and the
adjusted indirect comparisons.

All the studies reviewed that reported maternal deaths in the misoprostol group
used misoprostol 600 pg or more. Physiological studies have shown uterotonic effects
with doses as low as 200 pg.** Our direct and indirect comparison of data from ran-
domized trials showed no difference in effect size between 600 and 400 pg doses. In
view of the fact that side effects of misoprostol, such as pyrexia and shivering, are
dose-related, we suggest that further research be undertaken to establish the smallest
effective dosage of misoprostol.

SHOULD THE USE OF MISOPROSTOL FOR MANAGEMENT OF THE
THIRD STAGE OF LABOUR IN ROUTINE CLINICAL PRACTICE BE
ENCOURAGED NOW?

Programmes to implement the use of misoprostol for routine prevention of PPH have
been initiated in several countries.***' The use of misoprostol in routine practice
presents a dilemma, as there are several factors in favour of — and others against —
such use, and levels of certainty regarding effectiveness and risks fall far short of
that which would ordinarily be required for registration of a drug for this purpose.

Favourable factors

e There is a global imperative to address the appalling rates of maternal mortality
from preventable cause such as PPH in low-income countries.>

e There is some evidence that misoprostol might be effective, and therefore the
possibility that at individual level benefits outweigh risks.

e Because of stability and ease of administration, it might be possible to implement the
use of misoprostol in settings in which use of an injectable uterotonic would be dif-
ficult or impossible.

Unfavourable factors

e At the individual level, it is not yet certain that the benefits of misoprostol outweigh
the risks.
e The lowest effective dose has not yet been determined.

Table 4. Meta-analysis of direct and adjusted indirect comparisons of misoprostol 600 ug versus 400 pg
for risk of pyrexia (>38 °C).

Pyrexia Estimate RR Lower Upper
Direct 600 vs. 400 2.059 1.399 3.031
Indirect 600 vs. 400 (placebo comparisons) 1.944 0.676 5.596
Indirect 600 vs. 400 (uterotonic comparisons) 2,656 1.878 3.758
All 2.532 1.779 3.604

RR, relative risk, with lower and upper 95% confidence intervals.
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e The popularity of misoprostol — because it is innovative and easy to administer — can
result in its use instead of oxytocin, which is known to be more effective and safer,
even where oxytocin should be available.

e At a public health level, programmes to introduce misoprostol might detract from
efforts to make more effective injectable uterotonics as widely available as possible.

e Widespread use of misoprostol at delivery can result in occasional inadvertent or
ill-advised use of misoprostol before birth to induce or augment labour, or in error.
A single dose as low as 100 pg (half a tablet) has been associated with uterine rup-
ture in a nulliparous woman. The risk of uterine rupture appears increased when
both misoprostol and oxytocin are used.>* For women with previous caesarean sec-
tion, the use even of doses as small as 25 pg vaginally has been associated with high
rates of uterine rupture.>*

¢ Inadvertent use of misoprostol before the birth of an undiagnosed second twin
might also result in uterine rupture.

Conclusions

The theoretical evidence reviewed suggests that the sublingual route is likely to be the
most suitable for further research on the use of misoprostol in the third stage of la-
bour. This review found a trend towards increased maternal deaths in randomized tri-
als of misoprostol 600 pg or more versus placebo or other uterotonics. Misoprostol
was less effective than conventional uterotonics in the prevention of PPH. Compared
with placebo, severe blood loss >1000 mL appeared to be reduced with both 600 ug
and 400 pg misoprostol. Compared with both placebo and other uterotonics, pyrexia
(>38 °C or as defined by trial authors) was increased about three-fold with 400—
500 pg and about six-fold with 600 pg.

In settings in which uterotonics are not currently available or in use, the first con-
sideration should be to implement oxytocin use (possibly in single-use plastic delivery
systems) as this is the gold-standard uterotonic for the prevention of PPH. If oxytocin
use is not possible, misoprostol should be considered.

Given the fact that prophylactic use of misoprostol in the third stage of labour in-
volves administration to large numbers of low-risk women in varied settings in which
side effects are a major concern, the results presented support the use of a dosage not
exceeding 400 pg for the prevention of PPH if misoprostol is to be used. This policy
would not exclude the possibility of administering an additional 200 ug to women who
develop PPH, should future research show a clear benefit for the higher dose.

Because of the enormous potential benefits of an effective, orally active third stage
uterotonic, and the likelihood that misoprostol will be used on a large scale world-
wide, further research is essential to measure the possible beneficial and harmful ef-
fects of misoprostol more accurately.

INTRAUMBILICAL MISOPROSTOL FOR TREATMENT OF RETAINED
PLACENTA

One small trial compared misoprostol 800 pg dissolved in 30 mL sallne (n =21) with
oxytocin 50 units in 30 mL saline (n = 20) and 30 mL saline (n = I3).>®> Manual removal
of the placenta was less frequent with misoprostol than with the other two groups.
Although the evidence is very limited, the likelihood of harm from an intraumbilical
injection is very low, and the benefit from a conservative method of treatment of
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retained placenta in settings with limited facilities is high. These data suggest that in
settings in which no injectible uterotonics are available, misoprostol 800 pg in
30 mL saline injected into the umbilical vein can be used for the treatment of retained
placenta. Use of misoprostol for this indication needs further evaluation from both
a safety and effectiveness point of view.

PUBLISHED GUIDELINES FOR THE USE OF MISOPROSTOL TO
PREVENT OR TREAT POSTPARTUM HAEMORRHAGE

Several guidelines on the use of misoprostol for preventing or treating PPH have been
published.>¢*’

World Health Organization recommendations

The WHO held a technical consultation on the prevention of PPH in Geneva between
I8 and 20 October 2006, to discuss the various issues related to prevention of PPH
and develop guidelines. This is available online at: http://whglibdoc.who.int/hq/2007/
WHO_MPS_07.06_eng.pdf.

The recommendations relating to the use of misoprostol were:

¢ In the context of active management of the third stage of labour, skilled attendants
should offer oxytocin for the prevention of PPH in preference to oral misoprostol
(600 pg). (Strong recommendation, high-quality evidence.)

e In the context of the active management of third stage of labour, skilled attendants
should not offer sublingual(strong recommendation, very-low-quality evidence) or
rectal misoprostol (strong recommendation, low-quality evidence) for the preven-
tion of PPH in preference to oxytocin

¢ In the absence of active management of third stage of labour, a uterotonic drug
(oxytocin or misoprostol) should be offered by a health worker trained in its use
for the prevention of PPH (strong recommendation, moderate quality). For miso-
prostol, this recommendation places a high value on the potential benefits of avoid-
ing PPH and ease of administration of an oral drug in settings in which other care is
not available, but notes there is only one study. The only trial relevant to this rec-
ommendation used 600 pg of misoprostol. The efficacy of lower doses has not been
evaluated. There is still uncertainity about the lowest effective dose and optimal
route of administration.

e Key discussion points: misoprostol has unpleasant side effects, which are dose related.
A dose of 400 ug has been shown to be effective in preventing PPH but has not been
compared directly with 600 ng. Most trials have used 600 ng because the largest trial
by WHO has used that dosage. it may be prudent to use the lowest effective dose to
avoid undesirable side effects but this has to be determined based on further trials.

Practice points
Preventing PPH

e Routine active management of the third stage of labour is recommended.
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e Oxytocin 10 units is more effective than misoprostol for routine use in the
third stage of labour, and has fewer side effects.

e Data on the effectiveness of misoprostol versus placebo are conflicting.

e The use of misoprostol has been recommended by WHO in situations in which
active management of third stage of labour is not practised.

e Most trials have empirically chosen 600 pg orally for preventing PPH. Limited
data, and direct and adjusted indirect comparisons, suggest that 400 pg has
similar efficacy with fewer side effects.

Treating postpartum haemorrhage

e Ergometrine is somewhat more effective than oxytocin but with more risks
and side-effects. This profile supports its use in the treatment of PPH rather
than for routine prophylaxis.

e Limited evidence suggests that misoprostol can reduce blood loss when used in
addition to the conventional treatment of PPH.

e There is to date no evidence that the use of misoprostol for the prevention or
treatment of PPH reduces mortality. In randomized trials conducted to date,
there is a trend to increased mortality.

Research agenda

Because of the global imperative to reduce maternal mortality, further research
on the role of misoprostol is urgently needed. Key questions are:

¢ Is misoprostol more effective than placebo for preventing or treating PPH?

e What is the lowest effective dose?

e What is the magnitude of risks with various doses!?

o If effective, does reduced blood loss translate to reduced mortality?

e What are the operational implications of using misoprostol for routine third-
stage management, particularly with respect to ill-advised or erroneous use
prior to birth?
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South Africa. This is important for all womer, but perhaps
more so for women of low socio-economic status who may
have little else by way of affirmation should their tamily lite
break down.
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SIDE-EFFECTS OF ORAL
MISOPROSTOL IN THE THIRD
STAGE OF LABOUR — A
RANDOMISED PLACEBO-
CONTROLLED TRIAL

G Justus Hofmeyr, V Cheryl Nikodem, Marinda de Jager,
Andrew Drakely

Background. Misoprostol, an inexpensive, stable, orally active
prostaglandin analogue, has been suggested for use in the
prevention of postpartum haemorrhage. Potential side-effects,
however, need to be quantified.

Objective. To compare the rate of postpartum shivering and
pyrexia following oral misoprostol 600 pg and placebo.
Design. A double-blind placebo-controlled trial. Women in
labour were randomly allocated to receive either misoprostol
600 ng orally or placebo after delivery. Conventional
oxytocics were given immediately if blood loss was thought
to be more than usual. Side-effects were recorded.
Postpartum blood loss in the first hour was measured by
collection in a special flat plastic bedpan.

Setting. The labour ward of an academic hospital in
Johannesburg, with 7 000 deliveries per annum.

Main outcome measures. Shivering and pyrexia.

Results. The groups were well matched. Misoprostol use was
associated with more shivering (44% versus 11%, relative risk
(RR) 4.03, 95% confidence interval (CI) 2.85 - 5.70), pyrexia

2 37.8°C (38% v. 6%, RR 6.23, C1 3.89 - 9.97), 1-hour systolic
blood pressure > 140 mmHg (33% v. 25%, RR 1.32, C1 1.03 -
1.70), and diastolic blood pressure 2 90 mmHg (10.5% v. 3.0%,
RR 3.44, (1 1.67 - 7.11). There were no other significant
differences. The study was not designed to be large enough
to assess a difference in blood loss = 1 000 ml (9% v. 9.7%,

RR 0.93, C10.56 - 1.53). Possibie effects on blood loss may
have been obscured by the lesser use of additional oxytocics

in the misoprostol group (14% v. 18%, RR 0.78, C1 0.54 - 1.13).

Department of Obstetrics and Gynaecology. Coronation Hospital and Effective Care
Research Unit, Untversity of the Witwatersrand. [ohanresburg
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!
Conclusions. This study has shown the association of

postpartum oral misoprostol 600 pg with shivering, pyrexia
and hypertension. The increased blood pressure, as for the
trend towards increased abdominal pain, may be secondary
to the uterotonic effect of misoprostol. Large randomised
trials are needed to assess the effectiveness of misoprostol ‘n
i the prevention of postpartum haemorrhage, against which
the disadvantages demonstrated here can be weighed.

S Afr Med | 2001; 91: 432435

The use of misoprostol, an inexpensive, stable, orally active
prostaglandin analogue, for the prevention of postpartum
haemorrhage, was first reported in 1996." If effective, this
therapy would have profound implications for the health of
childbearing women worldwide. A limiting factor may be side-
effects of misoprostol.® In a preliminary randomised trial, we
observed shivering in 19% of puerperal women who received
oral misoprostol 400 ug, compared with 5% of those who
received placebo treatment.’ As shivering was not a primary

outcome of the latter study, underreporting may have occurred.

We have therefore conducted a prospective, randomised,
placebo-controlled trial specifically to assess the side-effects of
misoprostol use after delivery.

PATIENTS AND METHODS

The study protocol was approved by the Committee for
Research on Human Subjects of the University of the
Witwatersrand. Women in labour at Coronation Hospital,
Johannesburg, were asked to participate in the study, and to
sign informed consent. Baseline data were recorded.
Immediately after delivery the women were asked to swallow
three tablets directly from the next in a series of numbered,
opaque test tubes, with a sip a water. The tablets were either
misoprostol 200 pg or placebo tablets similar in size and colour
but not shape. Efforts to obtain identical placebo tablets were
unsuccessful. This method of blinding proved to be effective.
The containers were ordered according to a computer-
generated random sequence, in balanced blocks of 18. The
placenta was removed by cord traction once the uterus was
palpated to have contracted firmlv.

Within a minute after delivery, linen soiled with amniotic
fluid was removed, a fresh, disposable absorbent linen saver
sheet with plastic backing was placed under the woman, and a
low-profile wedge-shaped plastic ‘fracture’ bedpan was slid
under her buttocks. When active bleeding had stopped, any
blood clots were expressed from the uterus, the bedpan was
removed and a sanitary towel was applied. The biood in the
bedpan was measured in a measuring jug. One hour after
delivery, any bloodstained linen savers and sanitary towels

were placed in a plastic bag and weighed in grams. The known
dry weight of the linen savers and sanitary towels was
subtracted to give the approximate volume of bjood in
millilitres. This was added to the measured blood volume from
the bedpan to give the total measured blood loss in the first
hour after delivery.

Because conventional oxytocics were not given routinely, the
protocol required that close observation be maintained, and
conventional therapv be given immediately if the bleeding was
considered to be more than usual. The caregiver could choose
to use intramuscular Syntometrine 1 ampoule or oxvtocin
10 IU, or in more severe cases an intravenous infusion of
oxytocin 20 TU in 1 000 ml saline.

All data were entered onto a database (Epilnfo 6) for
analysis. The randomisation code was broken onlv after entrv
and checking of data. Comparisons were by the chi-square test
with Yates’ correction or Fisher’s exact probability test if any
cell was < 3, and relative risks with Taylor Series 95%
confidence intervals.

RESULTS

There were no withdrawals after randomisation and all
outcomes were analysed in the allocated group.

The randomisation process was successful in producing well-
matched groups (Table I). The outcome variables are shown in
Table 1. Shivering, pyrexia 2 37.8°C and hypertension were
significantly more common in the misoprostol group. There
was somewhat less frequent use of conventional oxytocics in
the misoprostol group.

Table 1. Comparison of baseline variables between women
randomly allocated to receive misoprostol 600 pg or placebo for

third stage of labour management

Misoprostol Placebo
Number 300 300
Age (years) 266 (5.6) 274 (5.8)
Primiparous 94 (317%) 85 (28%)
Parity 4+ 10(3.3%) 7(2.3%
Episiotomy / tear 146 (49%) 141 (47%)
Birth weight (grams) 3047 (528) 3076 (528)

Results are expressed as mean values {standard deviation) or numbers (%), There
were no statisticaily significant differences.

DISCUSSION

The use of placebo treatment was considered acceptable by the
University Ethics Committee, specifically within the context of
a research environment in which blood loss was closely and
accurately monitored, and conventional oxytocics were
administered as soon as blood loss was thought to be more
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Table 11. Comparison of outcome variables between women randomly allocated 1o receive misoprostol 600 pg or placebo for third stage of
labour management
Misoprostot Placebo
No. of No. of women No. of No. of women
women with negative women  with negative
observed vutcomes () observed  outcomes (%) RR 93%. Cl P-value
Primary outcomes
Shivering 300 133 (44} 300 331D 403 G.0000
Temperature 2 37.8°C 299 114 (3%) 204 i8 (6.1) 6.23 0.0000
Temperature 2 40°C 299 11033 294 010) — — 1.00
Secondary outcomes
Nausea 300 3 1{0.3) 3.00 0.39-423 022
Vomiting 300 300 2(0.7) 200 0.37-10.8 0.68
Diarrhoea 300 300 110.3) 1.00 0.06 - 139 1.00
Abdominal pain 300 300 31 (10.3) 1.52 0.99-232 0.07
Blood pressure at 1 hour 300 300 207 1.00 0.14-7.03 1.00
Systolic 2 140 mmHg 299 100 (33) 296 75 (25 1.32 1.03-1.70 0.04
Diastolic 2 90 mmHg 296 31 (10.5) 29 933.0) 34 167 -711 0.0006
Blood loss = 1 {00 mi 300 279 209 29(9.7) 093 0.56 - 1.53 0.88
Additional oxvtocic needed 300 42 {14) 300 54 (18) 0.78 0.54 - 1.13 02
Third stage = 30 min 299 62 300 3(1) 1.99 0.50 - 7.87 0.50
Manual removal of placenta 300 200 300 207 1.00 0.14-7.03 1.00
Blood transfusion 2040 1{0.3) 300 2407 0.50 0.05-5.30 1.00

Resuits are expressed as numbers (745,
RR = relative risk; CI = confidence interval

brisk than usual. Placebo use has also been considered
acceptable in a recent Swedish trnal

Two previous reports - have suggested that postpartum
misoprostol causes shivering in as manyv as 60" of women, but
these studies lacked the control groups necessary to quantify
this effect. After completing the current studv, we parncipated
in a World Health Organisation multicentre piiot trial
comparing misoprostol 600 ug and 400 ug and Svntocinon 10
units intramusculariv: Although different cut-off points were
chosen, both trials documented a clear thermogenic erfect of
puerperal misoprostol. In oniy one case in the current trial did
the temperature exceed 40°C. and in no case was the
temperature problematic. However. it is most important that
clinicians be aware of this side-efrect to avoid unnecessary
investigation or treatment of ‘unevplained” postpartum
pyrenia.

This is the first randomised tial t¢ show an increase in
postpartum hvpertension with misaprostol. As misoprostol in
nON-pregnant hvpertensive patients 1s assocated with sligit
lowering o1 biood pressure, the most itkely explanation for this
tinding is that blood pressure was increased as a result of
increased uterine contractilinn Phy siologicai studies have
demonstrated a clear uterotonic effect of misoprestol in the
puerperium.’ Similarly. the near-signiticant incredse in
abdominal pain is likely to retlect increased uterine contraction.

One possible method of reducing side-effects of musoprostod

Alay 2001 Vol 91 No. 3 SAM]

in the third stage of labour is use of the rectal route.™

No conciusions should be drawn from the lack of a
signiticant reduction in postpartum haemorrhage in this study,
firstly because the numbers studied were not adequate to
detect a modest reduction, and secondly because the ready use
of conventional oxytocics. which were required more
frequently in the control group, is likely to have obscured anv
benefit from misoprostol. The potential benefit of misoprostol
mav be greater in an environment in which conventional
oxvtocics are not available.

CONCLUSIONS

This study has quantitied certain side-effects of postpartum
miroprostol, It is essential for cinaans who use misoprostol in
the postparium period  be aware of these side-effects. Verv
large randonused trials. such as the trial currently being
undertaken by the World Heaith Organisation, are needed to
determine the effectiveness of oral misoprostol in the
prevention ot postpartum haemorrhage. against which the
disedvantazes ot the side-effects documented in this study can

be wetghed.

We acknuwivdye support trom the South African Medical
Research Council and the University o the Witwatersrand, and the

escellent assistance of the nursing saarf at Coronation Hospital.



| ORIGINAL ARTICLES ¢

References

El-Rezaer H. O'Brien F Morata W Walder | Koedeos 0 Misopr
Leb. 347: 1257,

p v H WBnen T Maorara

st ros ehind stage OF Jabour

fora: musoprosto in the
04: 335 =

Farentesai OxVtocizs in the achive managertent of

(T ON the POStpartum Clers LATS & Kevai Aust

lieges ot Obsterricians and Gymaecciogists 1997 Compnzd S
ar,

Brispane 28 April - 2\

nevr GI. Ranaomus
C stage labor Aus

oove AA. Hofmevr I Merrell DA R
nemorThage: a piaceno-contreiied trial. am

Aucemied © Ay sy 2000

Kangaroo Mother Care

Restoring the Originail Paradigm for
Infant Care and Breastfeeding

Kangaroo Mother Care is a
method of care for all
newborn babies. but espe-
cially prematures. Thisis the
eagerly awaited original video
of Dr Nils Bergman's highly
popular talks on the subject.
The video provides the latest
up-to-date research and
evidence to prove that the
newbom thrives best in its
original “rightful” place -on its
mother's chest. Kangaroo
Mother Care has the
following vital components:

KANGAROO
MOTHER CARE

Skin to skin contact
The naked baby is placed
against the mother's skin,
where the temperature is perfectly controlled all the time. A
mother's temperature will naturally ise 2° C to warm a cold

baby. The baby’s breathing is rarkedly improved.

Dr Nils Bergman_ € 2000

Breastfeeding

The baby is given the full benefits of the perfect food.
Mother’s milk contains the exact proteins required, and for
premature babies, the protein content increases automatically
for better growth. The composition is such that the baby
rarely suffers colic and constipation. Mother's milk contains
antibodies against infection.

Never separate mother and child

The stress of separation causes hormones to be released
which interfere with digestion and alfl other normai functions of
the baby’s body: the baby is in survival mode rather than
growing normally. Kangaroo Mother Care enables the baby
to relax, and improves the heart rate and temperature. High
Jevels of stress hormones can have permanent adverse
effects on the baby’s brain, resulting in behaviour disorders
and lower IQ later in life.

Mother’s love

Kangaroo Mother Care leads to better bonding between
mother and baby, and empowers the mother. who knows
instinctively that she is giving her baby superb nursing care
for a secure and healthy future.

The video provides full details on why Kangaroo Mother
Care works, and why it is so impontant for all newbomn
pbabies. itis intended for doctors and health workers dealing
with heaithy and “at risk” mothers-to-be , and for prospective
mothers and fathers. Kangaroo Mother Care is now official
govemment policy in the Westem Cape. and is soon to be
adopted by other provinces.

Order your copy of this life-changing video for R150
including VAT and postage.

Orders: The South African Medical Association
Private Bag X1, Pinelands 7430.
Tel (021) 531-3081, fax (021) 531-4126
E-mail: jstrydom@samedical.org
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Randomized comparison of rectal misoprostol
with Syntometrine for management of third

stage of labor
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Background. The search for an effective, easily stored, affordable uterotonic agent in prevent-
ing postpartum hemorrhage is of importance, especially in the developing world. The objec-
tive of this study was to randomly compare the effectivencss of rectal misoprostol with Synto-
metrine in the management of the third stage of labor.

Methods. Four hundred and ninety-one low risk women in labor were randomly allocated to
receive either misoprostol 400 microgram rectally or Syntometrine 1 ampuole intramuscularly,
and postpartum blood loss was estimated as the principal end point. Comparisons were by
the chi-square test or Fisher’s test and relative risks with 95% confidence intervals for categori-
cal data, and the Mann-Whitney test for ranked continuous variables.

Results. The baseline characteristics in terms of hemoglobin estimation in antenatal clinic,
mean age, parity. and duration of labor in the 250 patients who received Syntometrine and
241 patients who received misoprostol were similar. However, there was a significant difference
in the pre-delivery blood pressure of the two groups because of the non-protocol exclusion
of women with elevated blood pressure aliocated to receive Syntometrine. Duration of third
stage of labor, biood loss postpartum and hemoglobin estimation post partum were all simi-
lar. Postpartum diastolic hypertension was more common in the Syntometrine group (p=
0.002). No other apparent side effect was noted in either group.

Conclusion. Misoprostol rectally for management of the third stage of labor merits further
investigation.

Key words: misoprostol: postpartum hemorrhage; randomized comparison; syntometrine
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Postpartum hemorrhage is an important cause of
maternal mortality and morbidity worldwide, and
particularly in developing countries (1-3).

It has been demonstrated that the routine use of
oxytocics such as Syntometrine or syntocinon is
associated with a significant reduction in the oc-
currence of postpartum hemorrhage (4, 5). Sulpro-
stone, a prostaglandin E analogue, has been shown
to be effective in preventing the recurrence of

Abbreviations:
PPH: postpartum hemorrhage; BP: blood pressure; Hb: hemo-
globin.
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atonic postpartum hemorrhage (6). Prostaglandin
F2 alpha has been used for the management of
postpartum hemorrhage (7). Oral ergometrine has
been found to be insufficiently effective for routine
use (8).

Misoprostol (Cytotec, Searle), a methyl ester of
prostaglandin E1 additionally methylated at C-16,
marketed for use in the prevention and/or treat-
ment of peptic ulcer disease caused by prosta-
glandin synthetase inhibitors, has been shown in
several studies to be an effective myometrial stimu-
lant of the pregnant uterus (9, 10) selectively bind-
ing to EP-2/EP-3 prostanoid receptors (11). Tts use
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in the third stage of labor has been suggested in a
recently published letter and report (12, 13).

Misoprostol is inexpensive, easily stored at room
temperature, rapidly absorbed orally and has few
side effects. Syntometrine (syntocinon 5 units with
ergometrine 0.5 mg), on the other hand. needs par-
enteral administration, and refrigeration to ensure
its efficacy, which is not always feasible in the de-
veloping world (14). 1t is not without side-effects,
notably hypertension.

The vaginal route has been used for misoprostol
administration for termination of pregnancy. to
achieve a prolonged action. The rectal route has
also been found to be chnically effective for the
induction of labor (DA Merrell, personal com-
munication). As the vaginal route is not feasible
after delivery, the rectal route was chosen for this
study. Practical advantages of the rectal route are
ease of administration in patients who are vomit-
ing, unable to take orally or under anesthesia.

The objective of this study is to randomly com-
pare the effectiveness of misoprostol 400
micrograms administered rectally, with Syntoine-
trine | ampoule intramuscularly in the routine
management of the third stage of labor.

Patients and methods

The study protocol was approved by the Commit-
tee for Research on Human Subjects of the Univer-
sity of the Witwatersrand in November 1995 (Cer-
tificate R14/49). Low risk women in labor at
Natalspruit Hospital, Johannesburg, were asked to
participate in the study. Baseline data such as age.
parity, antenatal hemoglobin level and blood press-
ure during labor, were recorded. Allocation was by
means of sealed opaque envelopes. in computer-
generated random sequence. During the second
stage of labor, the next in the series of envelopes
was opened to allocate the patient to receive either

179

misoprostol 400 micrograms rectally or Syntome-
trine | ampoule intramuscularly, after delivery.
Blood loss within an hour of delivery was esti-
mated, perineal trauma noted (episiotomy or tear),
and third stage of labor duration was recorded.

Blood pressure was checked an hour after deliv-
ery. and patients were thereafter transferred to the
postnatal ward for a further 24 hours’ observation.
Possible side effects were noted during this period.
At about 24 hours after delivery, a blood specimen
was taken for hemoglobin estimation.

The trial procedures were carried out by mid-
wifery staff in a busy labor ward. About halfway
through enrolment it was discovered that a small
number of women had been excluded from the
Syntometrine group because of hypertension de-
tected after enrolment (thus contraindicating the
use of Syntometrine). The Syntometrine envel-
opes had been reallocated to subsequent partici-
pants, and it was not possible to trace the women
originally allocated. Baseline hypertension was
therefore less frequent in the Syntometrine group
(Table I). If anything, these violations of the ran-
domization protocol would have biased the
results in favor of the Syntometrine group, by
the exclusion of higher risk women from this
group. In other respects the groups were well
matched. No other sources of potential bias were
identified.

All data were entered onto 4 database (Epiinfo
6) for analysis. Comparisons were by the chi-
square test or Fisher’s exact probability test and
relative risks with 95% confidence intervals for
categorical data, and the Mann-Whitney test for
ranked continuous variables.

Results

The outcome variables are shown in Table I1. Re-
cording of trial data was incomplete in several

Table 1. Comparison of baseline variables between women randomly allocated to receive misoprostol versus syntometrine for third stage management, expressed
as mean values (standard deviation) or numbers (%). Missing data indicated by N values, the number of patients included in each analysis

Misoprostol Syntometrine
N N p

Total 241 250
Age (vears) 238 25 (5.8) 248 25 (6.4) 0.9
Primiparous (No.) 234 84 {36%) 240 92 (38%) 0.6
Parity 4+ (No.) 234 44 (19%) 240 44 (18%) 09
Antenatal hi (g%) 200 120 (1.3) 189 12.0 (1.4) 05
BP during labor

systolic {mmHg) 179 129 (12) 188 126 (11) 0.01

diastolic (mmHg} 179 76.4 (9.3) 188 75.6 (9) 0.6
Labor {hours}) 230 7 (3.0) 242 8.0 (3.4) 0.5
2nd stage (minutes) 220 15.7 (12.6) 229 14.8 (11.4) 06
Episiotomy/tear (No.) 240 175 (73%} 247 174 {70%) 0.6

O Acta Obstet Gynecol Scand 77 (1998
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Tabie 11. Comparison of outcome variables hetween women randomly allocated to receive misoprostof versus syntometrine for third stage management, expressed
as mean values {standard deviation) or numbers (%). Missing data indicated by N values. the number of patients included in each analysis

Misoprostol Syntometrine Relative risk 95% Cl
N N o

Enrolied 241 250
3rd stage (min) 232 7.7 (6.7) 244 79 (6.8) 0.7
Estimated biood loss (ml) 231 187 (92) 233 183 (68) 0.7
Blood loss >»500m! (No.) 231 2 (0.9%) 233 1 (0.4%) 2.02 {0.18-22) 0.6
Postpartum hb (g%) 161 11.7 {1.6) 163 "7 (1.8) 09
Postpartum hb<10g% (No.) 161 22 {14%) 163 27 (17%) 0.82 (0.49-1.39) 0.6
BP postpartum:

systolic (mmHg) 236 123 (14) 246 127 (16) 0.003

systolic =»140 mmHg (No.) 236 35 {15%) 246 46 {19%) 0.7¢ (6.53-1.2) 0.3

diastolic (mmHg) 235 70.0 (12) 246 738 (13) 0.002

diastolic >»90 mmHg (No.) 235 1 (4.6%) 246 31 {13%) 0.37 (0.19-0.72) 0.004
Differance betwesn postpartum and antepartum results:

hb 83 -023 (1.6) 83 -0.28 (1.9) 0.9

systolic BP (mmHg) 93 -87 (16.7) 115 2.8 ) 0.00004

diastolic 8P {mmHg) 93 -9.7 (13.6 115 ~0.87 0.00007

cases, as indicated by the ‘N’ values for each case.

In order to evaluate the possible bias introduced
by the exclusion of hypertensive women from the
Sytometrine group, the data were reanalysed after
excluding all women with systolic blood pressure
=140 mmHg, or diastolic 290 mmHg during lab-
or {45 in the misoprostol and 39 in the Syntometri-
ne group). The results were essentially the same as
for the whole data set.

The duration of the third stage of labor was
similar between groups. No difference was found
in the mean estimated blood loss between the
groups. This finding was corroborated by the more
objective finding of no difference in hemoglobin
levels on the first day after delivery. The sample
size was insufficient to compare the incidence of
postpartum hemorrhage (estimated blood loss
>500 mi). Blood transfusion was not required in
any case. Additional oxytocic management was
given because the uterine contraction was con-
sidered inadequate in four cases in the misoprostol
group and one in the Syntometrine group. In only
one of the former cases was blood loss estimated
to be above 500ml. Manual removal of the pla-
centa was required in only one case, in the Synto-
metrine group.

Diastolic hypertension after delivery was more
common in the Syntometrine group.

There were no positive responses to a general
enquiry about side-effects. Specific potential side-
effects such as shivering were not asked about di-
rectly.

The cost ratio of misoprostol 400 pg to Synto-
metrine, syringe. needle and alcohol swab was 1

© Acta Obstet Gynecol Scand 77 (1998

to 3.4 (cost of refrigeration of Syntometrine not
included).

Discussion

Visual estimation of blood loss has been shown to
underestimate true blood loss (15). However, as a
method of comparing the results of different
methods of managing third stage of labor, it has
been found to be an acceptable method in several
previous randomized trials (6).

The results of this exploratory trial must be
interpreted in the light of the methodological
shortcomings described above. Such bias as might
have been introduced by exclusions after enrol-
ment is likely to have favored the Syntometrine
group. It is therefore reassuring that no evidence
of greater blood loss in the misoprostol group was
found, and there is clearly justification for further
randomized trials of sufficient size to compare the
incidence of postpartum hemorrhage between
women managed with misoprostol and with con-
ventional oxytocics. Further research is required to
determine the optimal dose and route of misopros-
tol administration.

The comparison of the use of additional oxytoc-
ic management (in four women in the misoprostol
and one in the Syntometrine group) is subject to
bias, as the clinical threshold for additional par-
enteral oxytocic management would be expected to
be lower in a group who had not received the con-
ventional parenteral management.

A striking finding was the greater incidence of
diastolic hypertension after delivery in the Synto-
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metrine group. This is unlikely to be due to the
antihypertensive effect of misoprostol, as this ef-
fect is modest (16). It is more bkely to be due to
the known hypertensive effect of Syntometrine ad-
ministration after delivery (6).
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Rectal misoprostol in the prevention of postpartum hemorrhage:

A placebo-controlled trial

Anthony A. Bamigboye, MD,2< G. Justus Hofmeyr, MD,2< and Derek A. Merrell, MD?

Johannesburg, South Africa

OBJECTIVE: This study investigated the effectiveness of rectal misoprostol in preventing postpartum hemor-
rhage.

STUDY DESIGN: In a randomized, placebo-controlled study, 550 women were randomly allocated to rectally
receive 400 ug misoprostol or nonidentical placebo after normal vaginal delivery. Any excessive bleeding was
actively managed with conventional oxytocic agents. Blood loss was measured directly.

RESULTS: The baseline variables were similar. Blood loss of 21000 mL occurred in 4.8% (13/270) of the
misoprostol group and 7% (198/272) of the placebo group. Additional oxytocic therapy was required by 3.3%
and 4.7%, respectively. No predominance of side effects, particularly shivering, was noted in the misoprostol
group.

CONCLUSIONS: Postpartum use of 400 pig rectal misoprostol was well tolerated and associated with a sta-
tistically nonsignificant trend toward less postpartum hemorrhage. The early active management of excessive
bleeding with conventional oxytocic agents may have reduced the potential of the study to detect differences

between the groups (Am J Obstet Gynecol 1998;179:1043-6.}

Key words: Misoprostol, placebo. postpartum hemorrhage. randomized trial

Excessive maternal blood loss after childbirth is a major
cause of morbidity and mortality, not only in developing
countries! but also in developed countries.? A commu-
nity-based investigation of causes of maternal mortality in
rural Zimbabwe described the leading cause of death as
postpartum hemorrhage at 40 per 100.000 births.3 In
rural communities the lack of access to skilled birth atten-
dants who are able to administer parenteral oxytocic
agents, the high incidence of anemia in pregnancy, the
lack of availability of safe blood transfusion services, and
the lack of refrigeration to store oxytocic agents worsens
the outcome of postparturm hemorrhage. Most of the
world's population lives in rural communities.

Active management of the third stage of labor, which
includes use of oxytocic therapy, early cord clamping,
and placental delivery by cord traction. has been demon-
strated to be an effective prophylactic measure against
postpartum hemorrhage.? Side effects of conventional
oxytocic agents range from nausea, vomiting, and hyper-
tension to postpartum eclampsia. intracerebral hemor-
rhage, myocardial infarction, cardiac arrest, pulmonary
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edema, and inadvertent administration of the parenteral
oxytocic agent to the neonate, causing neonatal convul-
sion.45

Other measures aimed at reducing postpartum hemor-
rhage have been subjected to evaluation but not shown to
be effective. These include early sucking and nipple stim-
ulation® and oral ergometrine.” Sulproston (Schering
AG. Germany), a prostaglandin E; analog, has been
shown to be effective in preventing the recurrence of
atonic postpartum hemorrhage.8 Prostaglandin Fy,, has
been used to treat postpartum hemorrhage.9

In a prospective observational study. oral misoprostol
has been suggested as effective in the prevention of post-
partum hemorrhage!?; its uterotonic effect on the post-
partum uterus has also been documented.!! However, no
placebo-controlled clinical trial of misoprostol for third-
stage management has to our knowledge been pub-
lished. The objective of this study was therefore to inves-
tigate the use of rectal misoprostol compared with
placebo in preventing postpartum hemorrhage.

Patients and methods

The study was approved by the Committee for
Research on Human subjects of the University of
Witwatersrand. The use of placebo treatment was ap-
proved specifically within the context of a research envi-
ronment in which blood loss was closely and accurately
monitored, and conventional oxytocic agents were ad-
ministered as soon as blood loss was thought to be more
brisk than usual. Placebo use was also considered accept-
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Table I. Comparison of baseline variables between
women randomly allocated to rectally receive 400 ug
misoprostol or placebo in prevention of postpartum

hemorrhage
Misoprostol (N = 271)  Placebo (N = 275)
n Value* n Value™
Age () 269 263:58 271 21.3:60
Parity 251 24+13 259 26=+14

Episiotomy (No.) 263 158 (60%) 266 159 (60%)

*Expressed as mean values = SD or numbers with percentage
in parentheses. Missing data are indicated by shortfall in n val-
ues {the number of women included in each analysis).

able in a recent Swedish trial of oxytocin versus placebo
for third-stage management.'?

Women at low risk in labor at Natalspruit Hospital,
Johannesburg, South Africa, were asked to participate in
the trial and gave informed consent. Baseline data were
recorded for the 550 women enrolled. Allocation was by
means of scaled, opaque containers containing 400 pg
misoprostol or placebo tablets in a computer-generated
random sequence. The point of randomization, by open-
ing the next in the series of containers, was immediately
after delivery of the baby. A limitation of the study was
that identical placebo tablets were not available from the
manufacturers. The placebo tablets were similar in size
and color but were not identical in shape to the miso-
prostol tablets. Blinding of the midwife administering
the tablets was therefore not possible.

The allocated tablets were inserted rectally within |
minute of the birth of the baby, immediately after clamp-
ing of the cord. Linen soiled with blood and liquor was
changed and a new absorbent. plastic-backed linen saver
and a low-profile plastic “fracture” bedpan were placed
beneath the patient’s buttocks to facilitate subsequent
blood collection. The placenta was either delivered by
cord traction or spontaneously expetled. Blood collec-
tion in the plastic bedpan continued until 1 hour after
delivery of the baby. Perineal trauma (episiotomy, first- or
second-degree tear) was noted and sutured if present,
taking care to save the swabs used during this procedure
for later weighing. The women were carefully cbserved
for features of excessive blood loss: if signs were present,
active intervention commenced with intramuscular ad-
ministration of 1 ampule syntometrine (ergometrine 0.5
mg/oxytocin 5 IU), and if bleeding persisted, 20 U oxy-
tocin (Syntocinon) was infused in 1 L lactated Ringer's
solution. Further therapeutic measures were taken as
necessary. 1he duration of the third stage of labor was
recorded.

One hour after delivery all blood on the linen saver
was scooped into the bedpan with the blood already col-
lected in the bedpan, and the total blood was carefully
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measured. All linen savers and vaginal pads used were
weighed. The known dry weights of the materials used
were subsequently subtracted from the measured weight
to estirmate the amount of blood soiling.

Any apparent side effects were noted. Toward the end
of the trial a report of shivering in +60% of women who
received oral misoprostol was published.!? so shivering
was directly asked about or observed for in the final 70
women in the series.

The sample size of 550 was calculated to give an 80%
chance of detecting a reduction in blood loss >1000 mL
from 12.5% to 3%, determined from data from 2 previ-
ous randomized trials showing estimated postpartum he-
morrhage of 13.5% with physiologic management of the
third stage compared with 4.1% with active manage-
ment.!3.14 All data were entered onto a database (Epilnfo
6: Centers for Disease Control and Prevention. Atlanta,
Ga) before breaking of the randomization code for
analysis. Comparisons were by the ¥ test or Fisher exact
test with relative risks and 95% confidence intervals for
categoric data and by the Mann-Whitney test for ranked
continuous variables.

Results

Records of 4 of the 5350 allocations (all from the
placebo group) could not be traced. Data for the re-
maining 546 women were analyzed. The baseline and
labor variables are shown in Table 1. Age and parity were
well matched, as was the occurrence of perineal trauma.

The methods of delivery of the placentas were similar
(Table II). Manual removal of the placenta was required
in 1 case in the misoprostol group. The mean durations
of the third stage of labor were similar, 6.6 minutes (SD
14.8) in the misoprostol group and 6.4 minutes (SD 8.4)
in the placebo group.

In the misoprostol group 13 women (4.8%) had blood
loss of 21000 mL. compared with 19 women (7%) in the
placebo group. Oxytocin infusion was required by 5
women (1.8%) in the misoprostol group. versus 13
(4.4%) in the placebo group. One woman in each group
vomited (both had postpartum hemorrhage). There
were no episodes of diarrhea among the women. Among
the last 70 women, for whom shivering was specifically
sought as a possible side effect. 1 woman in the misopros-
tol group and 4 women in the placebo group had shiver-
ing.

Comment

Misoprostol. a prostaglandin E; analog marketed for
use in the prevention and treatment of peptic ulcer dis-
ease caused by nonsteroidal anti-inflammatory agents,
has been shown to be safe in human beings.15 It acts as a
myometrial stimulant of the pregnant uterus!® by selec-
tively binding to prostaglandin E,-sensitive receptor sub-
types EP-2 and EP-3!7 and has been clinically proved to be
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Table I1. Comparison of outcome variables between women randomly allocated to rectally receive 400 g misoprostol

or placebo for prevention of postpartum hemorrhage

Misoprostol (N = 271)

Placebn (N = 275)

Relative 95% Confidence
n No. % n No. % risk interval P
Primary outcomes
Blood loss 21000 mL 270 13 48 272 19 7 0.69 0.35-1.37 .37
Need for additional 271 9 3.3 275 13 4.7 0.70 0.31-1.62 .54
oxytocic agent
Need for oxytocin infusion 271 5 1.8 275 12 44 0.42 0.15-1.18 15
Secondary outcontes
Placenta delivered 271 76 28 275 71 26 1.09 0.82-1.43 .62
spontaneously
Third stage >30 min* 268 1 0.37 272 2 0.73
Side effects”
Shivering 34 1 2.9 36 4 11
Abdominal pain 271 1 0.37 275 0 0
Vomiting 271 1 0.37 275 1 0.36

Missing data are indicated by shortfall in n values (the number of patients included in each analysis).

*Numbers too small for meaningful statistical analysis.

a uterotonic agent when administered orally or vaginally
for induction of labor.18 19 Side effects of oral misopros-
tol are essentially gastrointestinal and are dose depen-
dent.20

Clinicaily insignificant hypotensive effects of a high
oral dose of misoprostol have been documented,?! a
property that may provide an advantage with respect to
the ergot-containing oxytocic agents, which are hyper-
tensive. Misoprostol is affordable, is easily stored at room
temperature, and possesses a shelf life of several years.
The rectal route used in this trial, if confirmed as effec-
tive, would have several advantages. Gastrointestinal side
effects might be reduced, and administration to patients
who are vomiting, unable to take orally, or under anes-
thesia would be possible. A previous study from our unit
compared rectal misoprostol with syntometrine for man-
agement of the third stage of labor.22 Rectal misoprostol
was shown to be well tolerated.

Visual estimation of blood loss after delivery has been
shown to underestimate true blood loss.23 When blood
loss is measured, the conventional definition of postpar-
tum hemorrhage as estimated blood loss >500 mL is
therefore inappropriate, because about 50% of women
have measured blood loss >500 mL. Significant blood
loss was therefore taken in this study to be >1000 mL
measured blood loss.

A limitation of this study was that double-blinding
could not be achieved because of our inability to obtain
identical-looking placebo tablets from the manufacturer.
This is, to our knowledge. a problem common to most
trials of misoprostol tablets in obstetrics and gynecology
published to date. Of 26 trials of misoprostol for induc-
tion of labor recently reviewed.!® none used misoprostol
placebo tablets. Blinding was achieved in only 1 of the 26
trials, by crushing the tablets into a gel for vaginal ad-

ministration.? The problem of observer bias was mini-
mized by using objective measurement of blood loss as
the primary outcome. No estimates of blood loss were in-
cluded. The weighing of bloodstained disposables was
carried out by ward assistants unaware of the allocation.
and the calculations of total blood loss from the mea-
sured and weighed blood were made after completion of
the study by persons unaware of the group allocation.
The potential for this trial to demonstrate a difference
in the rate of excessive blood loss between the misopros-
tol and the placebo group was clearly limited by the need
to administer conventional oxytocic agents as soon as
blood loss appeared to be more than usual. The potential
benefit of misoprostol may be greater in an environment
in which conventional oxytocic agents are not available.
The incidence of postpartum hemorrhage in the control
group (7%) was lower than that on which our power cal-
culations were based (12.5%). The reduction to 4.8% in
the misoprostol group did not reach statistical signifi-
cance in the numbers studied. This 31% reduction is sim-
ilar to that from a recent Swedish trial, in which the inci-
dence of measured blood loss >1000 mL was 6.2% after 10
U oxoytocin and 8.8% after placebo (29% reduction).!2
Of particular interest was the fact that shivering was
noted in only 7.1% of the last 70 women in the series,
with no obvious increase in the misoprostol group. In an
uncontrolled series of women receiving 600 pg oral miso-
prostol post partum, shivering was noted in 62%.10
Conclusion. In this study there was a trend toward re-
duced postpartum hemorrhage with 400 pg rectal miso-
prostol. but with the numbers studied this trend was con-
sistent at the 95% certainty level with anything between a
large reduction and a small increase in occurrence. Of
importance is the apparent lack of side effects compared
with reports of the oral route of administration. The rec-
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tal route may thus have advantages if rectal administra-

tion of this dose or a larger dose of misoprostol is con-

fir

med as effective in larger clinical trials.

We acknowledge the excellent help of the labor ward

staff and matrons, Natalspruit Hospital.
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Background
Postpartum haemorrhage is an
important cause of maternal mortality
and morbidity. In sub-Saharan Africa
the  maternal

established to be 655 per 100 000 live

mortality rate is

births. As many as 25% of maternal
deaths in rural areas are due to
postpartum haemorrhage. In Britain,
where most women have access to
medical care including the use of
ocytocic drugs, the risk of maternal
death from haemorrhage is about 1 in
100 000 births. The routine use of
oxytocics such as  Syntometrine
{oxytocin 51U and ergometrine 0.5mg)
or oxytocin alone is associated with a
significant reduction in the occurrence
of postpartum haemorrhage.

Misoprostol (Cytotec, Searle) is a
methyl ester of prostaglandin E1
additionally methylated at C-16 and is
marked for use in the prevention and/or

treatment of peptic ulcer disease caused

by prostaglandin synthetase inhibitors.

It has been shown in several studies to
be an effective myometrial stimulant of
the pregnant uterus. Its use in the third
stage of labour has recently been
suggested. It is inexpensive, easily
stored at room termperature, rapidly
absorbed orally and has few side-
effects. However, preliminary studies
have suggested that misoprosto! in the
puerperium causes shivering in some
women. The purpose of this study was
to detemine the magnitude of this side-

effect and whether it is dose-related.

Setting
An academic hospital in Johannesburg,
South Africa with 7000 deliveries per

annum.

Method

Women in labour were randomly
allocated to receive misoprostol 600ug
or placebo orally (part 1), or misoprostol
400ug or 600ug or placebo orally (part
2) after the birth of the baby.
Conventional oxytocics were given
immediately if blood loss was thought
to be more than usual. Postpartum
blood loss in the first hour was
measured by collection in a special flat
plastic bedpan. Side-effects up to one

hour after delivery were recorded.



Results

a. 600ug b. 400nug c. Placebo p p p
values values | value
s
Shivering avsc bvsc avshb
Part 1 133/300 (44 %) 33/300 (11%) .0000
Part 2 81/199 (41%) 65/199 (37%) | 30/199 (15%) .0000 .0001 .12
Combined | 214/499 (43%) 63/499 (13%) .0000
Pyrexia
> 38
Part 1 86/2999 (29%) 13/299 (4%) .0000
Part 2 53/200 (27%) 28/200 (14%) | 5/200 (2.5%) .0000 .003 .003
Combined | 139/499 (28%) 18/499 (3.6%) .0000

Conclusions

Misoprostol 400-600ng orally in the
puerperium causes shivering and pyrexia
which is dose-related for pyrexia and
possibly for shivering, but no serious
side effects. These studies were not
designed to have sufficient power to
assess its effectiveness in preventing
postpartum haemorrhage (no significant
reduction was found). Because of the

potential benefits for childbearing
women, particulary those in developing
countries, further research to determine
its effects with greater certainty shouid

be expedited.
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Objective To select the misoprostol dose to be used in a large multicentre randomised trial comparing
misoprostol with oxytocin in the routine management of the third stage of labour.

Design

Randomised pilot trial, double-blinded with the use of double placebos.

Setting Two of the nine hospitals that will participate in the main multicentre trial. The hospitals were
located in Johannesburg, South Africa and Khon Kaen, Thailand.

Population Women during second stage of labour about to be delivered vaginally.

Methods The trial had three arms: misoprostol 400 pug versus misoprostol 600 pg versus intra-
muscular oxytocin 10 TU. Each group received an injection and three tablets immediately after the

birth of the baby.

Main outcome measures Shivering and pyrexia rates were the main outcome measures. Data on other
side effects and characteristics of the third stage of labour were also collected. Side effects were noted

as none, mild, moderate or severe.

Results Both shivering and pyrexia (temperature > 38°C) were most common in the 600 ptg misoprostol
group (28% and 7-5% for shivering and pyrexia, respectively) compared with 400 pug misoprostol
(19% and 2%), and the oxytocin group (12-5% and 3%). The increase in shivering in the misoprostol
600 pg group was due primarily to a higher rate of moderate shivering. None of the women had a tem-
perature > 40°C. There were no increases in severe side effects and other adverse events in the miso-

prostol 600 pg group.

Conclusions When used in the management of the third stage of labour oral misoprostol is associated
with an increase in the rate of moderate shivering and pyrexia which seems to be dose-related. Based
on the results of this pilot trial, the Steering Committee has decided to use 600 pig misoprostol in the
main trial, comparing it with oxytocin, in order to achieve higher effectiveness.

INTRODUCTION

Misoprostol is a prostaglandin E, analogue administered
orally. Its effects on uterine contractility have been stud-
ied in early pregnancy' and at term when used for induc-
tion of labour’. In studies on the termination of early
pregnancy misoprostol was shown to be a potent utero-
tonic agent when administered orally or vaginally to
women pre-treated with mifepristone®*. The uterotonic
features of misoprostol given alone are also apparent
when the compound is used for induction of labour”.
Recently, El-Refaey et al.® reported the prophylactic
use of misoprostol for the management of the third stage

Correspondence: Dr J. Villar, UNDP/UNFPA/WHO/World Bank
Special Programme of Research, Development and Research
Training in Human Reproduction, World Health Organisation,
Geneva 27, 1211 Switzerland.
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of labour in a prospective uncontrolled study. Six hun-
dred micrograms of misoprostol were given orally to 237
women after vaginal delivery. Postpartum haemorrhage
occurred in 6% (estimated blood loss > 500 mL) and 5%
needed therapeutic uterotonics. The drug had few side
effects, although shivering was noted in 62% of women
and there was a mean increase of 0-5°C in body tempera-
ture after misoprostol administration when compared
with the measurements before delivery. Chong et al.’
observed a case of pyrexia of 41-9°C which continued
for three hours after administration of 800 pg misopros-
tol. Two randomised controlled trials comparing miso-
prostol with placebo have been conducted in South
Africa. In the first trial shivering was reported in 19% of
women receiving 400 ug misoprostol, compared with
5-2% of women receiving placebo®. In the second trial,
conducted in the same centre, shivering was reported in

© RCOG 1999 British Journal of Obstetrics and Gynaecology



41% of women receiving 600 ug misoprostol, 37% after
400 pg and 15% after placebo’®. Thus, it seems likely that
shivering is a misoprostol-related effect specific to its
use in the third stage of labour.

During the preparatory phase of a large, World Health
Organization multicentre, randomised controlled trial
aimed at evaluating the effectiveness of oral misoprostol
compared with 10 IU intramuscular oxytocin for the pre-
vention of postparturn haemorrhage'®, there was concern
regarding the side-effects of misoprostol, especially shiv-
ering and pyrexia at the two doses considered (400 g and
600 ug). We therefore decided to evaluate the effects of
these two doses in a pilot trial before implementing the
main trial. The primary objective of this pilot trial was to
determine the rates of shivering and pyrexia (temperature
> 38°C) within one hour after delivery with two different
single doses of oral misoprostol (600 pug and 400 pg)
compared with 10 IU of oxytocin during the active man-
agement of the third stage of labour.

METHODS

This was a hospital-based, multicentre, double-blind,
randomised controlled trial. The two participating cen-
tres were Coronation Hospital in Johannesburg, South
Africa and Srinagarind Hospital in Khon Kaen, Thai-
land. Women were not eligible for enrolment if they had
asthma or other severe chronic allergic conditions repre-
senting a contraindication to use of misoprostol, if the
delivery was considered an abortion, if caesarean sec-
tion was already planned, or if they were not willing or
able to give informed consent. Women were approached
on admission to the labour ward for consent and to
check if they were eligible for participation in the trial.

Specially designed dispensers holding 25 treatment
packs were placed in a central place close to delivery beds
in the labour wards. The treatment packs were sealed and
numbered and could only be taken from the dispenser
consecutively. Each treatment pack contained three
tablets, one ampoule, one syringe and swabs for injection.
The packs were identical in shape, colour, weight and
feel. Each woman received an injection and three tablets.
Thus, the trial was double-blinded using double placebos.

During the second stage of labour, when there was
reasonable certainty that vaginal delivery would occur,
the researcher took the next treatment pack and immedi-
ately wrote the woman’s name on the pack and in the
participants’ list. Randomisation took place when the
number was assigned and the woman’s name was
entered in the participants’ list. If for any reason the con-
tents of the pack were not used, the pack was returned to
the WHO co-ordinating centre in Geneva.

Each woman received misoprostol 600 pg, misopros-
tol 400 pg or 10 IU of oxytocin plus the appropriate
placebo. The 600 pg group received three tablets each of

© RCOG 1999 BrJ Obstet Gynaecol 106, 304-308
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200 pg misoprostol and a placebo injection, the 400 g
group received two active and one placebo tablet and
placebo injection, and the oxytocin group received three
placebo tablets and oxytocin injection. The third stage
of labour was managed actively, as currently practised
in the two collaborating hospitals. The active manage-
ment consisted of the use of an uterotonic, clamping and
cutting of the umbilical cord immediately after delivery
of the infant, and either fundal or suprapubic pressure
with cord traction after signs of placental separation.

Assessment of shivering was made by either observa-
tion or indirect questioning (i.e. ‘Do you have any com-
plaints?’). If shivering was detected, the woman was
asked whether she would consider her experience as
mild, moderate or severe. Any side-effect necessitating
treatment was marked as severe. A special adverse
report form had to be completed for women with side-
effects which needed any form of treatment, or any
other unexpected side-effects.

Blood loss was measured from the time of delivery of
the baby until the mother was transferred to postnatal
care. The collected blood was poured into a standard
measuring jar provided by WHO and blood loss was
measured. The linen was not weighed but small gauze
swabs soaked with blood were put into the measuring
jar and included in the measurement together with the
blood and clots.

The sample size was calculated using the incidence of
‘any’ shivering as the primary outcome. The calculation
was based on an interim result from an on-going ran-
domised controlled trial in South Africa showing a shiv-
ering rate of 20% with 400 pug misoprostol. It was
considered that, to detect a dose-related increase from
20% to 35% with 90% power at o. = 0-05 (two-sided),
200 women in each group would be required. The
results are reported on an intention-to-treat basis with
comparisons between 600 pg misoprostol, 400 ptg miso-
prostol and oxytocin (10 IU). Relative risk (RR) and
95% confidence intervals (CI) were calculated compar-
ing the two misoprostol groups as well as using the oxy-
tocin group as the reference group.

The trial was approved by the ethics committees of
the two participating hospitals and by the Scientific and
Ethical Review Group (SERG) of the UNDP/UNFPA/
WHO/World Bank Special Programme of Research,
Development and Research Training in Human Repro-
duction, Geneva, Switzerland.

RESULTS

One hundred and ninety-nine women were randomised to
the 600 yLg misoprostol group, 198 women to the 400 g
misoprostol group, and 200 women to the oxytocin
group. Eight women did not comply with the treatment in
the oxytocin group: six because of emergency caesarean
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section, one was human immunodeficiency virus (HIV)
positive (mistakenly excluded despite HIV sero-positiv-
ity not being an exclusion criterion), and in another case
the ampoule could not be located in the treatment pack.
There was one woman in the misoprostol 600 j1g group
who did not comply with the treatment, because the
tablets could not be located after the treatment pack was
opened. Finally, in the misoprostol 400 g group, one
woman had an emergency caesarean section after the
treatment pack was opened and could not receive the
allocated treatment. The three groups were similar at
trial entry and at delivery in all the studied variables
except for low birthweight, which was higher in the
misoprostol 600 ug group (Table 1).

Shivering was more prevalent in the misoprostol
600 g group and a clear dose-effect relationship was
observed (56/199, 38/198 and 25/200 in the misoprostol
600 pg, misoprostol 400 pug and oxytocin groups,
respectively) (Fig. 1). The relative risk of shivering with
600 pg misoprostol was 1-5 (95% CI 1-0 to 2-1) when
compared with 400 g misoprostol, and 2:3 (95% CI 1-5
to 3-5) when compared with the oxytocin group. Com-
paring misoprostol 400 g to oxytocin, the relative risk
of shivering was 1-54 (95% CI 0-96 to 2-44). Increased
shivering in the misoprostol 600 ug group was mostly
due to a higher rate of ‘moderate’ shivering (Fig. 1).

The relative risk of pyrexia (temperature > 38°C) within
one hour in the misoprostol 600 1g group was 3-7 (95% C1
1-3 to 10:9) when compared with misoprostol 400 pig, and
2-5 (95% CI 1-0 to 3-6) when compared with oxytocin
(15/199, 4/195 and 6/199 in the misoprostol 600 g, miso-
prostol 400 pg and oxytocin groups, respectively). When
misoprostol 400 j1g was compared with oxytocin, the rela-
tive risk of pyrexia was 068 (95% CI 0-19 to 2:37)
(Fig. 2). However, there were only three women (two in
misoprostol 600 pg and one in misoprostol 400 ug
groups) with a temperature higher than 39°C, and none of
the participants had a temperature above 40°C.

Only eight women received epidural anaesthesia,
which prevented us from exploring the possible effect of

epidural anaesthesia in modifying the rate of shivering
associated with misoprostol suggested in earlier obser-
vational studies.

Among women receiving any dose of misoprostol,
pyrexia was observed in 9-6% (9/94) of those who had
shivering, compared with only 3-3% (10/299) of women
who did not have shivering (RR 2-86, 95% CI 1-20 to
6-83). In the oxytocin group, none of the 25 women who
experienced shivering had pyrexia, and 3-5% (6/173) of
women who did not experience shivering had pyrexia.

Gastrointestinal side-effects (nausea, vomiting, diar-
rhoea) were infrequent in all three groups. There were
four cases of diarrhoea (2:0%) and one case of nausea
with 600 pug misoprostol, and one case of nausea and
vomiting with oxytocin. No side-effects occurred with
400 pg misoprostol. There was no increase in the propor-
tion of completed adverse event forms by groups (three
cases in the misoprostol 400 pg group and one case each
in the misoprostol 600 g and oxytocin groups).

The two misoprostol groups and the oxytocin group
had approximately similar mean blood loss after deliv-
ery (341 mL, standard deviation (SD) = 295 in the miso-
prostol 600 pg group; 371 mL, SD 327 in the
misoprostol 400 pg group; and 353 mL, SD 310 in the
oxytocin group). However, it must be emphasised that
this pilot study was not designed to evaluate the clinical
effectiveness of misoprostol and oxytocin on the occur-
rence of postpartum haemorrhage.

DISCUSSION

The purpose of this pilot trial was to determine the dose
of misoprostol and finalise the preparations for the
main trial. The Steering Committee of the trial was con-
fronted with the dilemma of compromising on effec-
tiveness to increase the acceptability of the drug, or
aiming for maximum effectiveness despite the possibil-
ity of a relatively high incidence of unpleasant effects.
A three-arm main trial with the interventions tested in
this pilot study was considered but rejected because of

Table 1. Characteristics of women and infants at trial entry and delivery. Values are given as mean (SD) or n [%].

Misoprostol

Oxytocin
Characteristics 600 pug (n = 199) 400 pg (n = 198) (n = 200)
Age 263 (5-1) 259 (5-5) 26:4 (5-8)
Gestational age 381 (25) 383(22) 38.4 (2.0)
Oxytocin before delivery 66 [33] 65 (33} 79 [40}
Spontaneous vaginal delivery 177 (89] 182 [92] 180 [90]
Randomisation: delivery interval (min) 20-7 (43-5) 22-3(57-3) 19:9 (35.9)
Perineal suturing 149 [74.9] 147 [74-2) 136 [68-0]
Low birthweight* 23 [11-6] 18 [9-1) 11 [5-5]
Birthweight 2994 (486-2) 3039 (482-5) 3101 457-7)
*Defined as birthweight < 2500 g.
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Misoprostol 600ug Misoprostol 400ug Oxytocin
Treatment groups

Fig. 1. Rates and grading of shivering in the study groups (56/199,
38/198 and 25/200 in misoprostol 600 pg, misoprostol 400 [tg and
oxytocin groups, respectively). Relative risk and 95% CI;
misoprostol 600 pug vs misoprostol 400 pg 1-5, 1-0to 2-1;
misoprostol 600 pg vs oxytocin 2-3, 1-5 to 3-5; misoprostol 400 pg
vs oxytocin 1-54, 1-3 to 10-9. (] = mild; l = moderate; ll = severe.

the logistical complexities and the resulting increase in
sample size. This pilot trial was then decided upon, to
be conducted only in centres who were prepared to start
enrolment without delay.

This pilot study confirms previous suggestions®®* that
both pyrexia and shivering occur when misoprostol is
used during the third stage of labour. Pyrexia is a centrally
mediated prostaglandin E, effect'!. In clinical studies, the
temperature increase following prostaglandin E, or miso-
prostol administration is relatively common®. Creinin et
al.” reported fever or chills in 31% of women undergoing
first trimester abortion after vaginal misoprostol. Her-
abutya and O-Prasertsawat'* reported pyrexia in 28% of
women with 600 pg, 2% with 400 pg and none with
200 pg misoprostol, in a trial of second trimester abor-
tion. Pyrexia during labour after misoprostol administra-
tion for induction of labour has been reported in a small
proportion (< 3%) of women in some studies'*'* and not
reported in others's!’. However, the doses used for this
purpose are considerably lower, and pyrexia may have
been overlooked if not sought specifically.

Shivering after delivery occurs frequently'® and per-
haps misoprostol administration increased the incidence
by lowering the threshold for physiological shivering.
Nevertheless, the shivering rates with 600 pg in this trial
(28%) were lower than the previously reported rates of
62% in an uncontrolled study® and 41% in a randomised
controlled trial’. Half of the study population in this trial
were recruited in the same hospital by the same investi-
gators who had reported a shivering rate of 41% previ-
ously. Possible explanations for the differences in the
rates could be the effect of staff being aware of side-
effects of misoprostol, unblinded assessments or inse-
cure blinding leading to assessment bias in the previous
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studies, differences in strength of active medications
(local versus US made) or chance.

A change in feto-maternal temperature gradient dur-
ing labour may, in theory, affect the fetus inadvertently
as the maternal tissues are the main route of heat dissi-
pation for the fetus'®*. Also, although of limited clinical
concern, in some settings if pyrexia is detected during
the third stage of labour, it can raise the suspicion of
infection and cause unnecessary tests and administra-
tion of antibiotics or other medications.

Detection and grading of shivering is to a large extent
subjective. Although the detection of pyrexia is more
objective, the differences between the previous South
African trial® and our current pilot trial persisted. In the
South African trial the prevalence of pyrexia was 27%
with 600 pg misoprostol, 14% with 400 Lg misoprostol
and 2-5% with placebo, whereas the corresponding per-
centages in the current WHO trial were 7-5, 2-0 and
3.0%, respectively. As mentioned above with regard to
shivering, these differences in rates may be due to bias
as well as to the other factors.

Misoprostol is an attractive drug for preventing post-
partum haemorrhage because of its low cost, oral appli-
cability and longer shelf-life at room temperature,
features which are especially important for developing
countries. Although shivering is more of a nuisance than
a clinically serious morbidity, it could adversely affect
the use and acceptability of misoprostol if the drug is
shown to be effective in the prevention of postpartum
haemorrhage in the main WHO trial. It is reassuring,
however, that despite the higher incidence of observed/
reported shivering with 600 ptg compared with 400 ug
misoprostol, the difference was modest (15%) and

Women (%)

2~

1

0 ' ! i
Misoprostol 600ug Misoprostol 400ug

Treatment groups

Oxytocin

Fig. 2. Rates of pyrexia (temperature > 38°C) in the study groups
(15/199, 4/195 and 6/199 in misoprostol 600 pg, misoprostol 400 pg
and oxytocin groups, respectively). Relative risk and 95% CI,;
misoprostol 600 pg vs misoprostol 400 g 3-7, 1-3 to 10-9;
misoprostol 600 pg vs oxytocin 2.5, 1-0 to 3-6; misoprostol 400 ug
vs oxytocin 0-68, 0-19 to 2-37.
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mostly due to mild shivering, and there was no increase
in either shivering or any other side effect necessitating
any treatment with the larger dose of misoprostol. Also
reassuring was the fact that only two women who
received 600 pg misoprostol had a temperature above
39°C and neither was above 40°C.

Based on the findings of this pilot trial, the Trial Steer-
ing Committee decided that the main trial should aim to
achieve maximum effectiveness with misoprostol and
thus compare 600 p.g misoprostol with 10 IU of oxytocin.
However, as a safety measure, women with pyrexia at
enrolment will not be eligible to participate in the trial.
The primary outcome of the main trial is the rate of severe
postpartum haemorrhage (defined as blood loss > 1000
mLs in the third stage of labour). The main trial is to be
conducted in nine countries in Africa, Latin America,
Europe and South East Asia and will enrol approximately
20,000 women. Recruitment started on 1 April 1998, and
data collection is expected to be completed by July 1999.
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WHO multicentre randomised trial of misoprostol in the
management of the third stage of labour

A Metin Gdlmezoglu, José Villar, Nguyen Thi Nhu Ngoc, Gilda Piaggio, Guillermo Carroli, Lekan Adetoro, Hany Abdel-Aleem,
Linan Cheng, G Justus Hofmeyr, Pisake Lumbiganon, Christian Unger, Walter Prendiville, Alain Pinol, Diana Elbourne,
Hazem El-Refaey, Kenneth F Schulz, for the WHO Collaborative Group To Evaluate Misoprostol in the Management of the

Third Stage of Labour*

Summary

Background Postpartum haemorrhage is a leading cause of
maternal morbidity and mortality. Active management of the
third stage of labour, including use of a uterotonic agent,
has been shown to reduce blood loss. Misoprostol (a
prostaglandin E1 analogue) has been suggested for this
purpose because it has strong uterotonic effects, can be
given orally, is inexpensive, and does not need refrigeration
for storage. We did a multicentre, double-biind, randomised
controlled trial to determine whether oral misoprostol is as
effective as oxytocin during the third stage of labour.

Methods In hospitals in Argentina, China, Egypt, Ireland,
Nigeria, South Africa, Switzerland, Thailand, and Vietnam,
we randomly assigned women about to deliver vaginally to
receive 600 pg misoprostol orally or 10 U oxytocin
intravenously or intramuscularly, according to routine
practice, plus corresponding identical placebos. The
medications were administered immediately after delivery
as part of the active management of the third stage of
labour. The primary outcomes were measured postpartum
blood loss of 1000 mL or more, and the use of additional
uterotonics without an unacceptable level of side-effects.
We chose an upper limit of a 35% increase in the risk of

*Qther members listed at end of paper
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Development and Research Training in Human Reproduction,
Department of Reproductive Health and Research, WHO, Geneva,
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A Pinol msc); Hung Vuong Obstetrics and Gynaecology Hospital,
Hochiminh City, Vietnam (N T N Ngoc mp); Centro Rosarino de
Estudios Perinatales, Rosario, Argentina (G Carroli mo); Centre for
Research in Reproductive Health, Sagamu, Nigeria (L Adetoro mp);
Department of Obstetrics and Gy logy, Assiut Uni ity
Hospital, Assiut, Egypt (H Abdel-Aleem wmp); International Peace
Maternity and Child Heaith Hospital, Shanghai, China (L Cheng mp);
Effective Care Research Unit, University of the Witwatersrand,
Johannesburg, South Africa (G J Hofmeyr mp); Department of
Obstetrics and Gynaecology, Khon Kaen University, Thailand

(P Lumbiganon mp); Department of Obstetrics and Gy logy,
University of Ziirich and Limmattal Hospital, Ziirich, Switzerland

(C Unger mp); Coombe Lying-in Hospital, Dublin, Ireland

(W Prendiville mp); London School of Hygiene and Tropical Medicine,
London, UK (D Elbourne eno); Imperial College School of Medicine,
Chelsea and Westminster Hospital, London (H ElRefaey mp); Family
Health international and Department of Obstetrics and Gynecology,
University of North Carolina, NC, USA (K F Schulz pho)

Correspondence to: Dr José Villar, Department of Reproductive
Health and Research, WHO, CH-1211 Geneva 27, Switzerland
(e-mail: villarji@who.ch)

blood loss of 1000 mL or more as the margin of clinical
equivalence, which was assessed by the confidence interval
of the relative risk. Analysis was by intention to treat.

Findings 2264 women were assigned misoprostol and 9266
oxytocin. 37 women in the misoprostol group and 34 in the
oxytocin group had emergency caesarean sections and were
excluded. 366 (4%) of women on misoprostol had a
measured blood loss of 1000 mL or more, compared with
263 (3%) of those on oxytocin (relative risk 1-39 [95% ClI
1.19-1-63], p<0-0001). 1398 (15%) women in the
misoprostol group and 1002 (11%) in the oxytocin group
required  additional uterotonics  (1-40 [1-29-1.51],
p<0-0001). Misoprostol use was also associated with a
significantly higher incidence of shivering (3-48 [3-15-3-84))
and raised body temperature (7-17 [5:67-9-07]} in the first
hour after delivery.

Interpretation 10 IU oxytocin (intravenous or intramuscular)
is preferable to 600 pg oral misoprostol in the active
management of the third stage of labour in hospital settings
where active management is the norm.

Lancet 2001; 358: 689-95
See Commentary page 682

Introduction
Postpartum haemorrhage is a leading cause of severe
maternal morbidity and death, in more developed and
less developed countries. In Zimbabwe, one study found
that obstetric haemorrhage was responsible for 25% of
maternal deaths, with a cause-specific maternal mortality
rate of 40 per 100 000 livebirths.! Similarly, in Nigeria,
postpartum haemorrhage was found to have a case-
fatality rate of 2:2% at a teaching hospital.? The use of
uterotonic agents in the management of the third stage of
labour reduces the amount of bleeding and the need for
blood transfusion, but is associated with side-effects,
especially when ergot alkaloids are used.® Furthermore,
these agents are given by injection, and ergot
preparations require refrigeration and protection against
light to preserve their effectiveness. Some prostaglandins
such as prostaglandin F2a and synthetic prostaglandin
E2 derivatives have been found to prevent postpartum
haemorrhage in the third stage of labour,® but these
agents are expensive, and also have to be given by
injection and are associated with side-effects.
Misoprostol—a prostaglandin E1 analogue registered
for the prevention and treatment of peptic-ulcer disease—
has attracted widespread attention because of its strong
uterotonic effects and ease of administration. These
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effects have been studied in early pregnancy, orally and
vaginally after mifepristone for medical abortion,** for
cervical ripening before surgical termination of
pregnancy,” and at term for induction of labour.* El-
Refaey and colleagues reported the first use of oral
misoprostol for the management of the third stage of
labour in an observational study.”" 600 pg misoprostol
were given orally to 237 women after vaginal delivery.
Estimated blood loss of 500 mL or more occurred in 6%
of women, and a further 5% needed therapeutic
uterotonics. Shivering was noted in 62%, and there was a
mean increase of 0-5°C in body temperature after
misoprostol administration. In a randomised controlled
trial from South Africa," shivéring was reported in 41% of
women receiving 600 pg misoprostol, 37% of those who
received 400 pg, and 15% of those who received placebo.
We confirmed these side-effects in a dose-finding trial."?

We present here the results of a trial to test the
hypothesis that misoprostol use in the active
management of the third stage of labour is equivalent
to that of oxytocin in terms of measured blood loss of
1000 mL or more and the use of additional uterotonics
without an unacceptable level of side-effects.

Methods
Participants
We assessed women on admission to labour wards in
Argentina, China, Egypt, Ireland, Nigeria, South Africa,
Switzerland, Thailand, and Vietnam. Women were not
eligible if they had asthma or other severe chronic allergic
conditions, if the delivery was regarded as an abortion, if
caesarean section was already planned, if they had a body
temperature of greater than 38°C, or if they were not
willing or able to give informed consent. We excluded
from the analysis of outcomes the women who had an
emergency caesarean section after randomisation
because these women were not eligible to receive the
interventions and did not have the outcomes measured.
The trial was approved by the ethics committees of the
participating hospitals and by the Scientific and
Ethical Review Group of the UNDP/UNFPA/
WHO/World Bank Special Programme of Research,
Development and Research Training in  Human
Reproduction, Geneva, Switzerland.

Procedures

The random allocation schedule was generated centrally
at WHO, Geneva, Switzerland, by computer-generated
random numbers and was stratified by country. Within
the strata, women were individually randomised into one
of two intervention groups with randomly varying block
sizes of 4-6 women.

Specially designed, treatment-pack dispensers holding
25 treatment packs were placed in a central location
close to delivery beds in the labour wards. The treatment
packs were sealed, numbered sequentially, and could
only be taken from the dispenser consecutively.
Randomisation took place during the second stage of
labour, when there was reasonable certainty that vaginal
delivery would occur. The researcher took the next
treatment pack from the dispenser and immediately
wrote the woman’s name on the pack and in the trial
participants’ list. At this point, the woman was
considered to have entered the trial. If, for any reason,
the contents of the pack were not used, the pack was
returned to the WHO coordination centre in Geneva.

Each treatment pack contained three tablets, one
ampoule, one syringe, and needle and swabs for
injection. The treatment packs and their contents were

identical in shape, colour, weight, and feel. Each woman
received an injection and three tablets. The injection was
given intramuscularly or intravenously according to the
routine practice of the trial centres.

Misoprostol was provided in 200 g tablets (Searle,
Skokie, IL, USA) and oxytocin in 10 IU ampoules
(Novartis Pharma, Basel, Switzerland). 18 975 treatment
packs were prepared and distributed to the centres; 445
of these were not used by the closure of recruitment.
Three random checks were made on the treatment packs
to see whether the packing was error-free and all
contents included. Additional quality control was done
by the manufacturers to check whether we included
correct active or placebos in the packs.

Each woman received either misoprostol 600 pg
(3X200 g tablets), or 10 IU oxytocin plus the
corresponding placebo immediately after the baby was
delivered and the cord was clamped and cut. If the
women already had an intravenous line in place (eg, for
epidural analgesia or augmentation of labour) or if the
hospital’s routine practice was to give oxytocin
intravenously, the oxytocin (or placebo) was given via
this route as a bolus injection. The routine management
of the third stage of labour was ascertained before the
trial through a survey of all centres. During the trial the
third stage of labour was managed actively, as routinely
practised in the participating hospitals. The active
management consisted of the use of a uterotonic,
clamping and cutting of the umbilical cord immediately
after delivery of the infant, and either fundal or
suprapubic pressure with cord traction after signs of
placental separation. All centres followed their standard
procedures in cases for which haemorrhage was regarded
as abnormal.

The two prespecified primary outcomes were:
measured postpartum blood loss of 1000 mL or more
and the use of additional uterotonics. Secondary
outcomes were: measured blood loss of 500 mL or more,
blood transfusion, manual removal of placenta, any
clinically diagnosed postpartum haemorrhage beyond the
first hour after delivery, and additional measures
required to treat clinically diagnosed haemorrhage
(examination under general anaesthesia, bimanual
compression, hysterectomy, suturing of cervical tears,
and maternal admission to intensive-care unit).

Blood loss was measured from the time of delivery of
the baby until the mother was transferred to postnatal
care. Immediately after the cord was clamped and cut,
the blood collection was started by passing a flat bedpan
under the buttocks for women delivering in beds or
putting in place an unsoiled receiver for women
delivering on gynaecological tables. Blood collection
continued in the immediate postdelivery period until the
third stage of the labour was completed; the woman was
then transferred to the postnatal ward. This period
usually lasted up to 1 h postpartum. The collected blood
was poured into a standard measuring jar provided by
WHO, and its volume measured. To simplify the
procedure for measurement of blood loss, small gauze
swabs soaked with blood were put into the measuring jar
and included in the measurement together with the
blood and clots. We did a validity study before the trial
to assess the effect of gauze swabs on estimation of blood
loss and found that it was likely to result in about a 10%
increase in the measurements.

Shivering was assessed by direct observation or
indirect questioning (ie, “Do you have any com-
plaints?”). If shivering was detected or reported, the
woman was asked whether she would regard her
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experience as mild, moderate, or severe. Any side-effect
necessitating treatment was recorded as severe, and a
special form with details of the event was completed.
Body temperature was assessed with the standard
thermometers routinely used in each centre. High body
temperature was defined as an axillary temperature
greater than 38°C. Shivering and pyrexia were both
assessed within 1 h of delivery.

The trial data safety and monitoring committee met
twice, after about 6000 and 12 000 women were
recruited. The steering committee was advised to
continue with recruitment after both interim analyses.

Statistical analysis

The question guiding the sample-size calculation of this
equivalence trial was, “What level of (weaker) efficacy of
oral 600 pg misoprostol would be clinically acceptable as
equivalent to the standard regimen of 10 IU oxytocin?”
The sample-size calculation was based on the occurrence
of measured (not estimated) blood loss of 1000 mL of
more. An increase in relative risk of up to 35% with
misoprostol was regarded as acceptable. 20 246 women
were needed to provide 90% power for a two-sided, 5%
level test to detect a proportional change of 35% or more
if the rate of blood loss of 1000 mL or more was 2% with
oxytocin. Similarly, 13 338 women were needed if the
rate of blood loss of 1000 mL or more was 3% with
oxytocin.

Relative risks with 95% CI were used to measure the
treatment effect for the main outcomes. Crude relative
risks were calculated first, and these were adjusted for
centres by means of the Mantel-Haenszel weighted relative
risk and the Greenland and Robbins 95% CI. The Breslow
and Day x° test for homogeneity across centres was used.
Risk differences and 95% CI were also calculated for the
primary outcomes by the “traditional” method with crude
proportions.'* From these risk differences and 95% CI, the
number needed to treat (and its 95% CI) with oxytocin to
prevent an extra case of blood loss greater than or equal to
1000 mL was calculated."”

Effect modification for the primary outcomes was
assessed by subgroup analyses specified a priori with the
following variables: parity, use of epidural analgesia, and
use of oxytocin or prostaglandin before delivery.

Results

Of the 29 295 women screened for eligibility between
April, 1998, and November, 1999, 19 025 were eligible.
18 530 of these eligible women were enrolled into the
trial. The most common reasons for not being eligible
were no consent given or obtained (6203 [60:4%]) and
planned caesarean section (5381 [52-4%]). 495 eligible
women were not randomised either because the
attending health worker refused or because the women
delivered too quickly. 9264 women were randomly
assigned misoprostol and 9266 oxytocin (figure 1). 2734
women were recruited in Argentina, 2195 in China,
3436 in Egypt, 449 in Ireland, 1570 in Nigeria, 2819 in
South Africa, 356 in Switzerland, 1819 in Thailand, and
3152 in Vietnam.

Among randomised women, 37 in the misoprostol
group and 34 in the oxytocin group had an emergency
caesarean section. These women neither received the
interventions nor had the outcomes measured, and were
therefore excluded from the analysis of outcomes. A
further small group of women had some missing
outcome data and could not be included in the
corresponding analyses (figure 1).

The two groups were similar with regard to baseline

29 295 women
screened

10 270 non-eligible

19 025 eligible

495 not
randomised

18 530 randomised

4

9264 assigned

9266 assigned

misoprostol oxytocin
37 had 34 had
emergency emergency
caesarean caesarean
sections sections
9227 eligible for 9232 eligible for
analysis analysis
13 without 4 without
data on data on
blood loss blood loss
2 without 4 without
data on data on
need for need for
additional additional
uterotonic uterotonic

Figure 1: Trial profile

characteristics and risk factors associated with the
primary outcomes (table 1). 39 (0-4%) of 9227 women
in the misoprostol group and 20 (0-2%) of 9232 women
in the oxytocin group did not receive the allocated
treatment. These women were included in the analysis in
the groups as randomised. In both groups, more than
96% of women were randomised less than 2 h before
delivery. 137 (1-5%) women in the misoprostol group
and 138 (1:5%) in the oxytocin group were randomised
immediately after delivery because of shortage of staff or
unexpectedly speedy delivery. All of these women had
given consent earlier, but packs were drawn and the
women’s names were recorded after delivery.

Misoprostol Oxytocin

(n=9264) (n=9266)
Mean {SD} maternal age (years) 26-5 (5-5)* 26-3 (5-4)t
Parity=0 4153 (45%) 4245 (46%)
Parity =5 482 (5%) 482 (5%)
Mean (SD) gestationai age (weeks) 38-7 (2-3) 38-7(2-2)8
Gestational age <37 weeks 1126 (12%) 1082 (11%)
Low birthweight (<2500 g) 684 (7%) 709 (8%)
Oxytocin or prostaglandin before 3517 (38%) 3503 (38%)
birth of baby
Epidural analgesia 572 (6%) 557 (6%)
Assisted vaginal delivery 843 (9%) 764 (8%)
Perineal suturing 6152 (66%) 6129 (66%)

*Data available for 9248 women only. tData available for 9238 women only,
tData available for 9261 women only. §Data available for 9262 women only.

Table 1: Baseline characteristics
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Misoprostol

Primary outcomes

Blood loss =1000 mL*
Use of additional uterotonics*

366/9214 (4%)
1398/9225 (15%)

Secondary outcomes

Blood loss =500 mL

Need for blood transfusion

Manual removal of placenta

Delayed postpartum haemorrhage
Bimanual compression

Exploration under general anaesthesia

Hysterectomy

Admission to intensive care

Maternal death

1793/9213 (20%)
72/9221 (0-8%)
219/9225 (2%)
37/9226 (0-4%)
84/9224 (0-9%)
70/9224 (0-8%)
4/9224 (0-04%)
4/9224 (0-04%)
2/9225 (0-02%)

Oxytocin Relative risk {95% CI) p
263/9228 (3%) 1-39 (1-19-1-63) <0-0001
1002/9228 (11%) 1-40 (1-29-1-51) <0-0001
1248/9227 (14%) 1-44 (1-35-1-54) <0-0001
97/9226 (1%) 0-74 {0-55-1-01) 0-06
215/9228 (2%) 1-02 (0-85-1-23) 0-88
31/9229 (0-3%) 1-19 (0-74-1-92) 0-54
80/9231 (0-9%) 1:05 (0-77-1-43) 081
61/9231 (0-7%) 1-15 (0-82-1-62) 0:48
8/9231 (0-09%) 0-50 (0-15-1-66} 0-39
5/9231 (0-05%) 0-80 (0-22-2-98) 1-00%
2/9230 (0-02%) 1-00 (0-14-7-10) 1-00t

*Excluding 37 and 34 women with emergency caesarean section and 13 and 4 women lost to follow-up in misoprostol and oxytocin groups, respectively, for blood loss
>1000 mi, and two and four women without information on the need for additional uterotonics, tFisher's exact test used.

Table 2: Primary and secondary outcomes according to treatment group

Centre Misoprostol Oxytocin
Argentina 96/1358 (7%) 49/1361 (4%)
China 18/1093 (2%) 10/1098 {0-9%)
Egypt 3/1708 (0-2%) 6/1703 (0-4%)
Ireland 15/221 (7%) 9/225 (4%)
Nigeria 36/785 (5%) 40/783 (5%)
South Africa 56/1405 (4%) 51/1409 (4%)
Switzerland 17/173 (10%) 16/177 (9%)
Thailand 57/900 (6%) 24/899 (3%)
Vietnam 67/1570 (4%) 57/1572 (4%)

Table 3: Rate of blood loss of 1000 mL or more by centre

A higher proportion of women in the misoprostol
group than the oxytocin group had measured blood loss
of at least 1000 mL and use of additional uterotonics
(table 2). The additional uterotonic was oxytocin in most
cases in the misoprostol group (77%) and in the oxytocin
(80%) group. The crude overall difference in the rate of
blood loss of 1000 mL or more between misoprostol and
oxytocin was 1-1% (95% CI 0-6-1-6), which ranged
from —0-2 to 3-7% between centres. After adjusting for
centre characteristics, we obtained the same relative risks
and almost identical 95% ClIs (1:20-1:63 and 1-30-1-51
for blood loss and additional uterotonics, respectively).
The number of women who needed to receive oxytocin
rather than misoprostol to prevent one extra case of
blood loss of at least 1000 mL was 89 (61-167), and the
number who needed to receive oxytocin rather than
misoprostol to prevent one extra case of the use of
additional uterotonics was 23 (19-30).

There was statistical heterogeneity between centres for
measured blood loss of 1000 mL or more (p=0-02) and

Clinical equivalence range

'
'
'
'
[
'
'
'
'
'
'
'

1

— T T T T T T 1
0-00 025 050 0-75 1.00 1.25 1.50 1.75 2-00

Misoprostol better Oxytocin better

Figure 2: Relative risk of blood loss of 1000 mL or more with

misoprostol compared with oxytocin
Vertical dotted lines represent margins of clinical equivalence determined
a priori. Solid line represents null effect.

for the use of additional uterotonics (p<0-0001). The
relative risk of having measured blood loss of 1000 mL
for a woman receiving misoprostol ranged from 0:50 to
2-37 across centres (table 3). We did not collect
individual data on route of administration of oxytocin,
but used the presence of an intravenous line as a proxy
for intravenous oxytocin administration. Regarding this
variable as a possible effect modifier did not influence the
pattern of the results.

Figure 2 is a graphical presentation of the CI for the
relative risk of having a measured blood loss of 1000 mL
or more with misoprostol. The dotted vertical lines
represent the margins of clinical equivalence'* between
misoprostol and oxytocin expressed as a 35% increase in
the rate of blood loss of 1000 mL or more as defined
before the start of the trial. The whole 95% CI for the
relative risk was not fully inside the range defined by the
two dotted lines and crossed the upper equivalence
margin. The two drugs were therefore not shown to be
clinically equivalent, although this possibility cannot be
completely discarded.

The misoprostol group also had a consistently higher
risk than the oxytocin group of blood loss of 500 mL or
more in all centres (range of relative risks 1:0-2:6).
There were no significant differences between
misoprostol and oxytocin with regard to other secondary
outcomes such as delayed postpartum haemorrhage or
manual removal of the placenta, and consequences of
severe bleeding such as exploration under general
anaesthesia, bimanual compression, hysterectomy, or
admission to intensive care (table 2). However, we had
insufficient power to detect clinically relevant differences
in effects on such rarer outcomes. Fewer women in the
misoprostol group needed postpartum blood transfusion
(table 2).

Misoprostol was associated with a significantly higher
rate of any and severe shivering, body temperature higher
than 38°C, and other prostaglandin-related side-effects
such as nausea, vomiting, and diarrhoea (table 4). Few
women had a body temperature of greater than 40°C
during the first hour post partum. For every seven to
nine women treated with misoprostol, one additional
woman will have “any shivering”, and for every 17-21
women, one additional woman will have a temperature
greater than 38°C (table 4).

We did prespecified, stratified analyses for primary
outcomes and main side-effects by oxytocin or
prostaglandin use before delivery and by parity. There
was no evidence of effect modification of these variables
on the primary outcomes or main side-effects. In three
centres (in Argentina, Ireland, and Switzerland),
epidural analgesia was frequently used, so we did a
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Side-effects Misoprostol Oxytocin Relative risk (95% CI) NNH (95% CI)
Any shivering 1620/9227 (18%) 466/9232 (5%) 3:48 (3:15-3-84) 8 (7-9)
Severe shivering 120/9227 (1%) 14/9232 {0-2%) 8-58 (4-93-14-91) 87 (72-111)
Body temperature >38°C 559/9198 (6%) 78/22065 (0-8%) 7-17 (5-67-9-07) 19 (17-21)
Body temperature >40°C 579198 (0-1%) 0/9205 Infinity .

Nausea 77/9227 (0-8%) 34/9232 (0-4%) 2-27 {1-52-3-39) 214 (145-411)
Vomiting 66/9227 (0-7%) 25/9232 (0-3%) 2-64 (1-67-4-18) 225 (155-412)
Diarrhoea 35/9227 (0-4%) 8/9232 (0-1%) 4-38 (2-03-9-43) 342 (232-651)

NNH=number needed to harm.

Table 4: Shivering, body temperature greater than 38°C, and other side-effects according to treatment group

Epidural No epidural Relative risk (95%
ClI; epidural effect)

Any shivering
Misoprostol  195/522 (37%) 25471244 (20%)  1-83 (1.57-2-14)
Oxytocin 46/505 (9%) 93/1263 (7-4%) 1.24 (0-88-1-73)
Relative risk 4-10(3-:05-5-52)  2.77 (2:22-3-47) -
{95% Cl; utero-
tonic effect)*
Temperature >38°C
Misoprostol 75/518 (14%) 61/1221 (5%) 2:-90 (2-10-4-00)
Oxytocin 6/499 (1%) 6/1244 (0-5%) 2-49(0-81-7-69)
Relative risk 12-04 10-36 -

(95% CI; utero-  (5-29-27-41)
tonic effect)}

(4:49-23-87)

*Difference in relative risks p=0-04. tDifference in relative risks p=0-80.
Table 5: Shivering and body temperature above 38°C according
to treatment group and use of epidural analgesia during labour
and delivery

stratified analysis in this subgroup for the two main side-
effects of misoprostol: shivering and raised body
temperature, The low prevalence of diarrhoea, nausea,
and vomiting did not allow a meaningful assessment of
interaction for these side-effects. The relative risk of
shivering with misoprostol compared with oxytocin was
higher among women with epidural analgesia than
among women without epidural analgesia (p=0-04,
table 5), but there was no difference in relative risk for
high body temperature in women with and without
epidural analgesia (p=0-80).

Discussion

We have shown that oral misoprostol (600 pg) is
associated with a higher rate of measured blood loss of
1000 mL or more and the use of additional uterotonics
than oxytocin 10 JTU. We are 95% confident that the
increased risk of blood loss with misoprostol is between
20 and 60%. This result corresponds to an absolute risk
of 2:9% in the oxytocin group and 40% in the
misoprostol group (difference 1-1% [95% CI 0-6-1-6]).
Similarly, we are 95% confident that the risk of using
additional uterotonics with misoprostol is between 30
and 50% higher than with oxytocin. This corresponds to
an absolute risk of 10-9% in the oxytocin group and
15-2% in the misoprostol group (difference 4:3%
[3:3-5-3]).

The trial had sufficient statistical power to test the
a priori hypothesis for the two primary outcomes, but it
did not have sufficient power for other clinically relevant
outcomes such as maternal mortality. There were four
maternal deaths: two in each group. Similarly, few
women had severe morbidity such as exploration under
anaesthesia, bimanual compression, hysterectomy, and
intensive-care admission.

Blood loss was measured in a standardised way in all
centres rather than by clinical estimation, as used in
many previous trials of the third stage of labour.
Measurement of blood loss enabled a more objective and

accurate assessment than clinical estimation, since this
procedure underestimates blood loss, particularly when
the blood loss is more than 1000 mL.” All outcomes
were measured in the first hour after delivery because of
the organisation of postpartum care in the participating
hospitals. The measurement of some secondary
outcomes and side-effects might have been influenced by
this factor—eg, the temperature rise and return to
normal might extend beyond this period, whereas
shivering is most likely to occur within the first hour
(based on substudies in some centres).

Double-blinding, including double placebos, ensured
that ascertainment bias in the measurement of blood loss
and use of additional uterotonics was unlikely. However,
unblinding could have occurred because of the higher
rate of shivering associated with misoprostol. A
sensitivity analysis in which women with shivering were
excluded showed a similar level of comparative
effectiveness for oxytocin to that in the total population
(relative risk 1-32 [1-11-1-56]). Exclusion of women
with diarrhoea did not change the treatment effect
either.

We used the highest dose of misoprostol (600 wg)
regarded as effective without an unacceptable level of
side-effects.’? Considering the observed rate of side-
effects in the present trial, higher doses should probably
not be tested for the prevention of postpartum
haemorrhage. Oral administration of misoprostol,
despite having a rapid onset of action, does not have the
continuous and long-lasting effect of vaginal
administration early in pregnancy. Concentrations of
orally administered misoprostol in plasma peak at 30 min
when used in first trimester pregnancies,'® which might
explain the lower effectiveness. With regard to the route
of oxytocin administration, pharmacokinetic studies
indicate that the absorption times of intramuscular and
intravenous oxytocin are both 1-2 min, and their
effectiveness is likely to be similar."”

The trial was done in an ethnically heterogeneous
population, which provides external validity to the results.
However, all hospitals practised active management of the
third stage of labour, restricting our recommendations to
settings with this routine practice. The effectiveness might
be different if the two drugs were compared without other
components of active management—eg, Nordstroem and
colleagues' found that oxytocin reduced the blood loss by
22% compared with placebo when the third stage of
labour was managed expectantly.

To explain the statistical heterogeneity of effect with
blood loss of 1000 mL or more, we did multivariate and
sensitivity analyses, but could not explain the
heterogeneity. One should be very cautious in using
results from individual centres, because the probability of
at least one centre showing an effect reversal in a
multicentre trial with nine centres like ours can be
around 80%."” Blood loss of 500 mL or more, on the
other hand, was consistently higher in the misoprostol
group in all centres.
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We explored the combined effect of misoprostol and
epidural analgesia for shivering and body temperature
greater than 38°C, and found an interaction between
misoprostol and epidural analgesia on any shivering
(37-4% of women who receive both will shiver; table 5).
There was also an epidural-independent increase in
temperature to more than 38°C with the use of
misoprostol in the third stage of labour, and an
independent increased risk of raised body temperature
among women with epidural analgesia, in agreement
with previous epidemiological studies.*

We identified six other trials that compared oral
misoprostol  with  other  uterotonics  (oxytocin,
ergometrine, or both), and one trial that compared rectal
misoprostol with other uterotonics.’ Three used 600 pg
misoprostol orally (2657 women in total),'*** one used
500 pg (1000 women),” and three used 400 pg (1662
women).'»## QOne trial® compared 600 or 400 pg
misoprostol with oxytocin. The summary relative risks of
blood loss of at least 1000 mL were 0-83 (0-42-1-65),
0:90 (0-37-2:19), and 1-38 (0-78-2-42) for the 600 png,
500 pg, and 400 ug comparisons, respectively. None of
these meta-analyses had the power to test the
equivalence hypothesis between the two drugs. These
promising findings of the meta-analyses were not
corroborated by the largest trial reported here. This
apparent difference highlights the importance of doing
trials of adequate sample size, since meta-analyses of
small trials can often disagree with the largest trial.*

We did not address the introduction of misoprostol to
a level of care at which there is no active management, or
the use of oxytocin during the third stage of labour where
it is not feasible. In other words, we did not investigate
whether misoprostol is better than placebo. We identified
four randomised controlled trials that compared oral
misoprostol with placebo and one that compared rectal
misoprostol with placebo in a systematic review.® There
is no clear evidence from these trials, which included
1900 women in total, to indicate that misoprostol
reduces the risk of blood loss of 1000 mL or more when
compared with placebo.'#

In settings in which active management of the third
stage of labour with oxytocin is the norm, we do not
recommend a change in practice. Oxytocin is cheap,
effective, and has been shown to retain its efficacy after
12 months at 30°C even if it is exposed to light and when
stored at 42°C for one year.”” In health facilities
considering the introduction of active management of the
third stage of labour, 10 IU oxytocin should be
considered as the uterotonic of choice over oral
misoprostol 600 pg, perhaps through prefilled syringes
for increased safety of injections.

Because of the large evidence gap for the treatment of
postpartum haemorrhage, as opposed to prevention
addressed in this paper, further research into treatment
strategies is needed. For example, the pharmacokinetics
of misoprostol might be more suitable for its use at
higher doses, possibly with different routes, in the
treatment of postpartum haemorrhage. Research on
resolving the effective components of active management
and auditing any introduction of active management in
community settings is also required.

Contributors

José Villar, José Miguel Belizan, Sune Bergstroem, Olav Meirik, and
Paul Van Look identified the research hypothesis and designed the
study. Hazem El-Refaey and Charles Rodeck stimulated the WHO to
select misoprostol as the prostaglandin to be tested for the prevention of
postpartum haemorrhage. A Metin Gilmezoglu and José Villar prepared
the protocol, selected the populations, and coordinated the

implementation of the trial. Guillermo Carroli, Justus Hofmeyr,

Gilda Piaggio, Alain Pinol, Diana Elbourne, Hazem El-Refaey,

Walter Prendiville, Ken Schulz, and Paul Van Look made comments and
contributed to the final trial protocol. Guillermo Carroli, Linan Cheng,
Hany Abdel-Aleem, Walter Prendiville, Lekan Adetoro, Justus Hofmeyr,
Christian Unger, Pisake Lumbiganon, and Nguyen Thi Nhu Ngoc
implemented the trial in their respective countries and actively
conuibuted to the overall execution of the trial. Diana Elbourne chaired
the steering commirttee. Gilda Piaggio and Alain Pinol did the data
analyses with input from Jos¢ Villar, A Metin Giilmezoglu,

Guillermo Carroli, and other members of the steering committee.

A Metin Gilmezoglu, José Villar, Gilda Piaggio, and Guillermo Carroli
wrote the paper. All the steering committee members read the report and
made substantive suggestions on its content.

Members of The WHOQ Collaborative Group To Evaluate
Misoprostol in the Management of the Third Stage of Labour
Trial Coordinating Unit—José Villar, A Metin Gilmezoglu.

Data Coordinating Unit—Gilda Piaggio, Alain Pinol, Annie Chevrot,
Simone Boccard (until December, 1999), Catherine Hazelden (until
January, 1999).

Steering Committee—Hany Abdel-Aleem (Egypt), Lekan Adetoro
(Nigeria}, Guillermo Carroli (Argentina), Linan Cheng (China),

Diana Elbourne (Chairperson, UK), Hazem El-Refaey (UK),

A Metin Gilmezoglu (WHO, ex officio), Justus Hofmeyr (South Africa),
Pisake Lumbiganon (Thailand), Nguyen Thi Nhu Ngoc (Vietnam),
Gilda Piaggio (WHO, ex officio), Alain Pinol (WHO, ex officio);
Walter Prendiville (Ireland), Kenneth F Schulz (USA), Christian Unger
(Switzerland), José Villar (WHO, ex officio).

Data and Safety Monitoring Committee—Adrian Grant (Chair, UK),

Ian Mackenzie (UK), Kassam Mahomed (Zimbabwe),

Rebecca derSimonian (USA).

Argentina—Guillermo Carroli, L Campodonico, E Bergel, E Abalos
(Centro Rosarino de Estudios Perinatales [CREP), Rosario); ] C Nardin,
I Pentimalli (Maternidad Martin); R Gorina, ] Malamud, J Corbelli,

J Lardizabal, E Zanutiini, C Zaffora, H Paez, N Cabrejas (Sanatorio de
la Mujer).

China—Linan Cheng, Wu Yu (International Peace Maternity & Child
Heaith Hospital, Shanghai); Wang Defen (Shanghai First Maternity &
Infant Health Hospital); Pan Mingming {Shanghai Obstetrics &
Gynecology Hospital); Shen Yuhong (Shanghai No.1 Hospital),

Luo Laimin (Shanghai No.6 Hospital).

Egypt—Hany Abdel-Aleem, Sayed Ahmed Moustafa, Mahmoud Shoukry
(Department of Obstetrics and Gynaecology, Assiut University Hospital,
Assiur).

Ireland—Walter Prendiville, Cathy Casey, Edel Casey, Bernie Reid
(Coombe Lying-in Hospital, Dublin).

Nigeria—Lekan Adetoro, O A Dada, E A Sofekun, O A Kafisanwo,

E O Ayoade, O A Olatunji, A O Balogun, A J Ariba, Rev Sister Helena
(Centre for Research in Reproductive Health, Sagamu).

South Africa—Justus Hofmeyr, Cheryl Nikodem, Leslie Huxtable,
Dorothy Stander (Effective Care Research Unit, University of the
Witwatersrand, Johannesburg).

Switzerland—Christian Unger, Johannes Schneider (Department of
Obstetrics and Gynaecology, University of Ziirich and Limmattal
Hospital, Zirich).

Thailand—Pisake Lumbiganon, Kanok Seejorn, Yuthapong
Werawatakul, Witoon Prasertcharoensuk, Pranom Buphasiri, Woraluk
Somboonporn, Ratana Komwilaisak (Department of Obstetrics and
Gynaecology, Khon Kaen University).

Vietnam—Nguyen Thi Nhu Ngoc, Nguyen Trong Hieu, Nguyen Van
Dang (Hung Vuong Obstetrics and Gynaecology Hospital, Hochiminh
City).

Acknowledgments

We thank the women who participated in the trial and the many doctors,
nurses, and midwives in the participating hospitals for making the
project possible. We also thank Charles Rodeck, Albert Huch, and
Renate Huch for their advice and support, and Olav Meirik, Sune
Bergstroem, and Paul Van Look for their contributions to the initial
hypothesis.

The trial was supported by the UNDP/UNFPA/WHO/World Bank
Special Programme of Research, Development and Research Training in
Human Reproduction of WHO. Searle (Skokie, IL, USA) and Novartis
(Basel, Switzerland) donated the active and placebo medications used in
the trial.

References

1 Fawcus S, Mbizvo M, Lindmark G, Nystrom L. A community-based
investigation of maternal mortality from obstetric haemorrhage in
rural Zimbabwe. Trop Doct 1997; 27: 159-63.

2 Etuk §], Asuquo EE. Maternal mortality following post-partum
haemorrhage in Calabar: a 6-year review. West Afr ¥ Med 1997; 16:
165-69.

3 Prendiville W], Elbourne D, McDonald S. Active versus expectant

694

THE LANCET « Vol 358 « September 1, 2001



ARTICLES

1

—

12

13

14

16

17

18

management in the third stage of labour. In: Cochrane Library,

issue 1. Oxford: Update Software, 2000.

Giilmezoglu AM, Forna F. Prostaglandins for prevention of
postpartum haemorrhage. In: Cochrane Library, issue 3. Oxford:
Update Software, 2001.

Norman JE, Thong KJ, Baird DT. Uterine contractility and
induction of abortion in early pregnancy by misoprostol and
mifepristone. Lancer 1991; 338: 1233-36.

Ei-Refaey H, Rajasekar D, Abdalla M, Calder L, Templeton A.
Induction of abortion with mifepristone (RU 486) and oral or vaginal
misoprostol. N Engl ¥ Med 1995; 332: 983-87.

Singh K, Fong YF, Prasad RN, Dong F. Vaginal misoprostol for pre-
abortion cervical priming: is there an optimal evacuation time
interval? Br ¥ Obstet Gynaecol 1999; 106: 266-69.

Hofmeyr GJ, Giilmezoglu AM. Vaginal misoprostol for cervical
ripening and labour induction in late pregnancy. In: Cochrane
Library, issue 1. Oxford: Update Software, 2000.

El-Refaey H, O’Brien P, Morafa W, Walder J, Rodeck C.
Misoprostol for third stage of labour. Lancet 1996; 347: 1257.
El-Refaey H, O’Brien P, Morafa W, Walder J, Rodeck C. Use of oral
misoprostol in the prevention of postpartum haemorrhage. Br ¥
Obster Gynaecol 1997; 104: 336-39.

Hofmeyr GJ, Nikodem VC, de Jager M, Drakely A. Side-effects of
oral misoprostol in the third stage of labour: a randomised placebo
controlled trial. S Afr Med ¥ 2001; 91: 432-35.

Lumbiganon P, Hofmeyr J, Gilmezoglu AM, Pinol A, Villar J.
Misoprostol dose-related shivering and pyrexia in the third stage of
labour: WHO Collaborative Trial of Misoprostol in the Management
of the Third Stage of Labour. Br ¥ Obstet Gynaecol 1999; 106:
304-08.

Altman DG, Machin D, Bryant TN, Gardner M]. Statistics with
confidence, second edn. London: BMJ Publishing, 2000.

Jones B, Jarvis P, Lewis JA, Ebbutt AF. Trials to assess

equivalence: the importance of rigorous methods. BMJY 1996; 313:
3-4.

Andolina K, Daly S, Roberts N, Tolosa J, Wapner R. Objective
measurement of blood loss at delivery: is it more than a guess? Am J
Obstet Gynecol 1999; 180: S69.

Danielson KG, Marions L, Rodriguez A, Spur BW, Wong P,
Bygdeman M. Comparison between oral and vaginal administration
of misoprostol on uterine conrtractility. Obster Gynecol 1999; 93:
275-80.

Gibbens D, Boyd NRH, Crocker S, Baumber S, Chard T. The
circulating levels of oxytocin following intravenous and intramuscular
administration of syntometrine. ¥ Obster Gy I Br C Ith
1972; 79: 644-46.

Nordstroem L, Fogelstam K, Fridman G, Larsson A,

Rydhstroem H. Routine oxytocin in the third stage of labour: a

20

2

—

22

2

(3

24

25

26

27

28

29

30

31

32

placebo controlled randomised trial. Br ¥ Obstet Gynaecol 1997; 104:
781-86.

Senn S. Staristical issues in drug development. Chichester: John
Wiley and Sons, 1999: 187-206.

Lieberman E, Cohen A, Lang ], Frigoletto F, Goetzl 1.. Maternal
intrapartum temperature e¢levation as a risk factor for cesarean
delivery. Am § Public Health 1999; 89: 506-10.

Ng PS, Chan ASM, Sin WK, Tang LCH, Cheung KB, Yuen PM.
A multicentre randomized controlled trial of oral misoprostol and IM
syntometrine in the management of the third stage of labour.

Hum Reprod 2001; 16: 31-35.

Amant F, Spitz B, Timmerman D, Corremans A, Van Assche FA.
Misoprostol compared with methylergometrine {or the prevention of
postpartum haemorrhage: a double-blind randomised trial.

Br ¥ Obstet Gynaecol 1999; 106: 1066-70.

El-Refaey H, Nooh R, O’Brien P, et al. The misoprostol third stage
of labour study: a randomised controlled comparison between orally
administered misoprostol and standard management. Br § Obstet
Gynaecol 2000; 107: 1104-10.

Walley RL, Wilson JB, Crane JM, Martthews K, Sawyer E,
Hutchens D. A double-blind placebo controlled trial of misoprostol
and oxytocin in the management of the third stage of labour.

Br ¥ Obster Gynaecol 20005 107: 1111-15.

Cook C, Spurret B, Murray H. A randomized clinical trial comparing
oral misoprostol with synthetic oxytocin or syntometrine in the

third stage of labour, Aust NZ ¥ Obstet Gynaecol 1999; 39: 414-19.
Villar J, Carroli G, Belizan JM. Predictive ability of meta-analyses of
randomised controlled trials. Lancer 1995; 345: 772-76.

Hofmeyr GJ, Nikodem C, de Jager M, Drakely A, Gilbart B. Oral
misoprostol for labour third stage management: randomised
assessment of side effects (part 2). Proceedings of the 17th
Conference on Priorities in Perinatal Care, South Africa, 1998:
53-54.

Hofmeyr GJ, Nikodem VC, de Jager M, Gelbart BR. A randomised
placebo controlled trial of oral misoprostol in the third stage of
labour. Br ¥ Obster Gynaecol 1998; 108: 971-75.

Bamigboye AA, Hofmeyr GJ, Merrell DA. Rectal misoprostol in the
prevention of postpartum hemorrhage: a placebo-controlled trial.
Am J Obster Gynecol 1998; 179: 1043-46.

Surbek DV, Fehr P, Hoesli I, Holzgreve W. Oral misoprostol for
third stage of labor: a randomized placebo-controlled trial.

Obster Gynecol 1999; 94: 255-58.

Hogerzeil HU, Walker GJA, de Goey M. Stability of injectable
oxytocin in tropical climates. WHO/DAP/93.6. Geneva: WHO,
1993.

Chua S, Arulkumaran S, Adaikon G, Ratnam S. The effect of
oxytocics stored at high temperatures on postpartum uterine activity.
Br ¥ Obster Gynaecol 1993; 100: 874-75.

THE LANCET + Vol 358 * September 1, 2001

695



1
22

Effects of misoprostol on profuse blood loss after birth: an exploratory study of
data from the WHO Randomised Trial of Misoprostol in the Third Stage of
Labour

*@. Justus Hofmeyr Professor,

**A. Metin Giilmezoglu Medical Officer

**José Villar Medical Officer

***Pisake Lumbiganon Professor,

** Gilda Piaggio Statistician

for the WHO Collaborative Trial of Misoprostol in the Management of the Third
Stage of Labour Group

*University of the Witwatersrand, Johannesburg/East London Hospital Complex,
South Africa

** UNDP/UNFPA/WHO/World Bank Special Programme of Research, Development
and Research Training in Human Reproduction, Geneva, Switzerland

***Khon Kaen University, Thailand

Introduction

Misoprostol is an effective agent for the induction of abortion' and of labour,’ though

not without problems and risks.’

Earlier reports have suggested that oral misoprostol is as effective as standard
uterotonic drugs in the prevention of postpartum haemor'rhage4’5' We conducted the
WHO Multicentre Collaborative Trial of Misoprostol in the Management of the Third
Stage of Labour to compare oral misoprostol 600 pg versus parenteral oxytocin 10
units for the routine management of the third stage of labour in terms of blood loss =
1000 ml after birth and the use of additional uterotonics.® Misoprostol was
significantly less effective than oxytocin in these respects. Surprisingly, fewer women
in the misoprostol group received blood transfusion (72/9221 vs 97/9226, RR: 0.74,
95% CI1 0.55 to 1.01). Blood transquion was one of several secondary outcomes, and
the apparent beneficial effect of misoprost61 could be the result of chance. To
determine whether the lower rate of blood transfusion with misoprostol was consistent
with blood loss patterns, we conducted an exploratory analysis using the rates of

greater volumes of blood loss in the two groups as outcomes.

Methods
Details of the main trial are published elsewhere.’ Briefly, the trial was conducted at

hospitals in Argentina, China, Egypt, Ireland, Nigeria, South Africa, Switzerland,



Thailand and Viet Nam. Women were approached on admission to labour ward for

consent and to check if they were eligible for participation in the trial.

Randomization took place during the second stage of labour, when the researcher took
the next in a series of consecutively numbered treatment packs. Each woman received
oral misoprostol 600 pg or 10 IU of oxytocin intramuscularly or intravenously, plus
the appropriate placebo. The third stage of labour was managed actively. Blood loss
was measured from the time of delivery of the baby until the mother was transferred
to postnatal care following standardised procedures. The blood was collected directly
into a flat, plastic ‘fracture bedpan’ or other receiver slipped under the mother’s
buttocks after delivery, or a bowl attached to the delivery bed, and poured into a
standard measuring jar and measured. Additional uterotonics were used at the

discretion of the attending clinicians.

The protocol for the present exploratory analysis was written prior to this analysis
being performed. The two randomised groups were compared for blood loss intervals
of 250ml between 1000 and 2000ml, and greater than 2000ml. Comparisons were by

means of relative risks and 95% confidence intervals.

The trial was approved by the ethics committees of the participating hospitals and by
the Scientific and Ethical Review Group (SERG) of the UNDP/UNFPA/WHO/World
Bank Special Programme of Research, Development and Research Training in Human

Reproduction, Geneva, Switzerland.
Results

There were 9264 women in the misoprostol and 9266 women in the oxytocin group.
The groups were similar at trial entry and at delivery in all of the studied baseline

variables variables’.

The risk of haemorrhage for the intervals above 1750ml was somewhat lower in the
misoprostol group, but the numbers of these outcomes were small, and the differences

not statistically significant (Table).

Discussion



The somewhat lower risk of haemorrhage in the misoprostol group in catgories above
1750ml, while not statistically significant in itself, is consistent with the possibility
that the lower use of blood transfusion in the misoprostol group was in fact related to

lower rates of massive blood loss.

There are several possible explanations for the lower use of blood transfusion in the
misoprostol group. Firstly, it could be due to chance. Secondly, there could be a
synergistic pharmacological effect between misoprostol and conventional uterotonics,
which were given to most women with increased blood loss. Many women in the
misoprostol group thus received misoprostol as well as conventional uterotonics,
whereas those in the oxytocin group received only conventional oxytocics. Another
possible explanation may be related to the phamacokinetics of misoprostol.
Misoprostol acid, the active metabolite of misoprostol, reaches its peak plasma levels
20-30 minutes after oral administration during pregnancy®, whereas oxytocin has a
more rapid effect.’ The mean duration of the third stage of labour in this trial was 8.3
minutes (SD 14.6) in both groups. In many women, considerable bleeding may have
occurred before misoprostol reached therapeutic blood levels. However, for the
minority of women who continue to bleed after 20-30 minutes, misoprostol may have

reduced further blood loss.

Our primary results indicate that misoprostol as a first-line uterotonic agent is less
effective than oxytocin at preventing blood loss = 500 and 1000 ml and has more side
effects®, and therefore misoprostol should not replace oxytocin 10 units as the first
line preventive measure. The data presented here raise the possibility that misoprostol
may have a place in the secondary management of postpartum haemorrhage
unresponsive to conventional uterotonics alone. This hypothesis remains to be

established by appropriately designed trials.
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Table.

Comparison of misoprostol versus oxtocin for postpartum blood loss

categories >1000ml, expressed as relative risks (RR) and 95% confidence
intervals (CI).

Blood loss in intervals

Blood loss | Misoprostol Oxytocin
category
N=9214 N=09228 RR | 95%CI

(ml)
1000-1250 | 226 | 2.5% 151 | 1.6% 1.50 | 1.22-1.84
1250-1500 | 61 | 0.66% |45 |0.49% | 136 | 0.92-1.99
1500-1750 | 57 | 0.62% |37 | 0.40% | 1.54 | 1.02-2.33
1750-2000 | 10 | 0.11% {14 | 0.15% | 0.72 | 0.32-1.61
>2000ml 12 10.13% |16 |0.17% | 0.75 | 0.36-1.59
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